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Objectives: To investigate the trunk strength of elite rowers and the impact of low back pain on these
measures in order to determine if asymmetries or weakness were present.
Methods: Twenty two elite rowers were recruited: 13 reported previous low back pain, five current low
back pain, and the remainder had no history of low back pain. All subjects were scanned during simulated rowing in an interventional open magnetic resonance imaging scanner. In each simulated rowing position, axial scans were obtained at the level of the L4–5 and L5–S1 disc interspace to determine
the cross sectional area of the posterior trunk muscles.
Results: Considerable differences were observed between the three groups of rowers. In contrast with
expectations and previous literature, the trunk muscles of rowers with low back pain had significantly
larger cross sectional areas (p<0.001). No left/right asymmetries were observed and no differences
between oarside and non-oarside in terms of muscle cross sectional area.
Conclusion: These findings suggest that low back pain in rowers does not arise as a result of muscle
weakness.

ompetitive rowing is a strenuous sport which requires
high levels of dedication. It is an endurance sport associated with long hours of intensive training both on and
off the water. Roy et al1 suggested that people with fatigue
resistant back muscles and general physical fitness have fewer
back problems, but the most common injury in rowers is low
back pain.2–6 There is concern that the incidence of low back
pain is rising, particularly in club rowers; however, further
work is required to substantiate this. Whether or not it is
increasing in incidence, low back pain is a considerable problem in the rowing world. It is unclear why such injuries occur,
although the many speculations include poor rowing technique and weight training skills, inadequate stretching and
flexibility, and changes in the equipment.6–10
In people with low back pain, the role of the paraspinal
muscles with respect to stability and functional movement has
been stressed.11–14 Particular emphasis has been placed on the
multifidus muscle, the larger and most medial of the lumbar
back muscles. Isolated unilateral wasting of this muscle has
been observed in patients with low back pain.11 Since this initial work, it has been shown that recovery of this muscle is not
spontaneous after remission of symptoms,15 and this may
therefore be a factor in re-injury. However, the role of reduced
muscle strength as a causative or predisposing factor in back
disorders is controversial.16
Little is known about the strength of the back muscles in
rowers; a pilot study investigating global parameters of
strength did note that rowers did not have stronger backs than
control subjects, although they exhibited greater strength in
the thigh muscles.17 The significance of this finding with
respect to back pain is not clear.
Rowing is an asymmetric activity which involves loading
the back in a rotated and flexed position, factors already identified in back pain.11 16 18–22 Repetition of an asymmetric activity
can lead to the development of muscle asymmetry and injury,
if not addressed by appropriate training methods. Hides et al11
noted right to left differences in terms of muscle cross
sectional area in subjects with and without low back pain,
suggesting that muscle asymmetry may be important in the
development of low back pain in the general population. Parkin et al17 noted a left/right asymmetry in muscle activity during isometric contraction of the back extensor muscles.
As well as bilateral asymmetry, imbalances can occur
between the agonist and antagonist muscles. Motion studies
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have noted changes in the motion of the pelvis during rowing
in rowers with low back pain,23 which may be caused by an
imbalance of back flexors and extensors and the muscles acting at the pelvis. However, relatively few studies have investigated the relation between imbalance in muscle strength and
the occurrence of injuries. Previous studies have investigated
muscle weakness and imbalance after injury and surgery and
suggested that imbalance is associated with injury and recurrence of injuries.24–26
We examined measures of cross sectional area of the muscles acting directly on the lumbar spine (the multifidus, erector spinae, and iliopsoas) during simulated rowing in elite
oarsmen with and without low back pain.

