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Abstract 

Background: Very little epidemiological information exists on overuse injuries in elite road 

cyclists. Anecdotal reports and studies of recreational cyclists indicate anterior knee pain 

and lower back pain may be common problems.  

Objective: To register overuse injuries amongst professional road cyclists with special focus 

on anterior knee and lower back pain.  

Design: Cross-sectional study, retrospective interview. 

Methods: We attended training camps of seven professional teams and interviewed 109 of 

116 cyclists (94%) on overuse injuries they had experienced in the previous 12 month 

period. All injuries that required attention from medical personnel were registered. 

Additional information on anterior knee pain and lower back pain was collected using 

questionnaires based on a previous study that registered lower back pain in endurance 

athletes.  

Results: We registered 94 injuries; 43 in the lower back (45%), 22 in the knee (23%) and 10 

in the neck (11%). Only 23 of these injuries (23%) led to absence from training or 

competition; 13 knee injuries (57%), 3 in the lower leg or Achilles tendon (13%) and 5 in 

the lower back (22%), one of which caused the cyclist to end his career. Fifty-eight percent 

of all cyclists had experienced lower back pain in the previous 12 months, and 41% had 

sought medical attention for it. Thirty-six percent had experienced anterior knee pain and 

19% had sought medical attention for it. Few cyclists had missed competitions due to pain in 

the lower back (6%) or anterior knee (9%).   

Conclusion: Lower back pain and anterior knee pain were found to be the most prevalent 

overuse injuries, with knee injuries most likely to cause time-loss from cycling and lower 

back pain leading to the highest rates of functional impairment and medical attention. Future 

efforts to prevent overuse injuries in competitive cyclists should focus on these injuries. 

Key words: Bicycling, Overuse injuries, Epidemiology 
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Definition of Terms 

 
UCI  Union Cycliste Internationale, the world governing 

body of cycling.  

NCF  Norges Cykkelforbundet , the Norwegian Cycling 
Federation 

Road cycling  Form of bicycle racing held on roads. Includes mass-

start races, individual and team time-trials 

Professional road cyclist  Any cyclist that is a member of a UCI classified road 
cycling team of any level. Does not include riders 
who have a trial period at the end of the season  

Cycling season  Period from the first to the last race on the UCI 
calendar 

Overuse injury  An injury caused by repeated micro-trauma without 
a single, identifiable event responsible for the injury 

Injury prevalence  The proportion of a population with a given injury at 
a given time.  

Anecdotal evidence  Information that is based on personal observations or 
opinions, not on rigorous scientific analysis 

Retrospective study  Scientific study based on examination of existing 
data, or events that have already occurred. 

Prospective study   Scientific study in which subjects are identified and 
then followed over a period of time to collect data 
and observe outcomes 

Cross sectional study  Scientific study examining the frequency and 
characteristics of injury or disease in a certain 
population of subjects at one given point in time.  
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1. Introduction 

1.1 Background 
Road cycling has been a part of the Olympic Games since their inception in 1896, and the 

sport’s annual centrepiece race, the Tour de France, is currently one of the world’s most 

popular sporting events.  

Despite the history and popularity of the sport, little is known about the extent to which 

competitive road cyclists suffer from overuse injuries. Anecdotal and case reports suggest 

that certain conditions, such as patellofemoral pain (Holmes et al, 1994; Mellion, 1991) and 

lower back pain (Mellion 1994) may be particularly common problems, however support for 

these claims from systematic epidemiological investigations is lacking. Therefore it is 

currently not possible to know how many riders suffer from these and other overuse injuries, 

nor how serious a problem they represent. This information, according to a model proposed 

by van Mechelen and co-workers in 1992 (Fig.1), is essential to know if the ultimate aim is 

to prevent overuse injuries in competitive cyclists.  

 

Figure 1. The sequence of prevention of sports injuries (van Mechelen et al., 1992) 

According to this model, the identification and accurate measurement of a sports injury 

problem, which could also be called descriptive epidemiology, is the first of a four-step 

process of injury prevention.  Subsequent steps are to identify the aetiology and mechanisms 

of the injury, otherwise known as analytical epidemiology, and then to develop and 

implement an idea for injury prevention. Re-measurement of the problem to test the 

effectiveness of the intervention is the final step in the model.  
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A majority of the existing research related to overuse injuries in cycling has focused on the 

second step in this model, for example specific investigations of the relationship between the 

patellofemoral pain and knee kinematics (Bailey et al., 2003), or the relationship between 

lower back pain and lumbar spine muscle function (Burnett et al 2004). Whilst the point of 

these studies is to generate methods to prevent overuse injury, insufficient information 

currently exists on the extent of the problems they are trying to prevent, and there is no way 

to test the effectiveness of implementing any of their recommendations. 

This master’s thesis will therefore focus on the first step of the model; descriptive 

epidemiology of the overuse injuries sustained by highly competitive road cyclists. The 

thesis is presented in the form of a scientific article, which has been submitted to the British 

Journal of Sports Medicine. A supplementary theory section precedes the article, containing 

a description of professional road cycling, a review of current knowledge on cycling-related 

overuse injuries, and a detailed description and discussion of the methods used to complete 

this project.  

1.2 Aims 
Descriptive epidemiological information, a vital element in sports injury research, is 

currently lacking in the case of overuse injuries in competitive road cyclists. The primary 

research questions in this master’s thesis are therefore: 

- What are the major overuse injury problems affecting professional road cyclists?  

- What are the consequences of these injuries?   

1.2.1 Secondary aim 

As this study’s cohort included two groups of similar size competing in either the UCI 

World Tour or the UCI Europe tour, we thought it was pertinent to investigate the question: 

- Are there differences in overuse injury prevalence between professional road cyclists 

on the highest and second-highest levels of international competition? 
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1.3 Literature search 
The theoretical basis of this project was gathered primarily through searches of the PubMed 

database, although in some cases the search engine “Google Scholar” was also used. Initial 

searches included combinations of the terms “epidemiology”, “overuse injury,” and 

“bicycling” (MeSH terms). Extensive hand searches of article reference lists were also a 

major means of identifying relevant literature. Additional information on the organisation of 

professional cycling was gathered from the UCI website (www.uci.ch).  

2. Theory 

2.1 Competitive road cycling 
2.1.1 History and development of road cycling 
Since the invention of the modern bicycle in the mid 19th century, cycling has been used as a 

form of transport, rehabilitation, recreation and sport. Bicycle racing dates back to 1868, 

when riders competed over a 1200m course in the Parc de Saint Cloud in Paris, and by 1893, 

when the first road cycling world championship took place, the sport had evolved into the 

form it currently remains (McGurn, 1987).  

Recent years has seen the internationalisation of what has been traditionally a western-

European sport. Major races now exist on all continents, and many riders from non-

traditional countries such as the USA, Australia, Great Britain, Denmark and Norway have 

enjoyed considerable success at the highest level. Correspondingly, local interest and 

participation in road cycling has grown in these countries.   

This is particularly noticeable in Norway, where the number of licensed competitive racers 

has increased by over 400% during the past decade (NCF 2009, Appendix P). Norway now 

has three registered professional teams, and in 2009 was the 9th highest ranked nation in the 

UCI world rankings.  

2.1.2 Current forms of competitive and non-competitive cycling 
Organised cycling events can be broadly grouped into competitive races and non-

competitive “recreational” events. The latter form of cycling has broad appeal, and may 

involve anything from an easy single-day event, to a physically demanding tour lasting 

several days. The participants of such events may also be highly variable in factors such as 

age, gender, cycling experience and equipment selection. Competitive bicycle races on the 
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other hand tend to involve a more homogenous population and a greater standardisation of 

equipment, however this varies significantly across the different forms of competition, such 

as road cycling, track cycling, mountain-biking, cyclocross, and BMX. Road cycling is the 

oldest and arguably the most prestigious discipline, and is also the discipline enjoying the 

greatest growth at the elite level in Norway (NCF, private communication, November 2009).  

2.1.3 Organisation of professional road cycling 
(1) Road races 

Professional road cycling races range from single-day events, to three-week long “grand-

tours” such as the Tour de France, Giro d’Italia and Vuelta a Espana. Races may be held 

over flat or mountainous terrain, and on roads of variable quality. They may take the format 

of mass-start races or time-trials, which involve individual riders or teams in a staggered-

start competing to achieve the fastest time over a given distance. Races are typically 

contested by eighteen to twenty-two teams of between six and nine riders. This means that 

each individual team, which may have up to thirty cyclists on its roster, will only send a 

proportion of them to any one race.  

(2) International Calendar and Team Classifications 

The world governing body of cycling is the Union Cycliste Internationale (UCI). Among its 

responsibilities are the licensing and ranking of professional teams and their riders, and the 

co-ordination of the international cycling calendar. The highest level of the men’s road 

cycling calendar is called the UCI World Tour, which lasts from January to October and 

includes all the major races in the world. Below the World-Tour level are the “UCI 

Continental Circuits,” including the Europe Tour, America Tour, Asia Tour, Africa Tour and 

Oceania Tours, which consist of races lasting from one to ten days.  

