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Context: Trunk muscles, such as the transversus abdominis
(TrA) and multifidus, play a key role in lumbopelvic stability,
which is important in athletic performance. Asymmetry or
imbalance in these and other trunk muscles could result from
the specific requirements of the game of Australian rules
football.

Objective: To determine whether seasonal variations in the
sizes of key trunk muscles associated with lumbopelvic stability
occur in Australian Football League players.

Design: Cross-sectional study.
Setting: Hospital.
Patients or Other Participants: The number of players

eligible to participate at each of the 4 time points was 36 at the
start of preseason 1 (T1), 31 at end of season 1 (T2), 43 at the
end of preseason 2 (T3), and 41 at the start of preseason 3 (T4).
The group with data at all 4 time points (n 5 20) was used in the
analyses and was shown to be representative of the total sample.

Intervention(s): Magnetic resonance imaging was used to
determine the cross-sectional areas (CSAs) of the multifidus
(vertebral levels L2 to L5) and lumbar erector spinae (LES)
muscles (L3), as well as the thickness of the TrA and internal
oblique (IO) muscles at L3.

Main Outcome Measure(s): Cross-sectional areas of the
multifidus and LES muscles and thickness of the TrA and IO
muscles.

Results: By the end of the playing season, results showed
11.1% atrophy for multifidus CSA at L3 and 21% atrophy for TrA
thickness at rest. In comparison, the CSA of the LES muscles
increased by 3.6%, and the thickness of the IO muscle
increased by 11.8% compared with the start of the preseason.

Conclusions: The results indicated an imbalance of the key
muscles associated with lumbopelvic stability.

Key Words: Australian Football League, magnetic resonance
imaging, multifidus muscle, transversus abdominis muscle

Key Points

N The size of trunk muscles with a proposed role in torque production, such as the lumbar erector spinae and internal
oblique increased over the playing season and decreased by the start of the next season.

N The size of local muscles, such as the multifidus and transverse abdominis, decreased over the playing season and
recovered by the start of the next season.

N Seasonal variations in trunk muscles associated with lumbopelvic stability might have serious implications for
susceptibility to injury.

T
he specific physical characteristics of the elite athlete
reflect both inherited features and the conditioning
effects of high-level, sport-specific training. Thus,

the expectation might be that the athlete’s body composi-
tion and anthropometry will not remain static but might
change according to the quantity, intensity, and type of
activity undertaken. This effect is best observed in sports
that are played in seasons. Researchers have examined
changes in the physical profiles of athletes at different
stages of the year, such as preseason and postseason and
peak season and off-season.1–3 Most investigators have
shown an improvement in desirable characteristics (ie,
reduction in body fat, increase in fat-free mass) after a
period of training or competition.1–3 Whereas training for
and playing football can lead to an increase in muscle mass,
the specific requirements of the game could affect
individual muscles differently, creating muscle imbalance.

In many ways, Australian rules football is similar to
soccer4,5 and Gaelic football5,6 and involves a combination
of repetitive, high-intensity activities such as kicking,7,8

sprinting, and jumping. These activities not only are
physically demanding on players but carry a potential bias
toward the use of trunk and hip flexor muscles. For
example, Stewart et al9 reported that Australian Football
League (AFL) players have large psoas muscles, which
have been reported in sprinters10 and athletes who
undertake sports such as gymnastics, ballet, and figure
skating.11 Therefore, whereas some muscles involved
primarily in torque generation might hypertrophy in
response to training for and playing football, other muscles
might decrease in size, in line with the concept of muscle
imbalance.

