
	 	 Journal of Geriatric Physical Therapy  Vol. 32;2:09

1Assistant Professor, Department of Physical Therapy Educa-
tion, Elon University, Elon, NC
2Professor, Rocky Mountain University of Health Professions, 
Provo, Utah;  Associate Professor, Baylor University, Waco, TX
3Staff Physical Therapist, Alamance Regional Medical Center, 
Burlington, NC

Grant funding provided by Elon University.

ABSTRACT  
Purpose: Rehabilitative ultrasound imaging (RUSI) is used to 
evaluate lateral abdominal muscle size and function during the 
abdominal drawing-in maneuver (ADIM), an exercise used to 
improve lumbar spine stability. Little is known about the size 
and performance of these muscles in healthy aging adults. The 
purpose of this study was to investigate, using RUSI, the size 
and symmetry of the lateral abdominal muscles bilaterally at 
rest and during the ADIM in healthy older adults and the reli-
ability of these measurements.  Methods: Three ultrasound 
images of the right and left lateral abdominal muscles were 
taken at rest and during the ADIM in 12 healthy older adults. 
Thickness of the transversus abdominis muscles (TrA), internal 
oblique (IO), and external oblique (EO) were measured for all 
images. Intraclass correlation coefficients were computed us-
ing model 3, form 1 (ICC3,1). Two ratios of the abdominal 
muscles were calculated in the relaxed and contracted states. 
Paired t-tests were used to compare relaxed muscle thickness 
to contracted muscle thickness for all 3 muscles for each side. 
To test further for interactions of side and contractile state, 
2 x 2 repeated measures ANOVAs were performed.  Side-to-
side differences in absolute and relative thickness were assessed 
with paired t-tests for the TrA and IO muscles. Absolute and 
relative side-to-side muscle symmetry indices were computed 
for each muscle at rest.  Results: There was a significant dif-
ference in muscle thickness between the contracted and relaxed 
states for both the TrA and IO. There was no significant differ-
ence between left/right muscle thickness for the TrA or IO at rest 
or during the ADIM. The TrA nearly doubled in size while thick-
ness of the IO + EO stayed relatively constant during the ADIM. 
Reliability for absolute muscle thickness was generally excellent: 
ICCs3,1 ranged from 0.95 to 1.00 for intra-image reliability; 0.77 
to 0.97 for inter-image reliability.  Conclusions: These findings 
support symmetrical and preferential activation of the TrA 
during the ADIM in healthy older adults. Continued research 

on the use of RUSI as a tool for both assessment and interven-
tion in older adults is needed. 

Key Words: ultrasound imaging, transversus abdominis, ab-
dominal muscles

INTRODUCTION
Older adults are poorly represented in the literature on back 

pain. Yet, in individuals over 75 years of age back pain is the 
most commonly reported musculoskeletal problem and has the 
potential to impact function and rising health care costs.1,2  The 
prevalence of back pain in aging adults is uncertain, but the 
range is estimated between 13% and 49% with the frequency 
of severe back pain increasing with age.1,3 Approximately 27% 
of over 2,000 independent, well-functioning aging adults in 
the Health ABC study reported at least moderate LBP with the 
prevalence and severity of LBP independently associated with 
self-reported difficulty with functional tasks.4 Despite the high 
incidence and functional consequences, LBP in aging adults is 
poorly understood.

Altered trunk muscle performance is thought to be both a 
cause and consequence of LBP in younger adults.  Expensive 
(MRI) and invasive (fine-wire EMG) techniques have identified 
a variety of changes in muscle recruitment: trunk muscle weak-
ness,5 increased activity of the extensor muscles during trunk 
movements,6 delayed relaxation in response to unloading,7 and 
reduced activity during functional activities.8 Recently, ultra-
sound imaging (USI), a noninvasive technique, has demon-
strated changes in the recruitment of the deep trunk muscles, 
transverse abdominis (TrA), and multifidus, as a consistent find-
ing in individuals with LBP.9,10 Physical therapy that emphasizes 
preferential activation of the TrA and multifidus during active 
movement is theorized to improve lumbar spine stability and 
demonstrated to significantly decrease pain and prevent recur-
rence in younger individuals with LBP.11-15 The generalizability 
of these findings or their relevance to aging adults is unknown.  

The lateral abdominal muscles [transversus abdominis (TrA), 
internal oblique (IO) and external oblique (EO)] are theorized 
to control movement and provide stability to the trunk for func-
tional activities.16-19 Specifically, the deep abdominal muscle, 
TrA, is implicated in the support and protection of the spine.10 
The TrA is controlled independently of the other abdominal 
muscles and is activated early in a tonic manner prior to arm 
and leg movements9,16,20  and during  locomotion.21  In contrast 
to healthy individuals, the TrA is less tonic,21 often delayed9,16,22 
or reduced23 in people with low back pain.  

