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Objective: To determine the functional and radiological status of knee joints of retired
Australian Rules footballers compared with those of active community members.

Design: Retrospective cohort study.

Participants: Fifty retired elite footballers aged 34-85 years (mean, 53.7 years; SD,
11.4) from four AFL clubs and 50 age-matched controls (35-79 years; mean, 55.7
years; SD, 12.4) who had played no contact sport since their teenage years.

Main outcome measures: Severity of knee functional osteoarthritis as determined
by a questionnaire, and assessment of osteoarthritis by posteroanterior weight
bearing radiographs taken of both knees of each participant in 45-degree flexion.

Results: After adjusting for age, height, weight and body mass index, footballers had
a significantly greater prevalence (P<0.0001) and severity (P<0.05) of functional
and radiological osteoarthritis than controls. Footballers with a history of intra
articular ligamentous and/or meniscal injury (Group 1) had a greater risk of functional
osteoarthritis (P=0.002) and radiological (P=0.067) osteoarthritis than those with a
history of collateral ligament injury or no injury (Group 2). Compared with controls,
the odds of developing moderate to severe levels of functional and radiological
osteoarthritis were 6.9 times (95% CI, 1.6-29.7; P=0.01) and 105.0 times (95% CI,
11.8-931.8; P< 0.0001), respectively, those in Group 1 footballers and 3.6 times
(95% CI, 0.8-16.2; P=0.10) and 17.7 times (95% CI, 2.2-146.2; P=0.0075),
respectively, those in Group 2 footballers.

Conclusions: Elite Australian Rules footballers have a significant risk of both
functional and radiological osteoarthritis, and a history of intra-articular ligament or
meniscal injury increases this risk.

The joints of people who play Aus
tralian Rules football (ARF) are
subjected to a significant amount

of torque and load. Also, playing ARF
can result in acute, usually self-limited,
injuries; a number of studies have high
lighted the injury profile in professional
and semiprofessional football.I-' It is
possible that both chronic joint loading
and acute injury may lead to the devel
opment of early traumatic osteoarthritis.

To investigate these possibilities, we
compared the functional and radiologi
cal status of the knee joints of a sample
of retired Australian Rules footballers
with those of control participants. The
knee joint was specifically studied
because it is a common site of debilitat
ing injuries in Australian Rules football. 2

Methods

Former elite footballers were recruited
from four top-echelon Australian Foot
ball League (AFL) clubs which provided
a list of 65 previous players for whom
they had current addresses and phone
numbers. Of these, 51 footballers agreed
to participate in the study (response
rate, 78%). One was excluded as he had
been diagnosed with a secondary cause
of osteoarthritis.' All participants were
retired AFL footballers aged between 34
and 85 years (mean, 53.7 years; SD,
11.4).

Fifty age-matched controls who had
not played contact sport since their
schooldays and had had no knee injury
during sporting days were recruited
from volunteers at two lawn bowls
clubs and from among teachers at two
high schools (mean, 55.7 years; SD,
12.4; range, 35-79 years).
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Footballers and controls completed a
questionnaire that sought information
on age, height, weight, family history of
osteoarthritis, and on number of games
and years of football played, total
number of years of other sports played
and details of any knee injury. Foot
baIlers were divided into two groups
according to their self-reported knee
injury diagnoses: Group 1 comprised
those with a history of intra-articular lig
amentous (anterior or posterior cruciate
ligament) and/or meniscal injury; Group
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2 comprised those with a history of col
lateral ligament injury or no injury at all.

To provide an indication of functional
osteoarthritis, participants scored the
severity of osteoarthritis in their knee
joints as nil, minor, moderate, severe
or very severe (using a validated ques
tionnaire"). To assess osteoarthritis
radiologically, in all participants a pos
teroanterior weight-bearing x-ray was
taken of each knee with the knee in 45
degree flexion. Rosenberg et al. 6 found
this to be more accurate, more specific
(no false positives) and more sensitive
(fewer false negatives) than the conven
tional extension weight-bearing antero
posterior radiographs in assessing
osteoarthritis.

