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ABSTRACT

Purpose/Background: Although side to side symmetry of lateral abdominal muscle thickness has been
established in healthy individuals, it is unknown whether abdominal muscle symmetry exists in athletes with
asymmetrical physiological demands, such as those of single-sided rowers. The purpose of this study was to
examine the oarside versus the non-oarside lateral abdominal musculature thickness in collegiate single-
sided rowers, as measured by ultrasound imaging (USI).

Methods: The study was a prospective, cross-sectional, observational design. Thirty collegiate crew team
members (17 males, 13 females, age 19.8 + 1.2 years) characterized as single-sided rowers participated. Rest-
ing muscle thickness measurements of the transversus abdominis (TrA), internal oblique (I0), and external
oblique (EO) muscles were obtained via USI. Comparisons of absolute and relative muscle thickness between
oarside and non-oarside were performed using paired t-tests. Potential differences based on gender, rowing
experience, and history of low back pain were investigated using mixed model analysis of variance.

Results: There were no clinically significant differences in absolute or relative thickness of the TrA, IO or
EO on the oarside versus the non-oarside. There were no significant side to side differences in the relative
muscle thickness of the TrA, 10 or EO based on gender, rowing experience, or history of low back pain.

Conclusions: In this sample of single-sided rowing athletes, no clinically significant side to side differences
in lateral abdominal muscle thickness were observed. Despite the asymmetrical functional demands of sin-
gle-sided rowers in this study, thickness of the lateral abdominal muscles was symmetric.

Level of Evidence: 4
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INTRODUCTION

Thirty-two percent of intercollegiate rowers experi-
ence back pain during their college career.! Many
theories have been proposed to explain this high
incidence of' back pain such as exposure of rowers to
cyclic loading in flexion and rotation, muscle imbal-
ances of the back and leg muscles, and muscular
dysfunction or motor control errors in maintaining
spinal stability."***> One may theorize that rowers
who always row on the same side of a scull, known
as single-sided or “sweep” rowers, could create side
to side muscular imbalances and subsequently
develop a greater risk for back pain.

During the rowing stroke, the trunk serves to both
create and transfer forces from the legs and arms
to the oar.! The lateral abdominal muscles provide
trunk stability throughout the stroke to allow for
powerful movements of the upper and lower extrem-
ities. The transversus abdominis (TrA), internal
oblique (IO) and external oblique (EO) have been
shown by electromyography (EMG) to be active dur-
ing both the drive and recovery parts of the stroke,
but are especially active in the latter part of the drive
as an eccentric contraction to slow or control exten-
sion of the spine.! Because the single-sided rower
consistently experiences asymmetric torque bias due
to the demands of an off-set load from one oar, unilat-
eral muscular demands may be placed on the abdom-
inals and therefore create muscular asymmetries or
imbalances.

Ultrasound imaging (USI) has been shown to be a reli-
able and valid non-invasive method for assessing the
thickness of the lateral abdominal muscles. Hides
et al®validated resting measurements including thick-
ness of the lateral abdominal muscles using magnetic
resonance imaging (MRI) as the gold standard. Rankin
et al” showed excellent intrarater reliability when
using USI to measure the lateral abdominal muscles
with intraclass correlation coefficients (ICCs) across
all muscles measured on the same day to be between
0.98-0.99 (95% confidence interval [CI]: 0.91-1.0) and
across all muscles measured 7 days apart to be 0.96-
0.99 (95% CI: 0.85-1.0).