Several researchers have investigated lateral abdominal 
muscle size and function using ultrasound imaging.23-26  Ultra-
sound imaging is performed by physical therapists to evaluate 
muscle structure, form, and patterns of activation and does not 
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require referral to a radiologist.27  Because of its deep location 
and unique function, the TrA cannot be evaluated through tra-
ditional strength and endurance testing.  Ultrasound imaging 
used in rehabilitation, known as rehabilitative ultrasound imag-
ing (RUSI), has provided physical therapists with a tool to as-
sess and train the TrA. Extensive research supports the reliability 
and validity of using RUSI in the measurement of muscle ge-
ometry, compared to other well-accepted techniques (ie, MRI 
and EMG).26,28-30  In addition to being able to assess geometric 
properties of muscles, RUSI has been a successful noninvasive 
technique in the measurement of muscle activation. Changes in 
ultrasound measurements of muscle thickness of the lateral ab-
dominal muscles (including the TrA) have been correlated with 
increased EMG values during activity.31   

The abdominal drawing-in maneuver (ADIM), a founda-
tional exercise in trunk stabilization programs, is designed to 
facilitate a voluntary contraction of the TrA and has been shown 
to be an effective component in the management of low back 
pain.23,32-34 The ADIM is a gentle voluntary contraction of the 
lower abdominal wall performed by pulling the belly up and in 
towards the spine without moving the pelvis, ribcage, or spine. 
Optimal performance of the ADIM results in preferential thick-
ening of the TrA bilaterally with minimal changes in combined 
EO and IO muscle thickness.23,26  Recently, researchers have 
demonstrated that delayed activation of the TrA in people with 
low back pain can be improved through training of repeated, 
isolated, voluntary TrA contractions using the ADIM.35 

Despite the high prevalence of back pain in aging adults, 
Rankin et al36 is the only investigation of lateral abdominal mus-
cle size and symmetry that included older subjects (ages 21-72 
years); however, the subjects’ mean age was only 40.6 years.36  In 
younger adults researchers have demonstrated side to side sym-
metry of the lateral abdominal muscles at rest and during the 
ADIM24,25,36 and impaired muscle activation patterns in persons 
with low back pain.19,21,23 In aging adults little is known about 
the size, symmetry, and performance of the lateral abdominal 
muscles. The main purpose of this study was to describe, using 
RUSI, the size and symmetry of the lateral abdominal muscles, 
bilaterally, at rest and during the ADIM in healthy aging adults. 
The secondary purpose was to determine the reliability of these 
measurements. 

METHODS
Subjects

Subjects were recruited by printed flyers and word of mouth 
from the community, local senior groups, and Alamance Re-
gional Medical Center. Each subject volunteered to participate 
in this study and signed an informed consent form prior to 
participation. The study was approved by the Institutional Re-
view Boards at Elon University and Alamance Regional Medical 
Center.

Thirty-six healthy aging adults initially volunteered for this 
study. Twelve subjects (9 women, 3 men), mean age 72 (S.D. 
9.36) years, range 57-84 years, met the inclusion criteria and 
participated in the study. Seven subjects were independent 
community dwellers and 5 subjects lived in a minimal assis-
tance retirement center.  The mean body mass index of the 
subjects was 25.9 ± 2.96 kg/m2.  Exclusion criteria included 

low back pain within the past 3 years resulting in either:  (1) 
change in physical activity, (2) a need for medical care, or (3) 
lost days from work.  Additional exclusion criteria were:  a 
history of spinal, abdominal, or lower extremity surgery, respi-
ratory or neurological disorders, structural scoliosis, urinary 
incontinence, BMI > than 30 kg/m2, cardiac pacemaker, Mini-
Mental State Exam37 < 24, severe arthritis resulting in joint 
deformities of the hips, knees, or feet, and pain with weight 
bearing on either extremity.  

Procedures
Using a slide presentation, each subject was instructed in the 

anatomy and ultrasound imaging of the abdominal muscles and 
the proper performance of the ADIM.23,31   The 5-minute slide 
presentation was created to familiarize subjects with the testing 
procedure.  Then, each subject was positioned on a plinth in su-
pine hook-lying with the head in midline, arms across the chest, 
and a bolster under the knees.  To perform the ADIM each 
subject was taught to pull the lower abdomen up and in toward 
the spine at the end of exhalation and then, hold the contrac-
tion for 10 seconds while continuing to breathe normally and 
maintaining a neutral posture of the lumbar spine.  Prior to test-
ing on each side, the ADIM was practiced 3 times using RUSI 
for feedback.  During ADIM practice the researchers provided 
verbal and tactile feedback to minimize substitution patterns 
and facilitate proper performance.  