METHODS
Study population
Twenty two elite rowers ranging from international under 23
to senior I open oarsmen were recruited primarily from the
Imperial College Boat Club. The mean (SD) age of the subjects
was 22.6 (4.3) years. Ten subjects rowed stroke side and 12
bow side. All had been rowing for four years or more. Thirteen
subjects (mean age 23.2 (5.3) years, mean weight 87.8 (8.5)
kg) reported previous low back pain which had required nonsurgical intervention and had resulted in time off training, five
subjects (mean age 22.0 (1.8) years, mean weight 88.7 (6.9)
kg) reported current low back pain preventing full training,
and four had no history of low back pain (mean age 21.0 (2.2)
years, mean weight 83.4 (3.2) kg).
Imaging
Subjects were scanned using a General Electric Signa SP10
interventional magnetic resonance imaging (MRI) scanner
(Milwaukee, Wisconsin, USA). This is an open configuration
MRI scanner consisting of two connected but opposing ring
“doughnut” magnets. The gap between these magnets is 56
cm generating a uniform field of 0.5 T. A transmit receive flexible coil was secured around the subject’s waist and lumbar
spine, and a multicoil magnetic resonance tracking device was
positioned in line with the subject’s lumbar spinous processes.
Subjects were scanned with an FSPGR sequence. The parameters set were: time of repetitions (TR) 14.6; time of
excitations (TE) 7.3; scan time two seconds; flip angle 60°;
thickness, 10 mm; field of view (FOV) 30 cm; matrix 256 ×
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No LBP
Multifidus L4
Left
226.3 (35.0)
Right
235.5 (48.7)
Multifidus L5
Left
271.8 (70.5)
Right
277.5 (87.5)
Erector spinae L4
Left
745.0 (213.9)
Right
751.3 (205.0)
Erector spinae L5
Left
507.5 (178.1)
Right
545.0 (153.6)
Iliopsoas
Left
993.3 (254.8)
Right
916.3 (207.0)

Current LBP

Previous LBP

352.4 (108.8)
371.0 (104.1)

422.2 (196.60
426.3 (186.3)

371.4 (127.8)
362.4 (101.6)

425.7±197.6)
428.0 (218.0)

889.4 (105.8)
915.4 (181.9)

931.6 (399.1)
889.2 (459.3)

500.6 (258.1)
515.8 (224.7)

484.7 (255.7)
440.1 (209.4)

1347.8 (457.2) 1343.9 (345.9)
1348.8 (399.0) 1398 (407)

All measurements are mean (SD).
LBP, Low back pain.

Figure 1 Axial view of the lumbar muscles at the L4–5
intervertebral junction during a contracted magnetic resonance
imaging scan.

Protocol
An MRI compatible wooden rowing jig was constructed which
permitted the simulation of four key stages in the rowing
stroke (the catch, early and late drive, and the finish) within
the scanner.23 This study focused on simulation of the catch
position within the scanner. Subjects were asked to adopt their
usual position at the catch phase of the stroke, the length of
the oar was adjusted accordingly, and they were asked to pull
on the oar (thus loading the spine and contracting the
muscles) as they would while rowing. With the rower in this
position, a sagittal scan of the lumbar spine was performed to
localise the region of interest followed by a series of axial scans
through the intervertebral junction of the L4–5 disc interspace
and the L5–S1 disc interspace. Subjects were asked to remain
as still as possible during scanning.
Image analysis
Images were analysed on a conventional workstation to allow
the measurement of muscle cross sectional area. Previous
studies have shown a good correlation between MRI measures
of cross sectional area and anatomical measurement.28 29 Muscles assessed were the multifidus, erector spine muscle group
at the L4–5 and L5–S1 level, and the iliopsoas at the L4–5 level.
Statistical analysis
The statistical analysis was performed using the statistical
package Stata, version 6 (Stata Corporation, College Station,
Texas, USA) on a personal computer. A two way analysis of
variance was used to investigate if any differences existed
between the three population groups. A series of covariates
were considered in the analysis of variance in terms of their
influence on cross sectional area, including effects of age,
stroke side, and side of the body. The statistical threshold was
set at p<0.05. Orthogonal contrasts and multiple regression
analysis were then used to locate where any differences noted
by the analysis of variance lay.

