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Abstract

Football is currently the most popular sporting activity in the world. Multiple reports have shown that a high incidence
of osteoarthritis is found in football players. Evidence clearly shows that traumatic injury significantly predisposes players
for such pathophysiology. Injuries are frequent in amateur as well as professional football players, with knee and ankle
accounting for the most severe injuries. Many professional athletes lose playing time due to injuries and many are forced
into early retirement. Posttraumatic osteoarthritis is a common finding among ex-football players with numbers well
above the normal population. Today’s surgical techniques are advanced and capable of restoring the joint to a certain
extent. However, a restitution ad integrum is reached only in very rare cases. Professional football players that return to
play after serious injuries perform their extremely strenuous activity on morphologically compromised joints. Incomplete
rehabilitation and pressure to return to play after an injurious event clearly put the athlete at an even higher risk for joint
degeneration. Prevention strategies, improved surgical management, strict rehabilitation, as well as future aspects such as
early suppression of inflammation, personalized medicine, and predictive genomics DNA profiling are needed to reduce
incidence and improve the health perspectives of football players.
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Introduction changes over recent years. The physical demands on the ath-
lete have increased and players are forced to perform close to
their maximum capacity. National league games, interna-
tional league competition, national team play, as well as char-
ity games are an enormous physical and mental load for a
player. The performance profile of each player or team can be
influenced by constraints related to both biological and envi-
ronmental factors. Football performance depends on a count-
less number of factors. The current and globally accepted
index of physiological demands on players is represented by
the total distance covered in a game. Typical activities during
a football match are composed of running and jumping with-
out the ball with repetitive acceleration, deceleration, as well

Football is the most popular sport in the world with over 300
million active players." There are more than 200,000 profes-
sional football players, with 80% of those being of male gender.
Hundreds of thousands of games at all levels are organized and
played each weekend. Football requires performance of
dynamic, fast-paced tasks including running, jumping, dueling
with the opponent, and dribbling with the ball. None of these
activities are necessarily connected to the development of
osteoarthritis (OA).> However, the prevalence rate of OA
among retired football players is well above that of the normal
population.** Most likely injuries predispose joints for develop-
ment of early-onset OA within this collective population. The
lower extremity is usually affected during football-related
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as cutting maneuvers; dribbling with the ball; tackling; shoot-
ing of the ball; and duels with and without the ball. The actual
physical activity is strongly dependent on player position,
score, team strategy, level of performance, leg dominance,
type of competition, player age and gender, fitness level,
motivation, and finally joint anatomy.® The major task during
a football game can be defined by running, followed by kick-
ing of the ball. The typical distribution of activity during a
match is approximately 5% standing, 50% walking, 30% jog-
ging, 7% running, 6% high-speed running, and finally 0.3%
sprinting. Contact with the ball has been reported to occur in
only 3% to 5% of playing time.” Clemente and colleagues
have closely analyzed the distance covered as well as activity
profile of professional football players during the 2010 FIFA
World Cup. Of the 443 players analyzed, there were 35 goal-
keepers, 84 external defenders, 77 central defenders, 182
midfielders, and 65 forwards. While goalkeepers had the
lowest distance covered/minute with 45.69 m/min per game,
all the remaining player positions ran on average over 100 m/
min per game (just over 10 km per game). Midfield players,
in line with previous reports, covered the largest distance per
game. The tactical positions of the players and their specific
tasks, however, does significantly influence the activity pro-
file and physical demands during a match.'® The activity of
running without opponent contact and without existing risk
factors has not been shown to be associated with a higher risk
of OA.>""? Indeed, the combination of improved muscle
strength and proprioception, and reduced body mass index
(BMI) have been even declared to be joint protective.
Furthermore, articular cartilage can adapt to biomechanical
loading.> When such loading is lost, as described by
Hinterwimmer and colleagues in a partial weight-bearing
ankle-fracture model, the articular cartilage undergoes atro-
phy already after 7 weeks. This raises the question whether
cartilage is mechanically less competent and particularly vul-
nerable after states of partial or complete immobilization."
Among adult subjects there are no further significant changes
in cartilage volume after strenuous activity. It has been shown
using magnetic resonance imaging (MRI) that high-impact
forces during long-distance running are well tolerated even in
marathon beginners and do not lead to clinically relevant car-
tilage loss."”” In contrast, Arokoski showed softening of the
lateral condyle articular cartilage in the canine knee joint
after long distance (up to 40 km/day) running training lasting
1 year.'® Such data have not been reproduced among human
subjects. In football, kicking is the main offensive action dur-
ing the game, and the team with more kicks on target has the
better chances to score and thus potentially win a game. The
kicking motion is achieved by a combination of muscle
moments and motion-dependent moments. Muscle moments
are the result of high activation patterns of several muscles
whereas some muscle activity serves to stabilize the involved
joints and segments in order to achieve a fine coordinated
movement.'” The football kick per se is linked to an only