There are currently three levels of teams registered under by the UCI: The top category is 

called the UCI Pro Tour, which in 2009 consists of eighteen teams.  These teams have 

guaranteed entry into the most important races and they generally have the largest budgets. 

The second-category teams are called UCI Pro-Continental teams. There are currently 

twenty-one registered teams on this level, thirteen of which are granted “Wildcard” status, 

giving them the right to participate in the World Tour alongside the Pro-Tour level teams. 

The third-category teams are called UCI Continental teams. These teams consist of nine to 

sixteen riders and compete in races on the continental tours.  In 2009 there are 132 
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continental teams registered with the UCI. Whilst these teams generally have a smaller 

budget, riders are typically full-time athletes and usually receive a salary from the team.  

2.1.4 Characteristics of professional road cyclists 
Road cycling has been described as “one of the most demanding of all sports, combining 

extremes of exercise duration, intensity and frequency” (Jeukendrup et al., 2001), and 

therefore successful cyclists display impressive maximal aerobic capacity measures, such as 

a high maximal power output (mean 6.4 W/kg) and maximal oxygen uptake (mean 78.8 

ml/kg/min)(Mujika & Padilla, 2001). Due to the varied terrain over which they compete, the 

anthropometrical characteristics of road cyclists may be highly varied; from the extremely 

light-weight mountain-specialists who have and average weight of 62kg (SD±3) to larger 

more, powerful sprinters and flat-terrain specialists who have an average weight of 76kg 

(SD±3) (Mujika & Padilla, 2001).  

There is also some evidence that experienced cyclists may undergo biomechanical 

adaptations as a result of cycling exposure. Elite cyclists display improved modulation of 

muscular activity (including reduced variance including reduced antagonist co-activation) in 

their leg muscles compared to novice level cyclists (Chapman et al., 2008), which could be 

interpreted as an example of enhanced neuromuscular efficiency, or “cycling skill.” 

2.1.5 Training and racing loads  
Professional cyclists have been reported to complete between 25000 and 35000km of 

cycling per year (Mujika & Padilla 2001), translating to approximately 1000 hours. UCI-

ranked cyclists may compete in 50-110 days of racing per year, with one report of a 

professional team averaging 101 (SD±6) days (Jeukendrup et al., 2001). As the professional 

calendar lasts up to ten months a year, the opportunity for an “off-season” break from 

training and racing is limited. Instead, riders may tend to target races during which they 

want to be in peak physical condition, and use racing as a form of specific training in the 

periods preceding these races 
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2.2 Overuse injuries in cycling 

Lower limb joint forces are relatively low during cycling compared to other forms of 

exercise such as running, walking, stair climbing and weight lifting (Ericson et al., 1986), 

and because of this, cycling is often employed in the early phases of rehabilitation of 

musculoskeletal injuries or surgical procedures in the lower limb.  Despite this, when 

cycling takes the form of a serious competitive sport, factors such as the repetitive and 

constrained motion pattern, large training and racing volumes, and the maintenance of a 

flexed spinal posture for sustained periods of time may lead to the development of overuse 

musculoskeletal injuries.  

Anecdotal reports of experts in the field (Mellion, 1991, 1994; Holmes et al., 1994), as well 

as clinical case-series studies (Holmes et al., 1991) suggest that certain overuse injuries may 

be common among competitive cyclists. Whilst these articles present a vast amount of 

information on the possible differential diagnoses of these injuries and their proposed 

aetiological factors, no accurate information can be gained from them on the magnitude of 

the problems they describe.  In order to ascertain this, descriptive epidemiological 

investigations, investigating the type, location and severity of injuries sustained by 

competitive cyclists must be consulted.  

Unfortunately the scientific literature currently contains very little information of this nature 

on overuse injuries in bicycling, particularly among elite competitive riders. Our literature 

review could only identify two articles reporting on the prevalence of overuse injuries in 

competitive cyclists; a retrospective review of the medical records of two professional teams 

over a thirteen year period (Barrios et al., 1997), and a cross-sectional survey of 71 members 

of British national cycling team members (Callaghan & Jarvis, 1996).   

Several cross-sectional studies have reported the characteristics of injuries sustained by 

participants of non-competitive bicycle touring events, (Dannenberg, 1996; Kulund & 

Brubaker, 1978; Weiss, 1985; Wilber et al., 1995). The findings of these studies may only 

be of limited application to elite road cyclists, given that their subjects are reported to be 

significantly different in many factors, such as annual cycling exposure, training background 

and equipment selection. Nonetheless, given the paucity of research in competitive cycling, 

studies of recreational cyclists and anecdotal injury reports must be considered when 

determining the nature of competitive cycling injuries.  
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The following section will review the overuse injuries that are most commonly cited as a 

problem in cyclists. Information on possible diagnoses is included, as well as the reported 

prevalence and severity of each problem among recreational and competitive riders.  

2.2.1 Knee injuries 
Anecdotal reports on overuse injuries in cycling suggest that the most commonly injured 

body region is the knee (Holmes et al 1994, Gregor and Wheeler 1994). According to these 

reports, specific knee diagnoses associated with cycling include chondromalacia patella, 

infrapatellar fat pad syndrome, medial plica irritations, patella-, quadriceps- and biceps 

femoris tendinopathy, illiotibial band friction syndrome, retropatellar-, prepatellar- and pes 

anserine bursitis, and strains of the medial collateral, lateral collateral and medial patello-

femoral ligaments.  

Sixty-two percent of the fifty-three overuse injuries in professional cyclists reported by 

Barrios and co-workers (1997) were located at the knee, including fifteen cases of 

chondromalacia patella, ten of patellar tendinopathy, four of quadriceps tendinopathy, two of 

illiotibial band friction syndrome, one of pre-patellar bursitis and one case of a degenerative 

meniscus tear. Severity information was not supplied for knee injuries in particular however 

16% of all overuse injuries reported in the study led to less than one week absence from 

competition, 66% caused one to four weeks absence and 18% led to more than four weeks.  

Callaghan and Jarvis (1996) administered a questionnaire on overuse injuries to seventy-one 

international-level cyclists, 33% of whom indicated having experienced problems with their 

knees related to cycling. Unfortunately no information on the nature or severity of knee 

injuries was supplied.  

Studies of injuries in recreational cyclists also report a high prevalence of knee injuries, with 

24-62% of subjects reporting knee pain. In an eight-day tour, 35% of participants reported 

some degree of knee pain with 21% reporting significant problems (Weiss, 1985). The most 

common diagnosis was patellofemoral pain, followed by illiotibial band friction syndrome 

and “non-localised” medial knee pain. One of the 113 subjects was unable to complete the 

ride due to a knee injury, which was diagnosed as illiotibial band friction syndrome.  

Holmes and co-workers (1991) published a clinical case series of the cycling-related knee 

injuries treated in a sports medicine clinic between 1983 and 1990. During this period they 

treated 246 knee injuries in 148 patients whom they classified into very high level 
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competitive cyclists, state and local level competitive cyclists, non-competitive touring 

cyclists and individuals using cycling solely for “aerobic” purposes. The most common 

diagnosis was chondromalacia patella, which accounted for 38% of the injuries across all 

groups. Other prevalent diagnoses included illiotibial band friction syndrome, patellar 

tendinopathy and medial plica irritations, which accounted for 14% 13% and 13% of all 

knee injuries respectively. The authors suggest that whilst some injuries such as 

chondromalacia patella, patellar tendinitis and quadriceps tendinitis were common in all 

levels of cyclists, certain injuries such as medial plica irritations and medial retinacular 

thickening were only found in competitive racers.  

It should be noted that the term “chondromalacia patella” is currently used to specifically 

refer to pathologic lesions of the patellar articular cartilage, whereas previously it has been 

used as an all-encompassing term for pain arising from the patellofemoral joint (Holmes & 

Clancy, 1998; Grelsamer, 2005).  Articular cartilage degeneration is currently considered to 

be only one of several potential sources of patellofemoral joint problems, however the 

articles listing chondromalacia patella as a common cycling injury tend to use the term 

interchangeably with others such as anterior knee pain and patellofemoral pain, and do not 

mention the potential for alternative sources of pain.  As a majority of these articles were 

published prior to those discussing patellofemoral nomenclature it may be assumed that in 

these instances chondromalacia patella has been used as an all-encompassing term for 

anterior knee pain. 

2.2.2 Foot and Achilles tendon pain 
Anecdotal reports suggest that Achilles tendon pain, metatarsalgia, and plantar fasciitis are 

common overuse injuries in competitive cyclists (Baker, 2000; Holmes et al., 1994; Mellion, 

1991). Callaghan and Jarvis (1996) report that 11% of seventy-one international-level 

cyclists had experienced foot or ankle injuries during their career, whilst Barrios and co-

workers (1997) registered eight cases of Achilles tendonitis and one case of plantar fasciitis, 

representing 15% and 2% respectively of the overuse injuries sustained by the professional 

cyclists in their report. Neither study provided specific information on the severity of 

Achilles or foot injuries. 