RESULTS
The imaging protocol resulted in clear images of the lumbar
spine muscles, including the erector spinae, multifidus, and

700
2

Cross sectional area (mm )

128; number of excitations 1. This was performed in conjunction with the magnetic resonance tracking programme (General Electric) via a Sun SPARC workstation (Sun Microsystems
Corporation, Mountain View, California, USA), which permitted the subject’s spine to be tracked within the scanner.27
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Figure 2 Cross sectional area (mm2) of the multifidus muscle in
rowers with no, current, or previous low back pain.

iliopsoas (fig 1), from which measures of cross sectional area
could be obtained.
Table 1 summarises the measurements of cross sectional
area obtained on both the left and right sides of the spine.
Statistical analysis revealed significant differences with
respect to cross sectional area between the three study populations. In terms of the multifidus muscle, rowers with back
pain (both current and previous) were noted to have
significantly larger muscles than those without back pain, this
being most prominent in those with a previous history of low
back pain (p<0.0001) (fig 2). Significant differences were also
observed between subjects with a current history and those
with a previous history of low back pain (p<0.001).
As with the multifidus muscle, significant differences were
observed between the three groups when the cross sectional
area of the erector spinae muscle was considered. At the L4–5
level, subjects with low back pain (both current and previous)
had significantly larger muscles than those with no history of
low back pain (p<0.001) (fig 3). No differences were observed
between subjects with current and those with previous low
back pain. However, at the L5–S1 level, these differences were
reversed, with a slight tendency for those with no history of
low back pain to have larger muscles. This trend was
significant when subjects with no history of low back pain
were compared with those with a previous history of low back
pain (p<0.05).
When the iliopsoas muscle was considered, a similar trend
was observed, with subjects with a history of low back pain
(both current and previous) having larger cross sectional areas
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Take home message
Low back pain in elite oarsmen does not appear to be the
result of weakness or asymmetry of the multifidus or erector spinae muscle group.
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Figure 3 Cross sectional area (mm ) of the erector spinae muscle
group in rowers with no, current, or previous low back pain.
2

(p<0.0001). However, no differences were observed between
the two back pain groups. When the ratio of total back extensor muscle—that is, erector spinae and multifidus—to
iliopsoas cross sectional area was compared, subjects with a
previous history of low back pain had a significantly lower
ratio than those with no history of low back pain (p<0.05).
Muscle cross sectional area was influenced by age, with a
decrease in muscle size with an increase in age. In some rowers, there appeared to be left and right asymmetries. However,
this was not the global trend, and no significant left/right
asymmetries were observed for any of the muscle groups.
Similarly there were no significant asymmetries observed
when oarside and non-oarside were compared.