We developed a scoring system
(shown in Box 1) to grade the severity of
radiological osteoarthritis. Radiographs
were individually assessed in a blinded
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1: System for grading rad iological
features

Minimum joint heigh t

;;.4mm 0
2-3mm 2
0- 1 mm 4

Difference between knees > 3 mm 2

Subchondral cysts 2

Subchondral sclerosis 2

Loose bod ies 2

Malalignm ent 2

injuries in the control group during their
lifetimes. Only 19 footballers (38%) had
never sustained a knee injury, compared
with 47 controls (94%). Meniscal injury
contributed to 46% of the total number
of footballers' knee-injury diagnoses,
with the remainder being ligament
injuries, comprising medial collateral
(19 %), anterior cruciate (18 %), lateral
collateral (9%) and posterior cruciate
(8%).

Twenty-one footballers (42 %) had
had surgery to one or both knees on at
least one occasion as a result of a foot
ball injury. Another three (6%) had had
surgery to one knee despite never
having sustained a knee injury during
their career; these operations were for
osteoarthritic changes and included an
osteotomy, a total knee replacement and
a knee arthroscopy. Only three control
participants (6%) had injured their
knees on one occasion; two had had
meniscal injuries and one a medial col
lateral ligament injury. Two controls had
had arthroscopic surgery despite never
having had an acute knee injury.

Radiolog ical grade
of osteo arthritis

Functional and radiological
osteoarthritis

Footballers had a significantly greater
prevalence of functional osteoarthritis
than controls, even after adjusting
for age, weight, height and BMI
(P<O.OOOI). The odds of a footballer
developing some degree of functional
osteoarthritis were 10.1 times those of
controls (95% CI, 3.7-28.1 times).
Twenty-nine footballers (58%) reported
symptoms of functional impairment,
compared with only six control partici
pants (12%). Moderate to very severe
levels of functional osteoarthritis were
reported by significantly more foot
baIlers than controls (Table 2).

Similarly, knees of footballers had a
significantly greater prevalance of radi
ological osteoarthritis than knees of con
trols. Sixty-six per cent of the
footballers' knees had some signs of
osteoarthritis on x-ray, compared with
24% of the control participants' knees.
In the footballers, 25% of knees had
severe osteoarthritis,. compared with
only 1% of knees in control participants
(P= 0.0001) (Table 2). The odds of a
footballer developing some degree of
radiological osteoarthritis were 4.0 (95%
CI, 1.9-8.2) times those of controls
(P< 0.0001).

In addition, weight and age were pos
itively related to the prevalence of radi
ological osteoarthritis. For each one
kilogram increase in weight and each
one-year increase in age, the risk of
developing radiological osteoarthritis
increased by a factor of 1.06 (95% CI,
1.02-1.09; P= 0.003) and 1.03 (95%
CI, 1.00-1.06; P=0.034), respectively.

The weighted kappa (K) coefficient for
the agreement between the functional
and radiological ratings of knee
osteoarthritis was 0.78 for the foot
baIlers and 0.86 for the controls.

Acute knee injuries and osteoarthritis

There was no significant difference in
the presence of functional osteoarthritis
between footballers who had had any
injury to their knees (65%) and foot
baIlers who had never injured their
knees (48%). There was also no differ
ence in the distribution of functional
osteoarthritis ratings between foot
baIlers with and without knee injuries.

Radiological signs of osteoarthritis
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Peripheral
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Central
Small
Medium
LargeStatistical analysis

We analysed the data using Statistical
Package for Social Sciences." We com
pared characteristics of footballers and
controls using independent t tests or
Mann-Whitney U tests, and levels of
functional and radiological ratings
between different groups using univari
ate X2 tests. For functional osteoarthri
tis ratings, the categories of moderate,
severe and very severe were combined
for statistical analyses because of small
numbers in these categories. We used
multiple forward stepwise logistic regres
sion to compare the prevalence of func
tional and radiological osteoarthritis
between different groups. To adjust for
potential confounding effects, age,
height, weight and body mass index
(BMI) were included as covariates in
these analyses. Only those variables
which contributed significantly to the
final model were retained in the analy
ses. Two-tailed levels of significance
were set at P< 0.05.

Results

manner by an experienced radiologist
and a sports physician. Their findings
were correlated to give a score which
was agreed upon by both individuals.

Ethical approval for the study was
granted by the Committee of Human
Ethics in Research and the Radiation
Safety Sub-Committee, Austin Hospital,
Heidelberg, Victoria. Informed consent
was sought from all participants.