Following practice, ultrasound images of the lateral ab-
dominal muscles were obtained at rest (relaxed state at the end 
of exhalation) and during the ADIM (contracted state). Three 
images were obtained in each state for each side, one side at a 
time.  The order of imaged side was randomized using a table 
of random numbers.  A 3-minute rest was provided between 
practice and testing, as well as between sides, to minimize po-
tential effects of fatigue.23  The time to acquire all images was 
30 minutes. Ultrasound images were taken using the Aquila 
system (Biosound Esaote, Indianaoplis, IN) with a 5 MhZ 
curvilinear array transducer. The transducer was placed in a 
transverse plane halfway between the ASIS and the lower rib-
cage along the anterior axillary line (Figure 1).  The location 
of the transducer was further standardized by positioning the 
hyperechoic interface between the TrA and the thoracolum-

Figure 1.  Ultrasound Transducer Location
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bar fascia on the far left side of the image. One researcher 
positioned the transducer to optimize the quality of the im-
age and the second researcher captured the image at the end 
of the subject’s exhalation at rest and during the ADIM for 
all subjects. Stored images were measured using Image J, ver-
sion 1.38, Oct 2006, provided by NIH. A single researcher, 
blinded to the subject’s identity, measured the thickness of the 
EO, IO, and TrA for all images, as described by Teyhen et 
al.23  Figure 2 illustrates ultrasound images of the left lateral 
abdominal muscles. 

Data Analysis
Computations of ratios and contraction indices were performed 

with Microsoft Excel (v.2003).  SPSS for Windows (v.13.0) was 
used for statistical analysis, with level of significance set at 0.05 for 
all statistical tests.

Intraclass correlation coefficients were computed using model 
3, form 1 (ICC3,1).  Separate ICCs were computed for each muscle 
for each side and each state (relaxed and contracted).  Intra-image 
reliability was computed using 3 repeated measurements taken 
from the first of 3 successive images. Inter-image reliability was 
computed using a single measurement taken from each of the three 
images.  Standard errors of measurement were computed with the 
formula:  .  As part of the reliability anal-
ysis, systematic bias was tested using a one-way repeated measures 
analysis of variance (ANOVA), using the 3 repeated measurements 
from the first image as levels for the single factor. When the spheric-
ity assumption was violated, a conservative correction to degrees of 
freedom was made using the Greenhouse-Geisser method.

The mean thickness of each muscle was computed using a 
single measurement taken from each of the 3 images at rest and 
during contraction.  Paired t-tests were used to compare mean 
relaxed muscle thickness to mean contracted muscle thickness 
for all 3 muscles. These tests were performed separately for right 
and left sides. To test further for interactions of side and con-
tractile state, 2 x 2 repeated measures ANOVAs were performed 
for muscles showing significant changes in thickness between 
relaxed and contracted states. Contraction ratios (relaxed mus-
cle thickness/contracted muscle thickness) were calculated for 
the TrA and for the EO + IO to quantify the change of muscle 
thickness with contraction.  TrA contraction ratio was comput-

ed as TrA contracted/TrA relaxed.  EO + IO contraction ratio 
was computed as EO + IO contracted / EO + IO relaxed.

Side-to-side differences in absolute and relative (thickness of 
each muscle expressed as a percentage of total muscle thickness) 
thickness were assessed with paired t-tests for the TrA and IO 
muscles.  Absolute side-to-side muscle symmetry (% difference 
between sides) was computed for each muscle at rest.  Absolute 
symmetry was defined by the formula: ([(largest/smallest value) 
x 100] – 100), after defining whether the right side or the left 
side had the largest average thickness across the 3 images.26 

Results
Complete sets of images were 

obtained from 11 of the 12 pa-
tients. Measurements could not be 
obtained from unreadable images 
from 1 patient for 1 of 3 repeated 
images for 3 of the 12 combinations 
of muscle, side, and contractile state. 
For these 3 combinations, 2 images 
were used instead of 3 for compu-
tations of averages. Also for these 3 
combinations, data from 11 patients 
instead of 12 were used for compu-
tations of ICCs.

