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ABSTRACT

Diastasis recti abdominis is an increase in inter-recti distance. This commonly occurs in women postpartum and may lead

to weakness and dysfunction of the abdominal muscles. Ultrasound imaging has been previously used to quantify the inter-

recti distance. The aims of this study were: 1) to examine the reliability of an experienced versus a novice sonographer in the
measurement of inter-recti distance, and 2) to examine the reliability of using high-resolution versus low-resolution ultrasound
imaging in the measurement of inter-recti distance. Ultrasound measures of the inter-recti distance were recorded in thirty healthy
participants at rest and during an abdominal contraction by both an experienced and novice sonographer. Intra-rater, within-session
measurement of inter-recti distance demonstrated good to very good reliability. Intra-rater, between session reliability remained very
good for the experienced sonographer but declined for the novice sonographer. Results demonstrated excellent agreement between
both low and high-resolution ultrasound imaging with no significant differences recorded. There were no significant differences
between the novice and experienced sonographers’ measurements. The results of this study indicate the potential of low-resolution

ultrasound imaging to be implemented clinically in the future.
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INTRODUCTION

Diastasis recti abdominis (DRA) has been defined as a condition
characterised by an abnormal midline separation of the rectus
abdominis (RA) from the linea alba (Barbosa et al 2013, Mota et al
2013). The cause of a DRA is most commonly related to pregnancy
(Barbosa et al 2013). In males, as well as females, DRA has also
been associated with increasing age (Chiarello and McAuley

2013, Lockwood et al 2006, Rath et al 1996), greater abdominal
circumference (Chiarello et al 2012), hernia (Spitznagle et al 2012),
and abdominal aortic aneurysm (McPhail 2009).

During pregnancy, the two rectus abdominis muscle bellies
elongate and curve round the abdominal wall as it expands
(Boissonnault and Blaschak 1988, Gilleard and Brown 1996)
causing midline separation along the linea alba and protrusion
of the umbilicus (Boissonnault and Blaschak 1988, Mota et al
2013). A measure of this mid-line separation is referred to as
the inter-recti distance (IRD). From studies looking at the IRD
using medical imaging, a separation of greater than 2.7cm at
the level of the umbilicus has been suggested to indicate DRA
(Coldron et al 2008, Rath et al 1996).

It is purported that DRA does not completely resolve and remains
larger than in nulliparous women (Boissonnault and Blaschak 1988,
Coldron et al 2008, Liaw et al 2011). The abdominal musculature
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performs an imperative role in stabilising the lumbar spine (Rankin et
al 2006). Adverse clinical effects that have been reported with DRA
are: lumbosacral instability (Chiarello and McAuley 2013, Coldron

et al 2008); low back and pelvic girdle pain (Chiarello and McAuley
2013, Coldron et al 2008); decreased strength and endurance of
the rectus abdominis (Chiarello and McAuley 2013); respiratory,
pelvic floor and postural changes (Barbosa et al 2013, Chiarello and
McAuley 2013).

It has been recently proposed that the current prevalence of
DRA in the community may be either inaccurate or reported
unreliably due to the present methods used to diagnose the
condition (Mota et al 2012, Mota et al 2013). To date, the
most commonly used assessment methods to evaluate IRD in
physiotherapy clinical practice are calipers (Boxer and Jones
1997, Hsia and Jones 2000) and palpation (Boissonnault and
Blaschak 1988, Boxer and Jones 1997, Bursch 1987). Recent
studies have advocated the use of ultrasound imaging (USI)

to assess IRD as advancement from traditional techniques.
Chiarello and McAuley (2013) investigated the construct validity
between ultrasound imaging (USI) and calipers when measuring
IRD. Their results depicted a strong correlation at the supra-
umbilical (SU) location, however, IRD at the infra-umbilical (IU)
level tended to be overestimated using the calipers (Chiarello
and McAuley 2013). de Almeida Mendes et al (2007) found no



significant difference between the values at the SU and U levels
obtained by USI compared to the intra-operative measurements
during surgery for abdominoplasty.

