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This book is a result of the IOC Medical Commis-
sion’s increasing emphasis on prevention of sports
injuries. The numerous health benefits of physi-
cal activity have been well documented, result-
ing in public health support of regular physical
activity and exercise. Although beneficial, exercise
and sports also have corresponding risks, includ-
ing that of musculoskeletal injuries. However, at
a time when there is an abundance of medical
meetings, journals, and papers, some might argue
that the last thing we need is a new book focus-
ing on yet another field of research and clinical
practice. What would justify such an emphasis
on a new and developing field in medicine? First,
it must ask important questions not answered
by others. Second, the new research field should
have the potential to create truly new knowledge,
lead to new ways of thinking and lay the founda-
tion for improved health for our patients. This is
usually not possible without a multidisciplinary
approach, involving a mixture of basic scientists
and clinicians. Third, research results from the new
field should be publishable in respected journals,
recognized and cited by peers, presentable at high-
quality meetings, and fundable on competitive
grant review. Let us examine each of these issues to
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see if there is sufficient merit in sports injury pre-
vention research.

Is injury prevention important?

First, is injury prevention important? Epidemiologi-
cal studies show that of injuries seen by a physi-
cian, in Scandinavia, every sixth is sustained
during sporting activity (Bahr et al., 2002). Among
children, every third hospital-treated injury is the
result of sports participation (Bahr et al., 2002).
During 1997 and 1998, in the United States, annu-
ally there were an estimated 3.7 million sports- and
recreation-related emergency department visits
annually in the United States, representing approx-
imately 11% of all injury related emergency depart-
ment visits; 2.6 million visits were among persons
aged 5-24 years. The medical charges for these vis-
its were estimated at 500 million US$ annually.
The risk of injury clearly differs between sports,
as documented by a study initiated by the I0C
Medical Commission in team sports during the
2004 Olympic Games in Athens (Junge et al.,
2006). As shown in Table 1.1, while a soccer and
handball player suffered one injury every 10th
match he or she play, a volleyball player at the elite
level only had an injury every 100th match on the
average. Not all of these injuries are serious; in fact
only about half of all the injuries recorded were
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Table 1.1 Injury risk in selected team sports during the
2004 Olympic Games in Athens.

Sport Total injury rate’ Rate of time-loss
injuries?

Football

Men 109 (85-133) 44 (29-60)

Women 105 (74-136) 44 (24-64)
Handball

Men 89 (64-114) 40 (23-57)

Women 145 (110-180) 36 (18-53)
Basketball

Men 64 (40-89) 29 (12-45)

Womenv 67 (42-91) 24 (9-39)
Field hockey

Men 55 (37-72) 24 (12-36)

Women 17 (5-29) 4 (0-10)
Baseball (men) 29 (15-43) 13 (3.2-22)
Water polo (men) 30 (16-44) 9(1.1-16.3)
Volleyball (men) 11 (1.4-21) 9(0.2-17)

Source: Junge et al. (2006).

TInjury rate is reported as the number of injuries per 1000 player
matches (with 95% confidence intervals).

2Rate of time-loss injuries is reported as the number of

injuries expected to lead to time loss from further training and
competition.

expected to cause the player not to continue with
subsequent training or match time. Nevertheless,
when taking injury severity into account, a research
group within the English Football Association
found that the overall risk to professional athletes
is unacceptably high—approximately 1000 times
higher among professional football players than
for high-risk industrial occupations (Drawer &
Fuller, 2002) (Figure 1.1). Although football and
handball rank highest in injury rates of the team
sports included in the Olympic summer program,
there are actually other sports where the injury rate
is considerably higher, for example, ice hockey and
the other football codes: American football, rugby,
and Australian rules football.