mildly elevated injury rate (5% of all injuries) according to
the available evidence.” Yet groin-associated pathology
(sports hernia), which can be defined a classical football
player problem or overuse injury, has been described to be
connected to the typical football instep kick.'® The motion of
kicking a ball has not been described to be associated with a
higher risk of OA, while it has been proposed that the knee is
somewhat susceptible to injury during kicking. It is presum-
ably related to the fact that the player which is currently hold-
ing or trying to kick the ball will be attacked by at least one
player of the opposing team. Such duels, played at maximum
intensity, can be declared one of the or the most dangerous
part of football, resulting in the majority of contact-related
injuries."

Injury

Animal and human studies have shown no evidence of
increased risk of hip or knee OA with moderate exercise,
and in the absence of traumatic injury, sporting activity has
a protective effect. Engebretsen and coworkers have
reported that football players do not necessarily carry an
intrinsic increased risk for injury.”’ However, element of
sports-related contact and noncontact injury can be regarded
as one major influencing factor when development of early
OA among professional athletes is concerned. The injury
rate among football players is clearly elevated over the nor-
mal population. The incidence of football-related injuries is
estimated to be over 2 injuries per player/year or 10 to 42
injuries per 1,000 playing hours in adult male players.**'*
The injury rate is often higher among younger and less
skilled players. Trauma-related injuries account for 80% of
all injuries, while the rest is attributed to overuse injuries.
But clearly it is speculation where one can truly differenti-
ate between trauma and overuse injuries. Contact injuries
(two thirds of the total) are more frequent when compared
to noncontact injuries (one third of the total). Typically,
contact injuries are related to foul play in one third of cases
with a referee sanction in approximately two thirds of cases.
Approximately 60% to 80% of severe injuries occur in the
lower extremities, most commonly in the knee or ankle.
There is a clear difference between male and female
football-related injuries, with female football players hav-
ing at least twice the risk of anterior cruciate ligament
(ACL) and meniscus injury compared with their male coun-
terparts. Males, on the other hand, are more likely to have
groin-associated pathology such as sports hernia symptoms
or hamstring injuries.”® In a current analysis of the 2014
FIFA World Cup in Brazil, Junge and Dvorak documented
1.6 injuries/match or 104 in total. Sixty-four (63.4%) inju-
ries were caused by direct contact with another player. The
injuries most frequently affected the lower extremity (68;
65.4%) followed by the head/neck (19; 18.3%), upper
extremity (10; 9.6%), and the trunk (7; 6.7%). A total of
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0.97 injuries per match did result in absence from training
or match. Eight injuries were classified as severe with a
resulting absence longer than 28 days. There were 12 knee
joint injuries in total, 3 of which were declared as severe.
The overall incidence of match injuries in the 2014 FIFA
World Cup (1.6) was significantly lower (minus 37%) than
the average of the 4 preceding FIFA World Cups, both for
injuries (2.34) and time loss due to injuries.”’