There is scope to utilise USI in clinical practice for assessment
of IRD in people with DRA. USI has been proposed as the gold
standard in the assessment of DRA, with a growing body of
literature reporting it as an accurate method to measure DRA
above and at the level of the umbilicus (Barbosa et al 2013,
Chiarello and McAuley 2013, Mota et al 2013). Although

USl is relatively inexpensive when compared to other imaging
techniques, there remain several issues in regard to appropriate
equipment and adequate training. Diagnostic USI requires
high-resolution equipment to afford the clarity of ultrasound
image necessary for clinical diagnosis. Widespread interest in
the use of USI has led to improvements in technology and the
development of more portable, less expensive machines with
improved resolution (Ghamkhar et al 2010, Hing et al 2009).
For rehabilitative USI, it is reasonable to use low-resolution
machines for many practical purposes, for example examination
of muscle morphology and activation (Hides et al 1998). With
an adequate level of anatomical knowledge, it is reasonable

to assume that physiotherapists trained in using USI could use
this tool to quantitatively assess muscle morphological and
functional issues such as DRA.

Therefore, the present study had two aims. The first aim was to
establish and then compare the intra-session and inter-session
reliability of an experienced versus a novice sonographer to
measure IRD in healthy participants. The second aim was to also
establish and then compare the intra-session reliability of using

a high-resolution versus a low-resolution ultrasound machine to
measure IRD in healthy participants.

METHODS

Design
A cross sectional, observational study.

Participants

Thirty healthy males and females (nulliparous, primiparous and
multiparous) over the age of 18 years were recruited for this
study. Participants were recruited, using advertisements, from
the AUT University physiotherapy clinic and AUT University
Campus.

Participants met the inclusion criteria if they were healthy
individuals over the age of 18 years, could participate in at least
one testing session, and were able to perform the required
abdominal contractions in supine lying. Participants were
excluded if they had neuromuscular or joint disease; significant
spinal abnormality (eg, scoliosis); inflammatory, rheumatologic

or connective tissue disease; or any medical condition which
would prohibit active abdominal muscle contraction i.e. recent
abdominal or gynaecological surgery. This study was approved by
the Auckland University of Technology Ethics Committee (AUTEC)
(Authorisation reference 13/132). Signed written informed
consent was obtained before participation in this study.

Instrumentation and examination

Two independent examiners: a novice sonographer (an
undergraduate fourth year physiotherapy student) and an
experienced sonographer (eight years’ sonography experience)
performed sixteen measurements of the IRD on the same

participant, using both low-resolution USI (Chison ultrasound
machine) and high-resolution (Phillips iu22 machine) USI.

Prior to the first scanning session, the novice sonographer
attended two, two hour training sessions held by the
experienced sonographer. These sessions consisted of basic
training in the use of USI and identification of abdominal
anatomy, and measurement of IRD.

Procedures and IRD measurement

Using both the high-resolution and low-resolution machines, IRD
measurements were taken at two locations (above and below
the umbilicus) under two conditions (abdominal muscles at rest
and contracted). The initial measurements occurred during a
single session performed on the same day, as per the protocol
described by Chiarello and McAuley (2013).

The desired measurement locations were marked with a

marker pen at 2cm above the umbilicus (supra-umbilical, SU)

and at 2cm below the umbilicus (infra-umbilical, IU) (Figure

1). The measurement points were marked on the participant’s
abdomen prior to the examination session to ensure standardised
positioning of the ultrasound transducer placement between the
two examiners (Mota et al 2012). These anatomical locations have
previously been reported and have been established as having
high intra-rater and inter-rater reliability in the quantification of
IRD using USI (Boissonnault and Blaschak 1988, Chiarello et al
2005, Chiarello and McAuley 2013, Chiarello et al 2012).

Figure 1: Measurement location 2cm above and 2cm
below the umbilicus

Previous investigation of DRA using USI have measured IRD with
the abdominal muscles at rest (Gilleard and Brown 1996, Mota
et al 2013) and contracted (Chiarello and McAuley 2013, Mota
et al 2013). To measure the IRD with the abdominal muscles at
rest; each participant was positioned lying supine, knees bent
to 90 degrees, arms alongside the body, and feet resting on the
plinth (Figure 2). A pillow was placed under the participant’s
head for comfort during the procedure (Mota et al 2012). To
measure the IRD with the abdominal muscles contracted, each
participant crossed their arms over their chest and raised their
head until the scapulae were raised off the plinth surface (Figure
3). The participants maintained this partial curl-up while the
examiner measured the IRD with the USI.

To avoid order effects, randomisation of the following conditions
was achieved for all participants from rolling a dice: 1) novice
versus experienced sonographer, 2) high-resolution versus low-
resolution USI, 3) rested versus contracted abdominals, and 4)
SU versus IU measurement location.
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Figure 2: Abdominal resting position

Ten participants returned for testing in order to assess between-
session reliability. There was a five week period between the
initial measurement and follow up session.

