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Accurate documentation of injury incidence is critical for study of
injury risk factors and prevention. Comparisons of published inci-
dences of anterior cruciate ligament (ACL) injuries and surgical
reconstructions are difficult, however, because of the variations
in units. Some studies report absolute time-based denominators
(such as annual incidence or incidence per 100,000 person years),
whereas others report exposure-based denominators (such as inci-
dence per 1,000 player hours or athlete exposures). We converted
exposure-based units into annual incidences to compare various
studies. National population studies show annual incidence rates
of up to 0.05% per person per year in Australia. Professional ath-
letes in basketball, soccer, and the other football codes report an
annual incidence of 0.15%-3.7% in studies with at least a moder-
ate sample size. Annual ACL incidence in amateur sporting groups
was generally higher than the entire population but lower than
among professional athletes. Converting incidence rates to annual
units allowed better comparisons to be made between population
rates across different studies.
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INTRODUCTION

Anterior cruciate ligament (ACL) injuries of the knee are amongst the most
common major injuries in sport. They are of particular concern in multidi-
rectional team sports, such as basketball, netball, soccer, American football,
Australian football, rugby league, and rugby union. Although there are
numerous research publications detailing incidence rates of ACL injuries,
comparison between studies is somewhat difficult because of the different
methods of expressing incidence rates (Gianotti, Marshall, Hume, & Bunt,
2009; Hootman, Dick, & Agel, 2007; Orchard & Seward, 2002; Prodromos,
Han, Rogowski, Joyce, & Shi, 2007; Walden, Hagglund, Magnusson, &
Ekstrand, 2011). Injury surveillance, based on incidence rates, is a critical
part of understanding risks for injury and, ultimately, injury prevention in
sport (van Mechelen, Hlobil, & Kemper, 1992).

There are several ways of expressing incidence rates. The numerator
should be defined according to what constitutes an injury, including whether
new injuries only or new injuries and recurrences are included. With respect
to the denominator, options include the following: (1) injuries per fixed
absolute time period (e.g., annual incidence of injury); (2) injuries per ath-
letic exposure (where an athletic exposure is a single match/training session,
e.g., injuries per 1,000 athlete exposures); and (3) injuries per time period
of actual exposure/play (e.g., injuries per 1,000 player hours). It should be
noted that these different methods are related. For instance, sports where
the participants have a higher exposure per year (in terms of hours played
or number of games) will tend to have a greater annual incidence.

It is arduous however, to record athlete exposures and particularly
exact exposure time by athlete. Some authors will do this for a spe-
cific study, often with short-term funding, in the interests of accuracy, but
long-term injury surveillance systems (particularly national registers of ACL
surgery) do not tend to have the resources to record athletic exposure
consistently.

Superficially, a figure is more “accurate” if it takes into account exact
exposure time. It follows that because the recording of exposure time is dif-
ficult, the studies that report injuries in terms of specific exposure generally
have smaller sample sizes and hence the figures reported may have sam-
pling errors and/or wide confidence intervals. At the other end of the scale,
population studies provide rates of ACL injuries that are based on very large
sample sizes but where exact exposure in terms of games or hours played
is not calculated. Population rates also reflect the reality that athletes may
actually expose themselves to multiple sporting activities over the course
of a calendar year (i.e., by playing multiple sports) and also nonsporting
mechanisms of ACL injury (i.e., traffic and workplace accidents).

Many, but not all, ACL injuries are managed with reconstructive surgery
(Streich, Zimmermann, Bode, & Schmitt, 2011). Therefore, an incidence rate
also needs to specify whether the numerator is the number of diagnosed
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ACL injuries or the number of ACL surgeries. The total rate of ACL injuries
obviously will be higher than the rate of ACL surgeries. Factors such as level
and age of athlete, quality of health system, and propensity to recommend
surgery are factors that determine whether someone with an ACL injury has
surgery (Orchard, 2011). In the United States, for example, surgical manage-
ment of ACL injuries is aggressively promoted (which may lead to higher
reconstruction rates), but some patients are uninsured and cannot afford
surgery (which may lead to lower reconstruction rates). In addition, not all
ACL injuries are diagnosed (Janssen, Orchard, Driscoll, & van Mechelen,
2011) and therefore the “real” incidence rate of all (including undiagnosed)
ACL injuries will be higher than the diagnosed ACL injuries.