In elite sport and everyday function, the trunk muscles
can contribute to lumbopelvic stability. In a biomechanical
study, Bergmark12 categorized the trunk muscles into local
and global muscles based on architectural properties. The
local muscles included deep muscles and deep portions of
some muscles that have their attachments to the lumbar
vertebrae. An example of a local muscle is the multifidus,
which provides segmental support and control of vertebral
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segments,13 controls the lumbar lordosis, and probably has
a proprioceptive role because it is dense with muscle
spindles.14 Of the abdominal muscles, the transversus
abdominis (TrA) also has been considered a local muscle
because it has direct attachments to the lumbar vertebrae
via the thoracolumbar fascia. Proposed mechanisms for the
TrA muscle’s contribution to lumbopelvic stability include
generation of intra-abdominal pressure,15 tension in the
thoracolumbar fascia,16,17 and compression of the sacroiliac
joints.18,19 The global muscles consist of large, superficial
muscles spanning the lumbar region that control spinal
orientation, balance external loads applied to the trunk, and
transfer load from the thorax to the pelvis.12 Examples
include the external oblique, rectus abdominis, and erector
spinae muscles. For normal function, integration or
adequate neuromuscular control of local and global muscles
is needed. Deficits in neuromuscular control of the
lumbopelvic region have been suggested to affect the
dynamic stability of the knee because they might contribute
to instability throughout the entire segment of the kinetic
chain.20–22 In longitudinal studies of female athletes,
researchers have shown that inadequate neuromuscular
control of the trunk was associated with an increased
incidence of knee injury.20,21

In studies of trunk muscles in nonathletic populations,
investigators have shown evidence of muscle imbalance, as
indicated by differential changes in muscle size. Some
muscles, such as the psoas, increased in size, whereas other
muscles, such as the multifidus, decreased in size.23–26

Given that muscle imbalance and deficits in muscles
associated with lumbopelvic stability have been nominated
as problems in a qualitative study of elite AFL players,27

the purpose of our study was to measure the size of key
trunk muscles over 3 playing seasons to determine whether
playing Australian rules football is associated with
seasonal changes in these muscles.

METHODS

Participants

All players from a professional AFL club who were
training or playing during the period of investigation
(November 2005–November 2007) (n 5 63) were eligible
for participation in the study. At entry to the study, this
eligible sample had a mean age of 22.2 6 3.9 years, height
of 187.8 6 6.6 cm, and mass of 87.5 6 7.1 kg. Variability
in the number of participants occurred across the 4
assessment points because of player recruitment and
retirement. The number of eligible participants at each
time point was 36 for time point 1 (T1; start of preseason
1), 31 for time point 2 (T2; end of season 1), 43 for time
point 3 (T3; end of preseason 2), and 41 for time point 4
(T4; start of preseason 3). We instructed participants to
nominate their leg preference for kicking, which was
considered the dominant leg. Among the total number of
eligible players assessed, 17.7% were left-leg dominant,
80.7% were right-leg dominant, and 1.6% (assessed only at
T1) reported no leg dominance. Participants were excluded
from the investigation if they were deemed to be unsuitable
for magnetic resonance imaging (MRI; eg, presence of
metal implants, claustrophobia). We did not collect MRI
data for 1 participant with a history of claustrophobia. All

participants provided written informed consent, and the
study was approved by the University of Queensland
Medical Ethics Committee.

Procedures

The MRI assessments and questionnaires were per-
formed in a hospital setting. The MRI assessments were
conducted at the 4 time points. Screening for MRI
contraindications and measurement of height and mass
were performed by a medical practitioner. A questionnaire
was used to determine history of low back pain (LBP) and
location of symptoms if applicable. We instructed partic-
ipants to void their bladders and bowels before imaging to
avoid tension on the anterior abdominal wall. Participants
were positioned in supine, lying with their knees and hips
resting on a foam wedge for comfort. Transverse magnetic
resonance images at rest (a breath hold at midexpiration)
were acquired using a 1.5-T Magnetom Sonata magnetic
resonance system (Siemens Corp, Washington, DC). Image
slices were oriented perpendicular to the anterior abdom-
inal wall and consisted of 10 slices at a thickness of 8 mm
with an interslice distance of 0.5 mm. A fast-gradient
recalled echo sequence was used with a repetition time of
4.8 milliseconds, echo time of 2.3 milliseconds, flip angle of
706, and number of averages of 2. The resulting matrix for
all images was 128 3 128 interpolated to 256 3 256. Total
scanning time was 23 seconds, which was within the breath-
hold tolerance of all participants.

