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Abstract
Sports provide physical, psychological, and
social well-being to individuals. However,
there may be a potentially damaging effect on
articular cartilage with mid- and long-term
exposure to sports. This chapter is aimed to
critically review the existing literature regard-
ing the association between sports participa-
tion and ankle osteoarthritis. This review
demonstrates that in general, there is not
enough evidence to conclude that sports
increase the risk of ankle osteoarthritis. The
existing literature related to this topic is scarce,
and most of the studies have not controlled the
risk analysis for the presence of other poten-
tially associated risk factors for ankle osteoar-
thritis. Further research is needed on this topic
with prospective comparative studies control-
ling for, at least, age, sex, body mass index,
occupational workload, and previous ankle
injuries.

Introduction

Sports participation has clear benefits on social,
psychological, and biological health and can be,
therefore, generally recommended to patients.
However, there have been some concerns on
whether sport participation will damage the
articular cartilage or not. Specifically, some
studies have indicated an increased risk of hip
and knee osteoarthritis from sports participation
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(Vingard et al. 1993; Deacon et al. 1997; Cooper
et al. 1998; Vingard et al. 1998; Lane et al. 1999;
Sandmark and Vingard 1999; Cheng et al. 2000;
Lau et al. 2000; Kettunen et al. 2001), especially
at the elite level (Lindberg et al. 1993; Vingard
et al. 1995; Shepard et al. 2003; Schmitt
et al. 2004). Although some researchers have
suggested an increased risk of ankle osteoarthri-
tis (Fig. 1) in sports as well (Brodelius 1961;
Solonen 1966), the evidence for this association
is not clear. In addition, there are many factors that
may increase the risk of osteoarthritis in athletes
that are not always controlled in the comparative
analysis (Kohatsu and Schurman 1990;
Imeokparia et al. 1994; Olsen et al. 1994; Thelin
et al. 2006; Ratzlaff et al. 2011). Theoretically, to
know the real effects of sports itself on the risk of
ankle osteoarthritis, it is necessary to control for
potentially associated risk factors for the develop-
ment of osteoarthritis.

The purpose of this chapter is to provide a
comprehensive and critical review of the existing
literature regarding studies investigating the rela-
tionship between sports and the risk of ankle
osteoarthritis.

Review of Evidence

There are only few studies investigating the
effects of sports participation on the development
of ankle osteoarthritis. Only 12 studies were

found, from which 2 case series were excluded
(Andersson et al. 1989; Drawer and Fuller 2001).
Thus, ten studies were finally included. Sports
investigated in these studies include soccer, run-
ning, dance, and high jumping. All investigations
were level III-evidence (cross-sectional or retro-
spective case-control) studies, except the one
published by Panush et al. (1995).

Running

There are three studies investigating the effects of
running on ankle osteoarthritis. Panush
et al. compared the prevalence of hip, knee, and
ankle osteoarthritis between 17 male runners
(mean age 56 years) and 18 male non-runners
(mean age 61 years) (Panush et al. 1986). Runners
(53 % marathoners) exercised a mean of 28 miles
per week for a mean of 12 years, corresponding to a
mean lifetime mileage of 17,343 miles. The com-
parison of runners and non-runners was ankle pain
12% and 5%, respectively; osteophytes per subject
2.2 and 1.8, respectively; cartilage thickness
3 and 3.1 mm, respectively; and radiographic
degenerative joint disease 0 % for both groups
(all nonsignificant differences). This study was
not influenced by differences in age, sex, body
weight, and occupational workload, and history of
joint injury was not controlled. The same
group published some years later the 8-year
follow-up of this sample (Panush et al. 1995).

Fig. 1 Ankle osteoarthritis
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Twelve runners (42 % marathoners) and ten
non-runners were available for follow-up (mean
age 63 and 68 years, respectively). In this case,
the quantification of running exposition was mean
running time of 22 years, mean of 22 miles per
week, and mean of lifetime mileage of 25,168. The
authors found no significant differences in terms of
ankle pain, range of motion, swelling, or radio-
graphic osteoarthritis between runners and
non-runners. The statistical analysis comparing
runners and controls was not adjusted for many of
the associated risk factors for osteoarthritis. In
addition, the sample size was small and 20 % of
runners and 10 % of controls were exposed to
different other physical activities.