There are several studies pertaining to symmetry of
the lateral abdominal musculature using both MRI
and USL.%7891% Abdominal symmetry can be explored
by examining each of the lateral abdominal muscles

with respect to their absolute thickness or their rela-
tive thickness. Relative thickness provides a value
normalized to the individual and therefore may be a
better measure. The relative thickness value is
expressed as the percent thickness of the individual
muscle in relationship to the total lateral abdominal
thickness.” In healthy adults, Rankin et al” found
near perfect symmetry for all abdominal muscles
when relative thickness of these muscles was
assessed (all muscles exhibited less than 1.5% differ-
ence between sides). Few investigations regarding
potential asymmetry of the abdominal muscles have
been reported. Springer et al® found no difference in
TrA thickness based on hand dominance, and
Springer and Gill® found lateral abdominal thickness
to be symmetrical in a lower extremity unilateral
amputee population despite asymmetrical func-
tional demands.

In contrast, Hides et al'! reported abdominal asymme-
try in athletes (elite cricketers) who participated in a
sport that requires asymmetrical functional demands.
Specifically, they found the IO was larger on the side
contralateral to the dominant arm. The TrA, however,
was found to be symmetric. Aside from the study by
Hides et al", potential abdominal asymmetry has not
been explored in athletes from other sports with asym-
metrical physiological demands. Therefore, it is cur-
rently unknown whether abdominal asymmetry exists
in other athletes, such as those who row on the same
side of a scull.

The primary purpose of this study was to examine the
oarside versus the non-oarside abdominal muscula-
ture in collegiate single-sided rowers, as measured by
USI. The authors expected that no differences would
be found outside of established abdominal muscle
thickness symmetry normative values. A secondary
purpose of this study was to examine any interaction
effects between abdominal muscle thickness symme-
try and gender, rowing experience, and history of
back pain in collegiate single-sided rowers.

METHODS

Study Design

This was a prospective, cross-sectional, observational
study approved by the West Point Institutional Review
Board.
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Subjects

Thirty collegiate crew team members out of a team of
70 rowers from the United States Military Academy
Crew Team volunteered to participate in the study.
Subjects were included if they were healthy, single-
sided rowers. Subjects were excluded if they rowed
bilaterally, or participated in the team in a capacity
that was not solely rowing (coxswain or coach), or
who had been injured or ill causing them to have
missed training for more than two consecutive ses-
sions at some point during the previous 6 weeks. Sub-
jects were not excluded from the study if they
experienced back pain at the time of the study, or
during the previous 6 weeks, as long as the back pain
did not interfere with the training as specified.

After completing the informed consent and informa-
tion privacy paperwork, subjects completed an intake
questionnaire with demographic information includ-
ing age, gender, side of rowing (oar on left or oar on
right side of scull), and incidence of back pain since
the beginning of their rowing career. Those with cur-
rent or a history of back pain completed a Modified
Oswestry Disability Index (ODI) and a Fear Avoid-
ance Behavior Questionnaire (FABQ) which included
both a 7-item scale assessing fear-avoidance beliefs
about work (FABQ work scale [FABQW]; score range,
0-42) and a 4-item scale assessing fear-avoidance
beliefs about physical activity (FABQ physical activity
[FABQPA] scale; score range, 0-24). Higher scores on
the FABQW and FABQPA indicate that the individual
has elevated fear-avoidance beliefs.!* High levels of
test-retest reliability (ICC= .70-.90 for FABQ; ICC=
.90 for ODI) and have been reported with these
instruments.!23141

Image Acquisition

Subjects were all given the same verbal instructions.
They were instructed to lie supine on a plinth with
the head resting at 15 degrees of flexion on a pillow
and with their knees flexed over a pillow. Subjects
were instructed to lie quietly and relaxed, with their
arms behind their head, breathing comfortably while
looking at the ceiling.

Ultrasound images were obtained using the Sonosite
Titan (Sonosite, Inc., Bothell, WA) with a 5 MHz, 60
mm curvilinear array, and all measurements were per-
formed by one evaluator. The evaluator was a Physical

Figure 1. Ultrasound image of the lateral abdominal muscles.
Abbreviations: TLE Thoracolumbar Fascia;, AC, Abdominal
Contents; 'TrA, Transversus Abdominis; 10, Internal Oblique;
EO, External Oblique; SST, Superficial Soft Tissue.