Descriptive statistics for mus-
cle thickness and results of paired 
t-tests comparing relaxed to con-

tracted states are provided in Table 1. Average muscle thickness 
for TrA and IO muscles was greater when contracted than when 
at rest (p=0.03). Average percent increase in TrA muscle thick-
ness from relaxed to contracted states was 62% on the left side; 
61% on the right side. Average percent increase in IO muscle 
thickness from relaxed to contracted states was 27% on the 
left side; 29% on the right side. Thickness in EO muscles did 
not change appreciably between relaxed and contracted states 
(p=0.14). Contraction ratios were 1.76 and 1.65 for the TrA, 
and 1.19 and 1.16 for the EO + IO, left and right respectively 
(Table 2). Average muscle thickness in the sample was greater 
in the IO muscle, both for relaxed and contracted states, than 
for either the TrA or EO muscles. For both TrA and IO mus-
cles the 2 x 2 repeated measures ANOVAs yielded statistically 
significant main effects for contractile state (p=0.02), but no 
significant main effects for side (p = 0.55) and no significant 
side x state interaction effects (p = 0.82.; Figures 3 & 4). Intra-
image reliability for absolute muscle thickness was excellent: 
ICCs3,1 ranged from 0.95 to 1.00 across the 12 combinations 
of muscle, side, and contractile state (Table 3). Inter-image 
reliability for absolute muscle thickness was somewhat lower: 
ICCs3,1 ranged from 0.77 to 0.97 across the 12 combinations 
(Table 4). All point estimates of reliability were statistically sig-
nificant (p < 0.001).  Standard errors of measurement were 
quite small, ranging from 2 to 8 mm (Tables 3, 4).

Results for side-to-side symmetry for absolute and relative 
muscle thickness are summarized in Tables 5, 6. Average side-
to-side differences for absolute and relative muscle thickness at 
rest ranged from 14% to 17%. None of the side-to-side differ-
ences were statistically significant (p = 0.29).

Figure 2.   Ultrasound Images of the Lateral Abdominal Muscles – 84 Year Old Male. Subcutane-
ous Tissue (SST), Internal Oblique (IO), External Oblique (EO), Transversus Abdominis (TrA)

At Rest Contracted
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Table 2.  Contraction Ratio Data. Values Represent Mean (SD)
Contraction Ratio Left Right

TrA  1.76 (0.40) 1.65 (0.33)

EO + IO 1.19 (0.21) 1.16  (0.21)

TrA Contraction Ratio = TrA contracted/ TrA relaxed
EO + IO contraction Ratio = EO + IO contracted/ EO + IO relaxed

Figure 3.  Interaction Plot Showing Effects of Side and 
Contractile State for the Transversus Abdominis Muscle

Discussion 
This study provides descriptive data on the size and sym-

metry of the lateral abdominal muscles and reliability of those 
measures in a sample of healthy aging adults. Consistent with 
our expectations in healthy aging adults, the size and symmetry 
of the lateral abdominal muscles at rest and during the ADIM 
are comparable to healthy, younger adults.24,25,36

Absolute Muscle Thickness
The absolute TrA muscle thickness at rest 

and during the ADIM is consistent with other 
studies. In this study the bilateral TrA values at 
rest, 5.4-5.6(1.5) mm (mean + SD), are similar 
to values previously reported. In a study of 123 
healthy adults, Rankin et al36 reported bilateral 
TrA values at rest of between 5.4 to 5.7(1.1) 
mm for men with mean age of 40.6(14.1) 
years, and between 3.9 to 4.4(0.8) mm for 
women with mean age of 33.8(12.7) years. In a 
study of 17 young, adult males aged 27.7(5.6) 
years, Springer et al24 reported TrA values at 
rest of 5.0(0.9) mm. Total abdominal muscle 
thickness values at rest between 24.8 (5.2) mm 
and 24.8 (5.5) mm are comparable to findings 
by Springer et al24 of between 20.9 (5.5) mm 
to 21.5 (5.9) mm. During the ADIM the TrA 
thickness values between 8.8 (2.4) mm to 9.1 
(2.3) mm are also similar to those reported by 
Springer et al,24 between 8.6 (2.2) mm to 8.7 
(2.1) mm. In addition, total lateral abdominal 
muscle thickness during the ADIM between 
31.0 (7.3) mm to 31.9 (8.1) mm is comparable 

to findings by Springer et al24 of between 26.0 (8.2) mm to 26.5 
(8.0) mm. The small differences in reported TrA values at rest and 
during ADIM may be accounted for by variations in subjects’ age 
or ultrasound transducer location. 