The effects of running on the risk of ankle
osteoarthritis have been also evaluated by
Konradsen et al. (1990). The authors compared
clinical and radiographic hip, knee, and ankle
osteoarthritis in 27 male orienteering runners
(median age 58 years) and 27 matched controls
(median age 57 years). Running exposition was
mean of 40 years, median mileage of 21–42 km
per week (depending on the age of the subjects),
and percentage of mileage run as competition
between 10 % and 16 % (depending on the age
of the subjects). The researchers found no signif-
icant between-group differences in terms of ankle
pain, alignment, range of motion, osteophytes,
cartilage thickness, or radiographic degenerative
joint disease. Interestingly, this study was
conducted controlling for many of the important
associated risk factors for osteoarthritis (age,
sex, weight, and occupational workload).
Although not formally controlled, previous
ankle injury probably had no influence on the
results. The limitations in this study may be the
small sample size, the poorly detailed statistical
analysis, and the fact that inactive runners were
excluded from this study.

Soccer

Two studies have investigated the effects of soccer
on ankle osteoarthritis. Brodelius was among
the first to investigate the relationship between

sports and ankle osteoarthritis (Brodelius
1961). The author compared 34 male soccer
players (aged 21–46 years) and 16 female dancers
(aged 18–39 years) with 195 control subjects with
regard to radiographic ankle osteoarthritis.
Exposition to sports was 5–20 years for soccer
players and 3–30 years for dancers. Brodelius
showed higher prevalence of ankle osteoarthritis
in athletes compared with controls. In controls,
osteoarthritis increased with age, but was not
related to sex. Radiographic signs occurred in
33 of 34 soccer players and 14 of 16 dancers.
In soccer players, 13 of 15 subjects with previous
ankle injury had radiographic signs of ankle oste-
oarthritis. The study controlled previous injuries,
age, and sex but not other important risk factors.
In addition, the definition of ankle osteoarthritis
was only based on radiographs. Given the design
and details of this study, the most important con-
clusion was that overuse and injury were associ-
ated with ankle osteoarthritis, rather than sports
itself increased the risk of osteoarthritis.

Ankle osteoarthritis in soccer players was
also studied by Solonen (Solonen 1966). The
author reported a clinical and radiological study
comparing hip, knee, and ankle osteoarthritis in
60 male soccer players (mean age 26 years) and
40 control subjects (mean age 41 years). Male
soccer players had 5–23 years of experience
(mean 13 years). Controls were not exposed to
soccer. Twenty-two percent of soccer players had
abnormal ankle range of motion, but some of
them had severe ankle injuries or ankle sprains.
Radiographic evaluation was only possible in
36 soccer players and demonstrated 92 % of
severe radiographic changes of ankle osteoar-
thritis, compared with 20 % in the control
group. The study has several limitations: lack of
inferential comparative statistics, important dif-
ferences in mean age between groups, likely influ-
ence of previous ankle injuries on the risk of
ankle osteoarthritis, and lack of control for
other important associated risk factors (occupa-
tional workload or obesity). The lack of inferential
between-group statistical comparison prevents
any strong conclusion regarding the risk of
ankle osteoarthritis from soccer participation.
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American Football

Vincelette et al. presented a comparative study of
foot and ankle radiographic osteoarthritis
between 59 professional American football
players and 50 age-matched control subjects
(Vincelette et al. 1972). The sample characteris-
tics were all males, mean age 23 years for players
and 23 years for controls. Football exposure was a
mean of 9.5 years in the players group. No con-
trols had ever played football. The author found
that mild signs of osteoarthritis, periarticular
“new bone,” dorsal osteophytes of the talus, and
interosseous ligament calcification in the players
and control groups were 30 % and 6 %, 47 % and
20 %, 20 % and 10 %, and 32 % and 2 %, respec-
tively. For severe changes, the corresponding
values were 63 % and 0 %, 29 % and 0 %, 61 %
and 2 %, and 32 % and 2 %, respectively. In this
study, no statistical comparison was reported,
although the differences appear to be clinically
relevant. The study did not adjust for body mass
index or previous injuries. Occupational workload
was not controlled, but may not be an issue in this
case given that players were young professionals.

Volleyball

Gross and Marti reported a comparative study on
ankle osteoarthritis comparing 22 former elite
volleyball players and 19 healthy age-matched
untrained controls (Gross and Marti 1999).
Players had a mean age of 34 years (36 years in
the control group) and had played during an aver-
age of 5.5 h per week for 8.5 years. Most volley-
ball players had an injury (ankle sprain, lateral
ligament ruptures, or mechanical instability) and
eight underwent surgical repair. While
subchondral sclerosis and osteophytes were sig-
nificantly more prevalent in volleyball players
than in controls, the difference in joint space
narrowing was not significant. No severe grades
of ankle osteoarthritis could be observed in the
former elite volleyball players. The authors only
found that anterior drawer sign and functional
instability were significant and independent pre-
dictors of an increased radiological index for

ankle osteoarthritis. In contrast, career length,
intensity as volleyball player, clinical signs of
ankle instability, and age were not independent
predictors of ankle osteoarthritis. The authors
concluded that volleyball could not be considered
an independent risk factor for ankle
osteoarthritis.