Therapist with 13 years of clinical experience and 5
years of experience working with USI. The evaluator
was trained in the measurement technique to include
a 4 hour group continuing education course and a sub-
sequent 8 hour one on one training session with an
experienced imager. The evaluator demonstrated
excellent intrarater reliability measuring the lateral
abdominals in this training session on 10 healthy indi-
viduals with an ICC(g,g) of .97 for the TrA muscle, and
.98 for the 10 and EO muscles.

Images were acquired of the lateral abdominal mus-
cles using the technique similar to Teyhen et al.’®
(Figure 1). The center of the transducer was placed
along the mid axillary line in the transverse plane just
above the iliac crest. The transducer was positioned
along the intersection of the hyperechoic portion of
the TrA and the anterior reach of the lateral abdomi-
nal wall was placed on the far-left of the screen. The
transducer angle was modulated slightly as needed to
facilitate the best image of the fascial lines. The image
was frozen at the end of the subject’s respiration'”'819.20
and this served as the index image. The ultrasound
machine was then placed in dual screen mode so that
a second image of the same spot on the same side
could be located and frozen. After measurements of
the first two images were documented, the second
image was unfrozen and a third image on the same
side was captured, using the index image as a guide to
ensure best possible placement of the transducer
head on the same portion of the muscle. This sequence
was then repeated on the opposite side. Three images
were taken on each side.
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Table 1. Demographics of subjects (n=30).

Characteristics All Subjects
(n=30)
Age (years; mean + SD) 19.8+1.2
Gender (n)
Female 13
Male 17
Height (cm; mean £ SD) 179.2+89
Weight (kg; mean £ SD) 80.0+9.7
BMI (m/kg®; mean + SD) 249+0.8
Rowing Experience (n)
Novice (< 1 year) 12
Advanced (> 1 year) 18
Back Pain (n)
Left Side 2
Right Side 4
Central/Bilateral 4
Modified Oswestry Disability Index (%) 7773
Fear Avoidance Behavior Questionnaire
FABQW (mean + SD) 158+ 3.8
FABQPA (mean + SD) 124 +8.2
BMI= Body Mass Index; FABQW= Fear Avoidance Beliefs Questionnaire work
subscale; FABQPA= Fear Avoidance Beliefs Questionnaire physical activity subscale

Measurements

Measurements were performed similar to Teyhen
et al* on all three images for each side and later aver-
aged. The screen was covered in acetate and grease
pencil markings were placed at the center of each dual
screen input to identify the site where the measure-
ments were taken, 3.5 cm from the insertion of the
TrA into the anterior abdominal fascia. The evaluator
was blinded to the oarside of the athlete.

Data Analysis

Descriptive statistics were completed for demographic
information, history of back pain, and for the ODI and
FABQ questionnaires. Dependent variables were abso-
lute and relative thicknesses of the TrA, 10, EO, and total
abdominals (TrA +10 +EO) at rest. The absolute thick-
ness (mm) of the muscles was defined as an average of
the three measurements which provides the optimal
reduction in error®?* The relative thickness measure-
ment (%) was defined using the following equation:”’

(absolute individual muscle thickness/absolute total
lateral abdominal muscle thickness)*100%

For the primary purpose of this study, the indepen-
dent variable was “side” (oarside, non-oarside). For

the secondary purposes, the independent variables
included gender, experience level (novice- less than
1 year rowing, advanced- more than 1 year rowing),
and past/current history of back pain. Inferential
statistics comparing the mean side to side absolute
and relative thicknesses for the primary hypothesis
were performed using 2-tailed paired t-tests, and the
secondary aims were analyzed using 2x2 mixed
model analysis of variance (ANOVA). The alpha
level was set at .05 for all tests. Data were analyzed
using SPSS Statistics v. 18.0 (SPSS, Inc., Chicago,
IL).