Figure 4.  Interaction Plot Showing Effects of Side and Con-
tractile State for the Internal Oblique Muscle

The pattern of descending order of absolute and relative 
muscle thickness at rest reported in this study bilaterally, IO > 
EO > TrA, is consistent with Rankin et al.36  Previous research 
has shown this pattern is independent of gender and side (left 
versus right) or measurement location in the middle abdominal 
region.30 Observation of variation from this normal pattern may 
be a simple screening tool useful in clinical evaluation of trunk 
muscle atrophy or hypertrophy.30,36   

Side-to-Side Comparisons
Evaluation of lateral abdominal muscle symmetry may be 

useful in the presence of unilateral pathology in aging adults. 
A comparison of this study’s percent differences side-to-side 

Table 1.  Descriptive Statistics for Averaged Measures of Absolute Muscle Thickness
Muscle Side State Mean

(cm)
 SD   
(cm)

Minimum
(cm)

Maximum
(cm) p-value*

TrA Left Relaxed 0.56 0.15 0.36 0.91 <0.001

TrA Left Contracted 0.91 0.23 0.59 1.31

TrA Right Relaxed 0.54 0.15 0.33 0.85 <0.001

TrA Right Contracted 0.88 0.24 0.64 1.34

IO Left Relaxed 1.13 0.40 0.60 1.82 0.030

IO Left Contracted 1.43 0.72 0.67 3.11

IO Right Relaxed 1.10 0.30 0.71 1.77 0.019

IO Right Contracted 1.42 0.51 0.82 2.59

EO Left Relaxed 0.79 0.21 0.48 1.28 0.143

EO Left Contracted 0.85 0.22 0.51 1.27

EO Right Relaxed 0.84 0.23 0.52 1.22 0.249

EO Right Contracted 0.80 0.23 0.49 1.11

Descriptive statistics are based on averaged scores across 3 images from 12 subjects, except for results in 
italics above: unreadable images for 1 patient (for 1 of the 3 repeated images) resulted in only 2 images to 
average for these 3 results for 1 of the 12 subjects.
Abbreviations: TrA, Transversus Abdominis; IO, Internal Oblique; EO, External Oblique
*	p-values from paired t-tests comparing relaxed means to contracted means for TrA and IO muscles.
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generates similar findings to those reported by Rankin et al.36 
In aging adults the side to side mean differences were 15.07% 
(9.91%) for the TrA and 14.08% (10.46%) for the IO. Rankin 
et al36 reported a range of side-to-side mean differences for the 
TrA (15.9% to 21.0%) and IO (17.3% to 21.9%) in males and 
females, respectively. 

Relative thickness at rest for all 3 muscles demonstrated near 
perfect symmetry similar to previous research.24,36  We found a 

mean (SD) relative thickness at rest for the TrA of 22% to 23% 
(3% to 4%). Relative TrA muscle thickness during the ADIM 
was 28% to 29% (5%,) the first report of relative TrA muscle 
thickness during the ADIM in aging adults. In healthy, young, 
adult males Springer et al24 found the mean (SD) relative thick-
ness at rest of the TrA to be 20.1% (3.4%) and the relative mus-
cle thickness during the ADIM to be 34.0% to 34.5% (6.6% 
to 7.2%).  Similar to Rankin et al36 who reported less than 2% 
and Springer et al24 who reported 3.5%, this study reports a 
mean difference side-to- side of 1% for relative thickness at rest 
of the TrA. 

In this sample of healthy aging adults, performance of the 
ADIM resulted in a significant symmetrical (left versus right) 
increase in the thickness of the TrA (p < 0.001) and IO (p = 
.03).  The ADIM resulted in preferential activation of the TrA 
bilaterally, as demonstrated in previous studies.23,26,38  Preferen-
tial activation of the TrA has been defined as a 2-fold or 100% 
increase in the TrA muscle thickness during the ADIM (TrA 
contraction ratio > 2.0), with the EO + IO muscle thickness 
staying relatively constant (EO + IO contraction ratio ~ 1.0).23 
In this study the average percent increase in TrA muscle thick-
ness was left side (62%) and right side (61%).  However, the 
mean TrA contraction ratios for left of 1.76 (0.40) and right 
of 1.65 (0.33) sides were less than the mean TrA contraction 
ratio of 2.27 (0.89) previously reported in a younger popula-
tion.23 The difference in the TrA contraction ratio between ag-
ing and younger adults may reflect an age-related decrease in 

Table 3. Intra-image Reliability Coefficients for Bilateral 
Abdominal Muscles in Relaxed and Contracted States

95% Confidence 
Interval

Muscle Side State ICC(3,1)

Lower 
Bound

Upper 
Bound

SEM
(cm)

TrA Left Relaxed 0.98 0.95 0.99 0.02

TrA Left Contracted 0.97 0.92 0.99 0.04

TrA Right Relaxed 0.97 0.92 0.99 0.03

TrA Right Contracted 0.99 0.97 1.00 0.03

IO Left Relaxed 0.99 0.99 1.00 0.03

IO Left Contracted 1.00 0.99 1.00 0.05

IO Right Relaxed 0.99 0.98 1.00 0.02

IO Right Contracted 0.97 0.93 0.99 0.08

EO Left Relaxed 0.98 0.95 0.99 0.03

EO Left Contracted 0.98 0.95 0.99 0.03

EO Right Relaxed 0.99 0.98 1.00 0.02

EO Right Contracted 0.95 0.88 0.98 0.05

Intraimage reliability coefficients are based on averaged scores across 3 im-
ages from 12 subjects, except for results in italics above: unreadable images 
for 1 patient (for 1 of the 3 repeated images) resulted in only 2 images to 
average for these 3 results for 1 of the 12 subjects.