The magnetic resonance images were stored offline under
an allocated number for the purposes of participant
deidentification. Measurements were completed with the
ImageJ image-processing package (version 1.37; http://
rsb.info.nih.gov/ij/). Cross-sectional areas (CSAs) of the
multifidus and lumbar erector spinae (LES) muscles were
measured by tracing around the muscle borders (Figures 1
and 2). For the multifidus muscle, we measured CSAs in
square centimeters at L2, L3, L4, and L5 vertebral levels
using the vertebral lamina as a landmark. Multilevel
measurements of the multifidus muscle were conducted
because researchers have shown a segmental response of
this muscle to LBP in line with its anatomy and segmental

Figure 1. Cross-sectional areas of the multifidus muscle were

measured by tracing around the muscle borders. They were

measured in square centimeters at the L2, L3, L4, and L5 vertebral

levels using the vertebral lamina as a landmark.
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innervation.28,29 The CSA of the LES muscle was measured
at the L3 vertebral level. The thickness of the transversus
abdominis (TrA) and internal oblique (IO) muscles was
measured using a protocol that has been described.30

Measurements were conducted by an experienced operator
(J.H.) with demonstrated reliability25 (intraclass correla-
tion coefficient 5 0.95) who was blinded to the partici-
pants’ identities, past histories of LBP, and information
such as preferred kicking leg.

Statistical Analysis

Repeated-measures analysis of covariance (ANCOVA)
with a type I sums-of-squares model was used to analyze
muscle size and asymmetry. A type I model was used
because researchers have shown that higher-order interac-
tions involving mass and muscle size are problematic in a
type III model.30 A separate analysis was conducted for
each muscle (dependent variable), which included CSA of
the multifidus at vertebral levels L2 to L5, LES at L3, and a
measure of thickness of TrA and IO at L3. The factors of
age, height, and mass were included as covariates in the
analyses. The repeated-measures factors were asymmetry
relative to the side of the abdomen, which was coded as
ipsilateral or contralateral to preferred kicking leg, and
season (T1, T2, T3, T4). A priori contrasts adjusted for
multiple comparisons were used to test for differences
across the levels of season. The between-subjects factor of
group was coded as no history of LBP (35%), past history

of LBP but not in the past week (30%), or current LBP
(35%). All LBP participants in the analysis reported central
or bilateral pain. In the case of the multifidus muscle data,
a multivariate analysis of covariance (MANCOVA) was
used with vertebral level (L2, L3, L4, L5) as a multiple
outcome measure. Use of MANCOVA enabled compa-
rison across the vertebral levels by standardizing the
measures to z scores. This procedure accommodates the
systematic increase in multifidus size that otherwise results
in vertebral level being inappropriate as a repeated-
measures factor.

The analyses were conducted for 20 participants with
data at all 4 time points. To examine the generalizability of
the results to the total sample, an attrition analysis using
analyses of variance was conducted to compare the muscle
size of this group with the muscle size of the remainder of
participants at each time point. A nonsignificant finding
indicated that the participants included in the analysis were
a representative group of the total sample. The a level was
set at .05 for all analyses. We used SPSS (SPSS Inc,
Chicago, IL) to analyze the statistics.

RESULTS

Results of the attrition analysis showed that the cases
included in the longitudinal study (n 5 20) were represen-
tative of the total sample of players in the squad for all
muscles examined (F1,41 range, 0.01–4.3, P . .05). The
mean age, height, and mass (6standard deviation) of 20
participants in the analysis were 22.5 6 3.3 years,
188.9 6 6.1 cm, and 88.4 6 8.1 kg, respectively.

Multifidus Muscle

Results of analysis of the multifidus muscle CSA showed
a change in size across season (F12,123 5 3.6, P , .001).
Results of the contrasts across season and the means shown
in Table 1 indicated a decrease in CSA at the L3
(F1,14 5 43.2, P , .001), L4 (F1,14 5 6.2, P 5 .03), and
L5 (F1,14 5 32.3, P , .001) vertebral levels of the multi-
fidus muscle by T2. The amount of atrophy differed across
vertebral levels, ranging from 11.1% at L3 to 3.8% at L4
and 9.1% at L5. In the case of L5, a decreased CSA also
was evident at T3 (F1,14 5 12.1, P 5 .004). Recovery of
muscle size was achieved by T4, which was indicated by a
finding of size at T1 that was not different (F1,14 range,
0.02–3.6, P . .05). We did not find effects involving the
factors of LBP history or asymmetry in multifidus muscle
size related to preferred kicking leg (F24,168 range, 0.6–1.4,
P . .05).

