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. . . people who are more active and use 

their joints more are subject to an increased 

risk of developing degenerative cartilage 

lesions.”

“

Abstract: Sports activities cause 
increased loads in elite athletes’ 
joints. Current scientific knowledge 
highlights the importance of applied 
mechanical loads on the physiology 
and pathophysiology of the articular 
cartilage. Thus, it is possible that 
sporting activity has a role in the 
development of osteoarthritis (OA),  
a painful and damaging joint disease. 
The aim of the present study was to 
investigate and record osteoarthritic 
alterations in the ankle and foot 
complex in former Greek soccer players 
and also compare them with those 
in the general population. The study 
sample consisted of 170 male, former 
elite soccer players, aged between  
42 and 55 years (mean = 49.8  
years, standard deviation  
[SD] = 7.4). A control group of  
132 men, aged between 42 and  
55 years (mean, 50.7 years, SD = 
9.9), with no regular athletic activity 
were examined. The development of 
osteoarthritic alterations was recorded 
through a questionnaire and clinical 
and radiological examination. 
Radiographic analysis of the images 
in former athletes group showed 
not only more signs of cartilage 
degeneration in comparison with the 
control group (P < .05) but also similar 
clinical manifestations (pain and 
impaired mobility; P > .05). Osteophyte 

formation is a frequent disease among 
former soccer players—with variations 
on radiographic images—but it does 
not appear in their clinical picture. 
However, it is likely that both spurs and 
subchondral sclerosis (main findings) 
are preclinical manifestations of OA.

Levels of Evidence: Prognostic, Level II

Keywords: arthritis and joint disease; 
complex foot and ankle 
conditions

Introduction
Osteoarthritis (OA) 

is the most prevalent 
type of arthritis and the 
most common disease 
of the joints in middle-
aged and older individuals.1-4 A majority 
of individuals older than 65 years have 
radiographic and/or clinical evidence of 
OA. The symptoms are often associated 
with significant functional impairment 
as well as signs and symptoms of 
inflammation, including pain, stiffness, 
and loss of mobility.5 Anatomical analysis 
and application of histopathological and 
imaging techniques have demonstrated 
that OA is not exclusively a disorder 
of the articular cartilage.6 Multiple 
components of the joint are unfavorably 

affected by OA, including the 
periarticular bone, synovial joint lining, 
and adjacent supporting connective tissue 
elements. Many factors are known to 
affect the progression of OA,7 including 
joint instability and/or malalignment, 
obesity, increasing age, muscle weakness, 
peripheral neuropathy, joint surgery,8 
and surprisingly, participation in certain 
sports.9 These factors can be segregated 
into categories that include hereditary 

contributions, mechanical factors, and the 
effects of aging.7

Osteoarthritic changes could also 
occur as a result of any type of injury. 
It is a process that involves progressive 
loss of articular cartilage accompanied 
by the development of bone cysts 
and spurs. Therefore, there should be 
concomitant efforts for restoration and 
reconstruction10,11 of the injured cartilage.

The literature review is mainly 
composed of reports trying to make 
clear whether sporting activity could 
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lead to both joint deterioration and 
appearance of the OA clinical syndrome. 
There are extensive references about 
the impact that sports and injuries have 
on physiological and abnormal joints. 
Moreover, unique features, including 
predisposition to degenerative joint 
disease, the type of sports, and a variety 
of injuries, make it more difficult to 
determine the relationship between 
physical activity and OA.9,12 Athletic 
activity affects different joints differently. 
For example, sporting activity that 
increases the risk of OA in the knee is 
not likely to affect the hip and the ankle 
or vice versa. In addition, injury to soft 
parts of a joint could potentially lead to 
the development of OA.9,12-15

In 1994, Kujala et al9 indicated that 
mixed sports athletes (ie, soccer) are 
at slightly increased risk of requiring 
hospital care for OA of the hip, knee, or 
ankle earlier than runners.

Likewise, professional soccer players 
who were active for 9 or more years 
presented radiographic signs of OA 
changes in the ankle and foot complex 
(AFC; 90%),16 whereas in 55-year-old 
professional players, there was a higher 
percentage of signs of OA in the lower 
limbs than in the control group of the 
same age.

In a comparative research involving 
71 former high-level soccer players who 
compared with 286 amateur players and 
582 nonathletes, professional soccer 
players had comparatively higher risk 
of developing OA of the knee with 
or without injury, but amateur players 
did not have a greater incidence of the 
disease than the general population.17 
Finally, Drawer and Fuller18 showed that 
the risk of OA for former players for at 
least one of the joints of the lower limbs 
is considerably higher than that of the 
general population, whereas people who 
display anatomical abnormalities and 
musculoskeletal injury have a greater 
chance of developing OA. It seems that 
sporting activity in conjunction with high 
mechanical loads is a predisposing factor.