Table 4. Inter-image Reliability Coefficients for Bilateral 
Abdominal Muscles in Relaxed and Contracted States

95% Confidence 
Interval

Muscle Side State ICC(3,1)

Lower
Bound

Upper
Bound

SEM
(cm)

TrA Left Relaxed 0.86 0.68 0.95 0.01

TrA Left Contracted 0.77 0.51 0.92 0.03

TrA Right Relaxed 0.92 0.81 0.97 0.01

TrA Right Contracted 0.82 0.58 0.94 0.02

IO Left Relaxed 0.97 0.93 0.99 0.02

IO Left Contracted 0.95 0.88 0.98 0.03

IO Right Relaxed 0.93 0.83 0.98 0.02

IO Right Contracted 0.88 0.71 0.96 0.03

EO Left Relaxed 0.94 0.85 0.98 0.02

EO Left Contracted 0.85 0.65 0.95 0.03

EO Right Relaxed 0.94 0.85 0.98 0.02

EO Right Contracted 0.88 0.70 0.96 0.03

Interimage reliability coefficients are based on averaged scores across 3 images 
from 12 subjects, except for results in italics above: unreadable images for 1 
patient (for 1 of the 3 repeated images) resulted in only 2 images to average for 
these 3 results for 1 of the 12 subjects.

Table 5.  Absolute Muscle Thickness and Difference Side to 
Side at Rest* 

Muscle Left Side 
(cm)

Right Side 
(cm)

Difference Side 
to Side (%)†

p-value*

TrA 0.56 + 0.15 0.54 + 0.15 15.07 + 9.91 0.595

IO 1.13 + 0.40 1.10 + 0.30 14.08 + 0.46 0.543

EO 0.79 + 0.21 0.84 + 0.23 17.10 + 4.03 0.286

Abbreviations: TrA, transversus abdominis; IO, internal oblique; EO, external 
oblique
Values are expressed as mean + SD
See text for symmetry formula used to calculate % difference side to side 
†	Mean side-to-side difference computed as the average of all individual side-

to-side differences
*	P-values from paired t-tests comparing left side thickness scores to right 

side thickness scores

Table 6.  Relative Muscle Thickness of the TrA, IO, EO and 
Difference Side to Side at Rest*

Muscle Left Side 
(%)

Right Side 
(%)

Difference Side to 
Side (% + SD)†

p-value*

TrA 23 + 3 22 + 4 13.97 + 8.24 0.549

IO 45 + 9 44 + 7 7.08 + 6.80 0.663

EO 33 + 8 34 + 7 13.10 + 3.13 0.327

Abbreviations: TrA, transversus abdominis; IO, internal oblique; EO, external 
oblique
Values are presented relative to total muscle thickness of the lateral abdominal 
muscles and expressed as mean
†	Mean side-to-side difference computed as the average of all individual side-

to-side differences
*	P-values from paired t-tests comparing left side thickness scores to right 

side thickness scores
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muscle activation. The mean EO + IO contraction ratios for the 
left and right sides were approximately 1.0. While the measured 
changes in TrA muscle thickness from relaxed to contracted 
states were smaller in aging adults than younger adults,23,26,38 the 
comparative lack of change in the EO & IO muscle thickness 
supports symmetrical, preferential activation of the TrA during 
the ADIM. In this study, average percent increase in IO muscle 
thickness from rest to contracted states was 27% on the left 
side, 29% on the right side.  An increased thickness of the IO 
during the ADIM is consistent with findings reported by other 
researchers, illustrating that the ADIM does not activate the 
TrA in isolation.26,38  The authors found no other investigations 
reporting percent change of TrA or IO thickness of aging adults 
while performing the ADIM.

Reliability of Measures at Rest and During Contraction 
This investigation examined reliability of measurements on 

both sides of the abdomen at rest and during ADIM. Repeated 
measurements of the same image demonstrated high ICC val-
ues and very low SEMs similar to those reported in previous 
studies.26,30 As expected, ICC values for measurements of the 
muscles at rest were slightly higher than the ICC values during 
the performance of the ADIM. Since the ADIM is a voluntary 
contraction, measures during contraction may show more vari-
ability than measures taken at rest.26 

LIMITATIONS
The major limitation of this research is the small sample size.  