Studies of non-competitive cyclists reveal a prevalence of foot and ankle pain between 6% 

and 16.5% (Dannenburg, 1996; Kulund and Brubaker, 1978; Weiss, 1985; Wilber, 1996). 

Weiss (1985) reported that 7% of the participants in an eight-day recreational tour 

  15



experienced foot problems serious enough to make cycling extremely uncomfortable, mostly 

due to plantar pain or parasthesia, and in one case to Achilles tendon pain.  

2.2.3 Neck pain 
Mellion (1994) anecdotally states that neck pain is an extremely common problem in 

competitive cyclists; however epidemiological reports of its prevalence in this group are 

variable. Nineteen percent of British national team cyclists reported having problems with 

neck pain (Callaghan & Jarvis, 1996), whereas Barrios and co-workers (1997) did not report 

any cases of neck pain in their cohort of professional cyclists, contending that neck 

discomfort in competitive cyclists is generally mild and not taken into consideration by the 

racers.  

Studies in non-competitive touring cyclists are equally varying, with a reported prevalence 

of 3% to 66%. Wilber and co-workers (1995) describes neck pain as the most prevalent 

physical complaint in a cohort of 518 recreational cyclists, with 50% having experienced 

neck pain related to cycling. However only 4% reported pain significant enough to cause 

them to alter or stop riding their bicycle training for any length of time.  

2.2.4 Lower back pain 
Anecdotal evidence suggests that lower back pain is a source of significant problems in 

competitive cyclists (Mellion, 1991, 1994) however reports of the prevalence of the problem 

among cyclists are mixed. Callaghan and Jarvis (1996) state that low back pain is the most 

common condition affecting competitive cyclists, reporting that 60% of British national 

team riders experienced problems in this region. This is similar to the prevalence of lower 

back pain in other sports thought to place high loads on the lumbar spine, such as 66% in 

cross-country skiing and 63% in rowing (Bahr et al., 2004). In contrast, Barrios and co-

workers (1997) only reported seven cases of lumbar pain in their report of injuries in 

professional cyclists. This represents only 13% of the 53 reported injuries, affecting 11% of 

the riders.  

In studies of recreational tour participants lower back pain prevalence has been reported to 

be between 3% and 30%. One study specifically investigated low back pain in recreational 

cyclists (Salai et al., 1999), reporting that 50% of an eighty-member cycling club 

experienced lower back pain after cycling. Unfortunately, few of these studies give detailed 

information on the severity or functional consequence of pain. Wilber and co-workers 

(1995) reported a lower back pain prevalence of 30% in 518 recreational cyclists. Eight 

  16



percent reported having experienced problems severe enough to cause them to reduce or 

cease bicycle training. Interestingly, subjects who reported greater volumes of weekly 

cycling had a significantly higher prevalence of lower back pain. 

2.2.5 Upper limb injuries 
General epidemiological studies of recreational touring cyclists report the prevalence of 

wrist and hand injuries to be between 10-36% (Dettori & Norvell 2006), with the most 

frequently cited diagnosis being Ulnar nerve neuropathy, sometimes referred to as “cyclists 

palsy” or “handlebar palsy.” Median nerve palsy from cycling has also been documented 

(Braithwaite, 1992). 

Compared to other cycling-related injuries, the epidemiology of cyclist’s palsy has been 

relatively well reported, with several specific cross-sectional and prospective studies 

investigating symptoms among long-distance tour participants (Andersen & Bovim, 1997; 

Patterson et al., 2003; Akuthota et al., 2005). Patterson and co-workers (2003) found that 

92% of riders had either motor or sensory symptoms after a 600km ride, whilst other studies 

of sensory symptoms alone report a prevalence of between 30% and 50%.  

Whilst one study found no relationship between riding experience and the prevalence of 

cyclist’s palsy (Patterson et al., 2003), little is known on the extent of the problem among 

highly competitive cyclists. It is possible that the problem is somewhat lower than the above 

studies suggest, as the review of cycling teams’ medical records by Barrios and co-workers 

(1997) did not record any cases, and only 7% of British national team members reported 

having ever suffered from wrist or hand problems (Callaghan & Jarvis, 1996). 

2.2.6 Cycling-related iliac artery flow limitations 
One condition described in competitive cyclists is leg complaints related to flow limitations 

of the iliac arteries. This condition in characterised by claudication-type symptoms in one or 

both legs that appear with maximal effort, and disappear quickly with rest. It has been 

termed exercise-induced arterial endofibrosis by some authors (Abraham, 2004), although 

others contend that flow limitations may also be caused by anatomical kinking of the arteries 

and that endofibrotic changes are not always present (Bender et al., 2004). The condition 

appears to affect highly trained sportspeople, with a majority of cases described in the 

literature being cyclists (Abraham, 2004). For this reason it has also been referred to in the 

literature as cyclists’ iliac syndrome (Wijesinghe et al 2001).  
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As iliac artery flow limitations appears to be associated with high training load and may be 

progressive in nature they could be seen as a form of overuse injury. Although several high-

profile cyclists have undergone surgery for the condition, there is scant data on the 

prevalence of the problem in cyclists. Of the 58 overuse injuries in professional cyclists 

reported by Barrios and co-workers (1997), one was described as iliac artery endofibrosis. 

This was one of only two overuse injuries rated as severe by the authors. 

Schep and co-workers (2002) report that clinical examination of twenty-five Dutch Olympic 

athletes revealed five with symptoms of the condition. This led to claims that one in five 

endurance athletes may suffer from iliac artery flow limitations (Bender et al. 2004),  

however as no subject information was supplied, and it is unclear whether they were 

representative of any larger population, this statement appears to be premature.  

2.2.7 Summary 
This section presented information on the type, location and severity of overuse injuries 

claimed to be common in cycling. This information played an important part in the planning 

phases of the current project, particularly in decisions about which injuries to collect specific 

information on during data collection. It is worth noting however that a majority of the 

epidemiological data in this section was based on the six aforementioned studies of 

recreational and competitive cyclists. A common feature of their data was the large 

variability, even between studies with remarkably similar cohorts. The most likely 

explanation for the variation in the results of these studies is differences in their 

methodology. The following section will therefore review the methodological quality of the 

previous epidemiological studies of overuse injuries in cyclists.   

2.3 Methodological critique of the previous epidemiological 

investigations of overuse injuries in cycling  

In order to assess the methodological quality of any body of research in an objective way, it 

is necessary to have a framework with which to rate or compare studies. A good example of 

this is the Physiotherapy Evidence Database (PEDro) score which can be used to rate the 

quality of randomised controlled trials on a scale of 1-11. Unfortunately in the case of sports 

epidemiology no such tools are available, thus objectively rating the quality of previous 

investigations of overuse injuries in cyclists is extremely difficult. However, recent 

consensus statements on injury-surveillance methods for various sports (Fuller et al., 2006, 
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2007; Pluim et al, 2009) and sports tournaments (Junge et al., 2008) may provide a 

methodological framework upon which qualitative assessments could be made. The 

structure of each of these consensus statements is similar, with sections on the recommended 

study design, injury definitions, and injury severity measures. The following section will 

therefore review these methodological aspects of the previous studies of overuse injuries in 

cycling.  

2.3.1  Study design factors 
All previous studies of overuse injuries in cyclists have elements of their design that affect 

the validity of their results to a greater or lesser extent. Of the six studies, five had a cross 

sectional design (Kulund & Brubaker, 1978; Weiss, 1985; Dannenberg, 1996, Wilber et al., 

1995, Callaghan & Jarvis, 1996). This design is limited by the degree to which the study’s 

sample represents the population as a whole, with potential bias in the sample referred to as 

“selection bias.”  

One of the major factors in determining the representativeness of a sample in a cross-

sectional design is the percentage of the targeted population from whom data is successfully 

collected, commonly referred to as the “response rate.”  Whilst there is no consensus on 

what is an “acceptable” response rate, a study with a rate of greater than 90% could be 

considered of high quality. No studies of cycling injuries have achieved this rate. Weiss 

(1985) and Callaghan and Jarvis (1996) report an acceptable rate of 86% and 81% 

respectively, whereas as Dannenburg and co-workers (1996) only achieved 70%, the validity 

of their results begin to become questionable. Wilber and co-workers (1995) had a response 

rate of 21%, which is a serious threat to the study’s validity. Kulund and Brubaker (1978) 

fail to define their target population, which makes calculation of their response rate 

impossible.  

Systematic factors related to the location if data collection may also be a form of selection 

bias. Three studies collected injury data with the participants at a recreational cycling event 

(Dannenburg 1996, Kulund & Brubaker 1978, Weiss 1985). This may expose these studies 

to selection bias as it is reasonable to assume that participants at such an event are 

reasonably healthy and injury free. Any potential riders with significant injury problems, on 

the other hand, may not have been present at the event in the first place. An underestimation 

of the true injury rate could therefore be expected in these studies.  
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The retrospective review of the medical records of two professional cycling teams by 

Barrios and co-workers (1998) may be a design of questionable validity, as the study was 

based on preexisting medical records with no standardised system of injury recording 

defined a priory. Furthermore, the likelihood that all injuries sustained by this study’s 

subjects were treated, and thereby recorded, by their team medical staff may be considered 

unlikely, given that members of professional cycling teams are typically based over a very 

large geographical area and riders tend to have their own local medical support for periods 

between races. The injuries presented in this study may therefore only represent a small 

percentage of the true injury rate among the subjects.  