DISCUSSION
Controversy exists about the strength of the trunk muscles
and their association with both the presence and incidence of
low back pain. Some studies show little or no association
between strength and low back pain,19 20 whereas others show
notable weakness of the trunk muscles.1 16 21 22 BieringSorensen et al30 reported that weak trunk muscle is one of the
greatest risk indicators for a first experience of low back pain,
although more recent studies have disagreed with this.31
Despite this controversy, exercises to strengthen trunk
muscles are commonly recommended not only as a treatment
for low back pain, but as a possible preventive measure.32
Little is known about the capabilities of the trunk muscles
of athletes, and the role of these muscles in the generation of
low back pain. Many advocate that the treatment of athletes
with low back pain should include exercises to correct imbalances and weakness.33 Muller et al34 noted that elite rowers had
greater isometric torque of the trunk muscles than both control subjects and other sportspeople such as swimmers and
tennis players. However, this is in contrast with the finding of
Parkin et al,17 who noted no differences between elite rowing
and control populations. Investigations of strength in the
rowing population have not been performed.
This study has investigated measures of cross sectional area
of the back muscles in a group of elite rowers with and without low back pain. Measures of cross sectional area have often
been used to determine the force generating capacity of a
muscle group.35 Comparisons of these three groups of rowers
produced some unexpected results and suggested that rowers
with back pain have larger back muscles, and thus greater
strength, than rowers without low back pain. This is in
contrast with the findings for the general low back pain population. It is not known if this observation is a cause or an effect
of low back pain. In addition, the comparatively small study
population may have influenced the findings of the study. The
increased strength in the spinal muscles may be a consequence of poor technique, the rowers with back pain predominantly using their backs to generate force during the stroke
rather than their legs. Previous studies have suggested that
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there may be an alteration in the lumbopelvic rhythm of rowers with back pain that may lead to hypertrophy of the back
muscles.19 It has also been proposed that patients with low
back pain present with deficits in motor control as opposed to
impairments in strength36 37; if so, these changes in strength
may be irrelevant. Other authors have speculated that it is
fatigue not strength of the back muscles that is important.4
This was not addressed in this study.
Muller et al34 noted that the extension/flexion ratio of the
trunk was lower in subjects with higher rowing performance,
suggesting high levels of trunk flexor strength. The influence
of injury on this ratio was not assessed, because the study was
unable to assess the abdominal mechanism. Consequently
changes in the strength of the transversus abdominus, an
important spinal stabilising muscle, have not been examined.
Assessment of the cross sectional area of this muscle may provide further information to account for the unexpected
finding of increased strength in the posterior stabilising muscles of the rowers with low back pain.
The asymmetric nature of rowing has been speculated to
lead to the development of muscle asymmetries in the spine.
Parkin et al17 investigated muscle activity patterns during isometric trunk extension and noted left and right asymmetries
in the rowers. However, we were unable to detect any
differences in cross sectional area between the left and right
sides. Similarly no differences were detected when oarside and
non-oarside muscles were compared.
.....................
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CONTEMPORARY CLASSIFICATIONS OF CONCUSSION
SEVERITY AND SHORT TERM NEUROPSYCHOLOGICAL
OUTCOME
A D Hinton-Bayre1, G M Geffen2. 1School of Applied Psychology, Griffith
University, Gold Coast and 2Cognitive Psychophysiology Laboratory, University of Queensland, Brisbane, Queensland, Australia

Objective: To contrast concussion severity classifications in terms of
subsequent impairment and recovery as shown by standard
neuropsychological tests.
Setting: Prospective referral based neuropsychological assessment.
Patients: 21 professional rugby league players with a clinical
diagnosis of concussion. Another 21 non-head injured players
matched on key variables acted as controls to adjust for repeated
assessment.
Method: All players were assessed before the season. After
concussion, players were retested within 48 hours and then again at
10 days. Controls were also assessed on this schedule. For each concussed player, a grade of severity was assigned according to the
Cantu (1986), Colorado Medical Society (1991), and American
Academy of Neurology (1997) guidelines.

Main outcome measures: Neuropsychological outcome was
indexed through subjective reports of concussion related symptoms,
and performance on measures of information processing speed,
including the Digit Symbol, Symbol Digit, and Speed of Comprehension tests.
Main results: Irrespective of the classification system used, concussion severity was not related to subsequent neuropsychological
outcome. Several concussed players with grade 1 injuries had
impaired cognitive function at 10 days, whereas those with more
severe grade 3 concussions showed full recovery at the same time
after trauma. Subjective reports of symptoms were clear before cognitive status in most cases. Even when concussed players had returned
to the levels determined before the season, they were still relatively
impaired compared with uninjured controls.
Conclusions: Contemporary classifications of concussion severity
did not predict short term cognitive status. Individualised objective
assessment of players is recommended to assist return to play
decisions. It is important to control for practice effects, as failure to do
so may underestimate the effects of the injury.
This abstract was omitted from the published abstracts of the
International Symposium on Concussion in Sport (Br J Sports Med
2001;35:367–77).
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