It should be noted that not every posttraumatic pathology
is clearly existent directly after the incident. Selected ath-
letes may continue to play despite symptoms following an
injury. Direct or indirect trauma to the knee joint such as
severe axial compression, distortion, or subluxation can
result in the initial diagnostic finding of a sprain or bruise
without morphological changes as seen on current imaging
methods. Often ill-defined subchondral bone marrow signal
intensities (bone marrow edema or lesion) occur in relation
to such previous mechanical impact.”® In particular, within
previously injured or surgically treated joints. In most cases
such bone marrow lesions do heal spontaneously and with-
out MRI would not even be detected. However, it has been
shown that bone lesions can secondarily predispose cartilage
to defect formation when the support of the subchondral
bone is at least temporarily compromised.”® In this way bone
marrow lesions can directly predispose football players to
early-onset OA. In particular, nonresolving and chronically
symptomatic lesions pose a significant problem to the treat-
ing physician and result in longer absences from play.’*!
Finally, a postinjury painful joint may result in less use of the
joint, with associated secondary muscle atrophy and weak-
ness. Quadriceps weakness occurs in both acute and chronic
knee injury and has been shown to predate the symptoms of
OA.* It may further accelerate the process of degradation,
due to reduced joint stability. Due to career considerations,
peer pressure, and the lack of alternatives many football
players continue training and competition despite pain and
impaired functionality. During another analysis of the FIFA
World Cups between 2002 and 2014, it was found that 69%
of adult male players reported using medication, with more
than half using nonsteroidal anti-inflammatory drugs
(NSAIDs). Up to one third of all players used NSAIDs prior
to every match, regardless of whether they played or not.*
In professional or elite athletes involved in contact sports,
there is a higher incidence of significant joint injuries and a
greater pressure to continue playing despite pain, potentially
adding further insult to the joint. It has been reported that
47% of professional football players retire due to injury.

ACL, Meniscus, Cartilage, Lower
Extremity Malalignment
The knee joint has a complex anatomy that allows 6 degrees

of freedom movement. This flexibility in movement, how-
ever, renders the joint fundamentally more unstable,

Figure |. T2-weighted sagittal image illustrating fresh and
complete anterior cruciate ligament rupture with typical bone
marrow edema at the posterior tibia plateau.

and stability is provided primarily by soft tissue. As in all
diarthrodial joints, knee cartilage has a very limited healing
capacity when morphological defects set in. This is particu-
larly true at postpuberty since it has been shown that joint
tissues of children and adolescents contain a greater intrinsic
healing potential and regenerate better following biological
surgery.”* Typical severe football injuries include rupture of
the ACL (Fig. 1), torn or displaced meniscus (Fig. 2), carti-
lage defects (Fig. 3), injury to the medial collateral ligament
or combinations thereof. Highly frequent medial collateral
ligament sprains or partial ruptures among football players
are conservatively treated and only require surgical interven-
tion in very select cases. No correlation or predisposition for
early OA has been reported in these cases. The same how-
ever is not true for the highly frequent rupture of the ACL in
active football players.” Current evidence for ACL manage-
ment has reported that post-ACL rupture OA will set in irre-
spective of whether the treatment is surgical or
conservative.’**” However, ACL reconstruction gives back
joint stability among noncopers and appears to decrease the
rates of subsequent meniscal and cartilage injuries in young
healthy adults as well as in children and adolescents.’®*
Given that, ACL surgery may decrease the rate of posttrau-
matic OA.*® When ACL surgery is applied, current tech-
niques can until today not completely restore the original
functional anatomy (Fig. 4). In particular, the natural large
ACL footprints, complex bundle structure, biomechanical
properties, and proprioception cannot be fully restored.
Multiple techniques are available to the surgeon, though cur-
rent evidence has not identified a gold standard that results
in an optimal outcome for patients in general and for the
professional football player in particular,”'** Pain-free sta-
bility with full function are required to return the athlete to
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Figure 2. Intraoperative arthroscopic image constituting a
radial split tear at the dorsolateral meniscus mostly in the white
zone peripheral from the meniscus root. According to the West
classification, grade | lesion is indicated for partial resection.