2.3.2  Injury definitions 

The definition of what constitutes a recordable sporting injury greatly influences the 

outcome of sports epidemiology investigations (Brooks and Fuller 2006, Junge and Dvorak 

2000, van Mechelen 1992).  

The studies by Callaghan and Jarvis (1996), and Weiss (1985) both failed to define what 

constituted a recordable injury. This omission seriously hinders the interpretation of their 

results, as it is unclear whether minor complaints such as muscle pain, which could be 

considered a normal part of cycling, are regarded as overuse injuries. Scarcely better than 

this, and causing the same interpretational problems, was the vague and highly subjective 

definition; “any physical complaint that made some portion of the tour unpleasant” used by 

Kulund & Brubaker (1978).  

Wilber et al (1995) defined an overuse injury as “discomfort, pain, swelling, or bruising that 

occurs before, during or after cycling.” This definition is not only extremely complicated, 

but also confusing, given that injury symptoms that occur before cycling are unlikely to be 

due to cycling participation. 

Barrios and co-workers (1998) defined an overuse injury as complaints “clearly related to an 

overuse condition while cycling, without previous trauma.” This too is a subjective decision, 

as the phrase “clearly related” remains undefined.   

All previous studies of overuse injuries in cycling therefore suffer from problems related to 

injury definitions. And, as definitions vary between every study, direct comparison of results 

is not possible.  
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2.3.3  Injury severity measurement  
The reporting of injury severity in studies of overuse injuries in cycling is particularly 

variable. Several do not include any rating of injury severity at all (Dannenburg et al., 1996; 

Callaghan & Jarvis, 1996; Kulund & Brubaker, 1978), whilst others utilise overly subjective 

or cycling-specific rating systems. Weiss (1985) categorised injuries sustained during a six-

day tour into five categories, including (1) “there was no problem at all,” (2) the body part 

bothered the rider but “not enough to make any difference,” (3) it bothered the rider “quite a 

bit – enough to make them really uncomfortable,” (4) “it bothered them so much that they 

had to make a change in their riding style,” and  (5) “it bothered them so much they had to 

stop riding at some point, either temporarily or permanently.” This scale is highly subjective 

and open to individual interpretation, and though perhaps relevant to the specific situation of 

recreational cycling tours, it is unusable in comparisons to injuries in other sports or 

situations.  

Wilber and co-workers (1995) rated injuries based on the effects they had on bicycle 

training. Injuries were classified as “mild” if the subject could continue training despite 

symptoms, “moderate” if the subject had to reduce training due to symptoms, and “severe” if 

training had to be temporarily ceased due to symptoms. Several difficulties also arise in such 

a scale, for example an injury that may have reduced training for months would be scored 

lower than an injury that prevented training for one day.  

The report by Barrios and co-workers (1998) was the only study to utilise standardised 

injury severity measures, rating all overuse injuries using two different scales: the 

Abbreviated Injury Scale and the Ekstrand 3-Point Scale. The Abbreviated Injury Scale 

classifies injuries into minor, moderate, severe but not life-threatening, severe and life-

threatening, and severe with uncertain survival. It is normally a tool used to rate traumatic 

injuries, used for example in hospital casualty departments, and it was presumably included 

as the study also reported on acute injuries. The application of such a scale to overuse 

injuries however is of questionable validity, as it is difficult to imagine a scenario in which 

an overuse injury would ever score in the top two classifications. The Ekstrand 3-point scale 

rates injury severity based on time lost from sports activity. Injuries are classified as minor if 

they lead to less than seven days absence from sports, moderate if they lead to between 

seven and twenty-eight days absence, and severe if they cause more than 28 days absence 

from sport. This is a relatively common form of measuring overuse injury severity, similar 
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for example to the scale recommended in the UEFA model of football injury surveillance 

methodology (Hägglund et al., 2005).  

2.3.4  Conclusions 
Having been published between twelve and thirty-one years ago, all of the previous 

investigations of overuse injuries in cycling would be judged by today’s standards as being 

of poor methodological quality. Attempts to standardise sports-epidemiological methods and 

reporting standards have been made in the past decade (Hagglund et al 2005, Fuller et al., 

2006, 2007; Junge et al. 2008., Pluim et al., 2009) however as all cycling studies were 

published prior to this, they are characterised by a marked variation in the way injuries are 

defined, rated and reported.  Factors related to study design such as selection bias may also 

affect the validity of several of these studies.  

These factors help to explain the wide variation in the results seen in the previous section of 

this paper and seriously limit the extent to which the results of individual studies can be 

directly compared.  In certain cases, methodological flaws are sufficient to render the entire 

study to be of very limited value. The need for new epidemiological studies of overuse 

injuries in cycling, using currently accepted methods to register injuries, is therefore clear. 
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3 Methods 

The following section describes the methods used in this study in greater detail than was 

possible in the article, with discussion of our choice of methods where appropriate.  

3.1 Study design 
The design of this project was a cross-sectional study, with 12-month retrospective injury 

registration conducted during athlete interviews.  

A prospective design is considered the best for sports injury epidemiology studies (Fuller et 

al., 2006), primarily due to concerns over the accuracy of retrospectively collected 

information, often referred to as recall bias due to subjects’ inability to recall exact 

information. In this case however, the difficulty of accessing the targeted cohort, as well as 

the limited time-frame of the project, limited us to the use of a cross-sectional, retrospective 

design.  

Whilst prospective studies may represent the “gold standard” of epidemiological research, 

recent evidence suggests there are times when their theoretical benefits may be outweighed 

by practical difficulties in their implementation. Flørenes and colleagues (in press) 

conducted a study of injuries during the 2006-07 FIS alpine skiing and snowboarding world 

cups using both prospective and retrospective injury registration methods. They found that 

prospective registration performed by team medical staff was only successful in recording 

52% of the injuries identified during retrospective athlete interviews.  This finding contrasts 

with previous studies comparing prospective and retrospective injury registration methods in 

football players (Junge & Dvorak, 2000) and physical education students (Twelaar et al., 

1996). However the authors comment that in the case of elite skiers, factors such as the busy 

travel and competition schedule of the athletes, as well as having medical staff with shared 

responsibility for the team and who do not always travel to competitions, may have 

contributed to the poor capture rate of the prospective registration methods. They also 

speculate that injury recall may be particularly good in their cohort, as highly committed 

athletes may be expected to have good recall of injuries that affected their performance 

during the season. As these factors are all very similar for professional cyclists, the results of 

this study lend credence to the methods used in the current project.  
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Despite this, the threat of recall bias cannot be discounted, as it may potentially have a 

significant effect on a study’s results. For example, in a group of 70 Australian-rules football 

players only 61% could accurately recall the number, body location and diagnosis of injuries 

they had sustained in the previous 12 months, with 21% unable to recall either the number or 

location of injuries they had sustained (Gabbe et al., 2003). Junge and Dvorak (2000) 

demonstrated a similar trend in footballers, with only 73% concurrence in prospective and 

retrospective methods of recording severe injuries over a one year period,  with even some 

very severe injuries such as fractures missed during retrospective injury registration. We 

therefore attempted to maximise subjects’ injury recollection through the use of interview 

forms that required subjects to go through their training and competition schedules on a 

week by week basis over the retrospective period. This method is described in further detail 

in section 3.5.2.  

A common criticism of cross-sectional sports injury studies, especially those conducted at 

sporting events, are that they may end up with a biased sample, given more seriously injured 

athletes may not be in attendance. We felt that this may be a particular risk in professional 

cycling, given that as only a small percentage of each participating team are in attendance at 

any given race, teams are likely to send riders in good physical condition. We therefore 

chose to target fewer, complete teams, and to conduct interviews at a time when all riders 

are expected to be in attendance regardless of their fitness or injury status; at their pre-

season training camps. In order to avoid missing any career-ending injuries, we also elected 

to include all cyclists who were members of the participating teams in 2008, but who retired 

prior to the 2009 season for any reason.   

3.2 Team inclusion and recruitment procedures 
As the goal of this study was to collect data on top-level road cyclists, only teams registered 

as UCI Pro-Tour, UCI Pro-Continental or UCI Continental were considered for inclusion. 

Whilst, for the purpose of ensuring sample representativeness, it would have been ideal to 

include a random selection of UCI-registered teams, this was practically impossible due to 

difficulties in gaining access to top-level teams and the fact that we were limited to 

including only teams we shared a common language with. Subsequently, a selection-bias in 

our sample of teams cannot be ruled out. For example, as fifty-two subjects were from 

Nordic countries, these riders may have different pre-season training habits such as indoor 

cycling or cross-country skiing, and this may affect their injury rates. However no evidence 
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exists in the literature that training or racing habits of professional cyclists vary from team to 

team, and we therefore operated on the assumption that all UCI-registered teams were, for 

the purposes of this study, generic. We therefore do not consider selection-bias to be a major 

limitation of this study.  

