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Why are older Australian football players at
greater risk of hamstring injury?
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Summary
Introduction: Increasing age is a commonly identified predictor of hamstring injury
but is not modifiable to reduce injury risk. Why increasing age is a risk factor for
hamstring injuries in athletes has not been studied to date. This study aimed to
identify potentially modifiable age-related changes that predict hamstring injury in
a population of Australian football players.
Methods: One hundred and one young (≤20 years), and 73 older (≥25 years), Aus-
tralian football players, without a history of hamstring injury in the past 12 months
were studied prospectively. Players underwent screening of anthropometric, flexi-
bility and lower extremity range of movement tests during the pre-season period and
were followed-up for a full season with respect to injury and match participation.
Comparisons of the age groups were performed to identify differences related to
age. Logistic regression analysis was undertaken to determine whether the observed
differences were predictors of hamstring injury.
Results: There were significant differences between the age groups with respect
to body weight, body mass index, hip flexor flexibility, hip internal rotation and
ankle dorsiflexion range of movement. Body weight and hip flexor flexibility were
significant independent predictors of hamstring injury in players aged ≥25 years.
None of the observed differences were predictors of injury in the younger age group.
Conclusions: There are age-related changes that are potentially modifiable to reduce
injury risk in older athletes and these factors should be considered in the develop-
ment of hamstring injury prevention programs for this high risk group.
© 2006 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

∗ Corresponding author. Tel.: +61 3 9903 0951; fax: +61 3 9903 0576.
E-mail address: belinda.gabbe@med.monash.edu.au (B.J. Gabbe).

1440-2440/$ — see front matter © 2006 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jsams.2006.01.004

mailto:belinda.gabbe@med.monash.edu.au
dx.doi.org/10.1016/j.jsams.2006.01.004


328 B.J. Gabbe et al.

Introduction

Hamstring injuries are common in sprinting sports
such as Australian football and soccer where the
incidence is reported to be 12—16% of all injuries
in a season.1,2 Prevention of hamstring injuries is a
key priority for sprinting sports due to the high inci-
dence and rates of recurrence. An understanding of
the risk factors for hamstring injury is crucial for
the development of prevention strategies. The two
most commonly identified risk factors for hamstring
injury are a previous history of injury and increas-
ing age.2—8 Unfortunately, neither of these factors
is able to be modified to alter an athlete’s risk of
hamstring injury.

Recent studies have compared athletes who
have and have not previously sustained hamstring
injuries to establish the differences between these
two groups. In particular, strength, flexibility, pos-
ture, neural mobility and other aspects of muscle
function have been studied.9—12 Unfortunately, the
retrospective and cross-sectional nature of these
studies do not allow conclusions to be drawn on
whether the observed differences were present
before injury or resulted from the injury. Simi-

Why the risk of hamstring injury increases at 23—25
years of age is not understood and has not been
investigated to date.

The aims of this study were therefore to:

i. Compare younger (≤20 years) and older Aus-
tralian football players (≥25 years) to determine
whether any differences identified predict ham-
string injury in older players.

ii. Determine whether there are any differences
in intrinsic factors associated with increasing
age that could be modified to reduce hamstring
injury risk.

Methods

This study relates to two larger studies under-
taken to identify risk factors for lower extrem-
ity injuries in elite and community-level Australian
football players. A summary of the methodology,
which was consistent for both cohorts, is provided
here and the detailed methodology is published
elsewhere.4,13

Study design and participants

P
e
b
a
p
F
t
t
p
(
s
o
t

e
m

i

P

A
i
p
B
c
q
q

larly, studies that have used the uninjured leg for
comparison12 assume that the measurements of
the uninjured leg are independent of those on the
injured leg which is not the case. As such, identi-
fying modifiable factors associated with a previous
history of hamstring injury is extremely difficult.