Ultrasound imaging

All IRD measurements were attained using a Chison 8300
Deluxe (Chison Medical Imaging Co. Ltd., China) ultrasound
machine (low-resolution) and Phillips iU22 (Royal Philips
Electronics, The Netherlands) ultrasound machine (high-
resolution). Although the use of both curvi-linear transducers
(Chiarello and McAuley 2013) and linear transducers (Barbosa et
al 2013, Mota et al 2012, Mota et al 2013) have been reported
for IRD measurement, it was decided to use linear transducers
as these gave the clearest images during pilot testing. A 12-5
MHz linear transducer was used for the high-resolution scanning
whilst a 7.5 MHz linear transducer was used for the low-
resolution scanning.

The linear transducer was aligned over the marking made on the
participant’s abdomen. The examiners adjusted the orientation
of the transducer and positioned this on the participant’s
abdomen until the medial borders of both rectus abdominis
muscles were clearly visualised (Mota et al 2012) (Figure 4,
Figure 5). Ample amounts of transmission gel was applied by
the sonographer to ensure that the least amount of transducer
pressure was used in order to clearly visualise the medial borders
of both rectus abdominis muscles. Once the examiner was
satisfied, a static image was captured, allowing calculation of
the IRD using the digital measurement caliper setting on the
machine (Figure 4, Figure 5).

Two images were captured for each of the testing conditions.
There was a one minute rest period between the two images
captured. All images were captured at the end of expiration for
both the rested and contracted conditions. The focus, depth,
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Figure 4: Inter-recti distance (IRD) as seen with low-
resolution ultrasound imaging
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Figure 5: Inter-recti distance (IRD) as seen with high-
resolution ultrasound imaging
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and contrast settings were manipulated individually to increase
image clarity of the rectus abdominis borders and IRD and to
differentiate from surrounding anatomical structures.
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Statistical analysis

In order to allow ease of comparison of reliability studies which
examine USI, it has been advocated that the following statistical
analyses are performed: intra-class correlation coefficients (ICC),
standard error of measurement (SEM), minimal detectable
change score (MDC) and Bland-Altman plots (Whittaker and
Stokes 2011, Whittaker et al 2007).

The first aim of the present study was to establish the
intra-session and inter-session reliability of an experienced
versus a novice sonographer to measure the IRD. For the
measurement of intra-session reliability of the experienced

and novice sonographer individually, two-way random,

single measures ICC (2,1), with 95% confidence intervals

(CI) were calculated. Standard error of measurement (SEM)
(SEM= StandardDewatlon soied X V1-ICC) and minimal detectable
change (MDC) at the 95% Cl (MDC=1.96 x V2 x SEM) were also
calculated. These calculations were made across the different
variables: high-resolution versus low-resolution USI; SU versus 1U
IRD; and rested versus contracted state.

The second aim of the present study was to establish the
intra-session reliability of using a high-resolution versus a low-
resolution ultrasound machine to measure the IRD. To achieve
this two-way random, average measures ICC (2,k) (therefore
taking into account both sonographers), with 95% Cl were
calculated. SEM and MDC values were also calculated as
previously described.



For qualitative assessment of the reliability results, ICC values of
less than 0-0.5 represent very low reliability, 0.5-0.7 low, 0.7-0.9
high, and greater than 0.9 represent very high reliability (Hides
et al 2009, Mota et al 2012).

As a measure of construct validity, student t-tests were
conducted to conclude if there were statistical differences in

IRD measurements, 1) between the experienced and novice
sonographer and, 2) between the high-resolution versus a low-
resolution USI. The statistical significance level was set p < 0.05.

Bland-Altman plots were used to provide a graphical representation
of some of the key reliability findings (Bland and Altman 1986). All
statistical analysis was performed using SPSS statistical software
package, version 21 (SPSS Inc., Chicago, IL, USA).

RESULTS

Thirty healthy volunteers (14 male and 16 female) participated
in this study (Table 1). The mean age and body mass index
(BMI) of all participants was 24.37 years (range 20-53 years)
and 23.89 kg/m? respectively. Of the 14 male participants, the
mean age was 24.21 years (range 20-53 years) with a BMI of
24.38 kg/m2. Of the 16 female participants, three had had
previous pregnancies (range 1-4 children), mean age of 36 years
(range 27-43) and mean BMI 21.47 kg/m2. The additional 13
participants were nulliparous females, mean age of 21.85 years
(range 20- 26 years) and mean BMI of 23.92 kg/m2.