As the primary author had previously worked as physiotherapist for several professional 

cycling teams, all those within which he had personal contacts were approached for 

participation. In addition, all Pro-Tour teams with an official language of either English or 

French (languages spoken by the author) were invited to participate. Altogether, 11 teams 

were targeted for potential inclusion in the study (n=218).  

All targeted teams were sent an official letter of invitation in either English (Appendix A) or 

French (Appendix B), which was followed up with telephone calls and emails. In total, 

seven teams agreed to participate in the study (n=116).  

3.3 Team and subject characteristics 
The seven teams included originated from five different countries (Australia, Denmark, 

France, Norway and Switzerland) and contained riders from 23 different nationalities. There 

was one UCI Pro-Tour team, one UCI Pro-Continental team (with wildcard status) and 5 

five UCI Continental-level teams. Therefore, 49 subjects were cyclists in the UCI World 

Tour in 2009, with the remainder competing in the UCI Europe Tour.   

The cohort contained many riders of a particularly high level, including one rider who had 

won the Tour de France, a winner of the green sprinter’s jersey at the Tour de France, one 

Olympic champion, five UCI world champions, ten grand-tour stage winners and twelve 

national road cycling champions.  

3.4 Data collection procedures 
Data were collected at training camps located in Norway, Portugal, France, Spain and 

Australia. The author personally travelled to six of the seven camps, with data collection at 

the remaining camp being conducted by the team physiotherapist, who had previously been 

closely instructed on data collection procedures. 

In all but one case, the entire team was expected to be in attendance at the training camp, 

however one was with an incomplete team as some members were away competing in early-
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season racing. In this case a local physiotherapist with experience working in elite cycling 

visited the riders at the race to conduct the interviews.  

Seven riders in total were missing from training camps for personal reasons. Attempts were 

made to contact each missing rider by telephone, and interviews were successfully 

conducted with three of the missing riders.  

By comparing the 2008 and 2009 team rosters as well as questioning team management, we 

were able to identify 11 former members of teams participating in the study who retired 

during or following the 2008 season. These riders were also contacted by telephone, and 

successful interviews were conducted with eight of them. 

3.5 Athlete interviews 
On arrival at a training camp the researcher was introduced to the team members by the team 

management and information letters about the project, written in either English (Appendix 

C) or French (Appendix D) were distributed to each rider. The researcher then visited each 

rider individually at a convenient time during the camp to conduct the interviews. Interviews 

were conducted in either English or French, except in two cases when a team physiotherapist 

was called upon to translate the questions into Spanish. The interviews were conducted 

within the following structure:  Background information and exposure data was collected 

from the subject, followed by registration of all overuse injuries they experienced during the 

previous 12-month period. Finally, specific lower back pain and anterior knee pain 

questionnaires were completed.  

3.5.1 Part 1: Subject information  
Subjects were questioned about their age, height and weight, the number of years they had 

been riding in a UCI registered team. To estimate their cycling exposure they were asked 

how many days of racing they had completed in the 2008 season, and how many hours of 

training they had completed in the preceding twelve months. They were asked to use 

training records to assist in providing accurate information.  

Subjects were then asked about several of their training habits, including their stretching 

frequency and whether or not they performed weight training, specific low-cadence strength 

training on the bicycle or specific “injury-prevention” training” such as core-conditioning 

exercises. If they performed any of these training forms, they were also asked which periods 
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of the season they performed them. Season periods were defined as  (a) the period in which 

they are not riding their bicycle (off-season), (b) the period in which they are training on the 

bicycle but not yet racing (pre-season), (c) the period in which they have commenced racing 

but not in peak condition or competing in their most important races (early season), and (d) 

the period during which they are in peak condition and during which they compete in their 

major races of the season (peak season). This information was collected for the purposes of 

future-hypothesis generation, as these factors may have a potential association with overuse 

injury, yet the training habits of professional cyclists is unreported in the scientific literature. 

The eventual data were however left out of the final article, owing largely to the fact that in 

retrospect we felt it lacked sufficient detail to be of extra value to the study. 

During this section of the interview subjects were also asked whether they used pedals that 

allowed a small degree of axial rotation, known as “floating pedals,” or whether they 

preferred pedals with a completely fixed connection to the shoe. Floating pedals have been 

widely promoted as being good for cyclists’ knees since a study by Wheeler and co-workers 

(1995) demonstrated that with their use, axial-rotation moments at the knee joint were 

reduced. This, according to the authors, had potential implications in the prevention of 

patellofemoral joint injuries. The percentage of top-level cyclists who use floating pedals is 

however unreported.  

Finally, subjects were asked whether they had ever been assessed a vascular specialist for 

leg pains related to bicycling, and if so whether they had subsequently received surgical 

treatment for iliac artery flow limitations.  

 

3.5.2 Part 2: Injury registration 
The first part of the injury registration process was designed to maximise injury recall, and 

was based on a technique used in previous retrospective injury-registration studies in beach 

volleyball (Bahr & Reeser, 2003) and alpine sports (Flørenes et al., in press). Subjects were 

shown a graphical illustration of the retrospective period divided into 52 weeks, with all 

major races marked upon it. They were asked to indicate their season periods according to 

the definitions described above, and to mark any episodes of overuse injury or pain that they 

experienced during the year, including the duration of symptoms. This form was different 

for the World Tour and Europe Tour riders to reflect their different race schedules 

(Appendices G & H), and was modified slightly along the way to update the retrospective 

period, as data were gathered over a four-month period. In a further effort to combat recall 
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bias, interviews were conducted with a somewhat flexible structure such that injury 

registration could be returned to at any time. This led to extra injuries being registered, for 

example in some cases the knee or lower back questionnaires prompted the subject to 

remember a previously unrecalled injury. 

Each injury that a subject recalled was registered by the interviewer, using a separate injury 

recording form (Appendix I). An “overuse injury” was explained to the subject as being 

“any pain or discomfort that was not directly associated with a traumatic event (such as a 

bicycle crash), and was different from the normal aches and pains associated with 

competitive cycling.” We elected to use this broad terminology in order to capture as many 

potential injuries as possible, however only injuries that required attention from qualified 

medical personnel were subsequently recorded. “Medical attention” did not include the 

normal massages that are a common form of preparation and recovery in competitive 

cycling.  Injuries were further classified as “time-loss” injuries if they caused the subject to 

miss one or more days of training or competition. In this way, the definition and sub-

classification system of injuries used in this study was consistent with the system proposed 

by Fuller and colleagues for injury surveillance studies in football (Fuller et al., 2006). The 

classification system of the anatomical location injuries was also based on this system.  

The severity of medical attention injuries was assessed by classifying them into (a) injuries 

that did not disrupt normal training and racing performance, (b) those during which the 

athlete could continue to train and compete, but with either a reduced intensity or volume, 

and (c) those during which the subject could not ride at all. This system is not widely used in 

sports epidemiology studies, but was included due to concerns that time-loss based injury 

severity systems may fail to adequately assess the impact of overuse injuries (discussed 

below). The classifications were based on the final section of a questionnaire originally 

designed to assess the severity of patellar tendinosis (Visentini et al., 1998). 

The severity of time-loss injuries was assessed by using the absolute number of days of 

time-lost from training or competition (Fuller et al., 2006), and grouped according to the 

UEFA model (Hägglund et al 2005) into slight (1-3 days), mild (4-7 days), moderate (8-28 

days) and severe (>28 days). 

The methods used to register overuse injuries in this section of the interview were based on a 

consensus statement of sports epidemiology experts on the recommended methodology for 

injury surveillance studies in football (Fuller et al., 2006). This framework was chosen as 

  28



since its publication it has served as the methodological basis for almost every injury 

surveillance system or study across several sports, including rugby union (Fuller et al., 

2007), athletics (Alonso et al., 2009), tennis (Pluim et al 2009) and alpine 

skiing/snowboarding (Flørenes et al., in press), as well as at large multi-sports events such 

as the Olympic Games (Junge et al., 2008). We recognised that the use of a common 

methodology in this study would facilitate comparison with other studies, and therefore the 

recommendations from the football consensus statement were an obvious starting point. 

Recent arguments have been made however, that this system, which was designed primarily 

for the study of acute sporting injuries, may not be ideal for the study of overuse injuries, as 

it relies too heavily on the use of time-loss as an injury definition and severity measure 

(Bahr, in press).  Several examples exist in the literature of athletes continuing to train and 

compete despite suffering from symptoms of overuse injury, for example in a prospective 

study of injuries in professional beach volleyball (Bahr & Reeser, 2003), 40% of all players 

had overuse “medical attention” injuries that represented a significant source of disability 

and impaired performance, however only 23.5% of these injuries led to time loss from 

training or competition. Similarly, in a cross-sectional study of injuries at a national-level 

team gymnastics competition (Harringe et al., 2004) 58% of athletes reported competing 

despite symptoms of an injury. 