The stringent exclusion criteria which limited the number of 
subjects may also limit the generalizability of the findings.  Ad-
ditionally, performance of the lateral abdominal muscles during 
the ADIM may not be representative of those muscles during 
functional activity.

Conclusion
The results of the current study expand on other investiga-

tions of lateral abdominal muscle thickness during the ADIM.  
Rehabilitative ultrasound imaging abdominal muscle thickness 
measurements at rest and during the ADIM are reliable in a 
healthy, aging population. These findings support symmetri-
cal and preferential activation of the TrA during the ADIM in 
healthy aging adults.  Low back pain is one of the most disabling 
and therapeutically challenging conditions adversely affecting 
aging adults, yet there is a limited body of research dedicated to 
assessing trunk muscle performance in this age group.  Further 
research is indicated to examine the use of RUSI in aging adults 
for the evaluation and intervention of LBP. 

References
1. 	 Bressler HB, Keyes WJ, Rochon PA, Badley E. The preva-

lence of low back pain in the elderly.  A systematic review of 
the literature. Spine. 1999;24:1813-1819. 

2. 	 Rudy TE, Weiner DK, Lieber SJ, Slaboda J, Boston JR.  The 
impact of chronic low back pain on older adults: A compara-
tive study of patients and controls. Pain. 2007;131:293-301.

3. 	 Dionne CE, Dunn KM, Croft P. Does back pain preva-
lence really decrease with increasing age? A systematic re-
view. Age Ageing. 2006;35:229-234.

4.	 Weiner DK, Haggerty CL, Kritchevsky SB, Harris T, Si-
monsick EM, Nevitt M; Newman A for the Health, Ag-
ing, and Body Composition Research Group. How doe 
low back pain impact physical function in independent, 
well-functioning older adults? Evidence from the Health 
ABC Cohort and implications for the future. Pain Med. 
2003;4(4):311-320.

5.   Lee JH, Hoshino Y, Nakamura K, Kariya Y, Saita K, Ito K. 
Trunk muscle weakness as a risk for low back pain after a 
5-year prospective study. Spine. 2001;24:54-57.

6.  	Flor H, Haag G, Turk DC, Koehler H. Efficacy of EMG bio-
feedback, pseudotherapy, and conventional medical treatment 
for chronic rheumatic back pain. Pain. 1983;17(1):21-31.

7.  	Radebold A, Cholewicki J, Panjabi MM, Patel TC. Muscle 
response pattern to sudden trunk loading in healthy indi-
viduals and in patients with chronic low back pain. Spine. 
2000;25:947-54.

8.  	Sihvonen T, Lindgren KA, Airaksinen O, Manninen H. 
Movement disturbances of the lumbar spine and abnormal 
back muscle electromyographic findings in recurrent low 
back pain. Spine. 1997;22:289-295.

9. 	 Hodges PW, Richardson CA. Delayed postural contraction of 
transversus abdominis in low back pain associated with move-
ment of the lower limb. J Spinal Disord. 1998;11:46-56.

10. Hodges PW; Richardson CA. Inefficient muscular stabiliza-
tion of the lumbar spine associated with low back pain.  A 
motor control evaluation of transverses abdominis. Spine. 
1996;21:2640-2650.

11.	Danneels LA, Cools AM, Vanderstraeten GG, et al.  The 
effects of three different training modalities on the cross-
sectional area of the paravertebral muscle. Scan J Med Sci 
Sports. 2001;11:335-341.

12.	O’Sullivan PB, Phyty GD, Twomey LT, Allison GT. Evalu-
ation of specific stabilizing exercise in the treatment of 
chronic low back pain with radiologic diagnosis of spon-
dylolysis or spondylolisthesis. Spine. 1997;22:2959-2967.

13.	Saal JA. Dynamic muscular stabilization in the nonop-
erative treatment of lumbar pain syndromes. Orthop Rev. 
1990;19:691-700.

14.	Hides JA, Jull GA, Richardson CA. Long term effects of 
specific stabilizing exercises for first-episode low back pain. 
Spine. 2001;26:E243-248.

15.	Koumantakis GA, Watson PJ, Oldham JA. Trunk muscle 
stabilization training plus general exercise versus general 
exercise only: randomized controlled trial of patients with 
recurrent low back pain. Phys Ther. 2005;85:209-255.

16.	Hodges PW, Richardson CA. Feedforward contraction of 
transverses abdominis is not influenced by the direction of 
arm movement.  Exp Brain Res.  1997;114:363-370. 

17.	Hodges PW. Is there a role for transversus abdominis in 
lumbo-plevic stability? Man Ther. 1999;4:74-86. 

18.	Richardson CA, Jull GA, Hides JA, Hodges P. Therapeutic 
Exercise for Spinal Stabilization in Low Back Pain. 2nd ed. 
New York, NY: Churchill Livingstone; 2004. 