The aim of this systematic review was to develop common units of ACL
incidence that could be used to compare different study populations.

METHODS

A literature search was performed using Pubmed, Embase, and Sport Discus.
The search terms used follow:

“Anterior Cruciate Ligament Injury” and “Incidence”

“Anterior Cruciate Ligament Injury” and “Epidemiology”
“Anterior Cruciate Ligament Reconstruction” and “Incidence”
“Anterior Cruciate Ligament Reconstruction” and “Epidemiology”

LN e

The searches yielded 1,798 results. Following review of the search results,
including removal of duplicates and discarding of nonrelevant papers,
112 studies were found to report incidence data relating to either ACL injuries
or ACL surgeries. The reference lists for these articles were checked, allowing
several other articles to be included.

To be included a study needed to report the following:

e An annual incidence rate in terms of percentage of individuals who suffer
an ACL injury (or have ACL surgery) per year;

e An annual incidence rate in a unit similar to injuries (or surgeries) per
100,000 person years, which could be directly converted to an annual
percentage; or

® An incidence rate of injuries (or surgeries) per athlete exposure or
1,000 player hours, which could be included and converted into an annual
incidence if either (a) the annual rate of athlete exposures/player hours
was presented in the paper or (b) the relevant sporting competition had
a fairly constant rate of annual exposures/player hours of exposure and
an estimate could be made based on freely available data using Internet
research.



160 B. Moses et al.

From the original literature search, there were 37 papers that reported
ACL injury incidence rates in a specific population (or populations) and
12 papers that reported ACL reconstruction rates in a specific population (or
populations).

The studies provided 51 populations (18 general/national/mixed and
33 from specific sports) for which annual incidence of ACL injuries/surgeries
could be reported or estimated using the methods above. The populations
reviewed covered 16 countries, including some with sporting populations
from an entire continent.

Studies generally were excluded because an incidence rate was not
presented or there was not enough data available (about exposure) to create
a valid annual incidence estimation. Studies that included cases of past or
previous injuries were also excluded on this basis. Specific populations were
also excluded from some papers (e.g., Prodromos et al., 2007) on the basis
that they were based on short tournaments (<=1 week) and would probably
not be reflective of the average annual risk for the population and therefore
not accurately reflect annual incidence.

Confidence intervals for annual incidence were not calculated, as
this would have required elimination of many further papers where the
information required to calculate confidence intervals was not available.

Population annual incidence was selected as the common comparison
unit. This was largely because it was easier to convert exact exposure inci-
dence rates to population annual incidence rates than vice versa. When the
incidence rates provided were expressed in units involving player hours
or athlete exposures, the player hours or athlete exposures per year were
calculated in order to convert to an annual incidence.

RESULTS

Annual incidences are presented both as annual percentage rates and
per 100,000 person years in Tables 1-4, grouped according to the study
population.

Population Studies at the National Level

There were 13 included studies with ACL injury/surgery data from national
populations. As can be seen from Table 1, the annual national population
incidence rates range from 0.01% to 0.05%. The median annual incidence
was 0.03% for these countries.

Although these rates appear low, it is important to emphasise that
Table lincludes persons of all ages (including babies and the elderly) and
persons who do not engage in sporting activities. When the sub-rates of
these populations are assessed for highly active groups (e.g. males aged
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15-40) the rates are substantially higher (Gianotti, et al., 2009; Janssen, et al.,
2011). Where reported, national population annual ACL incidence for young
males were higher than the comparative rates for young females.