Characteristics of participants

Descriptive data for footballers and con
trols are shown in Box 2. There was no
significant difference in age or in family
history of osteoarthritis between the two
groups. However, footballers were on
average 6.6cm taller, 12.2kgheavierand
had a BMI 1.8 kg/rn- greater than the
controls. Footballers and controls had
participated in a similar number of years
of non-contact sport. Footballers had
played a mean of 360.1 (95% CI,
358.7-361.5) games of football over
a mean of 19.4 years (95% CI,
18.0-20.8).

The footballers sustained an average
of 1.1 acute knee injuries (range, 0-5)
during their AFL careers as a result of
playing football, compared with 0.1 knee
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Mean or Mean or
Characterist ics number (%) 95%CI number (%) 95%CI

Mean age (years) 53.7 50.5-56.9 55.7 52.3-59.1

Mean height (em) 181.4 179.3-183.5 174.8" 173.5-176.3

Mean weight (kg) 89.0 86.1-92.0 76.8" 74.6-79.0

Mean body mass index (kg/rrJ2) 27.0 26.3-27.8 25.2" 24.6-25.8

Mean years of sport , excluding football 25.8 20.7- 30.9 39.6 32.1- 47.1

History of knee-joint injury 31 (62%) 24.5-37.5 3 (6%)" 0.5-5.5

Severity of functional osteoarthritis
Nil 21 (42%) 14- 29 44 (88%) 40-49

Minor 17 (34%) 11-24 3 (6%) 0-6.3

Moderate/severe/very severe 12 (24%) 6- 18 3 (6%)" 0-6.3

Severity of radiological osteoarthritis
(Total, 100 knees)
Nil 34 (34%) 25-43 76 (76%) 65-77

Mild 30 (30%) 21-39 23 (23%) 15-31

Moderate 11 (11%) 5-17 0 0

Severe 25 (25%) 17-34 1 (1%)" 0-3

Discussion

Footballers

• Difference between fool bailers and controls significant at P < 0.001.

one meniscus showed radiological signs
of osteoarthritis at follow-up, while
only 40 of the 121 unoperated knees
showed radiological changes. 8

Our findings support a relationship
between a history of meniscal or intra
articular ligamentous injury and a
greater risk of developing functional and
radiological osteoarthritis regardless of
the medical management players
received at the time of injury and there
after. The large age range of our foot
baller participants means that their
playing careers extended over two vastly
different eras of surgical management of
knee injuries - the prearthroscopic and
the arthroscopic. As it was difficult to
clearly divide the footballers into these
two eras, we were not able to analyse our
results on this basis. However, this
would be an interesting comparison.

We acknowledge the potential for mis
classification of injury diagnosis in our
study as it was not possible to obtain
medical verification of the participants'
injury recall. Further, the injuries of
some footballers, particularly of older
players, may have been incorrectly diag
nosed as their knee injuries occurred at
a time when tears of the anterior cruci
ate ligament were generally not well
diagnosed and often overlooked.

While we found that intra-articular
knee injuries were associated with a
greater risk of osteoarthritis, footballers
with uninjured knees or with extra-artic
ular injuries were still more likely to
develop osteoarthritis than control par
ticipants, implying that other causative
factors are important in osteoarthritis.

Of relevance to football is the role of
impact stress loading and biomechanical
factors. IS In addition to the risk of acute
injuries, in ARF the knee is subjected to
high loads from running, twisting and
jumping. Our footballers had played a
large number of games of football over
many years. Such loads repeatedly
applied over a footballer's playing career
could feasibly increase the risk of
osteoarthritis of the knee.

Physical characteristics, including
height, weight and body mass index, can
also contribute to the development of
osteoarthritis. IS Obesity is known to be
associated with a higher incidence of
osteoarthritis of the knee. 16 In our
group of participants, we found weight
to be a significant, independent pre-

Controls

Our results show that retired AFL foot
baIlers had a greater prevalence of
osteoarthritis, assessed both functionally
and radiologically, than a group of
active age-matched controls with no
exposure to contact sports after their
teenage years. These findings were evi
dent even when controlling for other
factors such as age, weight, height and
BMI which can influence the risk of
osteoarthritis. Furthermore, footballers
had more severe osteoarthritis than
controls.

