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ABSTRACT 

Physical activity is an essential component of a healthy life, e.g. to prevent obesity, car-

diovascular disease and premature death, of which sports can be an important part. Un-

fortunately, sports activities increase the risk of both overuse and acute injuries. Severe 

acute injuries may also lead to a permanent medical impairment (PMI), which may in-

fluence the ability to be physically active throughout life. However, sports injuries may 

be prevented, but a profound understanding of the injuries and how to prevent them is 

needed. 

This doctoral thesis examine acute sports injuries reported by licensed athletes of all 

ages and level of sports nationwide in Sweden, by using national insurance data. Ap-

proximately 80% of all the Sports Federations (SF) had their mandatory accident insur-

ance in the insurance company Folksam, and since there is no national sports injury sur-

veillance system in Sweden, this is a unique database, able to be used in epidemiologi-

cal studies on acute injuries occurring in organized sports in Sweden. 

The main aim of this thesis was to identify high-risk sports for acute injuries, the most 

common and the most severe injuries, especially in large sports with numerous licensed 

athletes, many injuries and injuries resulting in PMI. Based on the results, there will be 

recommendations regarding sports and body locations where injury prevention efforts 

should be focused to gain the greatest prevention effect at a national level in Sweden. 

Another aim was to evaluate the effectiveness of a neuromuscular knee control training 

program (KCP) that has been implemented nationwide to reduce knee and cruciate liga-

ment injuries, among football players in Sweden. 

After evaluating the validity and reliability of the information within the database based 

on international guidelines, acute injury data were examined and the results presented in 

four papers. These results showed that there is a need of injury prevention especially in 

motorcycle sports, team ball sports, and ice hockey. Particularly, knee injuries need to 

be prevented since they were both the most common injuries and leading to PMI. The 

severe head- and upper limb injuries also need attention. Sixty-nine percent of the PMI 

injured athletes, were younger than 25 years. The injury prevention training program, 

KCP can be considered partially implemented nationwide, since 21 out of 24 district 

SFs provided KCP educations. The incidence of knee and cruciate ligament injuries has 

decreased among football players in Sweden. 

A concerning aspect is that there is no national official policy regarding sports injury 

and injury prevention in Sweden, nor an official authority that has the explicit responsi-

bility for these issues. 
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1  INTRODUCTION 

It is well known that lack of physical activity is a risk factor for the development of a 

number of chronic illnesses, especially cardiovascular diseases and diabetes.1 Physical 

exercise, such as sports and recreational activities, is an essential component of a healthy 

lifestyle. The act of maintaining a good level of physical activity is thus promoted by 

society, making organized sports a popular concept.2 

 

1.1 Sports 

 

According to the Oxford dictionary the definition of a sport is “an activity involving phys-

ical exertion and skill in which an individual or team competes against another or others 

for entertainment”. 3 The United Nations (UN), using a more comprehensive definition 

of sports: “ all forms of physical activity that contribute to physical fitness, mental well-

being and social interactions, such as recreation, organized or competitive sport, and in-

digenous sports and games”.4 The UNs´ Educational, Scientific and Cultural Organization 

(UNESCO) has even stated that “the practice of physical education and sport is a funda-

mental right for all”. 5 Sports can thus refer to recreational physical activity for the pur-

pose of improved health, but also address performance and competition. In this thesis 

“sport” refers to any organized sport that has a National Sport Federation and whose prac-

tice is organized by a sports club. 

It is universally accepted that sport plays an important role in society, both practically 

with regard to health and education, as well as in a socio-cultural context.6 Various sports 

are exercised by millions of people worldwide, and may be performed individually or in 

team. Individual sports are for example swimming, athletics, wrestling, cycling or motor 

sports. Team sports might be football, handball, basketball, floorball or ice hockey. Sports 

competitions are a global entertainment industry and sport stars are important as enter-

tainers, in some cases even more, inspiring the young and old to participate in sports.6 

Participation in sports activities is good for the health but unfortunately also entails an 

increased risk of injury.7-9 

1.2 Sports in Sweden 

In Sweden, according to statistics from The Swedish Sports Confederation (RF), approx-

imately 30% percent of inhabitants (6-80 year olds) are members of a sport club. Sixty-

five percent of youths (12-18 years of age) train and compete regularly, and almost 7000 

athletes compete with a national team. Sports with the highest number of members are 
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football, golf, athletics, gymnastics, equestrian, swimming, floorball, ice hockey, and ski-

ing. According to statistics from RF sports with most documented training sessions for 

youth and adolescents (“LOK-stöd”) are: football, equestrian, floorball, tennis, swim-

ming, ice hockey, gymnastics, handball and basketball.6 Organized sport in Sweden 

comes under the jurisdiction of the Ministry of Health and Social Affairs (Figure 1). The 

Department´s primary aim is to create opportunities for more people to exercise and be 

physically active, and to contribute to good public health. However, while there is a policy 

against the use of alcohol, tobacco, drugs and doping, there is no policy regarding sports 

injury and injury prevention.2   

The Ministry of Health and Social Affairs provides economic support to individual sports 

through the RF, which represent the sport both nationally and internationally.2,6  Within 

the RF there are 21 District Sports Federations (DF) who are RF’s local representatives 

nationwide. There are also 71 Special Sports Federations (SF) within RF, of which the 

Swedish Football Association is the largest with the greatest number of members. Half of 

the SFs (35 out of 71) are also members of the Swedish Olympic Committee (SOK). The 

RF also supports 61 National sports high schools nationwide, and distributes economic 

support from the government to the individual SFs in proportion to the number of mem-

bers within each SF. Specific “elite support” is additional financial support to the national 

teams within the SFs. The financial resources for each SF will therefore vary, which af-

fects the number of employees such as administrative staff and medical professionals. 

“SISU-Idrottsutbildarna” is the Swedish Sports Education and works to support the SFs 

in developing their organization, for example with education. SISU is divided in 21 re-

gional districts where each district works together with the district SF and the different 

sport clubs in the region. (Figure 1). SISU has a publishing office and distributes educa-

tional materials and books for the different sports. The Swedish Research Council for 

Sport Science (CIF) is assigned to initiate, coordinate and support sports research and is 

responsible for annually monitoring of the governments support to sports. The chairman 

of the Board is appointed by the government and the members by Universities and Col-

leges in Sweden.  

Thus, the main Swedish sporting bodies consist of three organizations: RF, SOK, and 

SISU, while “the core” of Swedish sports movement is the 71 SFs (Figure 1). The three 

main sporting bodies work together to optimally utilize the total resources available for 

Swedish sports. In sport clubs and on the sports fields, the Swedish sports movement 

relies to a great extent on voluntary commitment. Most people in the sports movement, 

both administrators and coaches at different levels, work on a voluntary basis receiving 

no financial compensation or, at most, a symbolic sum. There are currently more than 

half a million leaders in the sports movement in Sweden, the majority of them volunteers.6 

Many of the coaches in the lower levels of sports are parents of participating children. 
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Here especially, the level of sports education and medical knowledge may be limited, as 

well as the knowledge of sport injuries and how to prevent them. 

There are many children participating in sports and some have even started as young as 

five years old. Different SFs have different regulations regarding licenses and competi-

tions. Most often the athlete needs a license to participate in competitions, usually from 

the age of 13-15 years. Once a license is obtained, the athlete is registered within their 

SF. Unlicensed children are only registered within their sports club.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The organization of sport in Sweden. The Swedish Sports Confederation (RF). The 

Swedish Olympic Committee (SOK) and SISU-The Swedish Sports Education Association 
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2  BACKGROUND 

An injury is tissue-damage due to the transference of physical energy (mechanical, ther-

mal, chemical, or electrical) to the body. The physical energy may be a low intensity 

energy applied over a long duration, which will finally damage the tissue (over-load or 

overuse injury) or may be applied with high intensity at a specific event (acute injury). 

One definition of an injury is physical damage that needs medical treatment or results in 

missing time from work or sports (training or competition). 10,11 

A sport injury could be defined as an acute injury (can also be called traumatic or acci-

dental injury) or an overuse injury. Descriptions in the scientific literature of an acute 

injury refers to an injury resulting from a specific, identifiable event .12 Overuse injuries 

are defined as an injury caused by repeated micro traumas due to overloaded exercise, 

and without a single identifiable event responsible for the injury. 12 

Internationally, it is estimated that approximately 18-30 % of all acute injuries needing 

medical attention are sports related 7,13, and that almost half of these injuries are related 

to team sports, particularly sports with large numbers of participants such as football, 

basketball, ice hockey and handball. 7,9,13-15 In other sports, for example elite athletics and 

swimming, overuse injuries are more common and constitute the majority of injuries. 16,17 

There is a higher risk of acute injury during competition compared to practice, and those 

incurred during competition are often somewhat more severe than those acquired during 

practice. 9,15,18  Injuries will impair the chances of successful sport performance, both 

within a single event, and throughout a competitive season.19 The most frequently injured 

body region differs between sports, but the lower extremities have been suggested to be 

the most commonly injured, particularly the foot and knee joints. 7-9,13,14 Severe knee in-

juries, for example rupture of the anterior cruciate ligament (ACL), often requires surgery 

followed by extensive rehabilitation. 20 These injuries may also result in permanent med-

ical impairment (PMI) in terms of pain, reduction in range of motion, mobility, or osteo-

arthritis. 21,22 The most severe injuries, for example injuries to the head or spine, may be 

devastating for the athlete 23,24, and in the long term, impact the ability to work and earn 

a living. Thus, it is essential to prevent acute sports injuries, especially the more severe 

injuries. 

 

2:1 Sports injury in Sweden 

 

According to The National Board of Health and Welfare, about 104 000 sports injuries 

(during both organized and unorganized sports activities) needing medical examination 

are estimated to occur each year in Sweden. 25 This figure corresponds to approximately 

15-20 % of all acute injuries nationwide in Sweden, and up to 30 % of youths injuries.25,26  
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Children and adolescents mostly experienced a contusion or a fracture, with the most 

commonly injured body location being the upper limb, more specifically a finger or el-

bow/forearm. Concussion and knee 

injuries were also common. Adults had more knee and foot injuries. The cause of injury 

was often a fall in younger children and a strike or collision in adults.25  

 

2.2 Sports injury surveillance systems 

 

Understanding the burden of sports injuries on a nation requires a national sports injury 

surveillance system that includes all athletes in different sports. However, there is a lack 

of such systems both in Sweden and internationally. In the US there are sports injury 

surveillance systems for high-school athletes, High School Reporting Information Online 

(RIO) and for college athletes, National Collegiate Athletic Association (NCAA) Injury 

Surveillance System (ISS). 27 These databases do not include all the schools in the nation, 

as a requirement is that the school has a certified athletic-trainer. The ISS college database 

contains injury information from a number of colleges that are members of the NCAA, 

approximately 20-30% of all US colleges. The groups of schools are not a random sample 

of schools in the country. 27  

RIO is an internet-based data collection tool, first implemented during the 2005/06 aca-

demic year. High schools that are interested to participating in the surveillance system are 

stratified by size and sub-stratified by geographical location. In both systems an injury is 

defined as 1) occurring during participating in an organized practice or competition and 

2) requiring medical attention by the team athletic trainer or physician and 3) resulting in 

time-loss from sports of more than one day after injury. 27 The International Governing 

body of Association Football (FIFA) have their own football injury surveillance system 

that collects injury data during FIFA tournaments. 28 The Union of European Football 

Association (UEFA) has their Champion League Injury surveillance system. 29 The Inter-

national Olympic committee (IOC) has an injury and illness surveillance system reporting 

injuries that occurred during the Olympic Games. 30 

An example of a national injury database in Sweden is STRADA (Swedish Traffic Acci-

dent Acquisition), which is a data base for injuries and accidents occurring in traffic sit-

uations. Injury information is reported by the police and all emergency hospitals nation-

wide, and is used in research on traffic accidents and traffic safety. (https://www.trans-

portstyrelsen.se) Injury Database Sweden (IDB Sweden) is a part of a European "all in-

jury database", the EURO-IDB. IDB Sweden is another national injury database, but 

includes a minor number of emergency departments and emergency centres in Sweden. 

The included hospitals take an in-depth registration of all incoming accident injuries. The 

nine participating emergency departments are not randomly assigned and comprise ap-

proximately 9% of the Swedish population.26 The results are reported to The National 

https://www.transportstyrelsen.se/
https://www.transportstyrelsen.se/
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Board of Health and Welfare and Swedish Civil Contingencies Agency (MSB) that cal-

culates the estimated national burden of injury. MSB presents statistics on accidents, and 

safety and crisis management work in Sweden. They present analyses to provide an over-

view of both individual security and national security in the event of crisis.26 However, 

they have not analysed sports injuries since 2013. 

As previously mentioned, there are no national sports injury surveillance systems in Swe-

den that cover athletes of all ages and level of sport. “The Swedish National Sport Injury 

Registry” is an initiative from a private medical clinic in Stockholm, and the database 

contains, injuries reported from elite teams in football, floor ball and ice hockey nation-

wide.  

“The Swedish National Quality Registries” are a system of about 100 National Quality 

Registries that provide the Swedish health care system with a unique opportunity to mon-

itor quality and results in different fields of health care. The registry is supported by an 

organization of health care professionals, researchers and patient representatives. They 

are jointly responsible for developing the registry. “The Swedish Anterior cruciate liga-

ment Registry” is one of the National Quality Registries, and includes all patients that 

have undergone anterior cruciate ligament surgery in Sweden. There is an ongoing project 

at Linköpings University to launch a National Quality Register for Prevention and Treat-

ments of Sports Injuries (NKIS). The goal is to monitor all types of sports injuries nation-

wide by using different sources (e.g. IDB Sweden, STRADA and questionnaires), in order 

to create data that can be used by healthcare professionals and sporting bodies. 

(https://centrumforidrottsforskning.se/research/nkis-nationellt-kvalitetsregisteri-

drottsskador/) 

Other methods of data collection (surveillance systems) in sports injury epidemiology can 

involve extracting data from emergency departments, or other specific records, for exam-

ple specific populations within research. Examples of tools used for collecting injury oc-

currence data in specific populations include e-mail or mobile phone text messages 

(SMS).14,31,32 

Previous studies have shown that data from insurance companies could be eligible to be 

used in sports injury research. 33-36 Finch (2003) evaluated data from two insurance com-

panies in Australia and compared them with the Australian Sports Injury Data Dictionary 

(ASIDD), for desirable and necessary information in sport injury research.33 The data 

from the studied insurance companies in Australia corresponded to 92% of the suggested 

data items within ASIDD. 33 

During the period of this thesis, 57 of 71 SFs had their mandatory accident insurance in 

Folksam insurance company in Sweden. Each SF is the holder of the insurance agreement 

and the insurance cover all active athletes within the SF even though they are not person-

ally registered in Folksam. As acute injuries occurring in conjunction with organized 

sport should be reported to Folksam, this unique sport injury database includes injury data 

https://centrumforidrottsforskning.se/research/nkis-nationellt-kvalitetsregisteridrottsskador/
https://centrumforidrottsforskning.se/research/nkis-nationellt-kvalitetsregisteridrottsskador/
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from all licensed Swedish athletes active in SFs, at all ages and levels of sport, who have 

an insurance agreement with Folksam. Injury data from Folksam has been used in previ-

ous studies, but only hardcopies of the injury claims could be used at that time and they 

were not available in the main archive of the company until the case was closed, which 

could take 1-9 years.37-39  

 

2:3 Definitions and classifications of injury 

 

In sports injury research, injuries need to be classified as related to injury causation (e.g. 

acute or overuse) injury type (e.g. sprain or fracture), body location and sometimes the 

damage structure or tissue. 40 There are classification systems described in the literature, 

for example International Classification of Diseases (ICD-10)41  that is used within 

healthcare systems, the Orchard Sports Injury Classifications System (OSICS)42 and the 

Sports Medicine Diagnostic Coding System (SMDCS). 43 Several International Sport 

Federations (ISF) have published consensus statements for injury and illness surveillance 

based on the requirements and characteristic of their sport, such as football 12, cricket 44, 

rugby 40, tennis 45, horse racing 46, athletics 47, and multisport events 30. 