Dance

In addition to the study previously reviewed by
Brodelius involving ballet dancers (Brodelius
1961), van Dijk and co-workers reported a case-
control study aimed to investigate the risk of hip,
ankle, subtalar, and first metatarsophalangeal
joint osteoarthritis in a similar sample (van Dijk
et al. 1995). The authors assessed 19 female
ex-ballet dancers (mean age 59 years) with a
mean duration of their career of 37 years (mean
time of dance per week of 45 h) and 19 female
controls. The authors found significantly higher
prevalence of ankle osteoarthritis in ballet
dancers compared with controls. This study was
controlled by age, sex (only females included),
height, and weight, but not for occupational work-
load and previous injury, among others. Of partic-
ular concern is that all ballet dancers had previous
joint injuries, although no details on the type of
injuries were reported. Forty-seven percent of
control subjects had been exposed to recreational
sports for an average of 2 h per week for 8 years.

High Jumping

Schmitt et al. studied the prevalence of clinical
and radiographic ankle osteoarthritis in 40 for-
mer elite male high jumpers (mean age 42 years,
mean years of retirement 16) at least 10 years after
retirement from competition compared with
40 age-, sex-, and body mass index-matched
controls. The characteristics of sport exposition
were duration of career mean 10 years, training
18 h per week, strength training 5 h per week,
jumps per week 716, and sports after retirement
4 h per week. Training history was obtained with
the aid of questionnaires. The researchers found a
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significant negative correlation between the num-
ber of jumps during the active carrier and radio-
logical scores, with no radiological differences
between the takeoff and swinging leg. Athletes
did not have more ankle osteoarthritis compared
with the matched controls. Severe joint space
narrowing was rare in former athletes. Joint inju-
ries in the past were related to a poorer radiolog-
ical score, i.e., increased signs of osteoarthritis.
The authors were not able to demonstrate that high
jumpers had an increased risk of ankle osteoar-
thritis. The study had some limitations: associ-
ated risk factors for osteoarthritis were not
controlled, statistics for radiographic changes not
detailed, and exposure to other sports after
retirement.

Combination of Sports

There is one study that included information on
ankle osteoarthritis in athletes of different
sports. Kujala et al. published a national
population-based study comparing the cumulative
21-year incidence of hospital admissions for hip,
knee, and ankle osteoarthritis between 2,049
male athletes who had represented Finland in
international events during 1920 and 1965 and
1,403 controls previously classified as healthy at
the age of 20 years (Kujala et al. 1994). Athletes
were divided into endurance (long-distance run-
ning, cross-country skiing), team (soccer, ice
hockey, basketball, track and field), and power
(boxing, wrestling, weight lifting, throwing)
sports. The authors found that the percentage of
ankle osteoarthritis in endurance, team, and
power sports was 0 %, 0.6 %, and 0.4 %, respec-
tively, and 0% in the control subjects. The authors
also reported the odds ratio for osteoarthritis in
the athletes compared with controls, but this infor-
mation was unfortunately not specified for ankle
osteoarthritis. However, it is unlikely that there
were significant differences in the risk of ankle
osteoarthritis between athletes and controls (only
nine athletes were admitted to the hospital for
ankle osteoarthritis in the studied period).
Therefore, it might be concluded that sports do
not increase the risk of ankle osteoarthritis.

Some additional limitations included the lack of
control for history of joint injury, the absence of
matched controls for some sports (ice hockey,
basketball, weight lifters), and the lack of infor-
mation for sport exposure. In addition, consider-
ing only hospital admissions for osteoarthritis
may miss other patients with less severe cases of
osteoarthritis not seeking treatment and not in
need of surgical treatment.

Discussion

Osteoarthritis is a prevalent disorder in many
countries, and this may be explained, at least in
part, by a longer life expectancy. It is likely that
the presence of other risk factors plays an impor-
tant role in the etiology of osteoarthritis. Some
researchers have suggested a damaging effect of
sports on the articular cartilage of the ankle
(Brodelius 1961; Solonen 1966). However, the
analysis of a specific risk factor must be
performed taking into account that other risk fac-
tors are influencing the risk of osteoarthritis for
the studied risk factor. Thus, the primary goal of
this chapter is to provide a comprehensive and
critical review of the existing literature regarding
studies investigating the relationship between
sports and the risk of ankle osteoarthritis. The
principal findings of this review are as follows:
(1) the literature investigating the association is
limited; (2) most of the existing studies have not
controlled the risk analysis for the presence of
other potentially associated risk factors for ankle
osteoarthritis; and (3) in general, there is not
enough evidence to conclude that sport increases
the risk of ankle osteoarthritis.