Studies of Particular Sporting/Activity Groups

MILITARY GROUPS

There were four included studies with ACL injury/surgery data from U.S.
military groups. The annual incidence figures calculated from these studies,
presented in Table 2, range from 0.30% to 2.14%. As can be seen, these
rates are much higher than the U.S. population ratios in Table 1 and are
broadly comparable to the figures for professional/elite sports shown in
Table 3.

PROFESSIONAL SPORTING GROUPS

The annual incidence of ACL injuries/surgeries from the 15 included stud-
ies of professional sporting groups is shown in Table 3. As for military
populations, the annual ACL injury rates in professional sport (ranging
from 0.15% to 3.67%) are substantially higher than national population
rates.

Studies were considered to relate to professional sporting groups if
they involved paid athletes/performers or elite level athletes/performers.
Therefore, the studies involving professional and elite dance companies
were included in this section. Conversely, studies of ski resort employees
were included in the amateur section.

Annual injury incidence rates were calculated from a range of included
studies of amateur sporting groups. As noted above, this group includes
two studies of ski resort employees. These studies did not examine injuries
involving competitive professional skiing, but rather they looked at work-
related injuries. The rates are quite variable (Table 4) but are generally higher
than the reported national population rates but lower than the rates for
professional/elite athletes.

The annual ACL injury incidence reported rates for professional athletes
(ranging from 0.15% to 3.67% in studies of at least moderate sample size) are
substantially higher than national population rates (median rate of 0.03%).
It appears that multidirectional team sports (e.g., basketball, football codes,
netball) that have the highest rates of ACL injuries give rise to specific publi-
cations, whereas sports that probably have much lower rates of ACL injuries
(e.g., water sports, tennis, cricket) do not tend to give rise to publications.
The annual ACL injury incidence reported rates for amateur athletes (rang-
ing from 0.03% to 1.62% in studies of at least moderate sample size) are
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generally lower than the professional sport incidence rates but higher than
national population rates.

DISCUSSION

There are many studies that have reported incidence of ACL injuries and
surgeries. An adequate number were able to have units converted into
annual incidences to allow comparison between studies. It was more dif-
ficult to determine annual incidence rates where the units were expressed
in either player hours or athlete exposures. Athlete exposures or playing
hours per year were required (or had to be accurately estimated) in order
to make calculations. Fortunately, the majority of professional sports bodies
had data on their websites regarding exposure (in terms of games and/or
hours of play) for the years reported in the specific period of the study.
In certain cases, such as with collegiate sports in the United States, exten-
sive calculations of games played across hundreds of colleges were used to
determine a significant average of athlete exposures per year.

National ACL injury or surgery incidence rates at population levels
are available for over half a dozen countries, particularly in Scandinavia
and Australasia. The national rates reported for most countries, including
Scandinavian and continental European countries, New Zealand, and the
United States are fairly similar (annual incidence rates of 0.03%-0.04%).
Australia had only one study that reported a higher incidence rate than
the other countries (0.05% annual incidence), whereas the studies from the
United Kingdom reported lower rates (0.01%-0.02% annual incidence).

Further research is required to determine the underlying reasons for
differences between countries. The most obvious explanation for differ-
ent national population rates relates to variations in sporting exposure.
Countries that have high annual rates of participation in the various forms
of football, snow sports, and court sports will tend to have higher rates of
ACL injury. Climate may play a role (Orchard, Chivers, Aldous, Bennell, &
Seward, 2005), including in terms of exposure, in that countries with tem-
perate weather will perhaps have longer playing seasons leading to a higher
number of exposure hours per year. When comparing ACL surgery rates
(as opposed to ACL incidence rates), the health systems of countries are
relevant (Magnussen et al., 2010), in that systems that encourage and/or
fund surgery more readily may lead to a higher percentage of ACL injuries
being surgically treated (Orchard, 2011). Ideally, more countries will take up
the Scandinavian initiative to fund an annual national ACL registry, just as
many countries have followed the Scandinavian lead with respect to joint
replacement registries.