Three common ways of reporting the magnitude of injuries are described in the literature 

as: in absolute numbers of injuries, in proportions of injuries and in incidences of injuries. 

Results presented as numbers or proportions of injuries do not take in account the number 

of athletes or the extent of exposure to the risk of injury (e.g. practice or competition).10  

Injury incidence is the number of new injuries within a given time in a given population 

and is best suited for describing the rate of injuries.10,44 It refers to the number of new 

injuries divided by the total number of athletes or time at risk and is usually multiplied 

by the factor k e.g. 1000 (incidence rate). Thus it can commonly be expressed as injuries 

/1000 player-hours or player years, injuries /1000 athlete-exposure or injuries /1000 

matches. 10,48 

Injury severity can be described in terms of the type and location of the injury, the type 

and duration of treatment, absence (time-loss) from sport or work, permanent medical 

impairment (PMI) or as direct and indirect costs. 48 Consensus statements in sports injury 

research define severity of an injury as time-loss from sport. Injuries are grouped by days 

lost from sport as “minimal” (2-3 days), “mild” (4-7 days), “moderate” (8-28 days), “se-

vere” (>28 days), “career-ending” and “non-fatal catastrophic injuries”. 12 When using 

the degree of PMI to define the severity of an injury, it corresponds to “severe” or higher 

degree. 

Injury risk may be defined as the product of the probability that an adverse event occurs 

within a specified period of time (injury incidence) and the consequence of such adverse 

events (severity of injury). 10,49 Activities that are related to the greatest risks in terms of 

numbers of casualties and severity of injuries are important to identify and prevent. 50  
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If the surveillance system does not include a complete sample, such as the total popula-

tion, it is necessary to estimate the total population. Further, if the intention is to analyse 

interferential statistics the sample should be representative for the whole population. The 

point estimate should be described with confidence intervals, and possibly a P- value 

(probability) for hypothesis testing, to describe the uncertainty of the figures. This is not 

necessary with descriptive statistics and with a complete sample.51 

2:4 Injury Prevention 

 

One can think of acute injuries as “accidents”, “chance” or “fate”, and is a state of “bad 

luck”, and not realize that acute injuries are often predictable and preventable. 52 To pre-

vent accidents, or acute injuries, requires an understanding of why injuries happen and 

finding the most effective way to guard against them is required. An understanding of the 

role of barriers (protective or preventive) in some sports is also necessary as a failure or 

absent of a barrier may in part explain why certain injuries occur. Proper functioning of 

barriers may reduce injuries and their consequences, either by preventing unexpected 

events from taking place, or by protecting from the consequences of the event. Barriers 

could be “active” in that they need an actionable behaviour (e.g. fair play), or “passive” 

as in protects by being there doing something (e.g. a knee brace). Different models for 

analysing injury cause and mechanism have been developed, one of which is the Haddon 

matrix for injury prevention. 53 It is a two-dimensional matrix designed to understand 

injury countermeasures.  The first dimension is the temporal, in which the injury event is 

labelled in three phases: “pre-event”, “event”, and “post-event”. The second dimension 

includes three factors that indicate the likelihood or severity of the injury: “human”, “vec-

tor” (cause) and “environment” (physical and socio-cultural) (Figure 2)  

 

 

 

 

Figure 2. Haddon Matrix (1980), used for analysis of resources, identification of strategies and planning of 
sports injury prevention. Examples of factors affecting the outcome of the injury in different phases. 
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Haddon suggested ten strategies to prevent injuries or minimize the severity of injury. 53  

They may be combined into five safety measures: 

1. Eliminate risks 

2. Limit risks 

3. Limit the trauma energy that reaches the athlete 

4. Strengthen the resistance of the person at risk of injury 

5. Limit the injury severity 

 

 

 

 

 

Figure 3. Timeline for a sports injury, examples of risk factors for injury, and factors affecting the outcome of 

injury, and the three phases of injury within the Haddon matrix. 

 
 

 

2:5 Sports injury Prevention 

Injury prevention can be classified as either primary, secondary or tertiary. Primary pre-

vention aims to prevent an injury through removal or reduction of its causal factors. For 

example preseason eccentric strength training of the hamstring muscles (using the Nordic 

hamstring training program) to prevent strains in the muscles, or using football shoes with 

cleats designed specifically for the surface the player is going to play on. Secondary pre-

vention aims to reduce the impact of an injury that has already occurred, e.g. detect the 

injury at a point early in its development. It involves halting or slowing its progression, 

for example performing regular exams and screening tests to discover known risk factors 

that may affect pathology, early treatments or adjusted training loads. Tertiary prevention 
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aims to reduce or eliminate complications and long-term impairments of the injury, min-

imize suffering, and optimize recovery. For example acute care in direct connection with 

the injury, further treatment and rehabilitation, and finally, a safe return to sport again 

without the risk of re-injury.19 

In sports injury prevention research, van Mechelen´s (1992) model the “Sequence of Pre-

vention” is the “gold standard”.11  The process includes four stages: 1. Identify the extent 

of the problem in terms of injury incidence and severity (epidemiology) 2. Identify risk 

factors that may contribute to injury (etiology) 3. Introduce a preventive measure based 

on results from stage 1 and 2 (prevention) and 4. Evaluate prevention effectiveness by 

repeating step 1.11 (Figure 4) 

Finch (2006) later presented the TRIPP framework (The Translating Research Into Injury 

Prevention Practice), that extended van Mechelens four stage approach by two more steps 

including “intervention and implementation context”. Step 5 determines how interven-

tions could best be implemented by sports organizations and their athletes, and Step 6 

involves evaluating the effectiveness of the implemented preventive measures.54 

 

 

 

 

Figure 4. Sequence of Prevention by van Mechelen (1992). In 2006, the model was extended with TRIPP  

(The Translating Research In to Injury Prevention Practice) by Finch (2006). 

 
 

Step 1. Epidemiology 

There are guidelines for injury data collection and classification of injuries and injury 

mechanisms. In sports injury research, there are international Consensus statements in six 

sport federations 12,40,44-47 and in Australia, the ASIDD was developed in 1997 to assist 

sporting and recreation organizations, researchers, and individual clubs to collect infor-

mation on sports injuries.55 The ASIDD is divided into three categories where Category 

1 is “core” items that should be presented in all sports injury data collections (e.g. sport, 

sex, age, date of injury etc.). Category 2 includes “strongly recommended” items, which 

are terms that give additional injury information (e.g. area of residence, place of injury, 

injury factors, treatment etc.) and Category 3 includes “recommended” items that provide 
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information to injury circumstances (e.g. time of injury, level of play, specific structure 

injured).55  

The incidence of sports injuries depends on the method used to count injuries, to establish 

the population at risk, and on the representativeness of the investigated sample. An ade-

quate sports injury surveillance system should be sensitive enough to answer specified 

research questions, but is dependent on the definitions applied, for example of injury, 

injury type and injury severity.11,48 Following these considerations it is possible to com-

pare the incidence of injury between different sports, identify high risk groups, and iden-

tify injury types or injury factors within a specific team, league or sporting organization. 

Different surveillance systems and databases contain different information and registers 

different populations.  

Valid and reliable injury surveillance data can be used, not only to identify the epidemi-

ology of injuries in a specific population, but to compare injury incidence across sports, 

develop and evaluate rules and policy changes, and focus injury prevention research and 

programs.15,27 Continual analysis of surveillance data will help to understand changes in 

the incidence and severity of injuries over time.27 However, injury data from surveillance 

systems have limited use if they lack validity. Therefore, researchers and system admin-

istrators should strive to provide validity outcomes alongside their injury data. This will 

result in a better capacity to monitor sports injury trends and inform on the development 

of sports safety strategies. It is acknowledged that validating surveillance systems is a 

difficult process and often not done well.31 Completeness of data can be evaluated by 

determining the proportion of blank or “unknown” item responses in an injury record, 

and validity may be measured by evaluating the conformity between surveillance data 

and independent “gold standard” source objectively measuring the same variable.31 

 

Step 2. Etiology (Risk factors) 

Risk factors can be categorized as internal (person-related, risk factors) or external (cir-

cumstantial or environmental) risk factors. Internal risk factors for injury could, for ex-

ample, be age, sex, weight, height, previous injury status, level of physical fitness, per-

sonality/temperament, psychological and genetic factors. External risk factors could be 

sports-related factors, equipment, weather and terrain conditions, policies, environment 

attitudes, or social and media norms.49 (Figure 3) Definition of specific risk factors is 

essential. However, the diversity of sports injury risks makes it difficult to cover all po-

tential risk factors for all sports in the same surveillance system.49 In this thesis, age and 

gender are the risk factors that are possible to analyse. The mechanism of injury can be 

described as the interaction between the different causative factors for injury. Injury 

mechanism in sport could include playing situation, the player´s skill at the time of injury, 

aspects of athletes’ characteristics and behaviour, as well as opponent behaviour. It could 

also include more or less detailed biomechanical descriptions of joint motion and loads.56 
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(Figure 3). Each sport has its specific nature and thereby specific risk factors and injury 

patterns. Sports with high external forces, such as motorsports or power boating where a 

motor vehicle is also involved, or in equestrian where a large and powerful animal is 

another participant, need special considerations. Sports such as wrestling, taekwondo and 

skating have their specific mechanisms, while team sports have other risk factors and 

injury mechanisms. Thus, different prevention actions are needed in different sports. The 

Haddon matrix can be used to describe and clarify the factors affecting the risk of a spe-

cific injury in a specific sport, and then plan for the prevention intervention. (Figure 5) 

 

 

 

Figure 5. Example of how to use the Haddon matrix when planning injury prevention interventions.  

Description of risk factors and phases of injury, that affect the risk of ACL injury in football players. 

 
 

Step 3. Prevention 

In scientific studies, preventive measures are developed, implemented, and evaluated for 

their efficacy in preventing injury based on the results from Step 1 and 2 in “Sequence of 

prevention”. Research areas of sports injury prevention in the literature include: 1) train-

ing and physical preparation, 2) technical and political approaches, 3) equipment and fa-

cilities, 4) medical and non-medical support. (Figure 6) There has been a change in re-

search focus over the last years from equipment interventions to training interventions. 

However, one research field in sports injury prevention with very few published studies 

is rules and regulations.57 

 

 

 

Figure 6. Fields of sport injury prevention 
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Knowledge about prevention and treatment of various sport injuries has grown excep-

tionally in the last two to three decades. However, there has been a lack of well-designed 

hypothesis-driven implementation studies, due to the difficulty of conception and perfor-

mance of such studies. 57 Earlier studies have mostly focused on the protective effects of 

safety equipment, such as head, face/eye protection and knee or ankle braces/taping, with 

mixed results. 57  An argument against this type of protection has been that wearing safety 

gear could support aggressive and injurious behaviour by players, which might increase 

the risk of injury.58  Studies have also found that psychologically based interventions, 

such as lowering the magnitude of stress responses may have effect on injury rates. 59 

The International Governing Body of Association Football (FIFA) have developed a neu-

romuscular training program (NMT) called FIFA 11+ (and an earlier version FIFA 11), 

which aims to reduce injuries in football, in particular lower limb and knee injuries. The 

program includes core muscle strengthening and stabilization, proprioceptive training, 

dynamic stabilization and plyometric training to track correct movement pattern and core 

alignment. NMT and strength training programs have been shown to be effective in re-

ducing lower limb injuries in defined populations, especially knee injuries, among female 

handball players 60, youth female football players 61,62, collegiate male football players 63, 

and in female floorball players 64. 

The Swedish “Knee control program” (KCP) was first developed in 2005 through a col-

laboration between the Swedish football, basketball, handball, and floorball SFs. A DVD 

instructional film showing the training program was released through SISU´s publishing 

office. In 2009, the KCP was implemented among female youth football players in a 

large-scale cluster randomized controlled trial including 230 female youth football clubs 

and more than 4500 female football players (aged 12-17 years) during one competitive 

season.65 The clubs were stratified by district whereby all teams from the same club were 

assigned to the same group to avoid contamination between intervention and control 

group. The players in the intervention group performed the program for 15 minutes, twice 

a week, while the control group performed their regular training. The results showed that 

the intervention group using the KCP had 64% lower rate of ACL injury compared with 

the control group. During the season in which this study was performed, the frequency of 

ACL injuries in the intervention group was 7 with 14 in the control group.61 Importantly, 

the greatest reduction in injury was identified in players where program compliance was 

high.66 Based on this study, a structured education program to educate coaches and foot-

ball players in the KCP has been implemented nationwide in Sweden since 2010. The 

implementation was performed in collaboration with researchers, sports physiotherapists, 

the Swedish football SF and football DFs, and the insurance company Folksam. The other 

SFs (basketball, handball and floorball) went on to develop their own KCP that target the 
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specific demands of their particular sport, and which has gradually been implemented 

though in a smaller scale compared to in the football project.  

The increase in training studies in recent years need be followed by a connected increase 

in effectiveness and implementation studies. 57,67 

Step 4 Evaluate prevention effectiveness 

After the preventive intervention is implemented in the investigated population, its effec-

tiveness in reducing injury is evaluated by performing Step 1 in “Sequence of prevention” 

again.11 The most powerful studies for evaluating the effectiveness of injury prevention 

are prospective studies using randomized controlled trials. The two treatment groups 

needs to be balanced by known risk factors and compliance to the intervention is crucial 

for the validity of the clinical trial. How to treat drop-outs need to be considered. One 

alternative is to analyses the study by the intervention treatment that the subject was as-

signed to, not the one that they actually acquired, which is termed “intention to treat”. 

Another way is to analyse per protocol.  

Step 5 and 6 Implementation (TRIPP) 

Prevention interventions may show efficacy in a controlled environment within science, 

under ideal conditions, but to reach effectiveness in ordinary day-to-day circumstances 

the intervention needs to be implemented in the real-world context. Sports injury preven-

tion interventions will not have significant public health impact if they are not widely 

accepted and adopted by the targeted sporting bodies and athletes. However, making pre-

vention interventions suitable for use in community sports settings is challenging and 

needs to take into account the broad ecological context in which they are to be intro-

duced.54 In Step 5 in the TRIPP framework, it is necessary to understand the implemen-

tation context including personal, environmental, societal and sports delivery factors. 