New research suggests that sports (ie, 
soccer)—at particularly high levels of 
competition—may lead to an increased 
risk for developing OA later in life. 

Soccer is recognized as one of the 
most popular sports for adolescents. 
Therefore, as engagement in sport is 
growing rapidly from mere entertainment 
to professional sports, it is necessary 
to investigate physical activity as a 
predisposing factor in the development 
of OA.19 The relatively high injury rate 
in soccer, particularly knee and ankle 
injuries, largely contributes to the 
development of OA because it is much 
more common after joint surgery and 
acute impact. Essentially, any acute 
trauma to a joint can potentially start a 
cascade of events in the joint that lead to 
cartilage degeneration and OA.19

Long-term athletic activity has been 
shown to increase the risk of OA either 
through the “wear and tear process”8 
or through muscular dysfunction.20 
Therefore, people who are more active 
and use their joints more are subject 
to an increased risk of developing 
degenerative cartilage lesions.

Nevertheless, the existing information 
concerning the relationship between 
sports and the wear of joints is 
conflicting.21-23 OA has a long subclinical 
and asymptomatic stage, in which 
changes occur in the articular cartilage 
and subchondral bone with probable 
appearance of mild radiographic 
findings.24 When these changes are 
extensive and irreversible, then the 
patient shows clinical symptoms, with the 
predominant symptom being pain.

Until now, the majority of research 
has focused on knee and hip joint OA. 
AFC has not received similar interest. 
The osteoarthritic disease of that 
complex has distinctive characteristics, 
which distinguishes it from OA of other 
joints OA, leading to differences in the 
prevalence, clinical picture, history, 
and response to therapy. The ankle 
joint presents unique epidemiological, 
anatomical, biomechanical, and biological 
characteristics in comparison with other 
joints of the lower limb.25 Although 
OA occurs frequently as an idiopathic 
condition in the hip and knee, ankle joint 
OA is characterized as secondary and is a 
result of another event or an underlying 
pathological condition.26 The ankle joint 
exhibits unique anatomical and mobility 

characteristics because of its smaller 
and thinner articular surface and retains 
its properties better (tensile stiffness, 
resistance to shear forces) with time 
compared with the hip or the knee.25

Loads are transferred to the foot 
through the hip and the knee and are 
approximately equal; therefore, the 
comparative rarity of OA of the AFC 
cannot be attributed to a lower resultant 
force. The examined cluster is subject 
to higher loads per centimeter squared 
than any other joint. Additionally, that 
joint is injured more frequently, but 
the prevalence of idiopathic arthritis is 
9 times lower than that of the hip and 
knee.27 There are metabolic differences, 
which may explain the relative rarity of 
the idiopathic OA in the ankle joint.25 No 
study has been reported that compares 
the distribution of applied forces on 
the articular surfaces of the hip, knee, 
and ankle. However, the possibility of 
a uniform distribution of forces on the 
articular surface of the ankle over time 
seems valid, although it is not true for 
femoral head or femoral condyles.28,29

The purpose of the current research 
was to investigate the relationship 
between physical activity and occurrence 
of OA in the AFC and compare the 
results with those for the general 
population. An example, for this category 
of athletes, is the development of spurs 
on the front surface of the ankle joint 
because soccer is dominated by these 
kinds of kicks. Meanwhile, the correlation 
between radiographic images of OA with 
symptoms of the disease was recorded 
and processed.

Materials and Methods
The present study, which was carried 

out using a questionnaire and clinical 
and radiological examinations, involved 
2 groups (group A, experimental, and 
group B, controls). Group A included 
150 of 170 former soccer athletes who 
received the questionnaire (88.1% of the 
respondents) who were older than 40 
years (considered as the lower age of 
onset for degenerative joint lesions).17,30 
Sporting activity duration was 8 to 10 
years, from early adolescence until the 
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age of 25 (the mechanical loading on 
joints, during sports, should be present 
for a long time to be regarded as a risk 
factor for OA).17,30

Finally, 105 of 150 were examined 
clinically (70% of the respondents), 
whereas 75 underwent radiographic 
examination (50% of the respondents; 
Table 1). Both clinical examination and 
questionnaire responses were considered 
necessary for a better diagnostic 
approach.