In contrast, increasing age, irrespective of past
history, has been identified as a predictor of ham-
string injury through five prospective cohort studies
of Australian football and soccer players. Verrall
et al. studied 114 elite Australian football players
over one season and found that increasing age was
an independent predictor of hamstring injury but
did not define an age cut-off as age was analysed
as a continuous variable.6 Arnason et al. demon-
strated that the risk of hamstring injury increases
by 10% per year in their study of 306 elite soccer
players in Iceland.8 Orchard et al. investigated risk
factors for lower extremity muscle strains over a 7
year period in the elite Australian Football League
and found that players aged >23 years were at sig-
nificantly elevated risk of hamstring injury.5 Sim-
ilarly, elite Australian football players aged ≥25
years were over four times more likely to sus-
tain a hamstring injury than those ≤20 years in
the most recent prospective study involving 222
players.4 A prospective cohort study focussing on
lower extremity injuries in community-level foot-
ball found that players aged ≥23 years were almost
four times more likely to sustain a hamstring injury
during the season than players aged <23 years.4
rospective cohorts of 126 community-level and 222
lite players were recruited from 10 Melbourne-
ased Australian football clubs during the 2000
nd 2002 seasons, respectively. Community-level
layers were recruited from the Victorian Amateur
ootball Association which is an amateur league
hat prohibits payment of players for participa-
ion. The elite players were from Australia’s highest
rofessional league, the Australian Football League
AFL). All players provided written informed con-
ent prior to participation and ethics approval was
btained from the Human Research Ethics Commit-
ee at the University of Melbourne.

For the current study, information on players was
xtracted from the previous cohort studies if they
et the following criteria:

i. Aged ≤20 years or ≥25 years.
i. No self-reported history of a hamstring injury in

the previous 12 months.

rocedures

ll players underwent baseline measurements dur-
ng the pre-season period, approximately 6 weeks
rior to commencement of the playing season.
aseline testing was consistent across elite and
ommunity-level cohorts and included a self-report
uestionnaire and musculoskeletal screen. The
uestionnaire captured information about age and
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injuries sustained during the previous 12 months.
The recall period was limited to 12 months because
the investigators did not have access to player med-
ical records and prior research has demonstrated
the reliability of a 12 month recall.14 The muscu-
loskeletal screen comprised of commonly used field
tests with published test-retest and inter-tester
reliability, and included:

i. Dorsiflexion lunge test to assess ankle joint dor-
siflexion range of movement in a weight bearing
position.15

ii. Active internal and external hip joint rotation
in supine with the hip in neutral.16

iii. Sit and reach test to assess combined spinal and
lower extremity flexibility.16,17

iv. Active Knee Extension Test to assess hamstring
muscle flexibility.16,18

v. Modified Thomas Test (MTT) to assess hip flexor
flexibility (range of hip flexion in the MTT
position).16,19

vi. Active slump test to assess neural mobility.9,16

Musculoskeletal testing was performed after
completion of a club training session warm-up
program (community-level) or a structured warm-
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‘‘obese’’ categories were combined and no players
were considered ‘‘underweight’’ according to the
guidelines. Players were grouped as either young
(≤20 years) or older (≥25 years). Comparisons of
the two groups were made using Chi-square tests for
categorical data, and either Mann—Whitney U-tests
or independent t-tests for continuous variables,
depending on the distribution of the data (based
on nscore tests of normality). For Chi-square tests,
the relative risk (RR) of an outcome (e.g. injury
or test result group) was calculated and 95% con-
fidence intervals (CI) were also generated. For all
tests, a p-value < 0.05 was considered significant.

To assess whether differences between the age
groups were predictors of hamstring injury in the
older age group, a multivariate analysis was per-
formed. Only players aged ≥25 years were anal-
ysed and the outcome of interest was a hamstring
injury during the study season that resulted in at
least one missed game to ensure consistency across
the elite and community-level cohorts. The diag-
nosis of hamstring injury was made by the club
medical staff and only hamstring injuries with a
sudden/acute onset were included, as determined
by the information provided by the AFL Injury
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p of stationary cycling and lower extremity
tretches (elite). All testing was completed using
tandardised protocols by qualified physiothera-
ists and postgraduate researchers trained to per-
orm the protocols described by prior reliability
tudies.15,16,19 Players were allowed familiarisa-
ion attempts before two measures were recorded
or each test, and leg, where bilateral tests were
erformed. All testing equipment (e.g. scales,
oniometers, etc.) remained consistent across the
ohorts.