Step 6 describes how to understand what worked in the “real word” context, by using 

effectiveness studies. 68 There is a need to understand the barriers for adoption of preven-

tion, and to be able to facilitate compliance with the prevention strategies.  It is important 

to identify the intrapersonal factors, sociocultural factors, policies, and physical environ-

ments that influence an individuals’ protective or risk-reduction behaviour as well as or-

ganizational, community and societal levels of influence.52 Interventions that are effective 

in one setting may not necessary work in others, and some modification of them is likely 

to be needed for each new contextual setting.  

Sports organizations are administrated in a hierarchical manner within an international, 

national, and regional structure, and there is minimal direct contact with the grass-roots 

sports. Most athletes only have direct interaction with the team or club of which they are 

a member. There are few studies on sports injury prevention effectiveness, and even fewer 
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studies reporting key implementation factors and how these can impact on the results of 

these studies.68 

 

2:6 Safety promotion in sports 

Sport safety promotion includes the scientific consideration of the sports injury problem 

in cooperation with sporting bodies and clubs on the one hand, and the authorities respon-

sible for sports facilities and legislations, on the other.69 While injury prevention means 

the implementation of specific interventions in terms of structural or educational 

measures, sports safety promotion also includes wider campaigns that are required to suc-

ceed with these measures.69 Since sports are performed in planned and organized settings 

it is possible to take advantage of the structure of these settings when implementing safety 

measures. However, sporting bodies will not implement sports safety policies until they 

are sure that the safety measures actually prevent injuries, are acceptable to their athletes 

and do not change the nature of the sport.54 Effectiveness and implementation research is 

important in allowing prevention safety to have an impact on the public health. There is 

little guidance to identify the appropriate implementation strategies in community sport.70 

Sporting bodies and other stakeholder groups (e.g. community and insurance companies) 

need to formulate and implement safety policies together to reduce injuries and make 

sport safe for the athletes. Researchers and sports organizations need to work together to 

translate research knowledge to easily accessible resources that sports organizations can 

endorse. For this to happen sports organizations need both the staff and skills to adopt 

and implement the resources. However, there is generally a deficiency of both within 

sports organizations.70  

In some countries, private and public insurance companies take a role in supporting sports 

organizations in raising awareness among athletes about injury and injury prevention, for 

example in promoting the use of safety equipment.70 In Sweden, the insurance company 

Folksam has a long history of both road traffic injury prevention research, and coopera-

tion with the Swedish sporting bodies. They signed the first insurance agreement with the 

Swedish Olympic Committee (SOK) in 1935, and have, beside the insurance agreements, 

partnerships with certain SFs: football, cross-country skiing, athletics and Paralympic 

sports. They have also supported various research projects, both in road traffic accidents 

and sports, with the aim of preventing injuries.61,71,72 One example is the financial support 

of both the KCP research project and the nationwide implementation of the program.61  
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3  RATIONALE FOR THIS THESES 

Acute sport injuries are common to many sports and leads to medical and financial con-

sequences, both for the athlete and society. It is therefore important to find ways of pre-

venting these injuries. There are some prevention strategies in place for some of the acute 

injuries that have been identified in smaller population studies. Implementation of these 

programs nationwide is central to evaluating the effectiveness in a real-world context. 

Since there is no national sports injury surveillance system in Sweden, that covers athletes 

of different ages and level of play within different sports, the Folksam insurance database 

could be an important source of data. More than 80% of the Swedish SFs have their man-

datory accident insurance in Folksam. Priority should be given to activities that present 

the highest risks in terms of number of injuries and average severity of injury. Having an 

inventory of sports injuries is crucial in this work and must be performed continuously. 

In the recent literature there is no study providing an overview of the acute injury patterns 

in sports in Sweden. 

 

 

 
 
 

 

Figure 7. Flow chart of Studies I to V corresponding to Steps 1 and 2 from the “Sequence of Prevention” 
model by van Mechelen (1992), Steps 1, 2 and 6 from the TRIPP model (Finch 2006), and the phase “pre-

event” and “human” factor from the Haddon Matrix (1980).  
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4  AIMS 

The main aim of this thesis was to identify those sports that are high-risk for acute injuries, 

the most severe and commonly occurring injuries, and to recommend where injury pre-

vention efforts should focus. A second aim was to evaluate the effectiveness of a neuro-

muscular knee control training program that has been implemented nationwide to reduce 

knee and ACL injuries among football players in Sweden. 

 

The specific aims of each paper were as follows: 

 

I To evaluate whether a sports injury database from an insurance company in Swe-

den contains reliable and valid information for use in sports injury research. 

 

II To identify high-risk sports with respect to the incidence of acute and severe inju-

ries in licensed athletes, in 35 sports in Sweden. 

 

III To examine reported acute injuries occurring in seven popular sports nationwide 

(automobile sports, basketball, floorball, football, handball, ice hockey and mo-

torcycle sports), with comparisons between sex, age and sport; identify the most 

common and severe injuries, and recommend where injury prevention efforts 

should focus. 

 

IV To further examine the most common and severe injuries in floorball, football, 

handball and ice hockey, and identify the specific body location, classified by body 

part and injury type, and recommend injury prevention measures based on the re-

sults and scientific knowledge within the literature. 

     

V To measure time trends in incidence of acute knee and cruciate ligament injuries 

reported among football players in Sweden, and to evaluate the implementation 

and effectiveness of the Knee control program (KCP) to prevent knee and cruciate 

ligament injuries among Swedish football players. 
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5  MATERIALS AND METHODS 

5:1  Study design 

Study I was a methodological study evaluating the reliability and validity of the infor-

mation within the Folksam database. Studies II –V were epidemiological studies using 

observational historic cohort designs. STROBE (Strengthening the Reporting of Obser-

vational studies in Epidemiology) guidelines for cohort studies were used to improve the 

reporting of results and highlight the strength and limitations in the studies. 73  

5:2 Sports population 

The sports included in the analysis were sports whose SF is a member of RF, had their 

accident insurance in Folksam insurance company, and had a register of licensed athletes. 

Thirty-five SFs met these criteria. Some of the SFs included more than one sport or vari-

ous disciplines. The Swedish Motorcycle and Snowmobile SF includes disciplines such 

as road racing, motocross, endure, and drag-racing, on ground or on snow and ice. It also 

includes comparable disciplines for snowmobile sports. (www.svemo.se). All disciplines 

within this SF are henceforth termed “motorcycle sports”. The same goes for the Auto-

mobile SF, which includes racing, rally, drag-racing and karting, on different surfaces 

and arenas, to a total of 16 disciplines (www.sbf.se), and from here on will be referred to 

as “Automobile sports”. The Swimming/watersport SF includes swimming, diving, syn-

chronized swimming and water polo sports (www.svensksimidrott.se). The Cycle SF in-

cludes the disciplines road bicycle, track cycling (velodrome), cyclo-cross, BMX, moun-

tain bike and trial (www.scf.se). The Paralympic sports SF (disability sports) includes 

both individual and team sports for athletes with different disabilities 

(www.parasport.nu). The registered licenses within these SFs are not possible to separate 

into each discipline as an athlete might have licenses and compete in more than one dis-

cipline. It is the SF´s own choice to select the insurance company, usually after recom-

mendations from an insurance broker, and the RF has no involvement in their selection. 

Hence, different years may be included for each SF in this analysis of injury data. Several 

of the SFs have had their insurance agreement in Folksam for more than 30 years. 

In Study II, all 35 sports were included and in Study III seven sports that had high num-

bers of licensed athletes, injuries, and injuries leading to PMI were included. The seven 

investigated sports were automobile sports, basketball, floorball, football, handball, ice 

hockey, and motorcycle sports. Study IV included floorball, football, handball, and ice 

hockey.  

  

http://www.svemo.se/
http://www.sbf.se/
http://www.parasport.nu/
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Table 1.  Population of the included SFs in this thesis. The mean numbers of  

licensed athletes between 2008 and 2011 are presented, unless otherwise stated. 

 

 
 

 

 

5.3 Definitions 

 

5.3.1 Acute Injury 

The definition of an injury used in this thesis is “physical damage to the athlete due to an 

acute injury with external interference, related to sports activity, training or competition 

organized by the sports federation or sports club, and is reported to the Folksam insurance 

company”. An acute injury is defined as an injury resulting from an unexpected, sudden 

incident, at a specific identifiable event”.12 Acute injuries that are not covered by insur-

ance are injuries caused by normal movements during normal sports activities with no 

external interference, for example, a muscle strain during running or jumping without any 

kind of external interference. Severe ligament and tendon injuries, such as rupture an 
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Achilles tendon, or knee ligament rupture are always covered by insurance and thereby 

included in the analysis. Injuries occurring when traveling to and from sports activities, 

training or competition is also covered by insurance, but are only included in Studies I 

and II. A single injury claim in the insurance data base is defined as one injury. Injuries 

with multiple injury types or locations that occurred at the same time point, is considered 

one injury with the diagnosis code “multiple types” or “multiple locations”.12  

A special code was given for deaths. 

 

5.3.2 Injury incidence  

Injury incidence was calculated as the number of reported injury claims from each SF 

divided by the number of licensed athletes in the same SF x 1000. The definition of inci-

dence was “the number of injuries per 1000 licensed athlete each year” and abbreviated 

to “per 1000 licensed player years”, expressed as “per 1000 player years” in the text. 

 

5.3.3 Injury severity 

Acute injuries reported to the insurance company are to some degree severe by default, 

in the sense that they most often requires medical examination and treatment. Injuries that 

are defined as minimal or mild are seldom reported to the insurance company. In the 

present thesis, severe injuries were measured by the degree of permanent medical impair-

ment (PMI) which was assessed by the insurance company one to two years after the 

injury occurred. In the scientific literature it would correspond to a “severe”, or “career-

ending” sports injury depending on the degree of PMI. Folksam use same grading rules 

that are used by all insurance companies in Sweden. The degree of PMI is assessed on a 

scale between 1% and 99%, regardless of the claimant´s profession or hobbies. PMI re-

sults in persistent symptoms affecting activities of daily living (ADL) connected to at 

least one of the following aspects: loss of motion, pain, and cognitive influence. For ex-

ample, an amputation of the distal phalangeal of a finger is graded between 1-8%, an 

unstable ankle 1-9%, and amputation of the wrist up to 37%. A symptomatic unstable 

humeroscapular joint can be graded up to 12%, the equivalent in the knee joint between 

3-17%, and a spinal cord injury with paralysis between 20 and 97%.74 This thesis used 

the measurements PMI 1+ and PMI 10+. PMI 1+ includes all PMI injuries (assessed be-

tween 1- 99%), and PMI 10+ includes only those PMI injuries assed to be 10% or greater. 
71 An athlete will receive a non-recurring monetary compensation in relation to the degree 

of PMI. If the athlete has an agreement with more than one insurance company, all com-

panies will compensate for the PMI. 
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5.4 Categorization and classification of injury 

In the Folksam database, injury diagnosis codes are registered as four letters. The posi-

tioning of each letter denotes different information: Position 1 injury type (e.g. fracture, 

dislocation, sprain), Position 2 location (e.g. head, upper and lower extremities, thoracic) 

and the knee has its own location. Position 3 body part (e.g. face, eye, elbow, toe, internal 

organs, specific knee structures such ACL, MCL or meniscus), and Position 4 side (right, 

left, bilateral) Table 2. An example of Folksam code is RKFH thus indicating Pos.1 Rup-

ture, Pos.2 Knee, Pos.3 ACL and Pos.4 Right side. Injuries with multiple injury type 

(Pos.1) have a specific code. Multiple injury locations (Pos. 2) have different codes for 

different combinations of head, upper extremity, lower extremity, thoracic, and internal 

organs. The code for “unknown” is always X in all positions of the diagnosis code, thus 

a totally unknown diagnosis is XXXX. Death was also coded with XXXX. Cruciate lig-

ament injuries in the knee could be categorized as “cruciate ligament undefined”, or “an-

terior cruciate ligament”, “posterior cruciate ligament” (PCL), and different codes for the 

combinations of cruciate ligament and “meniscus” and “ligament”. Hence, the used defi-

nition in this thesis was “cruciate ligament injury” for all types of cruciate ligament inju-

ries. 

 

Table 2. Main grouping and categories for classifying “injury location”, Consensus statement  

on injury definitions in studies of football compared with the Orchards Sports Injury Classification 

system and the Folksam insurance company. 
 

 
 

*Orchard Sports injury Classification system 
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To categorize the coded injury data according to injury type (nature of the injury) and 

anatomic location (body region), a matrix developed by a consensus group on injury def-

initions in studies of different sports, for example in football was used.12 To translate the 

Folksam injury codes in agreement with the classification system used in the consensus 

statements, the computer software program SPSS for Windows (version 21.0, Inc. Chi-

cago, IL, USA) was used. Sprains, dislocations, strains, ruptures, and tears were com-

bined into the same category, henceforth called “sprain/rupture” (SR). Contusions, hema-

tomas, bruises, lacerations and abrasions were combined into another category, hereafter 

called “contusion/laceration” (CL). Dental injuries and concussions were classified as 

separate injury types. (Table 3) 

 

Table 3. Main grouping and categories for classifying “injury type”, Consensus statement on injury defini-

tions in studies of football, compared with the Orchard Sports Injury Classification System (OSICS) and 
Folksam insurance company. 

 

 
 
*Orchard Sports Injury Classification System 

 

5.5 Data collection and measurement 

 

When an injury occurs, the athlete, or the parent if the athlete is minor, reports the injury 

to the insurance company, either by telephone, via the company webpage or in writing. 

The insurance administrator documents the injury using specific items in the insurance 

database. Several items including sport, personal security number, age, sex, residence at 

time of injury, date of injury, and diagnosis codes are mandatory information that must 

be recorded. There are three items that are not mandatory to record “cause, “activity”, and 

“place”, of injury. If the athlete has not been medically examined, the administrator rec-

ords the injury location, for example “knee”. When the administrator later receives new 

information such as diagnosis code, treatments or costs, either via the athlete or a medical 
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doctor, the injury is updated in the data base. The insurance administrator can also write 

free text describing the injury event and contacts with medical doctors. The majority of 

diagnoses are made by doctors, but physiotherapists or other medical professionals can 

also diagnose. To address the aim in Study I, randomly selected settled injury claims were 

received from the insurance company Folksam. The data file contained 35 000 injury 

insurance claims that had generated reimbursements to the athletes between 2009 and 

2010. The injuries could have occurred, and been reported, earlier but the reimbursement 

was made between these years. The injury claims information was exported to an Excel 

file (date 10th January, 2012), and access to a local database within the insurance company 

for free text information associated with the injury was received. After adjusting for per-

sonal security number and injury date, 27 947 unique injuries remained in the Excel file. 