Figure 3. Intraoperative arthroscopic image in display of severe
cartilage defect at the medial femoral condyle, which is grade 3
and thus indicated for repair.

play. Not every subject does return to play while ACL surgery
can be plagued by several and also severe complications.*
Ardern and colleagues have reported in a systematic review
and meta-analysis of 69 articles with 7,556 participants fol-
lowing ACL replacement that on average 81% of subjects
returned to any sport, 65% returned to their pre-injury level
of sport, and 55% returned to competitive-level sport. It was
further described that the contextual factors of younger age
(d=-0.3), male gender (odds ratio [OR] = 1.4), playing elite
sport (OR = 2.5), and having a positive psychological
response (d = 0.3) favored return to pre-injury level sport.
Receiving a hamstring tendon autograft favored returning to
competitive level sport (OR = 2.4), whereas receiving a
patellar tendon autograft favored returning to the preinjury

Figure 4. T2-weighted sagittal image illustrating 6-month
postoperative anterior cruciate ligament reconstruction using
autologous hamstring tendons and interference screw fixation.

level sport (OR = 1.2).**4” Meniscus damage does frequently
appear simultaneously with a rupture of the ACL, but as well
as an isolated finding. Multiple rupture morphology patterns
can occur, while in many cases the surgeon is significantly
limited by the surgical options available. In general, menis-
cus surgery is a subject of medical and political debate.*®
The poor intrinsic healing capacity is related to the limited
blood supply as well as regionally different healing capaci-
ties of the meniscus.” Often partial resection is the sole
solution. Displaced tears such as bucket handle tears have
been reported to rerupture in up to 25% of cases after sur-
gery.”® Meniscal root tears confront the surgeon with a
demanding pathology.’' In any case, loss of meniscus tissue
is acknowledged to be a pre-arthritic condition since multi-
ple functions are lost and the articular cartilage is subjected
to an increased biomechanical exposure.”>** Nawabi ef al.
have analyzed 92 football players of which 42 had a lateral
meniscectomy and 48 had a medial meniscectomy. The
median time to return to play was 7 (5-18) weeks for the
lateral and 5 (3-6) weeks for the medial meniscectomies. At
all time points after surgery, the cumulative probability of
returning to play was 5.99 times greater after medial menis-
cectomy. Lateral meniscectomy cases showed higher
adverse events related to pain/swelling (—29 [69%] vs. 4
[8%]; P <0.001) and more often required a second arthros-
copy (3 [7%] vs. 0). Lateral meniscectomy is also associated
with a significantly lower rate of return to play.** In selected
cases of severe meniscal tissue loss, meniscal substitute
(Fig. 5) allografts can be implanted to restore anatomical
joint function. Marcacci and colleagues have reported a 75%
return to play rate among professional football players fol-
lowing such procedures.™
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Figure 5. Intraoperative arthroscopic image depicting meniscus
substitute sewed to meniscus remnants in order to replace
previously partially resected lateral meniscus pars intermedia.

Cartilage damage is the typical pathological progressive
outcome of meniscal tissue loss and/or chronic ACL
deficiency.” Cartilage defects represent a dramatic health
risk for professional football players.”” The prevalence of
defective cartilage as seen during routine arthroscopy is
alarmingly high.>® Flanigan and coworkers in 2010 reported,
in an analysis of 931 athletes, a cartilage defect prevalence
rate of 36%, which is much higher than that of the normal
population (16%).” Cartilage defects of postpuberty
patients do not heal and instead undergo a pathological pro-
gression, which commonly results in an increased size of
the lesion and an increase in clinical symptoms, though out-
come varies from patient to patient.®*" Currently, multiple
surgical options are available to the treating surgeon with
conflicting scientific and clinical evidence.”**® Novel prod-
ucts are pushed on the market and seem to disappear as
quickly when there is no clear superiority over standard
microfracturing.® Autologous chondrocyte implantation
(ACI) (Fig. 6) is regarded as standard of care for treatment
of large-diameter cartilage defects.®’ Mithoefer and cowork-
ers have reported 72% good to excellent results with signifi-
cant overall improvement of knee function and activity
scores following ACI among professional football players.
The return to play was 83% in competitive players but
lower in recreational players. Return to sport was better for
younger, competitive players with shorter intervals between
injury and ACL® ACI long-term data, however, could not
demonstrate a halt of whole knee joint degeneration with
incomplete recovery with regard to clinical and morpho-
logical outcome.””" Yet no study to date has compared
untreated and surgically treated cartilage defects with mid-
term or long-term follow-up.