19.	O’Sullivan PB, Grahamslaw KM, Kendell M, Lapenskie 
SC, Moller NE, Richards KV. The effect of different stand-
ing and sitting postures on trunk muscle activity in a pain-
free population. Spine. 2002;27:1238-1244.

21



	 	 Journal of Geriatric Physical Therapy  Vol. 32;2:09

20.	Hodges PW, Cresswell A, Thorstensson A. Preparatory 
trunk motion accompanies rapid limb movement. Exp 
Brain Res. 1999;124:69-79.

21.	Saunders SW, Rath D, Hodges PW. Postural and respira-
tory activation of the trunk muscles changes with mode and 
speed of locomotion.  Gait Posture. 2004;20:280-290.

22.	Ferreira PH, Ferreira ML, Hodges PW. Changes in recruit-
ment of the abdominal muscles in people with low back 
pain. Ultrasound measurement of muscle activity.  Spine. 
2004;29:2560-2566.

23.	Teyhen DS, Miltenberger CE, Deiters HM, et al. The use 
of ultrasound imaging of the abdominal drawing-in ma-
neuver in subjects with low back pain. J Orthop Sports Phys 
Ther. 2005;35:346-355. 

24.	Springer B, Mielcarek BJ, Nesfield TK, Teyhen DS.  Rela-
tionships among lateral abdominal muscles, gender, body 
mass index, and hand dominance.  J Orthop Sports Phys 
Ther. 2006;36(5):289-297.

25.	Springer BA, Gill NW. Characterization of lateral abdomi-
nal muscle thickness in persons with lower extremity ampu-
tations. J Orthop Sport Phys Ther. 2007;37(10):635-643. 

26.	Hides J, Wilson S, Stanton W, et al. An MRI investigation into 
the function of the transversus abdominis muscle during “draw-
ing-in” of the abdominal wall. Spine. 2006;31(6):175-178.

27.	Australian Physiotherapy Association. APA Position State-
ment: Use of ultrasound imaging by physiotherapists. 
Available at: apa.advsol.com.au/independent/documents/
position_statements/public/Use of UltrasoundImaging.
pdf. Accessed July 10, 2008.

28.	 Juul-Kristensen B, Bojsen-Moller F, Holst E, et al. Com-
parison of muscle sizes and moment arms of two rotator 
cuff muscles measured by ultrasonography and magnetic 
resonance imaging. Eur J Ultrasound 2000;11:161-73.

29.	McMeeken JM, Beith ID, Newham DJ, et al. The relation-
ship between EMG and change in thickness of transversus 
abdominis. Clin Biomech 2004;19:337-42.

30.	Teyhen DS, Gill NW, Whittaker JL, Henry SM, Hides JA, 
Hodges P. Rehabilitative ultrasound imaging of the abdom-
inal muscles. J Orthop Sports Phys Ther. 2007;38:450-466.

31.	Hodges PW, Pengel LH, Herbert RD, Gandevia SC. Mea-
surement of muscle contraction with ultrasound imaging. 
Muscle Nerve. 2003;27:682-692.

32.	Richardson CA, Jull GA, Hides JA, Hodges P. Therapeu-
tic Exercise for Spinal Stabilization in Low Back Pain. New 
York, NY: Churchill Livingstone; 1999:107-115.

33.	Stuge B, Veierad MB, Lacrum E, et al.  The efficacy of a 
treatment program focusing on specific stabilizing exercis-
es for pelvic girdle pain after pregnancy: a two year follow 
up of a randomized clinical trial.  Spine. 1997;22:2959-
2967.  

34.	O’Sullivan P, Twomey L, Allison GT. Evaluation of spe-
cific stabilizing exercise in the treatment of chronic low 
back pain with radiological diagnosis of spondylolysis or 
spondylolisthesis. Spine. 1997;24:2959-2967.

35.	Tsao H, Hodges PW. Persistence of improvement in pos-
tural strategies following motor control training in peo-
ple with recurrent low back pain. J Electromyogr Kines. 
2007;doi:10.1016/j.jelekin.2006.10.012.

36.	Rankin G, Stokes M, Newham DJ.  Abdominal muscle size 
and symmetry in normal subjects. Muscle Nerve. 2006;34:320-
326. 

37.	Folstein MF, Folstein SE, McHugh PR. Mini-Mental State. 
A practical method for grading the cognitive state of pa-
tients for the clinician. J Psychiatr Res. 1975;12:189-198.

38.	Richardson CA, Snijders CJ, Hides JA, et al.  The relationship 
between the transverses abdominis muscles, sacroiliac joint 
mechanics, and low back pain. Spine. 2002;27:399-405.

22