Players were monitored for the season with
espect to participation and injury. For the
ommunity-level cohort, the club physiotherapist
r medical staff member completed a standardised
orm for each injury. Injury data for the elite cohort
ere extracted from the AFL Injury Database which
aptures information about every injury sustained
y elite players that resulted in at least one missed
ame.

tatistical analysis

ll data were analysed using the SPSS Version 12.0.
s there was no significant difference in the mea-
urements made on both limbs for the bilateral
ests, the average of both legs was used. The
ody mass index (BMI) was categorised according
o World Health Organisation (WHO) guidelines.20

s the number of players who met the obese crite-
ia of the WHO was small, the ‘‘overweight’’ and
atabase and contained on the data collection form
f the community-level cohort. While many elite
layers undergo imaging, this was not contained on
he AFL Injury Database at the time and was not
rovided to the investigators by the clubs. A back-
ard stepwise logistic regression procedure, based
n likelihood ratio tests was used. Variables demon-
trating a p-value < 0.20 on group comparisons were
onsidered eligible for inclusion into the multivari-
te model. Variables were eliminated if the p-value
or a likelihood ratio (LR) test of their exclusion was
0.15. The criterion for re-inclusion of the predic-
or variables in the model was p < 0.05. To ensure
hat predictors identified were not due to the level
f play or exposure, variables relating to the level
f play (elite versus community-level) and partici-
ation (match hours for the season) were entered
nto the model as potential confounders. To deter-
ine whether observed differences between the

ge groups were also predictive in the younger age
roup, the multivariate modelling procedure was
epeated with only the younger (≤20 years) players
ncluded.

esults

ne hundred and seventy four players were
ncluded in this study, 135 elite and 39 community-
evel. Of these, 101 (58.0%) were aged 20 years or
ess and the remainder (n = 73, 42.0%) were aged
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Table 1 Comparison of the anthropometric characteristics, lower extremity range of movement and flexibility of
younger (≤20 years) and older (≥25 years) Australian football players

Variable Younger group, n = 101 Older group, n = 73

Height (cm) Mean (S.D.) 186.2 (7.8) 187.1 (8.7)
Weight (kg) Median (range) 81 (69—105) 86 (69—117)

Body Mass Index
(BMI)

n (%)
Healthy weight (<25) 84 (83.2) 30 (41.1)
Overweight/obese (≥25) 17 (16.8) 43 (58.9)

Ankle dorsiflexion ROM (cm) Mean (S.D.) 12.3 (2.8) 10.3 (3.5)
Active hip internal ROM (◦) Median (range) 25.0 (10.7—51.2) 21.7 (9.7—39.0)
Active hip external ROM (◦) Mean (S.D.) 26.4 (6.1) 26.7 (7.8)
Active slump test (◦) Median (range) 19.2 (0.7—46.2)) 19.4 (8.0—43.7)
Sit and reach test (cm) Mean (S.D.) 5.7 (9.5) 3.7 (8.4)
Modified Thomas Test (◦) Mean (S.D.) −0.8 (6.7) −3.3 (5.6)
Active Knee Extension test (◦) Median (range) 23.0 (4.0—52.5) 23.7 (5.7—53.5)

N.B. Italics represents variables for which a significant difference was found between the groups.

Table 2 Independent predictors of hamstring injury for Australian football players aged ≥25 yearsa

Predictor Risk ratio (95% CI) p-value

Weight (in kg) 1.07 (1.01—1.15) 0.029
Modified Thomas Test (in ◦ hip flexion) 1.15 (1.01—1.31) 0.040
Dorsiflexion lunge (cm) 0.87 (0.71—1.05) 0.144

a Adjusted for level of play (elite vs. community-level) and match exposure (hours for the season).

25 years or more. The cohort sustained 21 ham-
string injuries during the season; 7 in the younger
group (6.9% of younger group) and 14 (19.2% of
older group) by older players. The unadjusted RR
of sustaining a hamstring injury during the season in
older players, without a history of hamstring injury
in the previous 12 months, compared to younger
players, was 2.8 (95% CI: 1.2, 6.5).

Table 1 summarises the comparison of the age
groups with respect to baseline measurements.
Older players were heavier (z = −4.2, p < 0.001),
and demonstrated less active hip internal rotation
(z = −2.4, p = 0.017) and ankle dorsiflexion (t = 3.9,
p < 0.001) than the younger players, but had greater
hip flexor length (t = 2.5, p = 0.013) as measured
by the MTT. Age group was associated with BMI
(�2

1 = 33.2, p < 0.001), with older players twice as
likely to have a BMI ≥ 25 as the younger players
(unadjusted RR 2.0, 95% CI: 1.5, 2.7). There was
no difference between the age groups with respect
to hamstring flexibility (z = −0.1, p = 0.909), neural
mobility (z = −0.2, p = 0.823), active hip external
rotation (t = −0.3, p = 0.763) or sit and reach test
(t = 1.4, p = 0.155) (Table 1).