RESULTS

Subjects

Thirty subjects enrolled and completed the study
(17 males, 13 females; age= 19.8 + 1.2 years). There
were no exclusions from the study. Subjects were
nearly evenly split on rowing side (16 right, 14 left
sided rowers), had an average body mass index of
24.9 + 0.8, the majority were experienced rowers
(60% with greater than 1 year experience), and one-
third (n=10) reported current or previous back pain
episodes. Subject demographics details are provided
in Table 1.
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Table 2. Absolute thickness (mm) and mean difference side-to-side (mm) for

resting measures in collegiate single-sided rowers. *

All Subjects
(n=30)
Abdominal Oarside Non-Oarside Mean Difference t P
Muscle(s)
TrA 4.47+0.78 4.70+0.94 .23 217 .038T
(4.17 - 4.76) (4.35-5.05)
10 10.69 £2.13 11.06 £ 2.47 .37 -1.54 135
(9.89 — 11.48) (10.14 — 11.98)
EO 10.37 £ 1.98 10.22 £2.25 .15 0.68 .503
(9.63-11.11) (9.38 - 11.06)
Total 25.60 + 3.83 26.01+4.16 .41 -1.08  .291
(24.17 — 27.03) (24.45 — 27.56)
Abbreviations: TrA, transversus abdominis; 10, internal oblique; EO, external oblique;
Total = TrA + IO + EO, measured value.
* Values expressed as mean + SD (95% Cl). Tp<.05

Morphometry of the Lateral Abdominal
Muscles

There was a significant difference in the absolute thick-
ness of the TrA (t=-2.17, p=0.038), oarside mean + SD
of4.5 + 0.8 mm, non-oarside mean +SD of 4.7 + 0.9 mm.
There were no significant differences in the absolute
thickness of the IO, the EO, or the total abdominal
thickness from side to side (t=-1.54, 0.68, and 1.08,
p= 0.135, 0.503, and 0.291 respectively) (Table 2).

There were no significant differences side to side in
the relative thickness of the TrA or the 10 (t=-0.63,
-1.37, p=0.532, 0.183 respectively), but there was a
significant difference in the relative thickness of the
EO (t=2.05, p=0.050) with an oarside mean +SD of
41.5 + 4.7%, and a non-oarside mean +SD of 40.2 +
5.0% (Figure 2).

There were no significant differences in relative thick-
ness of the TrA, IO or EO based on gender (p=0.460,
0.915, 0.538 respectively), experience in rowing
(p=0.154, 0.622, 0.743 respectively), or history of
back pain (p=0.075, 0.602, 0.982 respectively).

DISCUSSION

This study is the first to describe the morphology of
the lateral abdominal muscles in single-side rowing
athletes. The current study revealed a statistically sig-
nificant difference in the absolute thickness of the
TrA muscle between the oarside and the non-oarside
of'the subjects. However, this significant difference of
only 0.2 millimeters between means would unlikely
be considered to be clinically important. Additionally,

Relative Muscle Thickness

50+
* Qarside

40 E3 Non-Oarside
304

204

Thickness(% )

104

Figure 2. Relative muscle thickness differences side to side
(mean + standard deviation bars). Abbreviations: TrA,
transversus abdominis; 10, internal oblique; EO, external
oblique; *P= .05, t=2.05.

the relative thickness of the EO muscle compared
oarside to non-oarside was also statistically signifi-
cantly different, but not likely clinically meaningtul,
since the means differed by only 1.3%. Recall that
normative testing has shown side to side differences
up to 1.5% in healthy populations.” No differences in
relative thickness between oarside and non-oarside
lateral abdominal muscles were present, with respect
to gender, experience level or back pain. Despite the
asymmetrical demands of a single-sided rower, the
current study results of abdominal symmetry are
consistent with previous studies.5”%10