To elucidate reliable conclusions, the 
research should have the characteristics 
of a comparative epidemiological and 
clinical study. Therefore, the frequency 
of OA was checked in a group from 
the general population and the same 
geographical areas with comparable 
basic anthropometric, age, and social 
characteristics as the group of former 
athletes.17,30-33 Group B included 132 
individuals (received questionnaire) 
with no sporting activity both in their 
early years and in the period under 
study; 115 of 132 responded (86.6%). 
Also, 15 participants were excluded to 
normalize the physical measurements 
of the characteristics of individuals 
in the control group with those of 
group A (13, 3%).31,32,34,35 Eventually, 
77 were examined clinically (66.8% 
of the respondents), whereas 70 were 
examined radiographically (60.1% of the 
respondents; Table 1).

As shown in Table 2, no statistically 
significant difference was found in the 
basic characteristics of the 2 groups. 
The following clinical findings were 
recorded: range of motion, pain during 
movement or palpation, grinding, and 
anatomic obliquity.36-38 The existence of 
a positive indication for at least 2 of the 
4 aforementioned clinical findings was 
considered favorable for diagnosis of 
clinical manifestation of OA.36-40 Plantar 
flexion and dorsiflexion of the ankle 
joint less than 50° and 20°, respectively, 
was regarded as limited, whereas 
valgus and varus alignment deformity, 
pronation, supination, abduction, 
and adduction were checked41,42 
according to the recommendations of 
the American Academy of Orthopedic 
Surgeons.43,44

Radiographic examination included 
simple weight bearing, anteroposteriors, 
and profile radiographies of the AFC. The 
analysis of the basic radiographic findings 
included osteophytes, subchondral 
cysts, bone sclerosis, and joint space 
narrowing.45

The statistical analysis was conducted 
using SPSS (Statistical Package for Social 
Sciences; SPSS Inc, Chicago, IL). The 
epidemiological characteristics of the 2 

groups were compared using the  
t test method, and the appearance of 
OA (clinically and radiographically) was 
examined using the z test method.  
A significance level of P = .05 was used.

Results
As revealed by clinical examination 

and questionnaires, no statistically 
significant difference was found in the 

Table 1.

Number and Proportion of Respondents

Former Athletes Control Group

Questionnaires sent 170 132

Responded 150 (88.1%) 115 (86.6%)

Exclusion resulting from 
sample normalization

15 (13.3% of the 
respondents)

Clinical examination
105 (70% of the 
respondents)

77 (66.8% of the 
respondents)

Radiographic 
examination

75 (50% of the 
respondents)

70 (60.1% of the 
respondents)

Table 2.

Comparison of Age and Somatometric Characteristics

Former Athletes 
(n = 105)

Control Group  
(n = 77) P Values

Age, years (SD) 49.8 (7.4) 50.7 (9.9) No statistical 
significance

Height, cm (SD) 178.1 (5.4) 178.3 (7.3) No statistical 
significance

Weight, kg (SD) 84.2 (9.7) 85.3 (6.5) No statistical 
significance

BMI, kg/m2 (SD) 26.3 (2.4) 27 (1.2) No statistical 
significance

Abbreviation: SD, standard deviation.
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incidence of OA between former athletes 
and the control group (z test, P > .05). 
Specifically, 4 participants (4.1%) of 
group A showed clinical signs of OA in 
the AFC, whereas in group B, the figure 
was 3.56% (3 participants).

Comparison of age, somatometric 
characteristics (BMI), and profession 
among former athletes with or without 
a clinical picture of OA (comparison 
within the group of athletes) resulted 
in statistically nonsignificant differences 
in the above parameters, indicating 
that age, BMI, and profession do not 
affect the emergence of OA within the 
group of former athletes. In contrast, the 
comparison of participants in the control 
group, with or without a clinical picture 
of OA (comparison within the control 
group), resulted in statistically significant 
differences in age, BMI, and profession 
(z test, P < .05). Those who showed signs 
of OA were older, had a higher BMI, 
and had a heavier job, suggesting the 
involvement of these parameters in the 
predisposition for expression of OA.

When comparing age, profession, and 
somatometric characteristics among 
the participants of the 2 groups, with 
a clinical picture of OA, there were 
statistically significant differences (z test, 

P < .05) in age and profession (those in 
the control group were older and in a 
more strenuous profession; Table 3).

During a comparative analysis of the 
main clinical findings between former 
athletes and the control group, the 
restriction of range of motion and crackle 
seemed to be the basic signs, followed 
by pain on movement or palpation of the 
joints (Table 4).