Six variables met the stated criteria for inclu-

were independent predictors of hamstring injury in
this age group. For each kilogram increase in body
weight, the risk of sustaining a hamstring injury
increased by 7%. For each 1◦ increase on the MTT
(i.e. decreasing hip flexor flexibility), the risk of
hamstring injury increased 15%. While an increase
in the dorsiflexion lunge test (i.e. increased dorsi-
flexion range of movement), was associated with a
decreased risk of hamstring injury, this was not a
significant predictor. When the multivariate analy-
sis was repeated for the younger players, none of
the variables were identified as independent pre-
dictors of hamstring injury (i.e. all variables were
eliminated by the step-wise procedure).

Discussion

Hamstring injuries are the most common injury
sustained by elite and community-level Australian
football players. Previous studies have highlighted
the importance of age as a predictor for ham-
string injury.2,4—6,8 Whilst age itself is not mod-
ifiable to reduce risk of injury, factors associ-
ated with ageing athletes have not been explored
a
e
a
v
a

sion in the multivariate analysis: BMI, sit and reach,
MTT, dorsiflexion lunge, active hip internal rotation
ROM and weight. Table 2 shows the independent
predictors of hamstring injury for players aged 25
years or more. Body weight and hip flexor length
nd previous authors have not provided potential
xplanations.2,6,8 Previously, we have suggested
ge-related changes to muscle structure and inner-
ation as potential explanations4 while Orchard et
l. have suggested that age-related entrapment of
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the L5/S1 nerve root due to hypertrophy of the
lumbosacral ligament could be a factor.21 However,
there has been no published evidence to support
these theories. The findings of our study suggest
that some of the changes related to age may be
potentially modifiable. In particular, body weight
and hip flexor flexibility were predictors of ham-
string injury in the older age group and could be
important in the development of prevention strate-
gies for this group.

The finding of increasing weight as a risk fac-
tor for hamstring injury raises further questions and
requires careful consideration. As 78% of the cohort
were elite, professional Australian football players,
it is likely that the increased weight and BMI noted
is related to increased lean muscle mass, although
body composition was not assessed in our study,
a noted limitation of this study. The reason for a
direct link with increased hamstring injury risk is
not clear but could reflect differences in training,
or the effect of training, across the age groups.
Consideration could be given to investigating the
training content and loads to determine whether
the weight gain is reflective of differences in weight
or fitness training.
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more flexed,28 an observation also noted when the
hamstring muscles are fatigued and proposed as
a protective mechanism to prevent injury to the
hamstrings.31 Greater tightness in the hip flexor
group could assist in greater acceleration of the
swinging leg which would need to be offset by an
increase in the activity of the hamstring muscles,
increasing their vulnerability to injury. Whether
the ability of the hamstring muscles of older ath-
letes have the capability to adapt to this increased
load requirement is unknown but could explain the
importance of hip flexor flexibility as a predictor of
hamstring injury in this age group.

Alternatively, the reduction in hip flexor length
could result in a restriction of hip extension in
sprinting. Compensation with increased movement
at the lumbar spine could be required to gain suf-
ficient hip extension. Over time, reliance on lum-
bar spine movement to compensate for restricted
hip extension could lead to joint hypermobility,
irritation of the neural structures and activation
problems with the hamstring muscles, resulting in
increased vulnerability of the hamstring muscles
to injury. In support of this hypothesis, the EMG
onset of the hamstrings during locomotion has been
Our study found hip flexor flexibility, as mea-
ured by the MTT, to be an independent predictor of
amstring injury in the older age group. However,
his has not been shown to be a predictor of ham-
tring injury across all ages of adult Australian foot-
all players4 or soccer players8, and has not been
nvestigated in other prospective cohort studies
f hamstring injury risk factors in athletes.3,22—25

lthough the older age group was significantly more
exible on this test than the younger age group,

t appears that this factor is more important for
he older age group as the results of the multivari-
te analysis clearly show that decreasing flexibility
ncreases the risk of hamstring injury in the older
layers and hip flexor flexibility was not a predictor
f hamstring injury in the younger age group.