(Figure 7) The information in the database was evaluated for validity by comparing in-

cluded variables with suggested variables found in ASIDD55 and Consensus statements.12 

ASIDD had been used in Australia to evaluate insurance data, and the same protocol was 

used in this thesis.51 To measure the reliability of the injury data and the administrator’s 

procedures, a sample (every 100th claim) of the injury claims was reviewed for con-

sistency and lack of information within the Excel file and compared with text files in the 

local database. Reliability of different codes for disciplines within sports was also evalu-

ated. This procedure is proposed when assessing the quality of the data in the injury sur-

veillance system.31   

In Study II, all injury claims reported to the Folksam insurance company between 2006 

and 2011 were extracted from the Folksam data base on 30th April 2012. Access to text 

files within the database describing injury details was received for quality assurance of 

missing data, according to the protocol. To include as many SFs as possible during the 

study period the years 2008 to 2011 were chosen for analysis, in total 47 470 unique 

injuries. (Figure 7) 

In Study III, the sports injury data set supplemented with additional reported injury claims 

for 2006-2013. This means that those injuries that occurred in 2006-2011 but were re-

ported late were now added to the data set. Data were extracted from the Folksam data-

base on 31th March, 2014. Quality assurance of the data information (for all years 2006 

to 2013) was performed in the same way and based on the same protocol as in Study II. 

Study III included 84 754 injuries occurred in seven sports. (Figure 7) 

In Studies IV and V, the sports injury data set was supplemented with all reported injuries 

between 2006 and 2015. Data were extracted to an Excel file from the Folksam database 

on 30th September, 2016. A merger of the new data set and the prior data set used in Study 

III was performed using Microsoft Access 2013, and earlier injuries from 2006 onwards 

were updated if there was any new information regarding the injury. Quality assurance of 

new injury claims was performed, and new injuries were quality assured using the same 

procedure as in Studies II and III. (Figure 7) 
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Study V included a questionnaire regarding the implementation of “Knee control train-

ing” (KCP) educations in Sweden. The questionnaire was sent by e-mail to key persons 

responsible for education within the 24 regional districts football associations (districts 

FAs) in May and June 2017. The first part of the questionnaire included general de-

mographics such as contact information and position held in the district FA. The second 

part included specific items about policies regarding KCP education, official or unoffi-

cial, and appointed position responsible for KCP education. The third part related to the 

numbers of educational workshops held each year, and whether the educations addressed 

a specific sex or age group. Each district had seven possible years of education (2010 to 

2015). (Appendix 1). Data processing was carried out in collaboration with a research 

group at Linköping University (Paper V). To gain further knowledge about the spread of 

the KCP nationwide, the number of downloads of the KCP mobile phone app (from App 

Store and Google Play) was obtained, from October 2012 (when the app was released) to 

December 2015. 

5.5.1 Quality assurance 

The quality assurance of each data set, in each study, was conducted in accordance with 

the same protocol for all studies. 

a) Claims with absence of diagnosis codes were verified with information within the 

database. If a diagnosis code had been updated or it could be found within the free 

text files, the diagnosis code was updated in the data set (Excel file). If it was a totally 

incorrect claim, it was erased from the data set.  

b) Diagnosis codes with XXXX, as in “unknown”, were reviewed and updated. Death 

injuries were recoded with a new diagnosis code that was not an already existing code 

in the Folksam database.  

c) Reviews of “X” (unknown) in the diagnosis codes were made, and updated infor-

mation from the free text files, where available, was added to the data set.  

d) Rare injury types such as amputation (A), drowning (D), toxic (T), multiple injury 

types (Y), and “other definitions” (Z) were reviewed and changed if the injury code 

had been incorrectly assigned. With knee injuries (Pos. 2), the code “other multiple 

knee injury” (Z in Pos. 3) could include a cruciate ligament injury and was coded with 

the right diagnosis code. 

e) For separate injuries that occurred while travelling to and from sports activities, a 

search was made within the items “Injury cause”, “Activity” and “Place of accident”. 

Search words used were “traffic”, “buss”, “car”, “cycle”, “motorcycle”, and “acci-

dent. The same procedure was used to find “death injuries” that were not recognized 

through diagnosis codes. 
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5.6 Statistical methods 

Data in this thesis are presented using descriptive statistics, frequency, relative frequency 

(%), and means with standard deviations. The data are a complete sample including the 

entire population of licensed athletes in the investigated sports nationwide, hence, no sta-

tistical tests are necessary to performe. The risk ratio (RR), between males and females 

was calculated using the quota of incidence for each sex. In Study II, an additional chi 

square test was used to determine any relationship between the RR for males and females 

because in some sports there were few reported injuries.  In Study V an adjustment for 

late reporting of knee injuries was made. This was done to obtain more accurate figures 

for time-trends and to evaluate the effectiveness of the implemented KCP in football. The 

adjustment was based on examining of injuries that had occurred in 2006, which have a 

maximum possible 10 years to report. Results showed that 92% of all injuries were re-

ported within one year and 96% within two years. Eighty-six percent of knee injuries 

were reported within one year, 93% within two years and three knee injuries were re-

ported eight years after occurrence. Eighty percent of cruciate ligament injuries were re-

ported in one year, 91% in two years, and three were reported eight years after the injury 

event. Therefore, an adjustment calculation was made on the incidence of knee and cru-

ciate ligament injuries for each year. The correction formula “(1/proportion of reporting 

rate) multiplied by the annual incidence”, was used for each investigated year. This ad-

justment was made for each sex and age group in Study V.  

5.7 Ethics 

The project was approved by the Regional Ethical Committee in Stockholm (Dnr 

2012/1436-31/1). No individual athlete consent was requested since the results would 

only be presented as a group (each SF) and not individually. The insurance agreement 

documents from Folksam informs that data can be used in research. The questionnaire 

was completed by administrate personnel within SF, thus the answers were of organiza-

tional nature and not delicate or controversial. Thus no ethical approval was needed, in 

accordance with The Ethical Act, section 6.1 (2003:460). Folksam´s role as both provider 

of data and co-financier of the project needs to be considered. There are no conflicts of 

interest between Folksam, The Swedish School of Sport and Health Sciences (GIH) and 

the author of this thesis. The author of the thesis, in collaboration with the co-authors in 

the project has solely responsible for planning and carrying out the project. There was no 

involvement or contribution from the insurance company, only cooperation with explain-

ing the injury claims data and insurance administrator procedures. 
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6  RESULTS 

There will be supplementary results presented in this thesis that have not been published 

within the five papers included in this thesis. Such results are referred to the study where 

the data was analysed, and expressed as “unpublished data from Study x”. 

In Study I, information from a randomly selected injury claims from the Folksam insur-

ance data base, was validated for reliability and validity. There was free text information 

regarding the injury in more than 80% of the evaluated injury claims. In the further Stud-

ies with injury data after 2012, almost every injury claim contained free text to some 

extent. All “core” items were fully present (100%) when compared to the Australian 

Sports Injury Data Dictionary (ASIDD). 33,55 Any lacking information was possible to 

find in the free text files. Of the 15 “strongly recommended” items 87% (13/15) had the 

potential to be recorded in the Folksam data base. Five of these 15 items were mandatory 

for the administrators to fill in, the other ten were not. Six of the ten items were possible 

to find if the administrator had written it in the text file. Of the eight “recommended” 

items, 50% were potentially recorded in the database, two items were mandatory for the 

administrator to record, four were possible to find in the text file if it was recorded, and 

two were not present at all.  

  

Table 4. Comparison of the insurance database information with the ASIDD recommendations. 
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On comparing the Folksam data with Consensus Statement in sports injury research in 

football 12 13 of 18 items (72%) were possible to record in the insurance database, five of 

these were mandatory to record, eight were possible to record in the free text files, and 

five were not present at all (body mass, height, dominant arm/leg, position in play, date 

of return to play). Position in play could, in some cases be stated as goalkeeper, but no 

other positions were noted. Diagnosis codes were consistent in more than 88% of the 

claims. All codes for sports disciplines were identified within the correct SF and con-

sistency with information in the text files was correct in 83% of cases. It was not possible 

to validate the recording rate reliability since there is no national sports injury surveillance 

data base in Sweden. 

6.1  Total injury incidence   

In Study II, sport injuries that had occurred in 35 sports between 2008 and 2011 were 

analysed. The highest incidence of injury was among motorcyclists, followed by handball 

players, skaters, ice hockey players, and wrestlers. The lowest injury incidence was seen 

in varpa (no injuries), golf, miniature golf, archery, table tennis, and billiards. The highest 

numbers of injuries were seen in football followed by ice hockey, floorball, handball, 

motorcycle sports, and basketball. Sports with the highest number of licensed athletes 

were, in order of the largest sport first, golf, football, floorball, ice hockey, basketball and 

automobile sports (Table 1). 

Motorcycle sports had a 12 times higher RR compared to the median sport incidence (18th 

incidence of 35 sports incidences) and a RR 3.9 compared to football. Ice hockey players 

had a RR of 2.8 compared to football players. Automobile sports had a lower RR com-

pared to the median sport incidence. (Study II) (Figure 8) 
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Figure 8. Acute injury incidence (per 1000 licensed athlete years) in 35 sports (Study II).  

Basketball was the median sport, indicated by the red box. 

 

 

6.2 Injury type and location 

In motorcycle sports, the majority of injuries were seen in the upper limbs (Study III), 

specifically the shoulder (16% of all motorcycle sports injuries), followed by knee inju-

ries (9%) (unpublished data from Study III). In automobile sports, the head/neck location 

was most often injured (Study III), with the cervical spine the most injured body part 

(37% of all automobile sports injuries). Cervical spine injuries constituted a greater pro-

portion of total injuries in females (5.8% of total female injuries) than males (1.6% of 

total male injuries). The second most common injury was an injury to the sternum/rib 

(11%) (unpublished data from Study III). 

In team ball sports (basketball, floorball, football and handball), most of the injuries oc-

curred in the lower limb, in particular the knee, in both sexes. In total there were more 

than 2400 knee injuries each year within the four sports. Knee injuries were also high in 

female ice hockey players, while male ice hockey players most often had dental injuries, 

followed by facial injuries (Figure 9). Dental injuries were common to all the investigated 

sports. (Studies III and IV) (Figure 10) 
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Figure 9. Body location of injuries in proportion (%) to total injuries for each sport and gender. Red indicates 

females and blue males. 
 

 

 
 

 

 

 
 

Figure 10. Incidence of dental injuries (per 1000 player years) 2006-2013.  

Males had a higher RR compared to females, except in automobile sports and floorball. 
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6.3 Severe injuries 

Approximately 10% of the reported injuries were severe and resulted in a PMI1+. They 

were most common in motorcycle sports (9.6/1000 licensed athlete years) followed by 

handball (6.1), skating (5.2), ice hockey (2.6), and biathlon (2.6) (Study II). The most 

severe injuries (PMI 10+) were generally rare (0.2% of total injuries in Study II), and 

occurred in golf (1.2% of total golf injuries), motorcycle sports (1.1%), taekwondo (1%), 

cycle (0.7%), automobile sports (0.4%), floorball (0.2%), football (0.2%), handball 

(0.1%), and ice hockey (0.1%) (Study II-IV). PMI 1+ injuries in motorcycle sports were 

most often a knee injury in both sexes, male incidence 1.6/1000 athlete years (2% of total 

male injuries) and female incidence 3.5/100 athlete years (3% of total female injuries), 

followed by multiple location injuries (male incidence 1.1/1000 athlete years and female 

incidence 2.3/1000 athlete years). PMI 10+ injures often had multiple locations; male 

incidence was 0.2/1000 athlete years (0.3% of total male injuries) and the incidence in 

females was 0.6/1000 athlete years (0.5% of total female injuries) (unpublished data from 

Study III).  

In automobile sports, most of the PMI 1+ injuries were in the upper limb (Study III). The 

highest incidence of PMI 1+ was a hand/finger injury in males with an incidence of 

0.05/1000 athlete years (1.3% of total male injuries). In females it was the cervical spine, 

where the incidence was 0.2/1000 athlete years (2% of total female injuries). PMI 10 + 

injuries were generally rare a hand/finger injury in 0.5% of total female injuries, and a 

shoulder or trunk injury in males (both 0.2% respectively) (unpublished data from Study 

III).  

Team ball sports (basketball, floorball, football and handball) had the highest proportion 

of PMI 1+ injuries in the lower limb, with the majority at the knee. The same was seen in 

female ice hockey players, while male ice hockey players had higher proportion of PMI 

1+ injuries in the upper limbs, particular at the shoulder. (Studies III and IV) (Figure 11). 

In male floorball, handball, and ice hockey players, the PMI 10+ injuries were most often 

located at the eye. Knee injuries were the most common PMI 10+ injury in female floor-

ball players and in football players of both sexes. In female handball players, the most 

common PMI 10+ injury was at the knee or shoulder injury, while in female ice hockey 

players it was concussion. (Paper IV).  
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Figure 11. Location of PMI 1+ injuries, in proportion (%) to total injuries for each sport and gender.  
Red indicates females and blue males. 

 

 
 

6.4 Risk Ratio between sexes 

Males had a higher total injury incidence compared to females (RR 1.3) when including 

all 35 investigated sports. Females had a higher injury incidence compared to males in 15 

out of 35 sports, eight of them being significantly higher; squash (RR 8.4), golf (2.2), 

automobile sports (2.1), baseball/softball (1.8), motorcycle sports (1.7), rugby (1.7), 

floorball (1.4), and handball (1.2). Females had a lower injury incidence in 6 out of 35 

sports, of which ice hockey (0.6), basketball (0.8), disability sports (0.2) were found to 

be significant (Study II).  

Females had higher RR compared to males in all body locations in the two motor sports, 

and in the lower limbs, of six of the seven studied sports (automobile sport, basketball, 

floorbal, football, handball and motorcycle) in Study III. In ice hockey, there was equal 

injury incidence in the lower limb between the sexes. Male ice hockey players had twice 

the risk of a head/neck and upper limb injury compared to the female players (Study III).  

The risk of a knee or a cruciate ligament injury was higher for females in the five inves-

tigated sports in Study IV (Figure 12). The incidence of injury was not calculated for 

basketball since the numbers of licensed players from RF were not reliable, because of 

the change in registration procedures within the basketball SF in 2011.  
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Figure 12. Incidence of knee and cruciate ligament injuries in four popular team sports.  

Risk ratio (RR) between females and males. Females have higher RR for these injuries in team sports. 

 
 

6.5 Age 

Mean + standard deviation age of the injured athletes among the 35 sports was 22 +9 

years of age (Study II). Sports with the oldest injured athletes were boule (69 +12 years), 

miniature golf (60 + 9 years), and golf (57 +15 years). The youngest injured athletes were 

in figure skating (14 +5 years), swimming/water sports (16 +10 years), and wrestling (18 

+7 years). In general, injured females had a lower mean age than males, except in boule, 

disability sports, golf and taekwondo. The 15-19 year age group had the highest numbers 

of total injuries (35%). In females, 45% of all female injuries were seen in this age group. 

(Study II) Mean + standard deviation age for PMI injuries in the seven investigated sports 

in Study III is presented in Table 5. The incidence of injury in each age group was only 

possible to calculate in football: male had the highest incidence in 24-26 year age group 

(21.9/1000 licensed players) while females had highest incidence in 15-17 year age group 

(18.1/1000 licensed players) (unpublished data from Study IV). 

 

 

Table 5. Mean age, standard deviation (SD), median age,     

minimum and maximum age for PMI 1+ and PMI 10+ injuries.  