It has been established that females have a higher incidence rate of ACL
injury than males when exposed to the same sport (Arendt, Agel, & Dick,
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1999; Hootman et al., 2007; Myklebust et al., 1998; Prodromos et al., 2007;
Walden, Hagglund, Magnusson & Ekstrand, 2011). At a population level,
however, males generally have a higher annual ACL injury incidence than
females, which is almost certainly due to an exposure bias in that males
are more likely to play higher risk sports, especially the various forms of
football.

Annual incidence rates for various sporting groups are much higher than
the national population rates, particularly at professional/elite levels. This is
because the highest risk section of the population (i.e., those who play
multidirectional sports) has been specifically studied. Professional and elite
squads also generally have a higher rate of injuries/surgeries than amateur
squads, which is an interesting finding given that it is thought that poor
movement coordination could be a risk factor for ACL injury (Myer, Ford, &
Hewett, 2005).

There are various possible explanations for the higher observed rates
in professional populations (compared with amateur). Professional and elite
athletes are more likely to have an ACL injury diagnosed, as they require
knee stability to continue to perform. In addition, there is a greater likelihood
of reconstructive surgery being required in high-level athletes. At higher
levels of play there is presumably greater force on the knee joint due to
an increased pace/intensity of play, the need for more rapid change of
direction, and less time to anticipate what the (more skilled) opponents
will do. Finally, it is likely that professional and elite athletes play more
games annually and train for longer numbers of hours than amateur athletes,
increasing exposure to injury.

Although poor knee coordination has been proposed as a risk factor for
ACL injuries (Myer et al., 2005), the lower coordination of amateur players
does not appear to outweigh the greater intensity and exposure of high-
level play, meaning that the annual rate of ACL injury/surgery appears to be
consistently higher in professional/elite players.

It is also apparent that within the professional sporting groups there are
differences in incidence rates. The football codes generally have a higher
incidence of ACL injury compared with other professional sports. There may
be several factors responsible for this difference: multidirectional movement,
the potential for player-to-player contact at high speed, and play on grass
surfaces using cleated footwear creating high shoe—surface traction.

We recommend that future studies of ACL injury incidence include in
the report an annual incidence of injury (expressed as a percentage or in
terms of injuries per 100,000 person years). If exact exposure data (in terms
of athlete exposures or player hours) is also available, ideally this could
be included as well, although it may be many years until national ACL
surveillance systems are able to include annual updates of exposure data.
Including all of this information, where possible, allows maximum com-
parability between studies and also allows exposure bias to be taken into
account.
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Consistent methods of reporting ACL injury incidence will help us
further understand the risk factors and evaluate success of prevention pro-
grams, according to the van Mechelen paradigm (van Mechelen et al., 1992).
Uniform reporting of both ACL injury and surgery rates would allow simple
and direct comparisons of such data. This would make it easier to identify
differences in injury rates amongst demographic groups, different geograph-
ical locations, climate types, playing surfaces, different sports, levels of skill,
and training. This ability to compare differences in incidence would help
identify predisposing factors that lead to ACL injuries.

CONCLUSION

Reporting of ACL injury using common units, such as annual incidences,
would allow easier comparison of incidence rates between population and
sporting groups. The results of this literature review show that incidence
rates in the general population are lower than those of the athletic popu-
lation. The review does not support the view that males and professional
athletes have a lower annual rate of injury as a result of better coordinated
movement patterns, although exposure bias may account for the higher
reported annual rates in males and elite athletes. Further research is required
to determine the causes for the different injury rates seen in different sports
and populations. Despite a large number of research publications that detail
the incidence rates of ACL injury, comparison is difficult due to the varied
methods of reporting incidence rates. It is suggested that studies that use
a denominator of player hours or athlete exposures to report injury rates
should also include an annual incidence rate to allow comparison with other
studies. Conformity in reporting methods for ACL injury incidence would
assist recognition of risk factors for ACL injury and eventually prevention of
these injuries.
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