Why tightness in the hip flexors would increase
amstring injury risk is not clear but could relate
o a change in sprinting mechanics as the major-
ty of hamstring injuries occur whilst accelerating
r sprinting.26,27 The hamstrings reach peak length
uring terminal swing phase of sprinting just prior
o ground contact.28 At this stage, the muscles are
ctively lengthening to control the rate of knee
xtension and to slow the swinging limb in prepa-
ation for ground contact before a rapid change
o concentric action to begin to extend the hip
t foot contact. At this point, hamstring injury
isk is believed to be greatest.29,30 As sprinting
peed increases, the range of hip flexion reached
oes not change but the knee becomes significantly
shown to significantly differ for subjects with and
without low back pain.32 Regardless of the mecha-
nism, hip flexor flexibility is also a modifiable risk
factor and warrants consideration in the develop-
ment of hamstring injury prevention programs for
this high risk group of athletes.

This study has identified differences in intrinsic
factors between the highest and lowest risk groups
of Australian football players for hamstring injury
and explored these age-related differences as pre-
dictors of hamstring injury. Nevertheless, a number
of study limitations must be acknowledged. While
the number of study participants was high (n = 174)
for the comparison of the age groups, the multi-
variate modelling of hamstring injury risk involved
73 older players with only 14 hamstring injuries,
and 101 players with just seven injuries for the
younger age group. A number of factors were found
to be different across the age groups but were
not predictors of hamstring injury risk, potentially
due to insufficient power. These additional factors
could contribute to injury risk and warrant further
investigation in a larger cohort. Although we were
able to adjust the multivariate modelling for match
participation (exposure), time spent training was
not captured for the elite participants due to the
difficulties in capturing information about the fre-
quency and content of training sessions at the elite
level. While the vast majority of hamstring injuries
occur during competition and match participation
was captured by this study, training loads could be
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an important factor in hamstring injury risk and
warrant investigation in the future.

The definition of hamstring injury used by this
study was based on clinical rather than imaging
findings as imaging is not yet established as rou-
tine clinical practice for the diagnosis of hamstring
injuries and a prior study of soccer players has
found that less than 5% of hamstring injury cases
undergo imaging.2 As a previous imaging study has
found that 90% of sudden onset posterior thigh pain
cases show evidence of a muscle strain on MRI,26

it is unlikely that our study was over-inclusive of
non-strain posterior thigh pain cases but potential
diagnostic differences must be acknowledged as a
limitation.

Our study established differences between the
age groups with respect to intrinsic factors such
as lower extremity range of movement, flexibility
and anthropometric characteristics. Biomechanical
assessment (e.g. 3D biomechanics) of the athletes
running and sprinting was not performed. Simi-
larly, strength or other measures of muscle func-
tion were not assessed due to the unavailability
of a simple, inexpensive test that could be under-
taken in the field setting. The investigation of

potentially modifiable to reduce injury risk in older
athletes and these factors should be considered
in the development of hamstring injury prevention
programs for this high risk group.

Practical implications

• Older Australian football players have a sig-
nificantly elevated risk of hamstring injury,
irrespective of their past history of hamstring
injury, but the reasons for this are not known.

• There are significant differences between
players aged ≥ 25 years and those aged ≤ 20
years with respect to body weight, body mass
index, hip flexor flexibility, hip rotation range
of movement and ankle dorsiflexion range of
movement.

• Body weight and hip flexor flexibility are sig-
nificant predictors of hamstring injury players
aged ≥ 25 years but not in the younger players
(aged ≤ 20 years).

• Risk factors for hamstring injuries in older
Australian football players are different from
those in younger players and there are poten-
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age-related changes in running mechanics, mus-
cle strength or function across all Australian foot-
ball players and other groups of athletes warrants
investigation to determine whether factors such
as hamstring angle-torque curves,33 concentric or
eccentric strength3,22 or muscle activation patterns
contribute to the increased risk of hamstring injury
with age.

Finally, potential causal relationships, rather
than causality per se, were established. Whether
alteration of the modifiable risk factors identified
reduces hamstring injury risk in this group of ath-
letes requires further study.

Conclusions

Older Australian football players, without a history
of a hamstring injury in the previous 12 months,
are at significantly elevated risk of hamstring injury.
This group of athletes was found to be significantly
different to the group at lowest risk (aged 20 years
or less) with respect to body weight, BMI, ankle
dorsiflexion range of movement, hip flexor flex-
ibility and active hip internal rotation range of
movement. Multivariate modelling, adjusting for
the level of competition and match time as poten-
tial confounders, identified hip flexor flexibility and
body weight as significant independent predictors
of hamstring injury in older players. The findings
show that there are age-related changes that are
tially modifiable changes that occur with age
which could be important in reducing the risk
of hamstring injury.
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