The most important limitations were the lack of
control for other potential risk factors for osteo-
arthritis; the retrospective or cross-sectional
nature of most of the studies; the limited informa-
tion on the length of follow-up, as well as rela-
tively short follow-up when this information was
provided; and a lack of specific quantification of
the exposure to sports. Some of the existing stud-
ies are case series with lack of a control group
(Andersson et al. 1989; Drawer and Fuller 2001),
which means that the risk of osteoarthritis from
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sports participation cannot be assessed. Regard-
ing the type of studies, none of them were pro-
spective in nature. Studies with level III evidence
(case-control or cross-sectional) do not provide a
strong causal-effect relationship between sports
and ankle osteoarthritis. Also, follow-up should
be long enough to establish the real effects of
sports on articular cartilage. In terms of the poten-
tial influence of other risk factors, it is important to
understand that ankle osteoarthritis may be
related to many factors, including, but not limited
to, older age, female sex, obesity, osteoporosis,
occupation, sports activities, previous joint
injury, muscle weakness or dysfunction, proprio-
ceptive deficit, lower limb malalignment,
leg-length inequality, and genetic factors (Felson
et al. 2000; Hunter et al. 2002; Aluoch and Wao
2009; Bosomworth 2009; Neogi and Zhang
2011). As the presence of any of these factors in
an athlete may increase the risk of osteoarthritis
rather than the exposure to sports itself, the risk
analysis for each sport should be controlled for
the presence of as many of these factors as possi-
ble. There are some potentially associated risk
factors that may have major relevance, like age,
sex, weight, occupational workload, and previous
injuries (Kohatsu and Schurman 1990;
Imeokparia et al. 1994; Felson et al. 2000; Hunter
et al. 2002; Thelin et al. 2006; Aluoch and Wao
2009; Bosomworth 2009; Neogi and Zhang
2011).

The present review differentiates between
studies controlling three or less of these important

risk factors or those controlling four or five of
them. Table 1 summarizes the evidence for each
sport depending on the quantity of risk factors
controlled. None of the reviewed studies have
controlled or considered all of these factors simul-
taneously. As shown, only the study by
Konradsen et al. controlled many of the important
risk factors (Konradsen et al. 1990). Only previ-
ous injuries were not completely controlled in
their study, as there were three patients with inju-
ries (although one of them was excluded from the
comparative analysis). From these studies, one
may conclude that running does not increase the
risk of ankle osteoarthritis. The evidence for the
other sports (American football, volleyball, high
jumping, and ballet) is too limited (only one study
in each sport) to draw clear conclusions. Soccer
could not be included in Table 1 because no sta-
tistical comparison was provided (Brodelius
1961; Solonen 1966), and accordingly so no
clear conclusions can be drawn. In general, five
of seven studies concluded that sports were not
related to ankle osteoarthritis.

Conclusions

• The literature investigating the association
between sports and ankle osteoarthritis is
limited.

• Most of the existing studies have an insuffi-
cient control of potential associated risk factors
for osteoarthritis (age, gender, body mass

Table 1 Summary of evidence regarding risk factor for ankle osteoarthritis of each sport

Studiesa

Risk factor for ankle osteoarthritis

�3 confounding factors
controlledb

�4 confounding factors
controlledb

Total number of
studies

Yes No Yes No Yes No

Running 0 2 0 1 0 3

American football 1 0 0 0 1 0

Volleyball 0 1 0 0 0 1

Ballet 1 0 0 0 1 0

High jumping 0 1 0 0 0 1

Total 2 4 0 1 2 5
aEach study may appear in more than one sport
bThe risk factors considered were age, sex, body mass index, occupational workload, and previous ankle injuries
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index, occupational workload, and previous
ankle injuries).

• In general, there is not enough evidence to
conclude that sports increase the risk of
ankle osteoarthritis.

• The limited evidence available for sports par-
ticipation and risk of ankle osteoarthritis
refers to running, soccer, American football,
volleyball, high jumping, and ballet.

• Running, even in subjects with high cumula-
tive lifetime mileage, is not associated with
increased risk of ankle osteoarthritis.

• The evidence for soccer, American football,
volleyball, high jumping, and ballet is too
limited to draw any clear conclusion.

• The evidence suggesting that soccer increases
the risk of ankle osteoarthritis is too limited to
draw any conclusions.

• Future research is clearly needed before any
strong conclusions can be stated about ankle
osteoarthritis and sports participation.

Cross-References
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