For this reason we used additional measures to those described in the football consensus 

statement, including the abovementioned scale measuring the functional impact of medical 

attention injuries, as well as specific questionnaires on injuries that we thought may be a 

particular problem in this cohort; lower back pain and anterior knee pain. Whilst we expect 

these efforts will help to present a more complete picture of the injury load experienced by 

this study’s subjects, we recognise that this is an imperfect system and the need for new 

methodologies to measure overuse injuries.  

3.5.3 Part 3: Lower back pain questionnaire 
The interviewer went through a questionnaire specifically asking about lower-back pain 

symptoms (Appendices J & K). Lower back pain was defined as “pain, ache or soreness in 

the low-back with or without radiating pain to the gluteal area or lower extremities.” This 

definition, as well as all questions, were based on a survey used in a previous study of lower 

back problems in cross-country skiing, rowing and orienteering (Bahr et al, 2004), which 

has also recently been used to study these problems in beach volleyball players (Bahr, in 
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press). The original survey was itself based on validated questionnaires for the study of 

occupational injuries (Andersson et al 1984, Kuorinka et al 1987).  

Our goal in including this questionnaire was twofold. Firstly, we wanted to gain extra 

information on the impact of lower back pain on cyclists’ function, beyond the information 

gained from the general injury registration. Secondly, we wanted to be able to compare the 

results with the cohorts from cross-country skiing and rowing, which are both sports thought 

to have place a high load on the lumbar spine (Bahr et al, 2004), and orienteering, which was 

considered in the original study to be a sport with relatively low lumbar loading.  

3.5.4 Part 4: Anterior knee pain questionnaire 
The final section of the questionnaire was a questionnaire on anterior knee pain symptoms 

(Appendices L & M). The definition of anterior knee pain was “pain, ache or soreness on the 

front of the knee.” Questions were exactly the same as those in the lower back pain 

questionnaire, such that the responses to each could be compared.  

This same questionnaire format has recently also been used for the study of overuse knee 

injuries in beach volleyball players (Bahr, in press). The extent to which these results can be 

directly compared to the present study may however be limited, given that volleyball players 

are far more likely to be suffering from patellar tendon injuries than cyclists (Lian et al., 

2005) whose knee pain is more likely of patellofemoral joint origin (Holmes et al., 1991). 

Whilst the beach volleyball study specifically tried to include only pain coming from the 

patellar tendon, we made no attempt to differentiate between potential anterior knee pain 

diagnoses.  

3.6 Ethics and treatment of sensitive personal information 
The study was approved by the South-Eastern Norway Regional Committee for Research 

Ethics (Appendix N) and the Norwegian Data Inspectorate (Appendix O). All subjects gave 

their informed consent to participation in the study, and each was assigned a code which was 

used to identify all their personal and injury information. Once data collection was 

completed, the list linking codes to subject names was deleted.   
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3.7 Data analysis and statistical methods 
All data were manually entered into a computer database and checked twice for accuracy. 

Data were processed using Excel and SPSS (SPSS Inc., Chicago, Illinois). Analyses used 

included descriptive statistics, frequencies, and cross-tabulations. Differences between riders 

competing in the UCI World Tour and those competing in the UCI Europe Tour were 

investigated using Chi square tests (Pearson’s Chi square and Fishers exact tests where 

appropriate) for non-parametric variables and unpaired t-tests for parametric variables. 

Differences were considered statistically significant if the p-value was less than 0.05. 
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 INTRODUCTION 

Road cycling has been a part of the Olympic Games since their inception in 1896, and the 

sport’s annual centerpiece race, the Tour de France, is currently one of the world’s most 

popular sporting events. Despite the history and popularity of the sport, surprisingly little 

attention has been paid to the epidemiological study of overuse musculoskeletal injuries 

among competitive cyclists, although anecdotal reports suggest that certain injuries such as 

patellofemoral pain1-3 and lower back pain4 may be prevalent.  

Several studies have investigated overuse injuries among participants of non-competitive 

recreational cycling events.5-8 These investigations have unanimously found knee injuries to 

be prevalent, affecting between 24% and 62% of subjects, whereas reports of other injuries 

such as lower back pain and neck pain, are more variable, with prevalence rates of 3-31% 

and 3-66%, respectively, for the two conditions. Whilst they may give a general idea of the 

types of overuse injuries that cyclists experience, the results of these studies may not be 

directly applicable to competitive cyclists, largely due to vast differences in cycling 

exposure between non-competitive “recreational” cyclists, and elite professionals. One study 

of recreational touring cyclists reported an average annual training volume of 7114km, and 

an average participation rate of 2.9 non-competitive events per year.8 Professional cyclists, 

on the other hand, have been reported to ride between 25000 and 35000 km, and complete 

50-110 days of intense racing each year.9, 10 It would therefore be reasonable to assume that 

the overuse injury load experienced by these two cohorts may be substantially different.  

There is only one in-depth report on overuse injuries in professional cyclists, a retrospective 

review of the patient records of two professional teams over a 13-year period.11 The 

likelihood that all injuries sustained by this study’s subjects were treated, and thereby 

recorded, by their team medical staff may be questionable, given that members of 

professional cycling teams are typically based over a very large geographical area and riders 

tend to have their own local medical support, outside of the official team structure. Although 

the validity of the results may be questioned, the results of this study are of interest, 

especially given the paucity of research in this field. Whilst knee injuries were found to 

clearly be the most common problem, representing 62% of all overuse injuries, few cases of 

lower back pain and no cases of neck pain were reported. This contrasts significantly with 

the findings of a brief survey on overuse injuries amongst members of the British national 

cycling team,12 which reported a lower back pain prevalence of 60% and a neck pain 
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prevalence of 19%. Unfortunately, a lack of detail in this report prevents any analysis of the 

potential reasons for such differing results. The need for further investigation of the general 

pattern of overuse injury amongst competitive cyclists is therefore clear.  

There is also some evidence that competitive cyclists may be particularly predisposed to a 

range of leg symptoms including pain, numbness and loss of power caused by flow 

limitations of their external iliac arteries.13, 14 This has been referred to by several names in 

the literature, including sports-related flow-limitations of the iliac arteries,14 exercise-

induced arterial endofibrosis,13 and cyclists’ iliac syndrome.15 Whilst several high-profile 

cyclists have undergone surgery for this condition, very little is known as to the magnitude 

of the problem amongst elite cyclists. 

The primary aim of the present cross-sectional study was to investigate the patterns of 

overuse musculoskeletal injuries in a cohort of professional road cyclists. As lower back 

pain and anterior knee pain may be particular problems in this cohort, the secondary aim was 

to collect additional information on each of these problems through the use of specific 

questionnaires. Finally, questions on iliac artery flow limitations were also included in an 

attempt to improve knowledge of the prevalence of this condition in professional cycling.  
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METHODS 

Recruitment methods and data collection procedures 

Eleven road cycling teams, certified to take part in international competitions by the Union 

Cycliste Internationale (UCI), were invited to participate in this study. These teams were 

targeted either because we had prior contact with members of the medical staff or 

management, or because they were based in a convenient geographical location. Seven 

teams responded positively and were included in the study (n=116). These were based in 

Australia, Denmark, France, Norway and Switzerland, and included riders from 23 different 

nationalities. Two teams (n=49) were from the highest level of professional cycling (one 

UCI Pro-Tour team and one UCI Pro-Continental team with wildcard status), competing in 

all major races including the UCI World Tour and the Tour de France, whilst the remaining 

five were UCI Continental-level teams, competing in the UCI Europe tour (n=67).  

We visited team training camps during the period between October 2008 and February 2009 

and invited all cyclists in attendance to complete a 10-20 min interview on overuse injuries. 

Attempts were then made to conduct interviews by telephone with all team members who 

were not present at the camps (n=7), as well as all riders who were listed in the 2008 team 

rosters and who retired from international competition during or following the 2008 season 

for any reason (n=11). All cyclists were informed that participation in the study was 

voluntary and the information they provided could not be traced back to them or their team. 

The study was approved by the South-Eastern-Norway Regional Committee for Research 

Ethics and the Norwegian Data Inspectorate, and all subjects gave their informed consent 

prior to participation in the study. 

Athlete Interviews 

All athlete interviews were conducted by physical therapists with experience working within 

professional cycling. The interviewer went through a standardised questionnaire verbally 

with each subject, providing further explanation or translation of the questions where 

necessary. All participating teams had an official language of either English or French, and 

interviews were conducted in one of these languages. Written material was also available in 

both languages. In two cases it was necessary to call upon a team staff member to assist in 

translation of the interview questions into Spanish. The interview was divided into the 

following sections: 

 

  39



1. Subject Characteristics 

Subjects were questioned about their age, height and weight, the number of years they had 

been riding in a UCI registered team, the number of days of racing they had completed in the 

2008 season, and the number of hours of training they had completed in the preceding 

twelve months. They were encouraged to use training records to assist in estimation of 

training and racing exposure. 