Some injury types, such as serious head and
knee injuries, are a particular cause of concern.
Head injuries are known to have a high incidence
among alpine skiers and snowboarders, especially
among snowboarders, and the frequency increases
year by year in this group. Head injury is the most
frequent reason for hospital admission and most
common cause of death among skiers and snow-

boarders with an 8% mortality rate among those
admitted to hospital with head injuries. Among
injuries related to football, 4-22% are head injuries.
The reported incidence during matches—1.7 inju-
ries per 1000 player hours—incorporates all types
of head injuries including facial fractures, contu-
sions, lacerations, and eye injuries (Andersen et al.,
2004). The estimated incidence of concussion—
0.5 injuries per 1000 match hours—probably repre-
sents a minimum estimate due to the problem of
defining and grading concussions (Andersen et al.,
2004). Although most athletes with head injuries
recover uneventfully following a single concus-
sive episode, repetitive mild head trauma may be
implicated in the development of cumulative cog-
nitive deterioration. Based on paper and pencil
tests, cumulative effects of repeated concussions
have been found to cause deterioration in neu-
ropsychological function among athletes in other
sports such as American football and boxing, as
well as in non-athletes.

The highest incidence of anterior cruciate ligament
(ACL) injuries is seen in 15- to 25-year-old athletes
in pivoting sports such as football, basketball and
handball. This incidence is three to five times higher
among women than men (Griffin et al., 2006). In
1970, Kennedy stated that “the anterior cruciate lig-
ament is the most common cause of the exathlete.”
In other words, the treatment offered at the time did
not permit athletes to go back to sport. This is no
longer the case, at least in the short term, thanks to
the advances in sports medicine research, with major
improvements in surgical techniques and rehabilita-
tion programs. Today, most elite athletes are initially
able to resume their sports career, should they wish
to do so. And although the retirement rate may be
higher among athletes with a previous ACL injury
compared with healthy athletes, the main concern
is the dramatically increased risk of long-term seque-
lae—like abnormal joint dynamics and early onset of
degenerative joint disease. Importantly, we still lack
evidence to suggest that reconstructive surgery of
either menisci or cruciate ligaments decrease the rate
of post-traumatic osteoarthritis (OA). After 10 years,
approximately half of the patients display signs
of OA, and it appears that the majority of the
patients will have osteoarthrosis after 15-20 years
(Figure 1.2) (Myklebust & Bahr, 2005). Thus, whereas
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Figure 1.1. Comparison between injury risk (shown on the logarithmic vertical axis as the incidence per 100,000 h of
player exposure) and injury risk (shown on the horizontal axis as the duration of absence from work/play, from slight
through minor, moderate and major to fatalities) in professional football (Premier League), along with data from the
manufacturing, construction and service industries for comparisons. Also, the dark gray areas are classified as unacceptable
risk when using industrial standards for risk management. Reproduced with permission from Drawer and Fuller (2002)

developing improved treatment methods for injuries,
in general, and ACL injuries, in particular, remains
an important goal, it may be even more important
to prevent injuries.

Is there an evidence base for injury
prevention?

The second issue relates to the potential for new
ideas and improved health outcomes. In May
2000, a PubMed search revealed that out of 10,691
papers on athletic injury, there were only six ran-
domized controlled trials (RCTs) on sports injury
prevention (Table 1.2). However, a similar search

of the literature in December 2007 revealed that
sports injury prevention research is emerging as
a new field in medicine. While the number of
studies on athletic injuries has increased by 43%
over the last 7 years, clinical studies and RCTs
related to sports injury prevention has increased by
200-300% (Table 1.2). Gradually, congresses in sports
medicine, orthopedics, and traumatology include
an increasing number of symposia, lectures, and
instructional courses on injury prevention issues.
Research is also improving in quality, not only in
quantity. For example, recent issues of high-impact
general medical journals such as the British Medical
Journal and the Journal of the American Medical
Association have included several papers related to
injury prevention; two case-control studies among
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Figure 1.2. Anterior cruciate ligament (ACL) follow-

up studies and Osteoarthritis (OA) prevalence. The

data illustrate the prevalence of radiographic OA after
reconstructive surgery with bone-patella-tendon-bone graft
or hamstring graft and after non-operative treatment. The
dashed line indicates the forced regression (y = 6.0t; r =
0.85) between time (t) and OA prevalence (y), with the 95%
confidence intervals shown by thin solid lines. Reproduced
with permission from Myklebust and Bahr (2005)

skiers and snowboarders indicating a significant
reduction in the risk of head injury with helmet use
(Hagel et al., 2005; Sulheim et al., 2006), an RCT
demonstrating a 47% reduction in knee and ankle
injuries from a structured program of warm-up exer-
cises in adolescent team handball players (Olsen et
al., 2005), and an ecological study of a nationwide
educational injury prevention program indicating a
reduced frequency of spinal cord injuries in rugby
(Quarrie et al.,, 2007). Many major public health
and specialty journals are currently publishing new
studies in this field. The publication of these studies
in highly respected medical, physical therapy and
nursing journal illustrates that sports injury preven-
tion is an important public health issue.