Current literature suggests that an
important determinant of the long term
prognosis of a footballer's knee injury is
the type of injury sustained.v-" Intra
articular knee injuries appear to be as
sociated with a greater risk of
osteoarthritis. In his analysis of 91
soccer players who had undergone
meniscectomy (either partial or total),
Muckle found that all had developed
radiological changes of knee osteoarthri
tis within 10 years of meniscectomy. 10

Chantraine, in a study of 81 former
soccer players, showed that all 42 knees
that had undergone excision of at least

was 3.6 times (95% CI, 0.8-16.2;
P=0.10) and 17.7 times (95% CI,
2.2-146.2; P=0.0075), respectively.

2: Characteristics of the 50 footbailers and 50 controls

were present in more knees of foot
baIlers that had been injured (78%) than
in those that had not (58%). However,
this trend was not significant (P= 0.055)
when corrected for weight.

Group 1 footballers (intra-articular
ligament or meniscal injury) had a sig
nificantly greater prevalence of func
tional osteoarthritis than Group 2
footballers (collateral ligament injury or
no injury), even after adjusting for
covariates (P= 0.002). The risk of func
tional osteoarthritis in Group 1 foot
ballers was 8.1 times that of Group 2
footballers (95% CI, 3.5-30.6 times).
After adjusting for weight, there was a
trend for a greater prevalence of radio
logical osteoarthritis in the knees of
Group 1 footballers than in those of
Group 2 footballers (P= 0.067). Severe
osteoarthritis was found in 45% and
16% of knees in Group 1 and Group 2
footballers, respectively. Conversely, in
20% of Group 1 knees and 41% of
Group 2 knees there were no radiolog
ical signs of osteoarthritis.

Compared with control participants,
Group 1 footballers were 6.9 times more
likely to develop moderate to severe
levels of functional osteoarthritis (95%
CI, 1.6-29.7; P= 0.01) and 105.0 times
more likely to develop radiological
osteoarthritis (95% CI, 11.8-931.8;
P< 0.0001); for Group 2 footballers, this
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dictor of radiological osteoarthritis, but
not of functional osteoarthritis. Being 10
kg heavier was associated with an
approximate IO-fold increase in the risk
of signs of radiological osteoarthritis.

In conclusion, we found a higher
prevalence and severity of osteoarthritis
in the knee joints of retired AFL players
than in those of age-matched controls. A
history of intra-articular ligament or
meniscal injury appeared to place a foot
baIler at higher risk of osteoarthritis. It
is to be hoped that developments in
sports medicine, including improved
recognition and management of acute
knee injuries, may decrease the preval
ence and severity of osteoarthritis of the
knee in those who are now playing Aus
tralian Rules football.

Acknowledgements
We thank the staff of Olympic Park Sports Medicine Centre
for their support, Nina Smart for technical assistance,
Steven Farrish for statisticai advice, Professor Ken Hardy
for guiding the project, and all the participants for giving up
their time,

References
1. Sali A, McColl D, Dicker G. The extent of injuries in VFL

footballers. AustFam Phys1981; 10: 169-172.

2. Seward H, Orchard J, Hazard H, Collinson D, Football
injuries in Australia at the elite level. Med J Aust 1993;
159: 298-301.

3. Shawdon A, Brukner P Injury profile of amateur Aus
tralian Rules footballers.AustJ SciMedsoon 1994; 26:
59-61,

BOOKS RECEIVED

250 short cases in clinical medicine. 2nd ed. R Baliga,
London: W B Saunders 1997 (xvi + 638 pp., $39.00).
ISBN 0-7020-2205-5.

Allergies and their management. R Walls, Sydney:
Maclennan & Petty 1997 (ix + 259 pp., $60.00). ISBN
0-86433-115-0.

An introduction to dermatological surgery. C
Lawrence. Oxford: Blackwell Science 1996 (vi + 151
pp., $60.00). ISBN 8-86542-964-2.

Analysis of wastewater for use in agriculture. R Ayres,
D Mara. Geneva: WHO 1996 (iv+ 31 pp. US$10,80).
ISBN 92-154484-8.