The role of joint anatomy in OA predisposition is contro-
versial. It is hypothesized that particularly varus malalign-
ment is a frequent entity among football players.” Yet Thijs

Figure 6. Intraoperative image showing third-generation
autologous chondrocyte implantation product in place to cover
trochlear cartilage defect.

and colleagues have reported that practicing load bearing
sports in general is associated with the same knee varus
alignment in adolescent boys as previously has been indi-
cated in intense football-playing adolescents.” Sauerschnig
and coworkers have shown by use of quantitative imaging
that leg malalignment is not associated with an abnormal
cartilage signal within the overloaded compartment in adult
active subjects.”* However, frontal plane knee mechanical
axis malalignment is considered as an independent risk fac-
tor for the progression of OA.”

Any severe knee joint structural pathology does clearly
predispose the patient for early OA. It is likely that optimal
surgical technique, material and time point, joint circum-
stances such as stability and alignment, rehabilitation, and
compliance will postpone and/or reduce the impound OA
rate—an arrest will never set in. Spahn and coworkers have
analyzed the relative risk (odds ratio) of posttraumatic OA
among certain knee joint injuries in a 2011 meta-analysis.
The relative risk of posttraumatic OA following ACL rupture
has been reported to be increased 2.5 times, following menis-
cus rupture 1.8 times and 4.4 times when these pathologies
appeared at the same time.”®

Osteoarthritis

Osteoarthritis is a slowly developing chronic disease with
multifactorial origin and is the most common joint disease
in the world. OA generally affects single organs (i.e., knee
joint) with damaged cartilage and synovial inflammation
being hallmark characteristics.”’ The current worldwide
prevalence has been reported to be as high as 27%, with
more patients suffering in the developed countries. Up to
50% of those over 65 years of age are affected, whereof
80% are limited in natural movement. Against the fact of
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the significant socioeconomic impact, until today, the com-
plete etiology is unknown. OA remains incurable and treat-
ment for advanced stage OA is restricted to management of
its symptoms. Theories for such pathogenesis are the classi-
cal wear and tear theory (the more strain a joint is exposed
to the more it will wear down).”® Recent evidence suggests
a strong inflammatory component. In either case, a healthy
joint <40 years of age is not the subject of pathologic
wear,'""'? a fact that is also true for the typical professional
football player. On the contrary, certain professions have
been accepted as an occupational illness to predispose for
early OA. To kneel for many thousands of hours in one’s
profession is an accepted occupational risk for early-onset
OA with an increased relative risk of up to 13.0 times higher
when comparing to the normal collective.”” Currently, the
molecular pathophysiologic etiologies for primary OA are
chondrocyte senescence, a reduced sensitivity to growth fac-
tors during repair processes, mitochondrial dysfunction, and
increased oxidative stress. These processes can result in
articular cartilage degradation due to activity of catabolic
and pro-inflammatory proteins. Finally fragmentation of the
cartilage extracellular matrix and resultant fissuring with
potential breakdown of the articular surface can occur.*
Also, an acute injury results in an immediate imbalance of
the intraarticular joint homeostasis, which delineates a dis-
advantageous condition for the joint potentially initiating
long-term sequelae.® ™ A solitary hemarthrosis clearly cir-
cumscribes a pathological intraarticular condition, as it has
been previously described in a dog model where 2 acute
joint bleeds lead to prolonged cartilage damage indepen-
dent of the level of synovial inflammation.* The majority
of knee joint injuries do finally result in OA with a strong
heterogeneity in initiation time point and expression. The
Clearwater Osteoarthritis Study has reported in a prospec-
tive cohort with a sample size of 1.436 subjects that any
history of knee injury is associated with a 7.4 times higher
likelihood to develop knee OA compared to those individu-
als who did not have a history of knee injury.*> Multiple
factors do play a role in such processes. One can distinguish
between early and late onset, as well as primary and second-
ary OA. Primary OA has also been described as idiopathic
since the etiology is unknown. Yet advanced age and female
gender have been declared the 2 major risk factors, in par-
ticular in postmenopausal women. Degeneration is a physi-
ological process that affects the whole human body. The
joints, mostly those that are subjected to advanced biome-
chanical impact (lower extremities), are consequently as
well affected by such degeneration processes.