Figure 2. Cross-sectional areas of the lumbar erector spinae

muscle were measured by tracing around the muscle borders.

They were measured in square centimeters at the L3 vertebral level.

Table 1. Cross-Sectional Area of the Multifidus Muscle for 4 Vertebral Levels and Lumbar Erector Spinae at L3 at Different Times of 3

Playing Seasons, cm2 (Mean 6 SE)a

Muscle

Time Point

Start of Preseason 1 End of Season 1 End of Preseason 2 Start of Preseason 3

Multifidus for L2 4.54 6 0.19b 4.24 6 0.15 4.34 6 0.16 4.55 6 0.20

Multifidus for L3 7.27 6 0.28b 6.46 6 0.31c 7.05 6 0.22 7.15 6 0.24

Multifidus for L4 10.39 6 0.34b 10.00 6 0.27c 10.06 6 0.25 10.19 6 0.28

Multifidus for L5 11.21 6 0.32b 10.19 6 0.29c 10.56 6 0.22c 10.95 6 0.31

Erector spinae for L3 23.27 6 0.88b 24.10 6 0.89c 24.38 6 0.90c 23.24 6 0.82

a Means are marginal means adjusted for age, height, and mass.
b Indicates reference category for a priori contrasts.
c Indicates P , .05.
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Lumbar Erector Spinae Muscle

Analysis of CSA for the LES muscle showed an effect
across season (F3,42 5 7.7, P , .001). Compared with T1,
we found 3.6% hypertrophy at T2 (F1,14 5 10.1, P 5 .007),
4.8% hypertrophy at T3 (F1,14 5 16.0, P 5 .001), and
recovery by T4 (F1,14 range, 0.01–0.96, P . .05) (Table 1).
We found no effects involving the factors of LBP history or
asymmetry in size relative to the preferred kicking leg (F6,42

range, 0.02–1.7, P . .05).

Transversus Abdominis Muscle

Analysis of the thickness of the TrA muscle indicated an
effect across season (F3,42 5 56.1, P , .001). From T1 to
T2, the TrA muscle decreased in thickness by 21.0%
(F1,14 5 68.0, P , .001). At T3, the muscle also showed a
21.5% atrophy in thickness (F1,14 5 73.3, P , .001). At
T4, the muscle had recovered, showing no difference in
thickness from T1 (0.001% difference; F1,14 5 0.01,
P 5 .93) (Table 2). We found no effects involving the
factors of LBP history or asymmetry in size related to
preferred kicking leg (F6,42 range, 0.1–0.6, P . .05).

Internal Oblique Muscle

We found an effect for season for thickness of the IO
muscle (F3,42 5 9.4, P , .001). Compared with T1, 11.8%
hypertrophy was evident by T2 (F1,14 5 28.5, P , .001)
and 13.8% hypertrophy was evident by T3 (F1,14 5 47.9,
P , .001). At T4, the muscle showed a return to baseline
value (0.005% difference; F1,14 5 0.001, P 5 .98). We
found no effects for the factors of LBP history or
asymmetry (F6,42 range, 0.1–0.6, P . .05).

DISCUSSION

Overall, our results indicated that the size of the trunk
muscles with a proposed role in torque production, such as
IO and LES,12 increased over the playing season and
decreased by the start of the next season. The recovery to
baseline values by the start of the next season can be
attributed largely to rest and recreation during the off-
season. The increase in size during the season could be
expected due to larger loads associated with training for
and playing football. However, the results also indicated
that the size of local muscles, such as the multifidus and
TrA, decreased over the playing season and recovered by
the start of the next season. This pattern of imbalance
during the playing season might be problematic because
torque-producing muscles of the trunk generate large
forces on the spine.31 In this situation, a biomechanical in
vivo model suggested that these forces might induce
instability of the lumbar spine if deeper muscles, such as

the multifidus and TrA, were not activated.31 Atrophy of
the multifidus muscles is considered an adverse event
among people with LBP32 and those who experience
prolonged bed rest.24,25 Therefore, this pattern of imbal-
ance seems to be an undesirable outcome for athletes.