2. Overuse Injury Registration  

Subjects were asked to give information about all overuse injuries they had experienced in 

the preceding 12-month period. A schematic representation of the time period, including all 

major competitions, was shown to the subjects to assist them to recall injuries as best 

possible. The definition of an overuse injury was any pain or discomfort that was not 

directly associated with a traumatic event and was different from the normal aches and pains 

associated with competitive cycling. We elected to use this broad definition in order to 

capture as many potential injuries as possible; however, only injuries that required attention 

from qualified medical personnel were subsequently recorded. They were further classified 

as “time-loss” injuries if they caused the subject to miss one or more days of training or 

competition. 

The anatomical location of the injury was recorded using the system proposed by Fuller et al 

for injury surveillance studies in football (soccer).16 The severity of medical attention 

injuries was assessed by classifying them into (a) injuries that did not disrupt normal 

training and racing performance, (b) those during which the athlete could continue to train 

and compete, but with either a reduced intensity or volume, and (c) those during which the 

subject could not ride at all. Time-loss injury severity was assessed by using the absolute 

number of days of time lost from training or competition, and grouped according to the 

UEFA model,17 into slight (1-3 days), mild (4-7 days), moderate (8-28 days) or severe (>28 

days). 

3. Low Back Pain and Anterior Knee Pain Questionnaires 

The interviewer went through two questionnaires specifically asking about lower back pain 

and anterior knee pain. All questions and injury definitions were based on a questionnaire 

from a previous study analysing lower back problems in cross-country skiing, rowing and 

orienteering18 that had been developed and validated for the study of occupational injuries.19, 

20 Lower back pain was defined as “pain, ache or soreness in the low-back with or without 
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radiating pain to the gluteal area or lower extremities” and anterior knee pain was defined as 

“pain, ache or soreness on the front of the knee.” We chose to use the broad term “anterior 

knee pain” as the retrospective design made it difficult to distinguish between individual 

diagnoses. The standard questions in each questionnaire included the following: 

• Have you ever experienced low back/anterior knee pain? 

• Have you experienced low back/anterior knee pain in the previous 12 months? 

• How many days in total have you had low back/anterior knee pain over the past 12 

months? (none, 1-7 days, 7-30 days, >30 days but not daily, daily) 

• Have you been examined or treated for low back pain/anterior knee pain by a 

physician, physical therapist, chiropractor or other medical personnel in the 

previous 12 months? (not including regular post-race massages) 

• Have you taken pain-killers or non-steroidal anti-inflammatory medications for 

low-back/anterior knee pain in the past 12 months? 

• Have you ever been hospitalised for low back/anterior knee pain? 

• Have you ever had surgery for low back/anterior knee pain? 

• How many days of training have you missed due to low back/anterior knee pain in 

the past 12 months? (none, 1-7, 8-30, >30 but not daily, daily) 

• How many races have you missed due to low back/anterior knee pain in the past 12 

months? (none, 1-3, 4-10, >10) 

Subjects were also asked whether they had had low back or anterior knee pain symptoms 

during each of four season periods; (a) the period in which they are not riding their bicycle 

(off-season), (b) the period in which they are training on the bicycle but not yet racing (pre-

season), (c) the period in which they have commenced racing but not in peak condition or 

competing in their most important races (early season), and (d) the period during which they 

are in peak condition and during which they compete in their major races of the season (peak 

season). 

  

The low back pain questionnaire contained an additional question asking subjects to indicate 

whether they had experienced pain radiating into their gluteal area, thigh, knee, lower leg or 

foot. The knee pain questionnaire contained an additional question asking whether riders 

used pedals that allowed a degree of rotation, commonly referred to as “float,” or if they 

preferred completely fixed pedals. 
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4. Sports‐related iliac artery flow limitations 

Subjects were asked whether they had ever been assessed a vascular specialist for leg pains 

related to bicycling, and if so whether they had subsequently received surgical treatment for 

iliac artery flow limitations.  

Data Analysis and Statistical Methods  

It is unknown whether subject characteristics, cycling exposure or overuse injury prevalence 

differs between riders in racing at the UCI World Tour/Tour de France level and the UCI 

Europe Tour level and therefore all data were compared between groups. Chi square tests 

(Pearson’s chi square and Fisher’s exact tests where appropriate) were used to detect 

differences between non-parametric categorical variables and unpaired t-tests were used to 

detect differences in parametric variables. Differences were considered statistically 

significant if the p-value was less than 0.05.  
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RESULTS   

Response Rate  

The seven teams included in the study included 105 active cyclists, as well as eleven former 

team members who had retired during or following the 2008 season. We were able to 

complete questionnaires with 101 of the active riders and seven of the retired riders, giving 

us a total response rate of 94%. Through interviews with team medical staff we were able to 

confirm that the three retired riders whom we were unable to contact did not end their 

careers due to overuse injuries. Similarly, we were able to confirm that the four active riders 

whom we were unable to contact were not unavailable due to overuse injury.  

Subject Characteristics 

Subject characteristics are shown in Table 1. Significant differences existed between the 

World Tour level and the Europe Tour level riders in age (p<0.001), the number years spent 

riding for UCI teams (p<0.001), the number of annual race days (p<0.001) and in annual 

training hours (p<0.001). The proportion of riders able to give exact exposure information 

based on their training records was 46% for the number of race days and 40% for the 

number of training hours, whilst the remainder provided an estimate. No significant 

differences were found however, between accurate and estimated exposure data.  

Table 1   Subject Characteristics 

   Europe Tour (n=60)  World Tour (n=49)  Total (n=109) 

Age            25 (4)  28 (5)  26  (4) 

Height          182 (6)  181 (6)  181  (6) 

Weight            71 (6)  69 (6)  70  (6) 

Years Professional           3.2 (2.5)  6.0 (3.9)  4.5  (4.0) 

Annual Racing Days         53 (19)  77 (16)  64  (21) 

Annual Training Hours          869 (134)  952 (99)  904  (127) 

Values shown are mean (SD) 
 

Retrospective Injury Registration 

No significant differences were observed between the World Tour and Europe Tour riders 

for any injury data, therefore these data are presented as for a single cohort.  

During the athlete interview 63 subjects recorded a total of 94 overuse injuries for which 

they had received medical attention, details of which are shown in Table 2. Thirty-nine 

percent of medical attention injuries did not affect the subject’s ability to complete normal 
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training and racing, 36% led to a reduction in either racing performance or training volume, 

and 24% caused the subject to miss one or more days of training or competition. The most 

common medical attention injuries were lower back pain (46% of all medical attention 

injuries), knee pain (23%) and neck pain (10%). Time-loss injuries (Table 3) had a slightly 

different pattern, with knee pain the most common (57% of all time loss injuries), followed 

by lower back pain (17%) and lower leg or Achilles tendon injuries (13%). Seventeen 

percent of time-loss injuries were classified as slight, 17% as mild, 43% as moderate, and 

17% as severe, whilst one case of lower back pain was sufficiently severe to end the 

competitive career of the subject. The average duration of time loss was 13.5 days (SD 10.1), 

not including the career-ending injury. 

Table 2   Location and Severity of Medical Attention Injuries 

  
Normal training 

and racing 
Reduced 

performance 
Could not ride 

bicycle 
Career ending  Total  

Lower Leg / Achilles Tendon  2 1 3 0 6 
Knee  4 5 13 0 22
Thigh  1 4 1 0 6
Hip / Groin  0 1 0 0 1
Lower back / Pelvis / 
Sacrum 

20 19 3 1 43

Abdomen  1 1 0 0 2
Sternum / Ribs / Upper 
back 

0 1 0 0 1

Hand/ Finger / Thumb  1 0 0 0 1
Forearm  1 0 0 0 1
Shoulder / Clavicle  1 0 0 0 1
Neck / Cervical spine  6 2 2 0 10

Total  37 34 22 1 94

 

Table 3   Location and Severity of Time Loss Injuries 

  
Slight 

(1‐3 days) 
Mild 

(4‐7 days) 
Moderate 
(8‐28 days) 

Severe 
(>28 days) 

Career 
Ending 

Total  

Lower Leg / Achilles Tendon  1 1 1 0 0  3
Knee  1 3 7 2 0  13
Thigh  0 0 1 0 0  1
Lower back / Pelvis / Sacrum  1 0 1 1 1  4
Neck / Cervical spine  1 0 0 1 0  2
Total  4 4 10 4 1  23

 

Low Back Pain Questionnaire 

No significant differences were observed between groups in low back pain data and 

therefore these data are presented for a single cohort. There was a high prevalence of low 

back pain (Table 4), with 58% of subjects reporting symptoms in the past twelve months and 

41% having sought outpatient medical assistance; however, relatively few had missed racing 
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due to pain (6%). Symptoms were more prevalent during the pre-season preparation periods 

and competitive season than the off-season (Fig 1).  