Genetics in OA

Although the multifactorial nature of OA is well recog-
nized, genetic factors have been found to be strong determi-
nants of this disease. Evidence of a genetic influence of OA

comes from a number of sources, including epidemiologi-
cal studies of family history and family clustering, adoption
studies, twin studies, and exploration of rare genetic disor-
ders related to OA, such as chondrodysplasias. A certain
genetic predisposition increases the risk for primary and/or
early OA development. Genome-wide linkage analyses
have identified selected chromosomal loci that are associ-
ated with a significantly elevated predisposition for primary
OA—osteoarthritis susceptibility genes. Siblings of patients
undergoing hip and knee replacement surgery have a 2 to 3
times increased risk of OA with the heritability rate of
severe OA of 27%.% Identified genes that contribute to the
prevalence and progression of the disease include those
which belong to the bone morphogenetic protein (BMP)
and the wingless-type (WNT) signaling pathways. Most
often it will not be one defective gene that results in OA, but
a combination of genetic disposition and environmental
factors. To date, the lack of a clear genetic linkage for most
families suggests a multifactorial etiology with primary OA
in rare cases without evidence of direct linkage. Along this
line, predictive genomic DNA profiling has been declared a
measure for sports performance. It can be used to aid in
sport selection and elaboration of personalized training and
nutrition programs. It does not detect or determine superior
athletic performance, but can predict abilities and weak-
nesses associated with sports performance, and detect low
penetrance sequence variation not proven to be causative,
but probably contributing, in a cumulative fashion, to the
relevant phenotypic manifestations. However, gene therapy,
as it has clearly proven to be effective in vitro and in
vivo,*"*¥ will probably never reach clinical application for
treatment of non—life-threatening diseases.

Risk Factors for OA

Other unmodifiable risk factors for idiopathic OA are ethnic
origin, with subjects of Caucasian origin being at an ele-
vated risk. Vitamin D deficiency or supplementation was
not shown to be of effect as shown in a randomized con-
trolled trial by Jin and coworkers. Among patients with
symptomatic knee OA and low serum 25-hydroxyvitamin D
levels, vitamin D supplementation, compared with placebo,
did not result in significant differences in change in MRI-
measured tibial cartilage volume or Western Ontario and
McMaster Universities Arthritis Index (WOMAC) knee
pain score over 2 years. The authors concluded that the
findings were not in support of the use of vitamin D supple-
mentation for preventing tibial cartilage loss or improving
WOMAC knee pain in patients with knee OA.* The most
important exogenous risk factors for developing secondary
OA are injury-related macrotrauma (e.g., meniscus root
tear),’ repetitive microtrauma (e.g., ACL deficiency),
increased BMI, previous surgery, and certain lifestyle fac-
tors such as smoking and alcohol abuse.” It is clear that
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among the reported risk factors macrotrauma and repetitive
microtrauma do represent the most important ones in foot-
ball. Microtrauma can occur for example in ACL-deficient
knee joints, or as overload within meniscus-deficient knee
joints. Whittaker and coworkers examined the association
between sport-related knee injury and outcomes related to
development of OA 3 to 10 years postinjury in one hundred
15 to 26 year olds, where 50 had a history of previous injury
and 50 age- and sex-matched cohorts did not. The outcome
measures were Knee Injury and Osteoarthritis Outcome
Score (KOOS), BMI, hip abductor/adductor and knee
extensor/flexor strength, estimated aerobic capacity
VO, ), and performance scores on 3 dynamic balance
tests. Injured participants demonstrated poorer KOOS out-
comes, quality of life, and sport/recreation levels. The
injured were 3.75 times more likely to be overweight/obese
and had lower triple single leg hop scores compared to
controls.