In contrast, a statistically significant 
difference (z test, P < .05) was found in 
the appearance of radiographic evidences 
of OA in the AFC. In particular, 6 
former athletes (8.8%) and 3 participants 
(3.7%) from the control group showed 
radiological signs of OA.

Comparison of age, somatometric 
characteristics (BMI), and profession 
among former athletes with or without a 
radiographic picture of OA (comparison 
within the experimental group) 
resulted in statistically nonsignificant 
differences for the above parameters, 
which indicates that the factors of age, 
BMI, and profession do not affect the 
emergence of radiographic OA within 
the group of former athletes. Instead, 
the corresponding comparison among 
individuals of the control group with or 
without a radiographic picture of OA 

(comparison within the control group) 
resulted in a statistically significant 
difference for age and profession. Those 
who displayed radiographic signs were 
older and had more strenuous jobs, 
indicating that age and occupation 
also contribute to the emergence of 
radiographic signs of OA within the 
control group.

Comparison of age, somatometric 
characteristics, and profession between 
former athletes and individuals of the 
control group who showed radiographic 
signs of OA demonstrated a statistically 
significant difference in professions 
between the control and experimental 
groups (participants of the control group 
with more strenuous jobs; Table 5).

A detailed analysis of the basic 
radiographic signs of OA, which are 
subchondral sclerosis, joint space 
narrowing, osteophyte formation, and 
subchondral cysts, showed the presence 
of spur formation and subchondral 
sclerosis. A comparison between the  
2 groups showed statistically significant 
differences (largest) in osteophyte 
formation of the ankle joints in former 
soccer players (z test, P < .05).

Discussion
Is participation in sports a risk factor 

for OA development in the AFC? The 
hypothesis that repeated mechanical 
loads—during participation in sports—
accelerate the development of 
degenerative changes in joints seems to 
be reasonable.46 The literature review of 
the relationship between OA and sport 
leads to inconsistent findings because 
it revealed several concerns regarding 
the methodology of such studies. There 
are several aspects of disagreement in 
the question of whether sporting activity 
is a predisposing factor for OA. During 
continuous athletic activity, normal joints 
can withstand loads without unwanted 
side effects or risk of increase in the 
possibility of OA occurring. Despite 
the fact that moderate physical activity 
does not increase the risk of developing 
OA, according to the existing evidence, 
professional engagement in sport requires 
continuous high-intensity activity, 

Table 3.

Comparison of Age, Somatometric Characteristics, and Occupation Between Former 
Athletes and the Control Group Showing Clinical OA

Former Athletes 
With Clinical Image 

of OA (n = 4)

Control Group With 
Clinical Image of 

OA (n = 3) P Values

Age, years (SD) 51.3 (9.1) 54.7 (9.9) <.05

Height, cm (SD) 179.1 (5.8) 178.3 (7.3)
No statistical 
significance

Weight, kg (SD) 87.2 (12.9) 87.1 (6.5)
No statistical 
significance

BMI, kg/m2 (SD) 26.5 (2.9) 27.5 (1.2)
No statistical 
significance

Profession 2.2 3.7 <.05

Abbreviations: OA, osteoarthritis; SD, standard deviation.
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submitting articular cartilage to large 
mechanical loads. In particular, sports, 
including fast movements and changing 
of direction (ie, soccer), which generate 
torque forces and a great possibility of 

injuries, seem to be a powerful risk factor 
for OA.

In the present study, no statistically 
significant difference was observed in 
the clinical appearance of OA in the AFC 

between former athletes and the general 
population. It is noteworthy that high-
performance athletes showed increased 
frequency of OA in radiographic image. 
They showed a rate of 8.8% for OA 
radiographic lesions, whereas in the 
general population, the rate was 3.7%  
(P < .05). Although it is clear that 
intensive activity is responsible 
for osteophyte formation—at a 
highly increased rate—it does not 
predetermine the degeneration of 
articular cartilage. The radiographic 
image neither certifies the clinical 
syndrome of OA nor affects the frequency 
of the disease in the population studied. 
However, it is likely that the occurrence 
of spurs is a precursor event that possibly 
leads to the appearance of clinical OA at 
an older age.

However, the existing information 
supports the fact that the occurrence of 
OA in many athletes is the result of an 
undiagnosed injury and not the impact 
of mechanical loads. The results of this 
study suggest that further investigation 
into the aggravating factors in the 
appearance of degenerative joint lesions, 
with a concomitant decrease of function 
in daily activities, is warranted. 
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