The proposed role of the multifidus muscle is segmental
support, control of vertebral segments,13 and control of
the lumbar lordosis. It also has been proposed to have a
proprioceptive role because it is dense with muscle
spindles.14 The CSA of the multifidus muscle decreased
by 9.1% over the playing season at the lumbosacral
junction. This could have potentially detrimental effects
on the control and protection of the lumbar spine and
sacroiliac joints. Assessing LBP status of the players was
important in our study because LBP has been associated
with a decrease in CSA of the multifidus muscle in
athletes33 and alterations in the recruitment of the
anterolateral abdominal muscles in AFL players.34 We
found no relationship between LBP and the changes in
the form of the muscles. This suggests that our study
results are related primarily to training for and playing
football.

Seasonal variations in trunk muscles associated with
lumbopelvic stability might have serious implications for
susceptibility to injury. Given that Australian rules football
is a high-intensity, physically demanding sport, a sport-
related effect on the potential ability of these muscles to
protect the spine might be worth investigating further.
Deficits in neuromuscular control of the lumbopelvic
region have been suggested to affect the dynamic stability
of the knee because they might contribute to instability
throughout the segment of the kinetic chain.20–22 Given
that stability of the lumbopelvic region involves dynamic
trunk control to allow production, transfer, and control of
forces and motion to the distal segments of the kinetic
chain,35 good control of the lumbopelvic area probably is
needed to meet the high demands imposed on the body in a
sport such as Australian rules football. Furthermore,
Cowan et al36 showed an association between a delay in
activation of the TrA muscle and long-standing groin pain.

The concept of muscle imbalance is that hypertrophy
or overrecruitment of one group of muscles might be
associated with a corresponding decrease in size or
recruitment of opposing muscles (eg, flexor muscles versus
extensor muscles). However, muscle imbalance is also
possible within a synergy of muscles. For example, one
flexor muscle in a group of flexors could increase, whereas
another in the group could decrease. This is important for
both screening and targeted rehabilitation. For example, if
one flexor muscle decreases in size but another compen-
sates by increasing in size, overall measures such as
strength might be unchanged. To be effective in this

Table 2. Thickness of Abdominal Muscles at L3 at Different Times of 3 Playing Seasons, mm (Mean 6 SE)a

Muscle

Time Point

Start of Preseason 1 End of Season 1 End of Preseason 2 Start of Preseason 3

Relaxed transversus abdominis thickness 7.57 6 0.29b 5.98 6 0.23c 5.94 6 0.24c 7.58 6 0.25

Relaxed internal oblique thickness 15.26 6 0.51b 17.09 6 0.45c 17.40 6 0.31c 15.21 6 0.48

a Means are marginal means adjusted for age, height, and mass.
b Indicates reference category for a priori contrasts.
c Indicates P , .05.
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scenario, exercise programs might have to be tailored to
focus on recruiting and training individual muscles.

Our study had some limitations. Typically, a high
turnover of football players occurs in clubs across seasons.
Therefore, fewer players were available for inclusion in the
longitudinal study. However, the attrition analysis com-
paring muscle size of those in or out of the analysis at each
time point indicated that the results were representative
of the total sample. This suggests that the findings can
be generalized to our sample and other populations of
football players. However, all players with LBP experi-
enced bilateral pain, and caution is needed in generalizing
the findings to cases of unilateral back pain. The clinical
importance of changes in muscle size among elite athletes
should be examined. Based on the high percentage change
in scores across time, our results have clinical implications.
In future studies, investigators could study functional
differences and injury rates caused by, for example, a
reduced size of the multifidus muscle and the effect of
intervention to ameliorate atrophy or hypertrophy of
muscle mass.