Clinical examination, a systematic guide to physical
diagnosis. 3rd ed. N Talley, S O'Connor, editors.
Sydney: Maclennan & Petty 1996 (xxiii + 496 pp.
$65.00). ISBN 0-86433-102-9.

Clinical gastroenterology: a practical problem-based
approach. N Talley, C Martin, editors. Sydney:
Maclennan & Petty 1996 (xi + 448 pp., $60.00). ISBN
0-86433-097-9.

Epilepsy, pregnancy and the child. S Ried, G Beck
Mannaqetta. Oxford: Blackwell Science 1996 (Viii + 82
pp., $32.00). ISBN 0-632-04164-1.

Examination medicine: a guide to physician training.

190

4. Altman R, Asch E, Bloch D, et al. Development of cri
teria for the classification and reporting of osteoarthri
tis - classification of osteoarthritis of the knee, Mh
Rheum 1986; 29: 1039-1049.

5. Lequesne M, Sampson M, Indices of severity in
osteoarthritis for weight-bearing joints. J Rheum
1991; 18 (SuppI27): 16-17,

6, Rosenberg T,Paulos L, Parker R, Coward D, Scott S,
The forty-five degree posterioanterior flexion weight
bearing radiograph of the knee. J Bone Joint Surg
1988; 70-A: 1479 -1483,

7. SPSS [computer program], version 4 (for Macintosh).
Chicago, III: SPSS Inc, 1990.

8. Chantraine A. Knee joint in soccer players: osteoarthri
tis and axis deviation. Med Sci Spotts Ex 1985; 17:
434-439,

9. Funk F. Osteoarthritis of the knee following ligamentous
injury. Clin Onn 1993; 172: 154-157,

10. Muckle D, Factors affecting the prognosis of menis
cectomy in soccer players. BrJ SpottsMed 1983; 17:
88-90.

11. Jacobsen K. Osteoarthrosis followinq insufficiency of
the cruciate ligament in man. ActaOnhScan 1977; 48:
520-526.

12. Jorgensen U, Sonne-Hoim S, Lauridsen F, Rosenklin
A. Long-term follow-up of meniscectomy in athletes. J
BoneJoint Surg 1987; 69-B: 80-83.

13. Neyret P, Donell S, Dejour H. Results of partial menis
cectomy related to the state of the anterior cruciate
ligament. J BoneJoint Surg 1993; 75-B: 36-40.

14. Neyret P, Donell S, Dejour D, Dejour H. Partial menis
cectomy and anterior cruciate ligament rupture in
soccer players. AmJ SpottsMed 1993; 21: 455-460.

15. Panush R, Brown D. Exercise and arthritis. SponsMed
1987; 4: 54-64.

16. Kellgren J. Osteoarthrosis in patients and populations.
BMJ 1961; 2: 1-6.

(Received 11 Dec 1995, accepted 8 Oct, 1996 0

N Talley, S O'Connor, editors, Sydney: Maclennan
& Petty 1996 (xvii + 286 pp, $58,00). ISBN 0-86433
111-8.

Examination obstetrics and gynaecology. J Goh, M
Flynn. Sydney: Maclennan & Petty 1996 (x + 246 pp.,
$45.00). ISBN 0-86433-122-3.

Level 4: virus hunters of the CDC. J McCormick, S
Fisher-Hoch, L Horvitz. Rydalmere: Hodder &
Stoughton 1996 (viii + 381 pp., $24.95), ISBN 0-7336
0390-4.

MINIMS script on CD-ROM. MIMS Australia. Sydney:
MIMS Australia 1996 ($128.00 [CD-ROM]).

Neurophysiological basis of cerebral blood flow
control: an introduction. S Mraovitch, R Sercombe,
editors. London: John Libbey 1996 (xi + 408 pp.
$88.00). ISBN 0-86196-272-9.

Overcome neck and back pain. Revised ed. K
Laughlin. Sydney: Simon & Schuster 1996 (vi + 197
pp., $35.00). ISBN 0-7318-0601-8.

Panic attacks: a practical guide to recognising
and dealing with feelings of panic. S Breton. London:
Vermillion 1996 (126 pp., $19.95), ISBN 0-09-181
315-8.