 

 

PMI 1+ PMI 10+

Sport mean SD median min-max mean SD median min-max

Automobile sports 30 14 25 11-63 44 16 38 38-62

Basketball 21 7 18 9-44

Floorball 22 7 20 9-49 24 10 20 13-49

Football 24 7 22 10-52 24 8 21 14-62

Handball 21 6 19 13-55 18 2 18 15-20

Ice hockey 20 6 19 9-58 21 6 21 14-34

Motorcycle sports 27 11 24 7-67 29 14 26 9-64



 

 47 

6.6 Time trend 

When analysing injuries that occurred between 2006 and 2015 (Study IV), injury inci-

dence decreased in all ball sports. Football players had a constant decrease in injury inci-

dence over the study period (22% in males and 32% in females). Floorball injury inci-

dence decreased by 4% in males and 15% in females, and in handball players the decrease 

was 6% in males and 7% in females. Floorball and handball had an increase in injury 

incidence until 2013, and then a decrease from 2013 to 2015. In ice hockey players there 

was an increase in injury incidence by 20% in males and 37% in females (2006 - 2012). 

The decrease in injury incidence in the three ball sports was mostly knee and dental inju-

ries. Total knee injury incidence decreased between 5-30% in the three ball sports. Foot-

ball players had the highest decrease of knee injuries in all investigated sports. (Study IV) 

 

6.7 Prevention of knee injuries among football players 

Study V analysed knee and cruciate ligament injury incidence among football players 

between 2006 and 2015 and evaluated the effectiveness of the KCP in reducing these 

injuries. The results showed that the incidence of knee injuries decreased in both male 

(19%) and female (26%) football players, during the studied period.(Figure 13) Incidence 

of cruciate ligament injuries decreased by 16% in males (from 2.9 to 2.4/1000 player 

years) and by 19% in females (from 4.9 to 3.9/1000 player years). (Figure 14) 

 

 

 
 

Figure 13. Incidence of knee injuries over time in male and female football players. 
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Figure 14. Incidence of cruciate ligament injuries over time in male and female football players. 

 

 

Twenty-one of 24 football DFs had completed at least one KCP educational workshop 

during the study period (2010-2015), and between 46-79% of the DFs arranged KCP 

courses each year (Figure 15). There was a total 101 236 downloads of the KCP mobile 

phone app during 2012 and 2015 (mean + SD per year 25 309 +10 415). Thus, the KCP 

can be considered essentially implemented nationwide. (Figure 15) 

 

 

 

Figure 15. Proportion (%) and numbers of football DF that had performed KCP 

educational workshops each year. Twenty-four district FAs in total were included. 

 
 

When comparing before and after the nationwide KCP implementation in 2010, there was 

a decreased in cruciate ligament injury incidence by 7% in males (from mean + SD 2.8 

+0.3 to 2.6 +0.1/1000 player years) and 14% in females (from mean + SD 5.6 +0.5 to 5.1 

+0.4/ 1000 player years). (Figure 16) The knee injury incidence decreased in males by 

8% and in females by 21%, after implementing the KCP (Study V). (Figure 16) The de-

crease in cruciate ligament injury incidence can be equated with a reduction in approxi-

mately 100 cruciate ligament injuries each year, which equates to two each week.  
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Figure 16. Incidence of knee and cruciate ligament injuries and the implementation of Knee Control Program 

(KCP) among football players in Sweden. The KCP was  implemented nationwide in 2010. 

 

 

 

 
 

Figure 17. Incidence of cruciate ligament injuries in football players  

per 1000 player years, by age group (mean numbers for 2006-2015). 
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7  DISCUSSION 

The overall objectives of this thesis was to identify high-risk sports for acute injuries 

nationwide, determine the most common and severe injuries within each sport, and to 

propose prevention measures for these injuries according to the scientific literature. By 

using national injury insurance data information, acute sport injuries in 35 sports, were 

analysed from 2006 onwards. A second aim was to evaluate the effectiveness of the neu-

romuscular knee control training program (KCP) that had been implemented among foot-

ball players nationwide in Sweden. In the discussion, some supplementary results will be 

discussed that have not yet been published within the five papers included in this thesis. 

Such results are referred to the study where the data was analysed, and expressed as “un-

published data from Study x”. 

7.1 Acute sports injury in Sweden 

The estimated national burden of acute sports injuries (during organized and unorganized 

sports) is over 100 000 injuries each year, which is even greater than the number of traffic 

accidents. 25 This thesis showed that among licensed athletes in 35 sports, approximately  

12 000 acute injuries were reported to the Folksam insurance company each year, with 

more than 5 000 injuries occurring yearly in the largest SF alone (football). Approxi-

mately 0-7% of licensed athletes became injured. Furthermore, this thesis also shows that 

in the four popular ball sports: basketball, floorball, football, and handball, seven knee 

injuries, and more than three cruciate ligament injuries occur each day. 

The total burden of acute injuries among organized sports in Sweden is much greater than 

presented here as just half of the total number of SFs were included in this thesis (71 SFs 

are members in RF). Examples of sports with high numbers of athletes that were not 

involved in this thesis are gymnastics and equestrian. It is interesting to note that the 

proportion of all injuries in the 35 investigated sports were highest among adolescents 

aged between 15 and 19 years. Sixty nine percent (69%) of the assessed PMI 1+ injuries 

and 45% of PMI 10+ injuries were among athletes younger than 25 years of age (Study 

II). However, the incidence of injury in different age groups was only possible to calculate 

in football, where male football players had equal injury incidence before and after 25 

years of age while females had higher incidence in players younger than 25 years (un-

published data from Study IV).  

Most of the injuries reported were knee injuries. A large study on high school student 

athletes (basketball, ice hockey, soccer, and wrestling) found that PMI injuries occur as 

the results of player-player contact and knee injuries were the most common.8 This is 

concerning since a PMI injury may cause the athlete life-long decreased health, due to 
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osteoarthritis, pain, or decreased range of motion, and hence, possible decreased physical 

activity.22 The long term consequences of decreased physical activity on health, such as 

obesity, risk of developing diabetic, cardio-vascular diseases etc., is well known.1 

A study involving 24 of the National Sports High Schools in Sweden, has reported that 

30% of the athletes were injured during more than half of the study reporting period (two 

years) and 10% reported substantial injuries. 75 Sixty-two percent of these injuries were 

acute injuries and 38% were overuse injuries.75  Previous or ongoing injuries are known 

to be a risk factor for acute injuries.14,76 Consequently, the total burden of acute sports 

injuries in Sweden is not negligible, and the question is, who is responsible for the health 

of athletes in Sweden? 

The results from the 35 sports in Study II, lead to the focus on two motor sports (motor-

cycle and automobile sports) and five team sports (basketball, floorball, football, hand-

ball, and ice hockey), based on the fact that these sports were shown to have the highest 

numbers of licensed athletes, injuries and injuries leading to PMI. Thus, prevention of 

injuries in these sports would have a great impact both on athletes health, and the cost to 

society associated with sports.  

In Studies III and IV, additional data on injury location and injured body parts was in-

cluded and analysed in order to further identify where injury prevention focus should be.  

These studies correspond to Step 1 and 2 in the “Sequence of prevention” model by van 

Mechelen and the TRIPP model of Finch.11,54 Finally, in Study V, Step 4 from the above-

mentioned  two models was performed by evaluating the effectiveness of the Swedish 

knee control program (KCP) in reducing knee injuries among football players in Sweden. 

An evaluation of the KCP education implementation among the DFs nationwide was also 

performed, which relates to Step 6 in the TRIPP model.54 (Figure 18) 

 

 

 
 

 
Figure 18. The position of the Studies contained in this thesis in relation to the “Sequence of prevention” 
model by van Mechelen and in the TRIPP model by Finch. Steps 1-4 is the same for the both models. 
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All sports have a different nature, setting and context, hence they have different risk fac-

tors and injury patterns. Team sports, compared to individual sports, also have specific 

factors to consider when it comes to preventing injuries. Sports that use equipment such 

as sticks, balls or a puck, or sports that involve vehicles or animals, like motor sports, 

mushing or equestrian, have additional risk factors to take in to account. Analysis of the 

sport, the athlete and the circumstances surrounding the practice of the sport needs to be 

performed in order to accomplish preventive measures. 

7.1.1 Motor sports 

This thesis showed that motorcycle sports have the highest incidence of injury, injuries 

leading to PMI 1+, and the most severe PMI 10+injuries. Most injuries occurred in the 

upper limb (Study III), where the shoulder, hand and finger were most commonly injured, 

followed by knee injuries (unpublished data from Study III). Concussion and fractures 

were common injury types. There is limited information in the literature about the epide-

miology and risk factors in motorcycle sports 77, but studies on Enduro 78 and motocross 
77,79 have presented the same injury locations as reported in this thesis. The results of these 

studies showed that knee injuries were the most common PMI 1+ injury in both genders, 

as well as multiple location injuries.  

Females had higher risk ratio compared to males (RR1.7) in Study II, but there is, to the 

authors’ knowledge, no other study that can confirm this. The high speeds and forces that 

the athletes are exposed to increase the risk of serious, and also multiple, injuries.79 These 

injuries therefore require a somewhat special prevention approach. Safer course design 

with access points for medical personnel, available emergency transportation, limitation 

of vehicle speeds, and improved protective equipment, for example helmets and knee 

braces, have been suggested in motocross.77,79,80 However, there is a lack of research in 

this field. Thus further analysis of injuries and prevention research is needed in motorcy-

cle sports. The different disciplines within motorcycle sports may have different risks of 

injury, which was not captured in this thesis since the SFs do not have information re-

garding licenses in specific disciplines.  

Automobile sports also involves high speeds and thereby high forces to the vehicle and 

human body, but in contrast to motorcyclists, automobile drivers are more protected in a 

car. It was suggested that the head/neck and upper limb location should be the focus of 

injury prevention strategies in these sports (Study III). The cervical spine had the highest 

proportion of injuries (37% of total injuries), and injuries to the sternum/rib constituted 

11% of total injuries. The highest proportion of PMI 1+ injuries was a hand/finger or a 

shoulder injury in males, and a cervical spine injury in females (unpublished data from 

Study III). Biomechanical testing has showed that shear and loading forces at the neck 

during racing car collisions were three times the required amount for a catastrophic injury. 
81 Results from real car crashes in traffic situations show that females have higher risk of 
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PMI following a whiplash injury, and one study suggested one explanation for their 

higher risk is that females have a longer and less muscular neck. 71 Racing cars are spe-

cially designed to withstand excessive forces in connection with crashes and rolls. Pro-

tective measures in different automobile sport disciplines are, for example multipoint seat 

belt restraints, durable helmets, multilayer windshield, less flammable fuel, softer retain-

ing walls and high fences for the protection of both drivers and spectators in the event of 

a crash.81 To prevent severe cervical injuries, the HANS device has been developed in 

automobile sports. It is a collar-like platform, which supports the neck from to the helmet 

to the shoulders to protect the cervical spine, and has led to a dramatic decline in fatal 

injuries in Championship auto racing team (CART) and Stock car auto racing (NASCAR) 

in the US.81 In Sweden it has been mandatory to use HANS devise in racing and rally 

championships since 2010, and in all competitions since 2013. Since the automobile 

sports SF does not have information regarding licenses in specific disciplines it is not 

possible to analyse the time-trend in injury incidence within the specific disciplines. How-

ever, there was no general decrease in head/neck injuries from 2008 to 2012, in Study III. 

7.1.2 Wrestling 

Wrestling had high incidence of injury and PMI 1+, among the top five sports in Study II 

(Figure 8), but the total numbers of licensed athletes was low and the number of injuries 

did not exceed 110 each year. Male wrestlers have been documented to have a higher 

incidence of injuries needing medical attention among college and high school sports than 

ice hockey, soccer and basketball players.15 Unpublished data from Study II shows that 

dental injuries were the most common injury (22% of total wrestling injuries), followed 

by knee (16%) and shoulder (12%) injuries. The same injury pattern was found in college 

wrestling with knee and shoulder injuries causing missed time from sport.82,83 Younger 

wrestlers in the US had more hand/finger injuries, and older wrestlers had more knee 

injuries.83 Even though knee injuries have been identified as quite common and severe 

injuries among wrestlers, there are, to the knowledge of the author of this thesis, no pre-

ventive recommendations identified within the literature. There are only rules and recom-

mendations regarding skin lesions.83 This makes a good arguments for the need for pre-

vention strategies regarding acute injuries in wrestling. 

7.1.3 Ice hockey 

Male ice hockey players had a higher total injury incidence compared to female players 

(RR 1.7) which was also shown among elite players in the World Championships.84 Male 

players had most of their injuries to the head/neck (44% of total male injuries) and upper 

limbs (32%), particularly to the face (17%) and shoulder (13%). Similar findings have 

been shown in other studies on professional and collegiate players.85-88 In the National 

Hockey League (NHL) in the US, higher game-related injuries were found to occur in the 
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lower limbs (45%), followed by upper limbs (24%), and head/neck (20%), with the head 

suffering the highest proportion of injury (17%).89 Male players had a twofold risk com-

pared to female players in terms total upper limb, face and dental injuries, but females 

showed a higher risk of a brain (most often a concussion) and neck injury compared to 

male players (Study IV). Higher concussion rates in females have also been found in other 

studies, especially among collegiate players 88,90  

Females experienced most injuries at the head/neck (34% of total female injuries) fol-

lowed by lower limb (31%). The most commonly injured body part was the knee (19%) 

followed by the head/brain (13%). That female players have higher proportion of lower 

limb injuries has been shown in other studies, in different levels of play.84,85 In general, 

ice hockey players have lower rates of ACL injuries, compared to other sports in this 

thesis, which also was shown among college and high school athletes.91 To the author´s 

knowledge there is no ACL injury prevention program implemented in ice hockey.  

It has been shown that tackling is a major injury mechanism, 85,86 involving high forces 

to the shoulder and accelerations to the head and neck. In female ice hockey, tackles are 

not allowed, which decreases the risk of high force tackling injuries and probably lowers 

the total injury incidence.84 Since the proportion of face and dental injuries were lower in 

female players, and also in young male players wearing full face grid protection, it may 

be beneficial for all ice hockey players to wear full-face protection.87 Study IV showed 

that in ice hockey, 1% of total male injuries were eye injuries, while less than 0.3% of 

female injuries occurred at the eyes. One study found that 4 out of 12 eye injuries in male 

ice hockey players incurred despite the use of visors.92 In addition to face protection and 

a ban on tackling, fair play and attentive referees are important factors in preventing in-

juries in ice hockey.84,85,87,93 In both male and female International Championship tourna-

ments, penalties were only awarded in 40% of checking the head from behind manoevres, 

which is a banned action in ice hockey.84,87 Further research in helmet designs and in-

creased awareness of the symptoms, risk and consequences of head injuries, have been 

suggested to lower the incidence of concussion.85 

7.1.4 Handball 

Handball is an intense ball sport with high number of repeated high-intensity actions, such 

as sprints, jumps and landings, changes in direction, duels and body contacts, and the 

sport is even faster compared to 20 years ago.94  Thus, there is a need of great neuromus-

cular performance during play, especially during matches 94 where a main focus may be 

to win the match. Playing the back or wing position has been shown to increase the risk 

of injury in youth players 95 , and artificial floors compared to wooden floors increases 

the risk of ACL injuries in female elite handball players, due to the higher ground fric-

tion.96 These external risk factors could not be investigated in this thesis, since such in-
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formation was not available in the database. Risk factors for injury, especially knee inju-

ries, are approximately the same as for team ball sports in general, such as contact with 

opponent or fast change of direction.94 97,98 

The most common reported injury for handball players was a SR to the knee (23% in 

males and 39% in females) followed by a fracture of the hand/finger (20% in males and 

17% in females). These injuries were also the most common PMI 1+ injuries in handball 

(Study IV). Other studies have shown high rates of knee and ankle injuries.14,95 Ankle 

injuries were often reported as an SR in this thesis. Possibly, ankle injuries of lower se-

verity are not reported to the insurance company. Ankle injuries with PMI 1+ were less 

than 1% of total injuries. Handball had the highest incidence of knee and cruciate liga-

ment injuries among the four team sports in paper IV, and in total approximately 245 knee 

and 140 cruciate ligament injuries each year (incidence in males was 10.5/ 1000 player 

years and in females 20.7 /1000 player years). In a systematic review of ACL injury pre-

vention in different female sporting populations was handball players identified with high 

numbers of knee and ACL injuries.99 Consequently, there is a need for preventing acute 

knee injuries among handball players in Sweden, especially among female players who 

had twice the risk compared to males. Regarding prevention strategies for hand/finger 

injuries there is, to the author´s knowledge, no recommendation in the scientific literature. 

