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Abstract Ultrasound (US) measures are used by clinicians
and researchers to evaluate improvements in activity of the
abdominal muscles in patients with low back pain. Studies
evaluating the reproducibility of these US measures provide
some information; however, little is known about the
reproducibility of these US measures over time in patients
with low back pain. The objectives of this study were to
estimate the reproducibility of ultrasound measurements of
automatic activation of the lateral abdominal wall muscles
using a leg force task in patients with chronic low back pain.
Thirty-five participants from an existing randomised, blin-
ded, placebo-controlled trial participated in the study.
A reproducibility analysis was undertaken from all patients
using data collected at baseline and after treatment. The
reproducibility of measurements of thickness, muscle acti-
vation (thickness changes) and muscle improvement/dete-
rioration after intervention (differences in thickness changes
from single images made before and after treatment) was
analysed. The reproducibility of static images (thickness)
was excellent (ICC,; = 0.97, 95% CI = 0.96-0.97, stan-
dard error of the measurement (SEM) = 0.04 cm, smallest
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detectable change (SDC) = 0.11 cm), the reproducibility of
thickness changes was moderate (ICC,; = 0.72, 95% CI
0.65-0.76, SEM = 15%, SDC 41%), while the reproduc-
ibility of differences in thickness changes from single ima-
ges with statistical adjustment for duplicate measures was
poor (ICC,; = 0.44, 95% CI 0.33-0.58, SEM = 21%,
SDC = 66.5%). Improvements in the testing protocol must
be performed in order to enhance reproducibility of US as an
outcome measure for abdominal muscle activation.

Keywords Ultrasound - Abdominal muscles -
Reproducibility - Agreement - Reliability

Introduction

The use of motor control exercise (also known as specific
stabilisation exercise) in the treatment of low back pain has
become widespread [10, 12, 21, 22]. The rationale for the
use of motor control exercises is that the deep abdominal
and paraspinal muscles have a critical role in the dynamic
control of the lumbar spine [17, 18]. For example, delayed
onset of activity of the transversus abdominis muscle (TrA)
has been reported in patients with recurrent low back pain
[16, 17] compared to asymptomatic subjects. Most of the
studies that have measured the activity of the deep spinal
muscles use fine-wire electromyography (EMG), which is
costly, time-consuming, potentially uncomfortable, and
includes risks such as infection. An alternative approach is
to measure the recruitment of the muscles indirectly by
assessment of morphologic changes of the muscles (i.e.
thickness changes) using real-time ultrasound imaging
(US) [15].

If ultrasound measures of abdominal muscle activation
are to be useful they need to have acceptable reproducibility.
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Reproducibility is defined as the degree to which repeated
measurements provide similar results and will be used in this
article as an umbrella term for reliability and agreement.
Agreement assesses how close the results of repeated mea-
surements are, by estimating the measurement error in
repeated measurements. Reliability assesses whether study
subjects could be distinguished from each other, despite
measurement errors [8, 31].

The available studies that have evaluated the reproduc-
ibility of US measures of abdominal muscle activation
answer some, but not all, of the questions about the use of
this test to guide the clinical management of low back pain.
The reproducibility of US measures for abdominal wall
muscles was extensively discussed in a recent systematic
review [6]. Most of the 21 eligible studies recruited heal-
thy, young participants, and only three studies recruited
participants with low back pain [13, 26, 32].These three
studies provided good evidence that US can provide
reproducible measures of thickness of the abdominal
muscles, which was a consistent finding in the remaining
studies of subjects without low back pain [2, 3]. Another
important difference among the studies was the task per-
formed by the participants during the US measures. In most
of the available studies participants were asked to volun-
tary contract the abdominal muscles (i.e. abdominal “draw-
in” manoeuvre) [26, 30, 32, 33]. Only a few studies used
simple tasks to automatically activate the abdominal
muscles (e.g. asking patients to move their legs or contract
the leg muscles isometrically while the images were made
from the abdominal wall) [4, 13].

Physiotherapists commonly use US for measuring either
the activation of the muscle (i.e. the difference between the
thickness from an image with the muscle activated and the
thickness from an image with the muscle at rest—referred
to as thickness changes) or the improvement in activation
of the muscle after intervention (i.e. as an outcome measure
of improvement—referred to as difference in thickness
changes over time). Only two previous studies have
investigated the reproducibility of measures of thickness
changes of the abdominal muscles in patients with low
back pain [13, 26]. One study that tested reproducibility of
US using a leg force task to produce automatic changes of
the abdominal muscles, concluded that the thickness
changes measures will be only reproducible if the examiner
was highly experienced [13]. The second study testing the
reproducibility of US measures in patients performing the
abdominal “draw-in” manoeuver found a wide variety of
results ranging from poor to excellent reproducibility [26].
To date no study has investigated the reproducibility of the
difference in thickness changes over time. Hence, it is still
unclear whether US measures are reproducible for the most
important measures in a clinical population, that is, mea-
surement of muscle activation using thickness changes and
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also measurement of improvement/deterioration of muscle
activation using differences in thickness changes over time.