Symmetry between sides for the TrA may not be sur-
prising. Hodges et al*® found that the TrA is activated
before the other abdominal muscles during voluntary
arm movements, independent of the direction of arm
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movement. They proposed that the main function of
the TrA in trunk control lies in a general stabilization
of the spine. Furthermore, Eriksson et al** recently
demonstrated that expectation of a perturbation may
result in a direction-independent function of the TrA
muscle in lumbar spine control. Additionally, other
researchers have demonstrated that contraction of the
TrA muscle and the TO muscle are symmetric even in
response to a unilateral limb lifting task and indepen-
dent of unilateral presentation of LBP.* If the primary
function of the TrA is general stabilization, it seems
plausible that it would be symmetrical in single-sided
rowers, despite their asymmetrical demands.

The findings of symmetry in the oarside and non-
oarside thickness of lateral abdominal muscles in sin-
gle-sided rowers may be due to the kinematics of the
stroke. Although the rowing stroke places unilateral
demands through the abdominal musculature by a lat-
erally off-set load, the rowing motion itself is not
highly rotational through the torso when compared to
some other asymmetric sports requirements. Perhaps
athletes such as pitchers, power hitters, or tennis play-
ers would demonstrate more asymmetries in rota-
tional muscles such as the IO and EO. Future research
would be required to substantiate that theory.

It is also possible that the lack of side to side differ-
ences in lateral abdominal muscle thickness might
be attributed to some mechanism in which rowers
engage each side of the abdominal muscles (or each
muscle) at different phases in the stroke, resulting
in a balance that mitigates any measurable thick-
ness differences at rest. EMG studies are lacking in
the unilateral rowing athlete, and these types of
studies could offer timing data about individual
muscle utilization or recruitment throughout the
rowing cycle for single-sided rowers.

The authors of the current study observed that 10 of
the 30 subjects in our sample had a history of back
pain which was similar to reports in previous studies
of collegiate rowers.?** However, no side to side differ-
ences in abdominal muscle thickness of the oarside
and non-oarside between those with and without a
history of back pain were observed. In those having a
history of back pain in this study, mean ODI scores
measuring disability were under 8% and therefore con-
sidered low.!* Additionally, fear avoidance behaviors

were low. Cut off values for abnormal fear avoidance
for the behavioral scales have been previously defined
as >29 for the FABQW and >14 for the FABQPA.?® The
subjects in the current study scored below these cut
offs for the FABQW, but slightly above (mean+SD,
15.8 + 3.8) for the FABQPA. The higher score on the
FABQPA is likely the result of the continued high level
activity that these individuals are participating in,
despite symptoms of low back pain. These scores,
when viewed together, indicate that back pain was
likely of minimal relevance in this sample of colle-
giate rowers.

A few limitations of this study should be considered.
One limitation is that these subjects were military
cadets who have many physical requirements. In
addition to the unique demands of their sport they
also participate in other physical training which may
provide symmetrical forces on the trunk. However,
this level of physical activity that also provides sym-
metrical movement is likely similar in other rowing
athletes who must stay actively involved in general
physical conditioning and cross-training activities
outside of their normal crew practice.

Additional threats to validity occur in USI studies due
to image acquisition or measurement errors. The
authors attempted to limit these errors by performing
a reliability analysis, using a dual screen display to
ensure consistent positioning of the transducer, aver-
aging multiple measures, and blinding the imager to
the oarside of the subject to reduce bias.

CONCLUSION

In this sample of collegiate single-sided rowing ath-
letes, no clinically significant side to side differences
in lateral abdominal muscle resting thicknesses were
observed using USI. While statistically significant
differences in the relative thickness of the EO favor-
ing the oarside were found, the mean difference
between sides was small (1.3%) which is similar to
published normative data. Further, no differences
were noted in side to side comparisons of relative
thicknesses when accounting for gender, experience
in rowing, or history of low back pain. Despite the
asymmetrical demands of single-sided rowers in this
study, bilateral thickness of the lateral abdominal
muscles was symmetric.
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