OA among Retired Football Players

The OA prevalence among retired football players has been
reported to be well above the normal population. Kuijt ef al.
have found in a systematic review a prevalence rate of knee
OA between 60% and 80% among a collective of retired
football players. Arliani and coworkers directly compared
27 former male professional football players and 30 male
volunteers from different nonsporting professions using
MRI (both knee joints) and clinical analysis. Both cohorts
had no previous surgery. Both the clinical and magnetic
resonance evaluations and the group comparisons per-
formed in this study revealed that former football players
have a worse quality of life than that of a control group with
regard to physical aspects related to the knee; these aspects
include greater pain, increased symptoms, and substantial
changes in radiographic and magnetic resonance images of
the knee.* This evidence has been reported by numerous
previous authors as well.>*'%®

Football and OA

It has been a matter of debate if playing football necessarily
results in unphysiological OA development. Consequently,
Spahn and coworkers in 2015 analyzed if the sporting activ-
ity of football without injury is linked to a significantly
increased risk for the development of OA. One major aim
was to answer the question if football can be declared as an
occupational illness. For that a total 4.649 papers under-
went a “Title-Abstract-Review” and finally 6 publications
were included for the subsequent systematic review and
meta-analysis. It was found that football players without
injury have an only very slightly increased risk for knee
OA: relative risk 1.3 (95% confidence interval = 1.0-1.7).
The authors concluded that football should not be regarded

as an occupational illness for OA development. In contrast,
among studies without differentiation between injured and
noninjured knees, the relative risk for OA was significantly
increased: 2.9 (95% confidence interval = 2.0-4.1).”
Consequently, exogenous, contact-related trauma to the
lower extremity with potential surgical consequences can
be declared as the major predisposing factor for the genera-
tion of early OA among football players. Not every injury
results in a clear morphological pathology. Sprains, contu-
sions, and bruises occur with high frequency in every foot-
ball match. It is hypothesized that any biomechanical
impact to the joint above a certain individual threshold
might have an initially silent and invisible impact on the
joint, yet causing damage on a molecular level.'™ The ath-
lete will remain asymptomatic and continue the sporting
activity, but is unwittingly prone to early OA when ageing.
If such biomechanical joint impact is being paired with a
significant morphological pathology such as an ACL rup-
ture and surgery will be commenced to repair the torn liga-
ment, chances of developing OA are multiplied.'"'

Conclusion

The sport of football does not predispose players for early-
onset OA, when there is no injury, the players are healthy
and less 40 years of age, and when no risk factors or genetic
predisposition exists. Football has undergone many changes
over recent years with constantly increasing physical
demands placed on the players. The characteristics of foot-
ball are strongly connected to a significantly increased risk
of injury compared to the normal population. In particular,
trauma-related injury to the lower extremities such as knee
and ankle predispose players to early-onset OA, often with
consecutive requirement for surgical treatment to restore
joint anatomy and kinematics. The trauma to the joint itself
induces several molecular pathologic cascades with the
physiological internal aim to rest and repair (inflammation).
The inherent well-balanced intraarticular homeostasis of a
healthy joint is altered.'” Potentially irreversible anti-
autoimmune processes are initiated, and once started are
difficult to abort. It is speculated today that such initial inci-
dence represents a major risk factor for secondary OA at a
certain interval following the trauma. Furthermore, our cur-
rent operative methods to address existing joint defects are
imperfect and do not restore the joint ad integrum. Return to
play is significantly limited.'” The players that do return to
full competition are (declared) posttraumatic, which is a
highly significant predisposition for early OA. A possible
postoperative status is increasing such risk related to a non-
normal joint. Rehabilitation with continued muscle imbal-
ance or decreased proprioception may be incomplete.
Continuation of strenuous activity such as professional
football performance exposes the joint to an unphysiologi-
cal load/overload. Potential symptoms are initially absent,
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neglected, or suppressed by the use of medication.”® Peer
pressure on the football player often has no further benefi-
cial effects on perfect pain/injury management. Playing
with fatigue, previous injury, or muscle imbalance predis-
poses players to overuse, re-injury, and thus early
OA*'1% 1 order to decrease the probability of injury
and early OA among football players, prevention programs
such as the FIFA 11+ have been introduced. These have
been clearly shown to significantly reduce the injury rate
among football players.'® More strict refereeing as well as
fair play have been shown to be effective as well. Future
methods may more effectively treat joint inflammation by
addressing early time points in order to shorten the timely
interval of such negative exposure. Personalized medicine
with aid of biomarkers may support such management.'%”'*®
Certainly, improved surgical methods to better restore joint
anatomy close to integrum are required. And finally reha-
bilitation protocols need to be improved with room for
player to player individualization and functional/morpho-
logical monitoring.
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