Practice standards and definitions. J Johnstone, M
Vienet. South Melbourne: The Society of Hospital
Pharmacists of Australia 1996 (approx. 100 pp.,
$59.50). ISBN 0-9588944-9-3.

fDZotOil
ZOTON*CAPSULES
(lansoprazole 30 mg)
ABRIDGED PRODUCT
INFORMATION
INDICATIONS: I. Treatment of reflux oesophagtus. duo
denal ulcer and benign gastric ulcer. 2. Benign pepnc
lesions that do not respond 10 H2-receptor antagonists.
CONTRAINDICATIONS: Hyper-sensitivity to tansopra
zole and other proton pump inhibitors. severe hepatic
impairment. WAR"lINGS: Exclude undiagnosed matig
nancy. Enterochromaffin-Iike (ECL) cell hyperplasia and
gastric carcinoid tumour were observed in animal stud
ies (see PRECAUTIONS). Retinal atrophy was observed
in rats. PRECAL'TIONS: Agents that eievate gastric pH
may increase the already-present risk of nosocomial
pneumonia in intubated ICU patients receiving
mechanical ventilation. Carcinogenicity and
Mutagenicity: Hypergastrlnaernia secondary to pro
longed hypochlorhydria has been postulated to be the
mechanism by which ECL cell hyperptasia and gastric
carcinoid tumours develop. Impaired hepatic function:
metabolism of lansoprazole is prolonged in patients
with severe hepatic impairment. Impaired renat func
tion: no need to alter dosage in patients with impaired
renal function. USE IN PREGNAl':CY and LACTATIOl'::
Category B3. Lansoprazole should only be given to
pregnant women if it is considered essential. The use
of lansoprazole during breast feeding should be avoid
ed. USE IN ELDERLY Ao"lDCHILDREN: Dosage adjust
ment is not normally required in the elderly. There
is no experience with the use of lansoprazole in
children. INTERACTIONS: Possible interaction with
drugs which are metabolised by the cytochrome P450
system e.g. theophylline, phenytoin. No clinically sig
nificant effects on plasma levels of warfarin. phenytoin
(single IV doses only) and diazepam have been found.
The possibility of an interaction between lansoprazole
and low dose oral contraceptives cannot be excluded.
There is no evidence of an interaction between lanso
prazole and non-steroidal antiinflammatory drugs or
antacids. ADVERSE REACTIONS: Lansoprazole is well
tolerated. Adverse reactions are generally transient
and self-limiting and include headache, diarrhoea.
abdominal pain, dyspepsia. nausea. vomiting,
dizziness, constipation, flatulence and rash. The rela
tionship between the events and lansoprazole therapy
has not been established. Gynaecomastia may occur
with long term use. During clinical trials a small number
of patients developed abnormal liver function tests
(predominantly gamma-GT) while on lansoprazole.
however, routine monitoring of liver function tests is
not required. DOSAGE AND ADMI1'IISTRATION: Reflux
oesophaglns: 30 rng lansoprazole once daily for 4
weeks. The majority of patients will be healed after the
first course. For patients who have not fully healed
within this time. a further 4 weeks treatment using the
same dosage regimen is indicated. Duodenal ulcer: 30
mg lansoprazole once daily for 4 weeks. Gastric ulcer:
30 rng lansoprazoie once daily for 8 weeks. Resistant
peptic ulcer or reflux oesophagitis: For patients who
have failed to respond to conventional antiulcer thera
py, 30 rng lansoprazole once daily can be given for up
to 12 weeks. Longer therapy or repeated courses may
be warranted after consideration of safety issues (see
PRECAUTIONS). PRESENTATION: Zoton capsules 30
rng: hard gelatin. lavender and amethyst coloured cap
sules with "Lederle" and "30 mg" markings. Each cap
sule contains 30 rng lansoprazole in enteric-coated
granules. Zoton capsules are available in a blister pack
containing 28 capsules. Store below 25°C. 'Registered
ll'ademark of Takeda Chemical Industries. Lederle
Laboratories. Division of Wyeth Australia Ply Limited.
ACN 000 296 2 I I, 5 Gibbon Road. Baulkham Hills
NSW 2t53. Australia. Ph: (02) 9624 9333. Please refer
to full product Information before prescribing. Full
Product Information available on request. Based on
Product Information: 060 I 95. Last ReVised: 241096,

1/97 LANS37061MSV

MJA Vol 166 17 February 1997