The objectives of this study were to estimate the
reproducibility of ultrasound measures of automatic acti-
vation of the lateral abdominal wall muscles during a leg
force task in patients with chronic non-specific low back
pain.

Methods

This study was nested within an existing randomised,
blinded, placebo-controlled trial that compared the efficacy
of motor control exercise (MCE) versus placebo in patients
with chronic non-specific low back pain [25]. From the
main study sample (n = 154), a sub-sample of the last 35
participants was selected in order to test the automatic
recruitment of the abdominal wall muscles by real-time
ultrasound imaging. Eleven of the 35 patients refused to be
tested after the intervention period leaving 24 patients for
the post-intervention follow up (12 in the MCE group and
12 in the placebo group). The characteristics of the par-
ticipants are presented in Table 1. The study design, pro-
cedures and informed consent were approved by The
University of Sydney Human Research Ethics Committee.

Eligibility criteria

Participants were included if they had non-specific low
back pain of at least 3 months duration, were currently
seeking care for low back pain, were aged greater than 18
and less than 80 years, comprehended English, and they
expected to continue residing within the study region for
the study duration. Exclusion criteria were: suspected or

Table 1 Characteristics of study participants at baseline (n = 35)

Variable

Gender

Female (%) 22 (62.9%)
Age (years) 53.3 (11.27)
Low back pain duration (years) 6.2 (7.70)
Weight (kg) 69.3 (11.49)
Height (m) 1.6 (0.08)
Primary outcomes

Pain intensity numerical rating scale (0-10) 6.6 (2.16)
Global perceived effect (—5 to +5) —2.2 (2.08)
Patient specific function scale (0-30) 10.1 (5.84)
Secondary outcome

Roland Morris disability questionnaire (0-24) 12.1 (5.45)

Continuous data are mean (SD), categorical data are N (%)
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confirmed serious spinal pathology, pregnancy, nerve root
compromise, previous spinal surgery, scheduled for major
surgery during treatment or follow-up period, and presence
of any contraindication to exercise [1]. We also excluded
participants who were able to activate their transversus
abdominis muscle for longer than 10 s (as preliminary
evidence from a previous trial suggested that these
patients were less likely to benefit from a MCE program)
[25].

Procedures
Ultrasound measurements

The procedures used in this study followed a previously
published protocol [11]. Ultrasound images were made
with a 10 cm, 5-10 MHz linear wideband array transducer
(Terason ultrasound systems, Teratech). The transducer
was placed transversely across the abdominal wall on a
point between the inferior angle of the rib cage and the iliac
crest and ~ 10 cm from the umbilicus. This position was
then adjusted by slightly moving the transducer head to
ensure that the anteriomedial aspect of the transversus
abdominis, including its medial edge, was visualised.
Additionally, some gentle pressure was applied to the
transducer head over the abdominal wall in order to ensure
that the orientation of the muscle fibres was perpendicular
to the transducer head avoiding possible errors due to
artefact anisotropy. The images were then frozen, saved
and stored for later data extraction.

Participants were asked to perform a simple task,
which is expected to automatically activate the abdom-
inal muscles, which has been described in detail else-
where [11]. Participants were positioned in supine with
the hips flexed to ~50°, and knees flexed to ~90° with
the lower legs supported by slings around the knees and
ankles. Participants were instructed to perform isometric

Fig. 1 Ultrasound image of the
abdominal muscles, the dashed
line represents the edge of the
transversus abdominis muscle,
the thickness measures are
indicated by the vertical arrows.
EO obliquus externus, /0
obliquus internus, 77A
transversus abdominis

knee flexion followed by isometric knee extension. Two
images were recorded from the left and then the right
abdominal wall during each task; the first images taken
with the muscles at rest and the second with the patient
performing the isometric movement of the knee equiv-
alent to 7.5% of body weight. Images were recorded at
the end of the patient’s expiration (patients were
instructed to stop breathing without closing the glottis).
Two load cells were attached around the ankles in order
to provide feedback to the patient about the target force.
At each testing occasion 16 images were collected
[2 tasks (4 images; being 2 at rest and 2 during activa-
tion) x 2 trials x 2 sides]. The order of the tasks and
sides was counterbalanced.

Data extraction

The data from the images were extracted using custom-
designed imaging software. An electronic grid was placed
over the image and the thickness measurements of three
muscles (obliquus internus, OI; obliquus externus, OE; and
transversus abdominis, TrA) were made 1.0, 1.5 and
2.0 cm from the medial edge of the TrA (Fig. 1). The
average of the three measures for each muscle was used for
analysis; the change in thickness was expressed as a pro-
portion of thickness at rest.