Is sports participation healthy?

Sports participation is important from a public
health perspective. There is no longer any doubt
that regular physical activity reduces the risk of
premature mortality in general, and of coronary

Table 1.2 Results of PubMed searches on sports injury
research related to treatment and prevention.

Search terms May 2000 December Increase (%)
2007

Athletic injury 10,691 15,347 43
& treatment 6,606 9,774 48
& Limit: Clinical 182 359 97
trials

& Limit: RCT 87 180 107
& prevention 2,064 3,319 61
& Limit: Clinical 29 125 330
trials

& Limit: RCT 21 70 233

Note: Results are shown as the number of items resulting from the
search terms shown.

heart disease, hypertension, colon cancer, obesity,
and diabetes mellitus in particular. The question is
whether the health benefits of sports participation
outweigh the risk of injury and long-term disabil-
ity, especially in high-level athletes? A study from
Finland has investigated the incidence of chronic
disease and life expectancy of former male world-
class athletes from Finland in endurance sports,
power sports, and team sports (Sarna et al., 2000).
The overall life expectancy was higher in the
high-level athlete compared to a matched refer-
ence group (75.6 versus 69.9 years). They also
showed that the rate of hospitalization was lower
for endurance sports and power sports compared
to the reference group (Kujala et al., 1996). This
resulted from a lower rate of hospital care for heart
disease, respiratory disease, and cancer. However,
the athletes were more likely to have been hospi-
talized for musculoskeletal disorders. A follow-up
study revealed that former team sport athletes had
a higher risk of knee OA, and other studies have
documented an increased risk of hip and knee
arthritis among former football players. Thus, the
evidence suggests that although sports participa-
tion is beneficial, injuries are a significant side
effect. To promote physical activity effectively,
we have to deal professionally with the health
problems of the active patient. This does not only
involve providing effective care for the injured
patient, but also developing and promoting injury
prevention measures actively.



Injury prevention is a complex process. To pre-
vent injury, scientists must first correctly identify
one or several risk factors, the mechanisms of
injury, devise an effective intervention to modify
it, implement the intervention with sufficient
compliance, and study the outcome of the inter-
vention with a method that is sensitive enough to
detect reductions in the injury rate which are clin-
ically meaningful. When prevention is successful
or fails, it may not always be clear which step in
this chain of events was deficient. This complexity
makes injury prevention difficult, but not impos-
sible. A number of interventions have shown a
reduction in injury rates, that is, ACL injuries in
team handball and soccer; ankle injuries in soccer,
basketball and volleyball; head injuries in hockey
and skiing; wrist injuries in snowboarding; and
hamstrings injuries in Australian Rules football
and soccer. The list is increasing year by year for
the benefit of the athlete and the sports.

The future of injury prevention

Do we need to further develop prevention pro-
grams in the future? Year by year we seem to have
more information about risk factors and their rela-
tive roles. If the relative additional risk of having
specific risk factors is known, some individuals
should probably be advised against participation
in certain sports where the risk factor cannot be
eliminated. On the contrary, if the effect of elimi-
nating one risk factor after another is known, indi-
viduals may be able to participate in sports with
low risk if they are compliant with their specific
training program. The goal must be to reach a
stage where the risk factors are known and where
we can assign a relative risk of an injury to individ-
uals. During the preseason examination, individu-
als with risk factors can then be assigned training
programs that have been validated. Even at this
stage, future research in this field is necessary. The
nature of sports is always changing—becoming
faster and generally more demanding. Just think
of the difference in alpine skiing over the last
25 years. In almost any sports the same increase
in pace is seen. Thus, research on risk factors
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and injury mechanisms must be ongoing and
intervention studies crucial.

In an evolving field such as this, international
cooperation is critical. The involvement of the
IOC, which highlights sports injury prevention
research in this book, improves the dissemination
of information around the world. In addition, this
book initiative has been supported by all of the
major sports and sports medicine organizations,
which bodes well for the future.
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