ACKNOWLEDGMENTS

We thank the Centre for Advanced Imaging, University of
Queensland, Stephen Wilson, Mark Strudwick, Matt Meredith,
Andrew Smith, Marcus Ashcroft, Peter Stanton, Victor Popov,
Lachlan Penfold, Nathan Cross, and the Brisbane Lions AFL
players. This study was funded by a sports medicine research
grant provided by the Brisbane Lions Australian Rules Football
Club.

REFERENCES

1. Duthie GM, Pyne DB, Hopkins WG, Livingstone S, Hooper SL.

Anthropometry profiles of elite rugby players: quantifying changes in

lean mass. Br J Sports Med. 2006;40(3):202–207.

2. Muthiah CM, Sodhi HS. The effect of training on some morpholog-

ical parameters of top ranking Indian basketball players. J Sports

Med Phys Fitness. 1980;20(4):405–412.

3. Thompson CW. Changes in body fat, estimated from skinfold

measurements of varsity college football players during a season.

Res Q. 1959;30(1):87–93.

4. Orchard JW. Intrinsic and extrinsic risk factors for muscle strains in

Australian football. Am J Sports Med. 2001;29(3):300–303.

5. Orchard J, Verrall G. Groin injuries in the Australian Football

League. Int SportMed J. 2000;1(1):1–4.

6. Wilson F, Caffrey S, King E, Casey K, Gissane C. A 6-month

prospective study of injury in Gaelic football. Br J Sports Med.

2007;41(5):317–321.

7. Orchard JW. Recurrent hamstring injury in Australian football

[abstract]. Med Sci Sports Exerc. 1998;30(suppl 5):52.

8. Baczkowski K, Marks P, Silberstein M, Schneider-Kolsky ME. A

new look into kicking a football: an investigation of muscle activity

using MRI. Australas Radiol. 2006;50(4):324–329.

9. Stewart S, Stanton W, Wilson S, Hides J. Consistency in size and

asymmetry of the psoas major muscle among footballers. Br J Sports

Med. 2010;44(16):1173–1177.

10. Hoshikawa Y, Muramatsu M, Iida T, et al. Influence of the psoas

major and thigh muscularity on 100-m times in junior sprinters. Med

Sci Sports Exerc. 2006;38(12):2138–2143.

11. Peltonen JE, Taimela S, Erkintalo M, Salminen JJ, Oksanen A, Kujala

UM. Back extensor and psoas muscle cross-sectional area, prior physical

training, and trunk muscle strength: a longitudinal study in adolescent

girls. Eur J Appl Physiol Occup Physiol. 1998;77(1–2):66–71.

12. Bergmark A. Stability of the lumbar spine: a study in mechanical

engineering. Acta Orthop Scand. 1989;230(suppl):20–24.

13. Wilke HJ, Wolf S, Claes LE, Arand M, Wiesend A. Stability increase

of the lumbar spine with different muscle groups: a biomechanical in

vitro study. Spine (Phila Pa 1976). 1995;20(2):192–198.

14. Nitz AJ, Peck D. Comparison of muscle spindle concentration in

large and small human epaxial muscles acting in parallel combina-

tions. Am Surg. 1986;52(5):273–277.

15. Hodges PW, Eriksson AEM, Shirley D, Gandevia SC. Intra-

abdominal pressure increases stiffness of the lumbar spine.

J Biomech. 2004;38(9):1873–1880.

16. Barker PJ, Guggenheimer KT, Grkovic I, et al. Effects of tensioning

the lumbar fasciae on segmental stiffness during flexion and

extension. Spine (Phila Pa 1976). 2006;31(4):397–405.

17. Tesh KM, Dunn JS, Evans JH. The abdominal muscles and vertebral

stability. Spine (Phila Pa 1976). 1987;12(5):501–508.

18. Richardson CA, Snijders CJ, Hides JA, Damen L, Pas MS, Storm J.

The relationship between the transversus abdominis muscles,

sacroiliac joint mechanics, and low back pain. Spine (Phila Pa

1976). 2002;27(4):399–405.

19. Snijders CJ, Vleeming A, Stoeckart R, Mens JMA, Kleinrensink GJ.

Biomechanical modeling of sacroiliac joint stability in different

postures. Spine (Phila Pa 1986). 1995;9(2):419–432.

20. Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki J.

Deficits in neuromuscular control of the trunk predict knee injury

risk: a prospective biomechanical-epidemiologic study. Am J Sports

Med. 2007;35(7):1123–1130.

21. Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki J. The

effects of core proprioception on knee injury: a prospective biome-

chanical-epidemiological study. Am J Sports Med. 2007;35(3):368–373.

22. Hewett TE, Zazulak BT, Myer GD, Ford KR. A review of

electromyographic activation levels, timing differences, and increased

anterior cruciate ligament injury incidence in female athletes.

Br J Sports Med. 2005;39(6):347–350.

23. Hides J, Lambrecht G, Richardson CA, et al. The effects of

rehabilitation on the muscles of the trunk following prolonged bed

rest. Eur Spine J. 2011;20(5):808–818.

24. Belavy DL, Armbrecht G, Richardson CA, Felsenberg D, Hides JA.

Muscle atrophy and changes in spinal morphology: is the lumbar

spine vulnerable after prolonged bed-rest? Spine (Phila Pa 1976).

2011;36(2):137–145.

25. Hides JA, Belavy DL, Stanton W, et al. Magnetic resonance imaging

assessment of trunk muscles during prolonged bed rest. Spine (Phila

Pa 1976). 2007;32(15):1687–1692.

26. Lee SU, Hargens AR, Fredericson M, Lang PK. Lumbar spine disc

heights and curvature: upright posture vs. supine compression

harness. Aviat Space Environ Med. 2003;74(5):512–516.

27. Pizzari T, Coburn PT, Crow JF. Prevention and management of

osteitis pubis in the Australian Football League: a qualitative

analysis. Phys Ther Sport. 2008;9(3):117–125.

28. Hides JA, Richardson CA, Jull GA. Multifidus muscle recovery is not

automatic after resolution of acute first-episode low back pain. Spine

(Phila Pa 1976). 1996;21(23):2763–2769.

29. Hides JA, Stanton WR, Wilson SJ, Freke M, McMahon S, Sims K.

Retraining motor control of abdominal muscles among elite

cricketers with low back pain. Scand J Med Sci Sports. 2010;

20(6):834–842.

30. Hides J, Stanton W, Freke M, Wilson S, McMahon S, Richardson C.

MRI study of the size, symmetry and function of the trunk muscles

among elite cricketers with and without low back pain. Br J Sports

Med. 2008;42(10):809–813.

31. Cholewicki J, Panjabi MM, Khachatryan A. Stabilizing function of

trunk flexor-extensor muscles around a neutral spine posture. Spine

(Phila Pa 1976). 1997;22(19):2207–2212.

32. Hides JA, Jull GA, Richardson CA. Long-term effects of specific

stabilizing exercises for first episode low back pain. Spine (Phila Pa

1976). 2001;26(11):E243–E248.

33. Hides JA, Stanton WR, McMahon S, Sims K, Richardson CA. Effect

of stabilization training on multifidus muscle cross-sectional area

among young elite cricketers with low back pain. J Orthop Sports

Phys Ther. 2008;38(3):101–108.

318 Volume 47 N Number 3 N June 2012

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-19 via free access



34. Hides JA, Boughen CL, Stanton WR, Strudwick MW, Wilson SJ.

A magnetic resonance imaging investigation of the transversus

abdominis muscle during drawing-in of the abdominal wall in elite

Australian Football League players with and without low back pain.

J Orthop Sports Phys Ther. 2010;40(1):4–10.

35. Kibler WB, Press J, Sciascia A. The role of core stability in athletic

function. Sports Med. 2006;36(3):189–198.

36. Cowan SM, Schache AG, Brukner P, et al. Delayed onset of

transversus abdominus in long-standing groin pain. Med Sci Sports

Exerc. 2004;36(12):2040–2045.

Address correspondence to Julie Hides, PhD, School of Physiotherapy, Australian Catholic University, Banyo, Queensland, 4014
Australia. Address e-mail to julie.hides@acu.edu.au.

Journal of Athletic Training 319

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-19 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