We estimated the reproducibility of thickness of ultra-
sound measures by comparing the measures taken from the
first and the second static image (i.e. we did not remove the
patient from the plinth between the images). The repro-
ducibility of thickness changes (reflecting the activation of
the muscle) was calculated by comparing pairs of per-
centage changes in thickness during the activation tasks at
baseline. Finally we calculated the reproducibility of dif-
ferences in thickness changes over time (representing the
improvement or deterioration in muscle activation) by
comparing the differences in muscle activation of the first
trial against the second trial (Fig. 2) (we also calculated the
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Fig. 2 Diagram representing how the reproducibility tests were performed

reproducibility of the differences in thickness changes
across different combinations of baseline and post-inter-
vention scores, finding similar results). It is important to
note that this study evaluated the reproducibility of single
measures of thickness change and differences in thickness
change over time. Because some studies average duplicate
measures (to take into account some of the trial-to-trial
variability) we estimated the reliability of such measures
using the Spearman—-Brown formula [9].

Statistical analysis

To describe reliability we calculated the intraclass corre-
lation coefficient (2,1) with 95% confidence intervals. We
estimated the reliability of measures derived from the mean
of two replicate measures using the Spearman—Brown
formula. Our data fit the Spearman-Brown model
assumptions [i.e. data were collected in a parallel (test—
retest) design and the differences between the standard
deviations of the first and the second set of measures were
less than 15%] [9]. A guideline for the use of the Spear-
man-Brown formula advocates that this adjustment tech-
nique is accurate for adjustments up to two replicate
measures.

We used two measures of agreement: the standard error
of the measurement (SEMconsistency) and the smallest
detectable change (SDC). The SEM was calculated by
dividing the standard deviation of the mean differences
between the two measurements by \/ 2 (i.e. SEM =
SDdifferenceS/\/ 2. The SEM reflects the error of the instru-
ment itself. The SDC was calculated using the formula
SDC = 1.96 x \/ 2 x SEM. The SDC reflects the smallest
within person change in a score that, with P < 0.05, can be
interpreted as a “real” change, above measurement error in
one individual.
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Results

We found excellent reliability and agreement values for
thickness, moderate reliability and agreement values for
thickness changes and finally poor reproducibility for dif-
ferences in thickness changes over time. The reliability
coefficients (i.e. ICCs and adjusted ICCs) and agreement
values (SEMs and SDCs) are presented in Table 2.

Discussion

The use of ultrasound imaging by physiotherapists, as a
feedback and measurement tool for patients with low back
pain, has been increasing in the last decade. Our study
aimed to estimate the reproducibility of ultrasound mea-
surements of automatic activation of the lateral abdominal
wall muscles during a leg force task in patients with
chronic non-specific low back pain. The reproducibility
scores were excellent for measuring thickness, moderate
for thickness changes and poor for the differences in
thickness changes over time.

In terms of reproducibility of measures of muscle
thickness, the results of this study are consistent with the
available literature on the topic, finding excellent ICC
scores and also very small SEM and SDC scores [2-4, 7,
13, 14, 19, 20, 27-29, 32]. This demonstrates that the
procedures used for obtaining US images from the
abdominal wall and extracting data from the images are
reproducible. Additionally it seems that the reliability and
agreement of studies that recruited patients with low back
pain are similar to the studies that recruited normal sub-
jects. The reproducibility of thickness changes was lower
compared to thickness, which is expected given the fact
that two images (one with the muscle contracted and
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Table 2 Reliability and

¢ statistics £ Thickness Thickness Differences in
agreement statistics for changes thickness changes
ultrasound measures of over time
thickness, thickness changes
and differences: in thickness N (subjects) 35 35 24
changes over time )

N (images) 840 420 288

Single measure

ICC,, (95% CI)
Average of 2 measures
ICC,, (95% CI)
SEM

SDC

? Adjusted by using the
Spearman—-Brown formula

ICC Intraclass correlation
coefficient, SEM standard error
of the measurement, SDC
smallest detectable change

Not applicable

0.97 (0.96-0.97)
0.04 cm
0.11 cm

0.56 (0.49-0.62) 0.31 (0.20-0.41)
0.72 (0.65-0.77)*
15%

41.6%

0.44 (0.33-0.58)"
24%
66.5%

another with the muscle at rest) are required to determine
the level of activation (as reflected by thickness change).
We also found a SEM of 15% and a SDC of 41.6% which
means that the measurement error is around 15% and there
would need to be 41.6% improvement in muscle activation
to be sure that a true change had occurred. While measures
of thickness changes taken from single images have only
low reliability, we estimate that reliability would be mod-
erate (ICC,; = 0.72, 95% CI 0.65-0.77) for measures
based upon the average of two measures. However, mea-
suring differences in thickness changes over time seems to
be more difficult and even with statistical adjustment the
reproducibility was poor (ICC,; = 0.44, 95% CI 0.33—
0.58).