Anterior Knee Pain Questionnaire 

No significant differences were observed between groups in anterior knee pain data and 

therefore these data are presented for a single cohort. The 12-month prevalence of anterior 

knee pain (36%) was lower than low back pain (Table 4). Fewer subjects sought medical 

assistance (19%) but more missed training (27%) and competition (9%) due to knee pain. 

The prevalence of anterior knee pain also fluctuated throughout the year, peaking during the 

pre-season (Fig 1). Twenty-eight percent of subjects reported using fixed pedals, and 72% 

using floating pedals.  

 

Table 4. Responses (number of riders) to low back pain/anterior knee pain questionnaires (n=109) 
  Lower Back Pain  Anterior Knee Pain 

Symptoms ever  71    61   

Symptoms in previous 12 months  63    39   

   Total symptom duration         

  1‐7 days  21    11   

  8‐30 days  23    21   

  >30 days but not daily  16    7   

  Daily  3    0   

Outpatient medical assistance  45    21   

NSAIDs in previous 12 months  15    20   

Hospitalisation  8    7   

Surgery  2    3   

Missed training in previous 12 months  12    29   

   Number of days of missed training         

  1‐7 days  9    21   

  8‐30 days  2    8   

  >30 days  2    0   

Missed races in previous 12 months  6    10   

   Number of missed competitions          

  1‐3 races  3    7   

  4‐10 races  0    2   

  >10 races  3    1   

Referral of symptoms         

  Gluteal region  5    ‐   

  Thigh  7    ‐   

  Knee  7    ‐   
  Lower leg or foot  13    ‐   
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Figure 1. Prevalence of anterior knee pain and lower back pain throughout the season 

 

Iliac artery flow limitations 

Six subjects (5.5%) had been investigated by a vascular specialist at some stage during their 

professional career for exercise-related leg pains. Two of these (1.8%) had been diagnosed 

with unilateral sports-related flow-limitations of their external iliac artery and had 

undergone surgery for the condition.  
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DISCUSSION 

We found that symptoms of both lower back pain and anterior knee pain were common 

among elite cyclists, with an annual prevalence of 58% and 36%, respectively. More than 

half of all time-loss injuries were located at the knee, whereas cyclists were unlikely to miss 

training or competition due to lower back pain. Despite this, a large percentage suffered 

from performance-limiting lower back pain symptoms and sought medical attention for it. 

Other injuries previously reported to be common in recreational cyclists, such as neck pain 

and hand numbness, were generally mild or non-existent in this group with only four cases 

of neck pain affecting cycling performance and only one leading to significant time-loss 

from cycling participation. 

To our knowledge, this is only the second epidemiological study investigating overuse 

injuries in elite competitive cyclists. Whilst we consider this to be a methodological 

improvement on the one existing study, it does have some limitations which much be taken 

into consideration when interpreting the results. Instead of using a prospective design, 

currently considered the gold standard in injury surveillance research,16 we conducted a 

cross-sectional study with retrospective data collection. This was primarily due to doubts 

over the quality of the prospective data we were likely to be able to collect from a large 

group of professional cyclists, each of whom compete in a highly variable international race 

program. Recent evidence suggests that in such logistically difficult situations, retrospective 

athlete interviews may be a preferable alternative to prospective studies.21 However, the 

major problem with retrospective studies is that they are subject to the threat of recall bias. 

Previous studies investigating the effects of recall bias show a general under-reporting of 

injury occurrence, particularly for milder injuries,22 and an over-estimation of exposure 

data.23 Interestingly, in this study no significant differences were found between exposure 

estimates and data from accurate subject training records. We attempted to minimise recall 

bias during the general injury registration by presenting a graphical representation of the 

previous competitive season and asking subjects to link specific dates and races with any 

periods of injury. This technique has been used before in a study of beach volleyball injuries 

with apparent success;24 however, the recall period of that study was only eight weeks. We 

also conducted interviews with a flexible structure so that injury registration could be 

returned to at any time, for example if the knee or lower back questionnaires prompted the 

subject to remember an injury. Despite this, it remains likely that there is an element of 

injury underreporting in the current study due to recall bias. For example, whilst 27% of 
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riders reported having missed training due to knee pain in the anterior knee pain 

questionnaire, only 13 time-loss knee injuries were identified during the retrospective injury 

registration. This discrepancy is most likely explained by a number of time-loss injuries 

being forgotten during injury registration, and then recalled when subjects were prompted by 

specific questions within the knee questionnaire. The question of whether location-specific 

questionnaires may be more accurate than general retrospective injury registration in dealing 

with recall bias could therefore be asked. 

Cross-sectional studies are also subject to the threat of sampling bias, for example data 

collected at a competitive event may underestimate true injury levels, as more seriously 

injured subjects may be absent. We expected this to be a particular problem in professional 

cycling, as only a small percentage of each team may be present at any given race. For this 

reason we chose to collect data when entire teams were gathered together, regardless of 

riders’ fitness or injury status, and made a substantial attempt to contact any missing or 

recently retired riders by telephone. As we were able to include a high percentage of targeted 

riders, and given the geographic diversity of this study’s sample, there is good reason to 

believe that this study’s subjects are a representative sample of road cyclists competing on 

an equivalent level.  

The high prevalence of anterior knee pain in this study is consistent with previous 

epidemiological investigations of professional11 and recreational cyclists,5-8 and appears to 

confirm anecdotal reports that knee pain is a common injury affecting competitive cyclists.1-

3 If, in accordance with currently recommended sports epidemiology methods,16, 25, 26 time 

loss is used as the sole measurement of injury severity, then it would seem that knee injuries 

are clearly the most significant problem affecting professional cyclists. Lower back pain on 

the other hand, would according to these methods seem to be a far milder complaint, given 

the comparatively low number of time-loss injuries it caused. The injury load posed by 

lower back pain should however not be so easily dismissed. Whilst time-loss was a 

relatively rare consequence, more than one in five riders reported back pain causing reduced 

performance, which could in itself be considered a serious injury outcome in a cohort such 

as this for whom career and financial success is so dependent on optimum physical 

performance. Furthermore, a significantly greater percentage of cyclists reported long-term 

(>1 month) symptoms from lower back pain than knee pain and a far greater number of 

riders sought medical attention for lower back pain. In fact, results from the low back pain 
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questionnaire were highly comparable with results from other sports where lower back pain 

is considered to be a significant problem, such as cross-country skiing and rowing.18 Clearly, 

lower back pain represents a significant injury load on competitive cyclists, yet current 

recommended injury-surveillance methodology, developed primarily for the study of acute 

injuries, is unequipped to adequately measure it. The development of novel methods to 

quantify overuse injury problems, with focus on prospective measurement of functional 

impairment and exercise exposure, is needed.27 

In analysing the prevalence of symptoms throughout the year, lower back pain is relatively 

even during periods of racing or training, and markedly lower during the off-season. This 

indicates a strong relationship between cycling and lower back pain. For knee pain, 

symptoms were also lowest during the off-season and most prevalent during the pre-season 

preparation period. This could perhaps be explained by rapid increases in training load over 

this period, or perhaps other factors such as cold weather conditions, as this season period 

occurs during winter for a vast majority of subjects. Prospective investigations including risk 

factor analysis and accurate exposure measurement would be necessary to ascertain this with 

more certainty. 

There was generally a low prevalence of upper-body complaints, and with the exception of 

one serious case of neck pain, almost all those reported were without functional 

consequence. This finding is in contrast to several studies of recreational cyclists, among 

which neck pain prevalence has been reported to be as high as 66%.7 Parasthesia of the ulnar 

nerve, sometimes known as “handlebar palsy” has also been reported to be highly prevalent 

in cyclists,6, 28, 29 however no cases were recorded in this study. One explanation for this, 

favoured by Barrios et al,11 is that to elite cyclists these conditions are familiar and of such 

little consequence that they are regarded as a normal part of the sport. Alternatively it could 

be speculated that these athletes have, by this stage in their cycling career, either adjusted 

their bicycle position to minimise discomfort on upper body structures, or physically 

adapted to the ergonomic demands of the sport.  

Arterial claudication problems would perhaps not normally fall under the umbrella of 

overuse sports injuries; however, we felt the inclusion of iliac artery flow limitations in this 

study was indicated, as the condition has been linked to cycling exposure and has frequently 

been reported to be a common problem in elite cyclists. Despite this, the only information 

available on the magnitude of the problem amongst cyclists is a suggestion that 20% of all 
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top-level cyclists may suffer from the condition.14 However, as this was based on a study by 

a group of surgeons that regularly treat the condition,30 it may be subject to sampling bias. 

Having only identified two athletes who had received surgery for flow limitations, our 

results suggest a far lower prevalence than this. Investigations involving greater numbers of 

cyclists would be necessary before more definitive conclusions could be made. 

CONCLUSION 

This article provides new information on the pattern of overuse injuries sustained by 

professional road cyclists. Lower back pain and anterior knee pain were found to be the most 

prevalent overuse injuries, with knee injuries most likely to cause time-loss from cycling 

and lower back pain leading to the highest rates of functional impairment and medical 

attention. Future efforts to prevent overuse injuries in competitive cyclists should focus on 

these injuries. 
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