NMT programs have been shown to be effective in preventing knee and ACL injuries 

among elite female handball players 100 and in both sexes in adolescent players.101,102 In 

Sweden, a similar NMT prevention program has successively been implemented nation-

wide in handball since 2013, but on a smaller scale compared to football. Thus, this in-

tervention needs further evaluation in the future. 

7.1.5 Floorball 

In floorball players of both sexes, the most common injury and PMI 1+ injury was at the 

knee.  The same has been shown in elite and junior floorball leagues in Finland.103,104,105 

As in handball, ankle injuries are common, the second most common lower limb injury, 

and more common in females (42% of total female floorball injuries) compared to males 

(26%) (Study IV). The risk factor for knee injuries in floorball are similar to other team 

sports where pivoting movements are frequently used.103 As seen in handball, the use of 

an artificial floor increases the risk of non-contact injuries (RR 12.5 compared to wooden 

floors), severe injuries (IRR 3.3) and ACL injuries (RR 2.4).103 This indicates that the 

shoe-surface friction plays a role in the injury mechanism. One study among female floor-

ball players in Finland used a NMT program during one season and the risk of leg injury 

in noncontact situations was 66% lower in the intervention group.64 Another randomized 

study among female elite players, using the similar NMT program showed improved side-

ways jumping speed and static balance among the players .106 In Sweden a NMT program 

tailored for floorball has been implemented nationwide gradually since 2013, and as with 
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the handball SF, it has been on a smaller scale compared within the football SF. PMI 10+ 

injuries were often a knee injury in female players, while in males the severe injuries were 

most often an eye injury (Study IV). In emergency eye clinics in Sweden and Finland, 

45% -56% of all sports-related eye injuries were reported by floorball players.92,107  In the 

same two countries, protective eye wear has been mandatory for young floorball player 

(less than 15 years of age) since 2015, and the results from this thesis indicate that pro-

tective eyewear should also be required for adult floorball players, which also has been 

recommended in other studies.92,104,108 Floorball is a popular recreational sport, outside 

organized sport in Sweden, thus information regarding the need of protective eye wear is 

also necessary for this population.   

7.1.6 Basketball 

Basketball is a fast game with many potential external injury risks, such as landings from 

jumps, sudden direction changes with accelerations and decelerations, and contacts with 

other players.109 Most of the epidemiological studies on injuries in basketball are per-

formed on college and high school athletes in the US, while studies on basketball in Eu-

rope are somewhat low. Paper III in this thesis showed that the lower limb had the highest 

proportion of injuries in both males (36%) and females (51%), and male players had also 

many head/neck injuries (35%). In the lower limb, the knee was the most commonly in-

jured body part, with 18% of total male basketball injuries and 37% of total female inju-

ries. Other common injuries were dental (15%) and hand/finger (14%) injures. In a recent 

study on adolescent basketball players in Finland, ankle sprains (46% in males and 49% 

in females) were the most common time-loss injury, followed by knee injuries (11% in 

males and 19% in females).110 This has also been seen in high school players (ankle 40%, 

knee 15%, head/neck 14%, arm/hand 10%) and collegiate players (ankle 26%, knee 27% 

hand/finger 2%).111, 112 Since the Swedish basketball SF changed their registration proce-

dures regarding player licenses in 2011 it was not possible to calculate accurate incidence 

numbers after that time. Prevention of basketball injuries should focus particularly on 

lower limb injuries. Prophylactic bracing of the ankles with semi-soft braces have been 

suggested as a method of preventing ankle injuries113, but there is mixed evidence as to 

whether bracing or taping is more effective.109 It is also not clear whether an NMT pro-

gram, or the use of ankle support, is more effective at reducing recurrent ankle sprains.109 

And as mentioned earlier, a NMT program seems to be less effective in preventing ACL 

injuries among basketball players than in other multidirectional sports, such as handball 

and football.99,109 However, many studies have used the same NMT programs designed 

for football players, which illustrates the need for an NMT program that is sport-specific, 

and meets the demands of the specific sport.109 In Sweden, the basketball SF has devel-

oped an NMT program named “Basket smart” (“Smart basketball”) which includes 

sports-specific exercises with the aim to reduce injuries, particularly knee injuries, among 
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basketball players in Sweden. The program has, since 2013, been gradually implemented 

nationwide, and needs further evaluation of the effectiveness. A concerning trend that has 

been high-lighted in the US is the increase of head and facial injuries.112 Basketball is 

considered as an medium-risk sport for dental injuries 114 and the use of mouth guards 

increased in collegiate basketball players ten years ago. 112  

7.1.7 Football 

This thesis shows that knee injuries are a concerning problem in football, 1751 (+ 151) 

knee injuries (35% of total football injuries) and 932 (+ 84) cruciate ligament injuries 

(18% of total injuries) occur each year, in which approximately 420 knee injuries lead to 

a PMI 1+ (23% of total knee injuries and 9% of total football injuries). Study IV also 

showed a high proportion of hand/finger injuries, approximately 460 each year (9% of 

total injuries), of which 60-70% were a fracture. Fractures require medical treatment and 

are therefore most likely reported to the insurance company, along with dental injuries, 

which constituted 7% of total injuries. Depending on how “injury” is defined the reported 

injury pattern will vary between studies. High school football players have showed a high 

proportion of head/face injuries in boys (21%), and ankle injuries in girls (23%). Knee 

injuries accounted for 16% of boys and 19% of girls’ injuries. 115 In collegiate players, 

lower limb injuries were the most common injury with an ankle sprain as the most dom-

inant.116 This study also included non-time loss injuries thus minor injuries were also 

presented. Female players had a higher incidence of severe injuries, which often corre-

lated to a severe knee injury.116 In Swedish elite football players, male players had a 

higher incidence of total injuries, while severe injuries were similar between sexes.117 In 

the same study the thigh (hamstring muscles) was the most often injured body part in both 

sexes, followed by the knee in females and the hip/groin in males. A muscle strain in the 

thigh without any external interference is not entered into the Folksam insurance data-

base, thus muscle strains in the thigh are seen as low incidence injuries in this thesis. Elite 

football players were absent from football 11% of the season (10 months) due to injury117 

which is higher than the 3-4% sick leave in the Swedish population according to statistics 

from the government social insurance. 

(https://www.forsakringskassan.se/wps/wcm/connect/a2001891-5c47-4b8a-b47b-

64dfbbd48555/socialforsakringsrapport_2016_07.pdf?MOD=AJPERES) accessed 2017-12-01. 

In football, a rule change was implemented in 2006 to reduce head injuries. Players were 

given a red card (sent off the field) for intentional elbow-head contact. This rule change 

was evaluated in a German study on head injuries in the 1st male Bundesliga, comparing 

seasons 2000/01 to 2012/13. The study concluded that head injuries were reduced by 

29%.118 In this thesis, head/neck injuries, particularly dental injuries, did decrease be-

tween 2006 and 2015 in both males and females. There is limited information on injury 

mechanisms prior 2012, in the Folksam database. After 2012, when the validation of the 

https://www.forsakringskassan.se/wps/wcm/connect/a2001891-5c47-4b8a-b47b-64dfbbd48555/socialforsakringsrapport_2016_07.pdf?MOD=AJPERES
https://www.forsakringskassan.se/wps/wcm/connect/a2001891-5c47-4b8a-b47b-64dfbbd48555/socialforsakringsrapport_2016_07.pdf?MOD=AJPERES
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data information in Study I was performed, improvements in the insurance administrators 

handling of the injury claims was implemented. Thus, comparisons regarding injury 

mechanisms between years is not possible to perform. 

7.1.8 Knee injuries 

Even if the injury panorama is somewhat different among the investigated sports, knee 

injuries constitute a great concern for the health of athletes in Sweden. The knee exhibited 

a high incidence of injury and also the highest incidence of PMI injuries among the seven 

investigated sports in Study III, in particular in the team sports. This has previously been 

reported in different populations.14,95,103,104,110,111 ACL injuries are severe knee injuries 

that require extensive treatment and may result in PMI. Approximately 32% (SD +4.4) of 

cruciate ligament injuries occurring among floorball, football, and handball players leads 

to a PMI, slightly higher for females compared to males. For ice hockey players the same 

figure is 29%. All diagnosis codes for cruciate ligament injuries are categorized in one 

diagnosis code “cruciate ligament”, because of the occasional uncertainty of the exact 

type of cruciate ligament injury or combination of cruciate ligament injury. Thus, poste-

rior cruciate ligament (PCL) injuries are also included, but less than 3% of the cruciate 

ligament injuries were diagnosed as a PCL injury in football players. In the four ball 

sports together, approximately 1 245 cruciate ligament injuries occur annually. 

The mean age among the knee injured players in Study IV, was somewhat lower in fe-

males compared to males in all ball sports, but not in ice hockey. Among the cruciate 

ligament injured players, females became injured at a somewhat younger age than males 

in all team sports in Study IV. Male mean +SD age of injury was 21 +3 years and female 

mean age 19 +2 years. The highest proportion of cruciate ligament injuries in female 

football players was in the 15 to 17 year age group (37% of all female cruciate ligament 

injuries). In males 21% of these injuries occurred in the 18-20 year age group, and 20% 

in the 21-23 year age group. Known risk factors for an ACL injury is female sex and 

puberty.119 Females had higher risk of knee and cruciate ligament injury compared to 

males in floorball, football, handball, and ice hockey (Figure 12). Previous studies from 

one to two decades ago presented even higher ACL RRs for females compared to males. 

One study presented a RR of 7.0 in female elite handball players sustaining an ACL injury 

during competition.60 Collegiate female football and basketball players had a RR of 3-4 

for an ACL injury 9,120,121, and female elite football players in Sweden had a RR of 2.6 

compared to male players.122 Results from recent studies are more in line with the result 

in this thesis, for example, female high school soccer players had a RR of 2.3. 123 In Swe-

den it has even been reported no difference in RR between female and male elite football 

players when accounting for risk exposure.117 
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7.1.9 Severe injuries 

Injuries leading to a PMI are severe injuries causing the athlete lifelong physical impair-

ments. This means that the health of the athlete may also be affected later in life.22,124  

In the four ball sports (basketball, floorball, football, and handball) and ice hockey, ap-

proximately 1 100 PMI 1+ injuries occur each year, which correspond to approximately  

three PMI 1+ injuries each day (11% of total injuries). The knee was the most common 

PMI 1+ injury location, and there are approximately two knee PMI 1+ injuries each day 

(in the same five sports). Each month there is approximately one PMI 1+ eye injury within 

the five sports, and eight shoulder PMI 1+ injuries. PMI 10+ injuries are rare, just over 

one injury occurring each month (0.1% of total injuries), and most likely to be a knee 

injury (more than seven each year), or an eye injury (approximately one each year). It is 

concerning that more than 60% of the PMI 1+ injuries, and 45% of the PMI 10+ injuries 

were among athletes younger than 25 years of age, since these injuries may cause the 

individual physical discomfort or impairments for the rest of their lives.  

 

7.2 Sports injury time-trend 

The results from Study II showed that the injury incidence had increased in handball and 

ice hockey from 20 years earlier, using the same insurance data.39 Explanations for this 

might be that the character of the sports have changed becoming a faster, quicker and 

more skilled sport, especially among adolescent and elite players.94 Higher speeds and 

forces to the player result in greater risk of injury. The earlier study39, using injury data 

from Folksam insurance company, only used completed and closed insurance claims, and 

this method may decrease the number of accessible injuries, since not all reported injuries 

are included, and the proportion of PMI injuries will possibly be higher.  An injury claim 

is completed and finished within 1-9 years.38 On comparing the previous study with the 

results from the present thesis, injury incidence had decreased in football and remained 

the same in floorball (Study II). The PMI injury incidence remained the same, hence, it 

cannot be excluded that the slightly less severe injuries (not a PMI injury) were less fre-

quently reported to the insurance company in the later years, but this is just speculation. 

After 2006, injury incidence continued to increase in handball, ice hockey and also in 

floorball (Study III). However, in Study IV, a decrease was noted in handball and floor-

ball injury incidence (between 2013 and 2015). The decrease in football injury incidence 

continued between 2006 and 2013 (Study III) and further to 2015 (Study IV). The football 

SF has worked structurally with the NMT program KCP to reduce lower limb and knee 

injuries since 2005, particularly following the randomised controlled study in 2009 61,66 

and the nationwide implementation of the program from 2010.125,126 From 2013, a similar 

program, developed specifically for handball and floorball, has been implemented in the 

handball and floorball SFs. This may have affected the incidence of injuries, since the 
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highest decrease was seen amongst knee injuries. On the other hand, it is unlikely that 

this program will have had any affect in the decrease in dental injuries and that is more 

likely due to extensive and long treatments and thus late reporting. 

 

7.3 Effectiveness of the Knee Control Program in football 

Another aim of this thesis was to evaluate the effectiveness of the Knee control program 

(KCP) in reducing the incidence of knee and cruciate ligament injuries in football nation-

wide. The results from Study V showed that the incidence of knee and cruciate ligament 

injuries decreased after the program was first introduced in 2006, and especially after 

2010, when the nationwide implementation was introduced (Figure 16). The nationwide 

implementation was aimed at both female and male players, but it seems that the program 

was more effective among females than males. The higher risk of knee injuries for fe-

males decreased in relation to the risk for males, hence, the RR between sexes was lower 

after 2010 (Figure 19). This could be due to females having performed the program for a 

longer period of time, or that the program to a greater extent matches ACL injury risk 

factors for females. The preventative effect on knee and ACL injuries in females gained 

great attention in the media, which may have encourage more females to use the KCP 

regularly in their football training. A nationwide NMT prevention campaign in Switzer-

land used telephone interviews of a representative sample of Swiss amateur coaches to 

collect data on injuries, as well as knowledge and implementation of the NMT program 

FIFA 11. Teams that performed the FIFA 11 had an 11.5% lower incidence of match 

injuries and a 25.3% lower incidence of training injuries compared to teams who did not 

perform the exercises.127 In Belgium they used insurance data to evaluate implementation 

of the FIFA 11+ together with “bad weather policy” among all licensed soccer players in 

the nation over a 10 year period, and found a 21% reduction in total injury rate.128 Neither 

of the two studies evaluated the incidence of cruciate ligament injuries specifically. In 

professional European football players, no decrease in ACL injuries was observed be-

tween 2001 and 2015, but other ligament injuries such as to the collateral ligament of the 

knee and lateral ligament complex of the ankle decreased to some extent.129  
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Figure 19. Risk ration (RR) between females and males decreased for knee and cruciate ligament injuries 

after the nationwide implementation of the neuromuscular “Knee control” training program in 2010. 
 