Although we considered the agreement values (both
SEM and SDC) for thickness changes and differences in
thickness changes over time high, it is important to con-
sider that there is no normative data in the literature that
could allow us to determine the minimum important
change (MIC). The ideal scenario would be that the SDC is
smaller than MIC [8], but unfortunately these values were
not available in the literature.

To date, there is only one study that has estimated
reliability of thickness changes for abdominal muscles in
low back pain patients and asymptomatic controls [26].
The authors of this study measured the intrarater reliability
of ultrasound measurements on 2 separate days in patients
performing “abdominal hollowing” (voluntary abdominal
task which contrasts to our study in which the recruitment
of the abdominal muscles was automatic). Voluntary tasks
are more likely to have lower reproducibility as these tasks
depend on skill and motivation of the participant, whereas
automatic tasks do not have these potential confounders.
Their data were analysed in many different ways, but the
conclusions were very similar to our study: excellent reli-
ability for thickness (ICC ranging from 0.94 to 0.75); but
moderate to poor reliability for thickness changes (0.72—
0.26). A potential limitation of our study was that the
participants were not repositioned during the process of
obtaining the images (i.e. we did not take the participants

off the plinth and then reposition them) and therefore our
reproducibility scores for thickness and thickness changes
may be overestimated.

We attempted to optimise the precision of the ultra-
sound measures first by training the examiner intensively,
second by using a unique software that uses an electronic
grid which avoids visual distortions (most of the previous
studies used a “grid over the screen” [11], which is prone
to distortions due to the angle of the screen); and finally
by using an accurate load cell system in a stable frame
which standardises the forces generated by participants
performing the leg force task. Additionally we are con-
fident that a clinically relevant population (i.e. patients
seeking care for LBP) was selected to participate in the
current study.

One potential limitation of this study was that we esti-
mated the reproducibility for duplicate measures based
upon single measures. We chose to collect single measures
so that the reproducibility study could be accommodated
within an existing clinical trial and because many clinicians
use single ultrasound measures in clinical practice. While
other studies have taken measures based upon the mean of
up to 20 replicate measures [4] these estimates of reliability
may be artificially high and not representative of clinical
practice or be feasible for implementation. We believe that
the mean of duplicate measures is a feasible measurement
protocol and used the Spearman—-Brown formula to esti-
mate the reliability for duplicate measures for operators
who collect data in this way. Prior to using the adjustment
we checked that the assumptions for the formula [9] held in
our data set and so we are confident in the estimates of
reliability we provide. Our data are the only data available
for the reproducibility of the differences in thickness
changes over time [6].

The whole process of performing US measures has
multiple sources of error (e.g. accuracy of measurements of
distance, identification of landmarks, ability to perform the
tasks properly, and position of patient/transducer). Addi-
tionally it has to be acknowledged that trial-to-trial varia-
tion in performance of the activation tasks is expected. It
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would be useful to consider whether modifications in the
test protocol may enhance the reproducibility of US mea-
sures (especially for thickness changes and differences in
thickness changes over time). One approach that has been
shown to enhance reliability of other low back assessments
is to further standardise the protocol [5, 23, 24]. We believe
that the following aspects of the test may need further
consideration in order to achieve better standardisation of
our testing protocol.

e Although we performed the pre- and post-treatment
measures at similar times of the day and asked the
patients to empty their bladder before the US tests,
there was no specific bowel or bladder preparation for
the tests (i.e. diet restrictions, emptying the bowel etc.).
This could impact on the abdominal volumes, distend-
ing the abdominal muscles and therefore changing the
thickness of the muscles during the tasks.

e Although we used a load cell system that could identify
whether the patient achieved the target force (i.e.
7.5%), it may have been difficult for patients to repeat
the tasks in a similar fashion to that performed at
baseline. It is expected that the performance in tasks
could vary between trials.

e Although previous studies found similar reliability
values for B and M (motion) modes of US [19, 27],
we think that the M mode could provide better
reproducibility for thickness changes. The main reason
for this is that the operator would acquire one image
only when using the M mode, compared to acquiring
two images when using the B mode.

e Increase the number of repeated measures as this
could decrease the variability, enhancing reproduc-
ibility. In this study, only single trials were recorded
and then adjusted statistically to estimate the benefit
of multiple measures. Further studies are needed in
order to establish whether an increased number of
repetitions for this specific test can improve the
reproducibility of the measure to a more acceptable
level.
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