 

 

7.4 Methodological considerations 

Definitions and methodologies often vary in sports injury epidemiological research, 

which make it difficult to compare sports.10,12 Most studies focus on specific populations, 

for example on a single team, a single sport, or a specific country or region. There are a 

lack of studies providing detailed injury data from real injury events nationally, and not 

estimation of injury, enabling comparisons between different sports, genders, ages and 

incidences over time. Most sports injury surveillance systems monitor professional and 

elite sports, rather than amateur or community level sports.31 Apart from collegiate and 

high school sports surveillance in the US, no other injury surveillance systems have been 

identified within non-professional/non-elite sporting contexts.31 Folksam insurance sports 

injury database is a unique database since it includes all licensed athlets regardless of age, 

sex or level of sport, registered with each SF that has their accidental sport insurance in 

Folksam. During the time period of this thesis, more than 80% of the SFs in Sweden had 

their mandatory accident insurance in Folksam. Thus, nine out of 10 athletes in Sweden 

were insured by Folksam. Even so, the method of using an insurance database involves 

some limitations. For example, only those injuries that are reported to the insurance com-

pany are included in the database. Reporting bias is difficult to validate since there is no 

national surveillance system to compare with. Possibly not all acute sport injuries among 

licensed players in Sweden are reported to Folksam, thus the number of unreported inju-

ries are unknown. One study on ACL injuries in a county in Sweden calculated that only 

74% (57/77) of injuries that led to surgery were reported to the insurance company.37 
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Only those ACL injury claims where the claim had been settled by the insurance company 

and thus completed could be included in the analyses, which has been shown to take 1-9 

years.38 Thus, not all ACL injury data were available.  

The healthcare system in Sweden is subsidized, especially for children and adolescents, 

which possibly reduces the need to report an injury (claim) to the insurance company. 

Dental health care, however, is less subsidized, which makes it more costly for the athlete, 

and possibly results in a higher reporting rate of these injuries. The treatment of dental 

injuries may be extensive lengthy. It is possible to report an injury to the insurance com-

pany within 3 years after the injury occurred, or after the athlete became aware of the 

insurance, within 10 years at the latest. Median time from injury occurring to reporting 

the injury to the insurance company was 16 days in Study I. In Study V, injury data that 

was reported by athletes from the football SF between 2006 -2015 was analysed, and to 

generate as accurate numbers of injuries as possible before and after the KCP implemen-

tation, an adjustment calculation was made on the incidence of knee and cruciate ligament 

injuries for each year in Study V. 

Prospective data collection procedures are considered to be the most appropriate methods 

for epidemiological sports injury surveillance.12,48 In some settings, medical personnel are 

more reliable data recorders than coaching personnel130, and in other circumstances the 

coach’s report is more stable.131 Using injury insurance claims data in this thesis, which 

was most often confirmed by medical professionals, it is possible to use both a retrospec-

tive and prospective study design, depending on the starting point of the study. The pos-

sibility of late registration, within three years of the injury occurring, indicates that some 

injury data may be reported retrospectively. The occasional late adjustments of injury 

diagnoses, indicates that the analysis of injury data needs to be performed at least one to 

three years after the injury occurred. PMI injuries are assessed one year after the injury 

occurred, hence, analysis of these injuries cannot be performed earlier than that period. 

There are many potential sources of error in surveillance data, which could include in-

consistences in the registration of injuries, injury types, diagnosis codes, missed cases, 

and other data recording mistakes. To fully evaluate data quality, the Centers for Disease 

Control and Prevention (CDC) in the US has recommended that both data completeness 

and validity should be examined.31 This evaluation was performed with the Folksam in-

jury database in Study I. Further, in Studies II-V, the same quality assurance was per-

formed for each data set using the same protocol. The most important sports injury data, 

e.g. age, sex, sport, date of injury 12,33 are mandatory for the administrators to record in 

the Folksam database. Regarding other preferable injury information, conformity is de-

pendent on what information the administrator has recorded in the free text files. To be 

sure that all preferred data are recorded, it would be beneficial if this information was 

mandatory in order to proceed and terminate the registration. The Folksam insurance 
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company also performs their own reviews of the administrators’ claim handling. Ran-

domly selected injury claims are reviewed by senior administrators every month. Once a 

year the company controllers also undertake an extensive review of randomly selected 

injury claims to ensure that the injury claims are handled correctly. 

There is no information regarding knowledge about the insurance among athletes and the 

young athletes’ parents. There is possibly no difference between each SFs, but there is no 

available information on this.  

If an athlete reports the injury to an insurance company other than Folksam, this insurance 

company should inform the athlete about the sport insurance in Folksam, and encourage 

the athlete to report the injury to Folksam. The two insurance companies may then share 

the costs associated with the injury. This is most likely performed with severe injuries, 

requiring costly medical treatments, for example dental injuries or the more severe inju-

ries. However, reimbursement following a PMI is paid by all insurance companies re-

gardless of how many insurance companies the athletes has an agreement with, either 

through the SF agreement or private insurance. This may increase the athlete´s motivation 

to report the injury to more than one insurance company, and possibly increase the pro-

portion of PMI injuries.  

7.4.1 Injury definition 

The injury definition in this thesis may increase the proportion of severe knee injuries, as 

well as fractures, compared to other acute injuries occurring in sports. This due to the fact 

that these injuries require medical treatments which entails costs for the injured athlete, 

and will possibly lead to a PMI. All severe tendon injuries, such as Achilles tendon rup-

ture or severe knee ligament injuries, are approved injury claims in Folksam insurance 

company, independent of the cause of injury. The definition of an acute injury is the same 

as recommended in sports injury research, with the enclosure of an external interference 

needing to be present. If the injury occurs when the athlete is performing normal move-

ments included in the sport, without any external interference, it cannot be an insurance 

claim. For example if the goalkeeper in handball threw the ball and injured his shoulder, 

or a football player starts running and strain his hamstring muscles, these injuries are not 

caused by external interference, and are not included in this thesis. This will likely in-

crease specific injury types compared to others, for example knee ligament injuries. This 

indicates that insurance data is particularly suitable for research on more severe acute 

injuries. Also, these injuries are more common in contact and team sports, which makes 

insurance data a more accurate injury surveillance system for these sports. 

7.4.2 Injury incidence 

The athletes are insured by Folksam through their SF, thus, the total number of athletes 

within each SF is not registered in the insurance data, only the reported injury claims are. 
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The accuracy of the incidence rates in this thesis is dependent on the number of reported 

injuries to the insurance company and the accuracy of the stated numbers of licenses re-

ported by the SF´s to RF. The football SF registered the age of the licensed player, which 

no other SF did at the time of this thesis. Age is a known cofounding factor regarding 

injury incidence.117 These two parameters are necessary to have in mind when comparing 

incidences between sports. The amount of exposure to sports is a risk factor for injury, 

which was not possible to evaluate in this thesis. However, there is a dilemma in compar-

ing “1 hour of football” with “1 hour of 100 m sprint”, or “1 hour of archery” and it can 

be questioned as to whether these comparisons make any sense.30  

In multisport events is it recommended to use the definition “injuries/ 1000 athlete par-

ticipation”30 which was used by this thesis as “injuries/ 1000 licensed players each year”, 

abbreviated to “injuries/ 1000 athlete years”. 

7.4.3 Injury severity 

PMI, used to define the severity of injury in this thesis corresponds to moderate to severe 

injuries in sports research. There is no information on time-loss from sport registered in 

the Folksam database, thus the definition is based on  injury type and location.50 Even if 

a cruciate ligament injury is a severe injury, not all these injuries will be assigned a PMI 

by the insurance company. In this thesis approximately 30% of the cruciate ligament in-

juries led to a PMI. Assessment of the degree of PMI is dependent on the permanent 

consequences for the athlete after the injury, and if there are none at the time of assess-

ment, the injury will not be evaluated as a PMI. However, a cruciate ligament injury is 

still a severe injury with time-loss from sports of more than 28 days12, and will possibly 

result in osteoarthritis within 10-30 years.21 

7.4.4 Risk factors 

Age and sex are internal risk factors that are core information in research on sports injury. 

These factors are registered along with the injuries, but only sex is available in the licenses 

information from RF. Other internal risk factors, for example weight, height, physical 

fitness or genetic factors, were not available from the database. External risk factors such 

as weather, the standard of sports equipment or the ground/terrain, were seldom recorded. 

Neither were sports-related risk factors such as foul play and referee decisions noted in 

the insurance database. Hence, in this thesis the only parameter that can be used to con-

firm risk factor is sex, except in football where age is also reported.  

7.4.5 Specific considerations Studies I-V 

Study I 

A limitation in Study I was that it was not possible to validate the reporting rate of injuries 

to the insurance company, since there is no national data source to compare with. More 

than 80% of the injury claims had text files and had the potential to include the suggested 
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information. After 2012, almost every claim contained text files with descriptions of the 

injury mechanism to some extent. New instructions for the injury claim administrators in 

the insurance company had been implemented after Study I was published. It is now man-

datory for the administrators to provide information surrounding the injury mechanism 

and other circumstances within the text file in the database. 

Study III 

A limitation in Study III was that the incidence of injuries in basketball was not possible 

to calculate, since the basketball SF changed the registration procedures regarding li-

censes in 2011. Thus, the incidences over time would not be reliable. 

Paper V 

In Study V, 86% of the reported knee injuries among football players, were reported to 

the Folksam database within one year, and 93% within two years.  For cruciate ligament 

injuries, the same figures were 81% and 91% respectively. Therefore, an adjustment cal-

culation of knee and cruciate ligament injury incidence was performed. This was done in 

order to include late reported injuries. The calculation generated more reliable numbers 

of injury incidence over time in order to compare incidence the of knee and cruciate lig-

ament injuries before and after the KCP implementation. This method is a strength of the 

study, but may also imply some uncertainty of the figures. 

7.4.6 Methodological conclusion 

The Folksam sports injury database is a unique national database covering all athletes in 

the included sports. The injury definition and data collection procedures surrounding the 

injuries are the same regardless of sport. Insurance data is an efficient, cost effective 

source of epidemiological data, and has the potential to identify high-risk groups or high-

light emerging injury trends. It allows for studies with longitudinal design, incidence cal-

culation with large sample size and power, even for rare events. When using the Folksam 

database, there are certain considerations to take into account, and quality assurance of 

the data must be implemented before it can be used in research, which this thesis has 

addressed. 

7.5 How to prevent sport injuries 

Some internal risk factors are not possible to prevent, such as sex and height. Physical 

fitness or previous injury however, is possible to influence by training or rehabilitation 

and refraining from match play for example. Other risk factors such as movement patterns 

and landing technique, strength and physical fitness, or behaviour (e.g. fair-play, risk-

taking) are also possible to influence. External factors such as opponent behaviour and 

risk-taking are more difficult to influence, but the referee has a major role in maintaining 

safety and fair-play on the field. Coaches have an important responsibility to influence 

the athletes’ attitudes and actions. Also, the sports equipment used needs to be safe, and 
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this responsibility may be shared between the athlete, coach and referee. An injury is not 

the result of a single risk factor alone, but several factors acting together, in different 

phases surrounding an injury.  

Passive approaches for injury prevention are often more successful than active ap-

proaches that require a behaviour change. For example, flexible boards to decrease the 

collision forces in ice hockey is a passive preventive approach that has been successful in 

reducing injuries among ice hockey players.87 The use of a NMT warm-up program to 

reduce knee and lower limb injuries in ball sports is an active prevention intervention that 

has been shown to be effective when compliance to the program was evident.66  

The lack of studies on the preventive effect of rule modifications to prevent sports injuries 

has previously been stated.57,67 Rule modification strategies have the potential to limit or 

eliminate dangerous situations in play, and hence prevent sports injury events from oc-

curring. In 2013, one province in Canada changed the rules regarding tackling in youth 

ice hockey. On comparing injury data from one season before and one season after the 

rule changes, the results showed a 50% relative reduction in injury rate and a 64% reduc-

tion in concussion rate in the investigated 11-12 year old players. The main injury mech-

anism changed from body checking before the rule change, to incidental contact mecha-

nism after.132 The players also displayed a changed attitude toward tackling, with a lower 

preference toward body checking, after the rule implementation.132 

Competitive sports are not only associated with high physiological and biomechanical 

demands, but also psychological demands. Difficulties in coping with these types of de-

mands are related to increased risks of becoming injured.59 Stress is one predictor of sport 

injuries and is influenced by, for example, personality, history of stressors and coping 

resources. Meta-analysis of studies within the field showed that negative life-event stress 

and strong stress responses are two variables that have the strongest association with in-

jury risk.133 Psychological prevention interventions could lower the magnitude of stress 

responses with, for example, mindfulness-acceptance-commitment approach or cognitive 

behavioral therapy (CBT) or psychosocial skills training.59 

One study following 36 football teams from 17 European countries concluded that there 

is a correlation between a head coach’s leadership style and the incidence of severe inju-

ries and player availability. Teams whose coaches employed a democratic and participa-

tive leadership style (in contrast to authoritarian/ directive leader ship style) where 

coaches gave encouragement and recognized staff members, encouraged innovative 

thinking, and fostered trust and cooperation among team members, had a lower incidence 

of severe injuries, higher attendance at training, and 29-40% lower incidence of severe 

injuries.134  

Information and education to coaches and athletes regarding risk factors, training prac-

tices, and creating an open, positive, trustworthy and encouraging environment, where 

fair play is fundamental, could be central elements to generate a safe sports environment.  
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7.5.1 Lessons learnt in football injury prevention 

The FIFA Medical centre has worked for 18 years with scientific and on-field activities 

with the implementation of the NMT warm-up program (FIFA 11+) to prevent football 

injuries. They state that it is crucial to understand the “world of football” and to speak the 

same language as the coaches and players. Dialogue with coaches and practical work with 

the NMT program were found to be more important than distribution of educational ma-

terials. The choice of instructors was found to be important, and a suggestion was made 

that sports physiotherapists become involved with. Cooperation with famous players and 

elite coaches as “ambassadors” for the prevention program could also help the communi-

cation with coaches.135 

When implementing the Swedish KCP nationwide, researchers, the Swedish football SF 

and Folksam insurance company were involved in the implementation process, both 

through funding and other resources. Implementation of KCP on field with coaches and 

players was undertaken by sports physiotherapists with interest and knowledge in foot-

ball, who educated and led work-shops for coaches and players. The KCP is easily avail-

able on the Swedish football SF webpage, with the female national team sports physio-

therapist instructing the program together with football players. This effort, along with 

the attention the program has had in the media, may explain the positive implementation 

of KCP among football players nationwide in Sweden. Coaches are key persons in the 

introduction and maintenance of injury prevention training. They need support from the 

club and district SF to be provided with research-based prevention knowledge and strat-

egies. Results from the questionnaire in Study V involving the 24 football DF, showed 

that 29% had informal guidelines and 21% had written policies regarding education and 

information of KCP within their district. This was more than was found in a study five 

years ago.125 It is now also clearly stated in the Swedish football SF curriculum that KCP 

should be included in training sessions from nine years of age onwards. The KCP is easily 

downloaded onto a smartphone to facilitate its use on the field, especially for all amateur 

coaches that train children and adolescents nationwide. Results in this thesis confirm that 

most of the football DF have adopted the program and have made efforts to implement 

the KCP among clubs since 2010.  

A recent qualitative study, using semi-structured interviews with 20 strategically selected 

coaches for female football players in Sweden explored the factors that influenced 

coaches’ adaptations and use of the KCP. The coaches were active in the eight districts 

that had been participating in the KCP intervention study (2009), but none of them had 

participated in the study themselves. The results indicated that adaptation and use of KCP 

was dependent on both coach motivation and external facilitators and barriers. Most 

coaches would have liked extra support and interest from the football SF, local clubs and 

players. The dissemination efforts by the football DFs could probably be improved, which 

would convey to coaches and players that prevention is a priority.126  
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7.6 Sport safety  

The Public Health Agency of Sweden (Folkhälsomyndigheten) is a government agency, 

under the Ministry of Health and social Affairs, which has the task of disseminating sci-

entifically based knowledge to promote health and prevent disease and injury among the 

Swedish population. There are policies regarding areas such as sexual health, lifestyle, 

prevention of suicide, alcohol, narcotics, doping, tobacco, and gambling, but there is no 

explicit policy on the prevention of sports injuries. Their focus is on the positive effects 

of sport and physical activity on health, which may possibly outweigh the negative effects 

of potential injuries. However, the agency also states that there is need for a discussion 

on the ethics of  elite athletes having such a high risk of injury and PMI, and that adoles-

cent athletes suffer PMI by practicing sports, which will affect their life-long physical 

capacity.136 In contrast, Sweden has an official policy document regarding traffic injuries, 

with the aims to achieve no fatalities or serious injuries involving road traffic by year 

2020. The “Vision Zero” was introduced by the Swedish Parliament in 1997, and includes 

collaboration between different stakeholders such as The Swedish Transport Administra-

tion (Trafikverket), municipalities, companies, organizations and authorities. Through a 

systematic working method, all collaborators set measurable goals for their operations, 

and all contributes to increased road safety. The Vision Zero states that in order to prevent 

serious effects from accidents, it is essential for the roads, and the vehicles they carry, to 

be adapted to match the capabilities of the people that use them.  The progress towards 

the road safety goal 2020, is monitored through annual reports by The Swedish Transport 

Administration. 

(https://www.trafikverket.se/en/startpage/operations/Operations-road/vision-zero-academy/This-

is-Vision-Zero/) 

The Swedish Work Environment Authority (Arbetsmiljöverket) has the mandate from the 

government to ensure that laws about work environments are followed by companies and 

organizations. All employees in Sweden have the right to a good working environment 

and no one should need to injure theirself at their job. Elite professional athletes, for ex-

ample in ice hockey and football, are employed by their clubs who thereby holds the 

primary responsibility for the players´ work environment. In the US, American football 

players in the National Football League (NFL) have drawn attention to the risk of con-

cussion and lifelong impairments.124  

In a theoretical model that defines a responsibility hierarchy in preventing injuries in 

youth sport, the highest level would be in those organizations or groups with the potential 

to effect the most change.52 Children and adolescents are not fully competent to under-

stand and make decisions about the risk or consequences of injury, thus they have the 

lowest level of responsibility.52 The parents have the greatest responsibility for the health 

of their child, but they often have minor knowledge about the risk of sports injuries or the 

https://www.trafikverket.se/en/startpage/operations/Operations-road/vision-zero-academy/This-is-Vision-Zero/
https://www.trafikverket.se/en/startpage/operations/Operations-road/vision-zero-academy/This-is-Vision-Zero/
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consequences associated with injuries, or how to prevent them. The coaches of youth 

athletes are often a parent, who had practiced the sport previously, and they are not always 

updated regarding these issues.  

 

 
 
 

Figure 20. Responsibility hierarchy for child sports injury  

prevention based on potential influence (Emery 2006). 
 

 

 

There are interactions between the different levels in the responsibility hierarchy. High-

level prevention actions can be affected by lower-level factors. Legislators need evidence 

of the benefit of injury prevention, and ideally, public support for the intervention. Also, 

parents, friends, and team mates’ behaviour and verbal feed-back will influence the ado-

lescents’ adherence and compliance to injury prevention policies.52 There are also many 

factors affecting the perception of sport, such as the culture and media covering in differ-

ent sports. 

According to the Olympic Charter, the IOC and the International Sports Federations 

(ISF), among others, have an obligation to encourage and support the measures to protect 

the health of athletes by minimizing the risk of physical injury, illness and psychological 

harm.137  As mentioned earlier, some ISFs have developed Consensus statements regard-

ing how injury research within their sport should be performed, but most ISFs only pri-

oritize the health of their elite athletes and not the recreational or amateur athletes.137 In 

a survey with the 35 ISFs, that are members of the IOC, it was found that the most im-

portant topic for the ISFs was “fight against doping” (24%), followed by “image as a safe 

sport” (19%) and “health of elite athlete” (19%), while “health of recreational athletes” 

and “increasing the number of recreational athletes” were  less important topics.137 
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In Sweden, there are no requirements or demands on the RF or the SFs from society to 

work specifically with injury prevention. RF, as the overall sports representative, has the 

responsibility to allocate the resources they receive from the government, and take re-

sponsibility for priorities.2 Who should be responsible for issues relating to sports injury 

prevention in the sport bodies is not completely clear, but is currently the responsibility 

of the individual SFs and coaches on the field.  Unpublished data from a web-based sur-

vey with the SFs in Sweden, conducted by the author of this thesis, together with RF and 

complemented with telephone calls to key personnel connected to medical issues or head 

of the SFs, concluded that there are evident differences between the SFs, when it comes 

to knowledge about injuries and prevention of injuries. Most SFs do not have employed 

personnel responsible for medical and prevention issues, and those SFs who have, are 

associated to elite athletes. Larger SFs, such as football SF, have greater resources, both 

financial and personal, and thus greater opportunities to work with this issue. Football is 

also a well-researched sport internationally. Several SFs expressed a desire for clearer 

responsibility from RF, where RF could guide the SF in their injury prevention and safety 

work and make it compulsory to work with this issues. They mentioned a need of more 

resources, not only for the work with elite athletes. None of the SF mentioned their ISF.  

Injury prevention is often conducted as research projects at Universities, sometimes in 

collaboration with a specific SF, and financially founded by CIF. Usually the project is 

initiated by researchers and after the end of study the newfound knowledge is difficult to 

transpose into practice within the studied sport. The gap between research and implemen-

tation needs to be closed. The research knowledge translation to end-users, via implemen-

tation and dissemination research, is time-consuming and complex but is necessary for 

sports safety. Key organizations involved in sports, such as RF and the SFs in Sweden, 

should  have an intermediary role to assist in “bridging the gap” between research and 

end-users (athletes), by providing research-based injury prevention and safety knowledge 

for all athletes regardless of level of sport. As a foundation there is a need for a national 

policy for promoting injury safety in sports in Sweden. But as Finch states (2011), to get 

sports injury prevention on the public health agenda there is a need for sports medicine 

research that generates high-quality population-level information of relevance and im-

portance to policy makers.70 (Finch 2011) Sports safety promotion is broader than the 

individual athlete. The involvement of the SFs, RF, the authorities responsible for sports 

facilities, and civil society need to be included to assure physical and mental safety in 

sports in Sweden.69 Since most people in the sports movement in Sweden, both adminis-

trators and coaches, work on a voluntary basis, it is necessary for sporting bodies, gov-

ernment and sports organizations, who set the tone about safety, to develop policies re-

garding sports injuries, injury prevention and implementation. RF and society are of the 

general opinion that the sport promotes and improves health and that sports activities for 
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children and adolescents are safe and have a central role in public health. In summary, 

the responsibility of sports injury prevention should be on different stakeholders, from 

society and the government, and sporting bodies, to the athlete on field. (Figure 21). 

 

 
 

Figure 21. Stakeholders opportunity and responsibility for injury prevention and safety in sports.  

 

 

 

7.7 Clinical implications and further research 

Physical activity and recreational and organized sport, are essential for all habitants in 

Sweden to maintain and improve health. In general, these activities are safe but injuries 

may occur and lead to life-long physical impairments. There is a need for preventing 

them nationwide. Even if this thesis has several limitations, as have been mentioned and 

discussed earlier, it shows the extent of acute injuries in licensed athletes in approxi-

mately half the numbers of SFs in Sweden. It does not demonstrate the total burden of 

all acute injuries, thus, the magnitude of the problem is assumed to be even greater than 

that presented in this thesis. As an example, among the five most popular team sports in 

Sweden (football, floorball, handball, basketball, and ice hockey), the following injuries 

occur every day: 4 dental injuries, 4 cruciate ligament injuries, and 3 PMI 1+ injuries. 
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Approximately 10% of all reported injuries lead to permanent medical impairments, 

thus they will decrease the long-term health of the athlete. This is concerning, since the 

vast majority of the injured athletes are younger than 25 years of age.  

This thesis evaluated the effectiveness of the KCP in football to decrease knee and cru-

ciate ligament injuries nationwide. Many prevention strategies that have shown effects 

of decreasing injuries in research studies need to be implemented. The responsibility of 

sports injuries and their prevention in Sweden is not clear, and there are no official pol-

icy documents regarding this. Further, how prevention measures should be implemented 

within the sporting bodies, is not evident.  

Further research need to focus on: 

 Knee and cruciate ligament injury incidence over time and implementation of NMT 

programs in floorball and handball. And to continue to follow the time trend in foot-

ball.  

 Effectiveness of NMT programs are evident for ball sports, while their influence in 

other sports, individual sports and sports with higher rates of contact injuries such as 

wrestling, have not been investigated so far.  

 Qualitative research of life-long health in athletes who have had a PMI injury as an 

adolescent, should include measurements of returning to sport, level of physical ac-

tivity, quality of life, difference between level of PMI after injury and long-term im-

pairments. 

 There is a need for more research on motor sports injuries and their prevention.  

 Concussion in sports, both in the short and long perspective, need further investiga-

tion. 

 The effect of protective eyewear on eye injury incidence in floorball. 
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8 CONCLUSIONS 

 The Folksam insurance sports injury database contains data that corresponds well with 

desired information within sport injury research. Improvements in the administration 

of injury claims have been implemented after suggestions included in this thesis. 

Hence, the database is unique and has the potential to be used in epidemiological re-

search on acute sport injuries in organized sports in Sweden.  

 

 Popular sports with high numbers of licensed athletes, sports injuries and injuries 

causing permanent medical impairment (PMI) were found to be, in order of highest 

incidence, motorcycle sports, handball, ice hockey, football, floorball, basketball and 

automobile sports. 

 

 To achieve the greatest impact on reducing the adverse effects of acute injuries in 

Sweden, preventative measures should particularly focus on knee injuries, especially 

in team ball sports. Severe head/neck and upper limb injuries also need attention, es-

pecially in motorsports and ice hockey.  

 

 The “Knee Control program” (KCP) can be considered to be, to a certain degree, im-

plemented nationwide and the incidence of knee and cruciate ligament injuries has 

decreased for both sexes. In females cruciate ligament injuries decreased by 14% and 

by 7% in males, which corresponds to approximately 100 cruciate ligament injuries 

each year. 

 

 Sixty-nine percent of all PMI 1+ injuries were among athletes younger than 25 years 

of age, and 45% of PMI 10+ injuries were in this age-group. This may result in re-

duced ability for physical activity later in life, and a reduction in health in the future. 

  

 There is no national official policy regarding sports injury and injury prevention and 

there is a need for an official authority to have explicit responsibility for these issues.  
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9 SVENSK SAMMANFATTNING 

Daglig fysisk aktivitet är en viktig komponent för ett hälsosamt liv, för att till exempel 

förebygga övervikt, hjärt- kärlsjukdomar och förtidig död. Här kan idrott utgöra en viktig 

del. Tyvärr innebär idrottande en ökad risk för skador, både överbelastningsskador och 

akuta olycksfallsskador. Akuta skador kan vara så alvarliga att de leder till permanent 

medicinsk invaliditet (PMI), vilket bland annat riskerar individens fortsatta möjlighet att 

vara fysiskt aktiv. Idrottsskador kan förebyggas men det krävs kunskap om skadornas 

förekomst och uppkomst. Denna avhandling undersöker akuta idrottsskador inträffade 

hos licensierade idrottare i alla åldrar och nivå på idrott i hela Sverige, rapporterade till 

försäkringsbolaget Folksam. Ungefär 80 % av alla idrottsförbund har sina försäkringar i 

Folksam, och då det inte finns ett nationellt idrottsskaderegister utgör detta försäkrings-

register en unik databas över akuta idrottsskador inträffade under organiserad idrott. 

Det övergripande syftet med avhandling var att identifiera hög-risk idrotter för akuta ska-

dor, de vanligast förekommande skadorna och de allvarligaste skadorna, framförallt inom 

stora idrotter med många licensierade idrottare, många skador och skador som leder till 

PMI. Resultaten skall utgöra underlag för var det skadeförebyggande arbetet bör fokusera 

för att uppnå största skademinskande effekt på nationell nivå i Sverige. Ett andra syfte 

var att följa upp utbildningsinsatser i, och den preventiva effekten av, det skadeförebyg-

gande träningsprogrammet ”Knäkontroll”, för att minska knä och korsbandsskador hos 

fotbollsspelare i alla åldrar, på nationell nivå. 

Efter att i första delarbetet ha utvärderat att informationen i databasen var relevant (valid) 

och tillförlitlig (reliabel) utifrån internationella riktlinjer inom det idrottsvetenskapliga 

forskningsfältet, analyserades skadedata och resultaten presenterades i ytterligare fyra 

delarbeten. Resultaten visade att det finns ett behov av skadeförebyggande insatser spe-

ciellt inom motorcykelsport, lagidrotter inom bollsporter och ishockey. Framför allt bör 

preventionen fokusera på knäskador då de både var de vanligaste skadorna och de van-

ligaste skadorna att leda till PMI. De allvarliga huvud- och övre extremitetsskadorna be-

höver också uppmärksammas. Sextionio procent av PMI skadorna återfanns hos individer 

yngre än 25 år. Det skadeförebyggande Knäkontroll programmet var till stor del imple-

menterat nationellt i Sverige, då 21 av 24 fotbollsdistrikt utförde utbildning i programmet. 

Incidensen av knä- och korsbandsskador har minskat bland fotbollsspelare på nationell 

nivå, framför allt hos kvinnliga spelare. 

Emellertid finns ingen officiell nationell policy kring idrottsskador och dess prevention, 

inte heller ett organ som har ett formellt och uttalat ansvar för detta. 
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