Table 1: Demographic information

presented in Table 2. There was no significant difference seen
when comparing high- versus low-resolution USI (SU p=0.91, IU
p=0.11) at both anatomical locations (Table 2).

Pooled data of the HRUS and LRUS machines in the measurement
of the IRD at the SU and IU locations during the concentric
contraction are presented in Table 3. There was no significant
difference seen when comparing high- versus low-resolution USI
(SU p=0.35, IU p=0.68) at both anatomical locations.

Intra-rater, within-session reliability

Generally the intra-rater, within session reliability of
measuring IRD, irrespective of the condition (i.e. novice versus
experienced sonographer, SU versus IU measurement, rest
versus contracted), was very high (ICC>0.91). The exception
was the reliability of the novice sonographer measuring IRD at
the IU location with the LRUS, which showed good reliability
(ICC=0.89) (Table 4).

Confirmation of the excellent levels of reliability recorded were
the small measurement error that was evident with small SEM
values (range 0.02cm - 0.17cm) and MDC values (0.05cm -
0.48cm) indicating good precision. In order to assess whether
there was a difference in mean measures between the novice’s
and experienced sonographer’s, student t tests (p<0.05),

were calculated for the different conditions. These results
demonstrated no significant differences between the novice’s
and experienced sonographer’s measurements across all
conditions (p>0.14) (Table 4).

All Men Female (Nulliparous) Female (Postpartum)
(n=30) (n=14) (n=13) (n=3)
Age (years) 24.37 SD 7.40 24.21SD 8.35 21.85SD 1.88 36 SD 6.68
Height (cm) 173.13SD 8.26 178.73 SD 5.98 168.66 SD 7.39 166.33 SD 0.47
Weight (kg) 72.02SD 12.33 78.21SD 11.37 68.28 SD 10.49 59.37 SD 6.45
BMI (kg/m?) 23.89 SD 2.76 24.38SD 2.5 23.92 SD 2.81 21.47 SD 2.44
Note. BMI = Body mass index, n = participant numbers; eData are mean and standard deviation (SD).
Table 2: High and low Resolution USI of IRD at rest (Pooled Data)
SU IRD 95% ClI ICC(2,k) IU IRD 95% ClI ICC(2,k)
(cm) (cm) (95% Cl) (cm) (cm) (95% Cl)
HRUS 1.46 SD 0.57 1.36-1.56 0.97 (0.94-0.98) 0.53SD 0.28 0.48-0.58 0.98 (0.96-0.99)
LRUS 1.47 SD 0.57 1.37-1.57 0.97 (0.94-0.98) 0.59SD 0.32 0.53-0.65 0.76 (0.58-0.87)
T-test 0.91* 0.11*

Note. SU = supra umbilicus. IU = infra umbilicus. IRD = inter recti distance. HRUS = high-resolution ultrasound. LRUS = low-
resolution ultrasound. Cl = confidence interval. ICC = intraclass correlation coefficient; 2Data are mean and standard deviation (SD),

except where otherwise indicated. * p<0.05

Ultrasound Measurements at Rest and During Concentric
Contraction

Pooled data (i.e. for both sonographers) for the high-resolution
ultrasound (HRUS) and low-resolution ultrasound (LRUS)
measurement of IRD at rest at both the SU and IU locations are

Bland-Altman plots representing some of the key within-session
analyses (comparing the difference between the results, plotted
against their average) are shown in Figures 6, 7, 8 and 9.
Intra-rater, between-session reliability

The ICC values representing intra-rater, between-session
reliability of measuring the IRD at rest and during contraction
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Table 3: High and low Resolution USI of IRD whilst contracted (Pooled Data)

SU IRD 95% ClI ICC(2,k) |U IRD 95% ClI ICC(2,k)

(cm) (cm) (95% Cl) (cm) (cm) (95% Cl)
HRUS 1.40 SD 0.54 1.30-1.50 0.94 (0.90-0.97) 0.84 SD 0.48 0.76-0.93 0.80 (0.65-0.90)
LRUS 1.33SD 0.51 1.24-1.42 0.92 (0.86-0.96) 0.82SD 0.38 0.75-0.89 0.91 (0.84-0.95)
T-test 0.35* 0.68*

Note. SU = supra umbilicus. IU = infra umbilicus. IRD = inter recti distance. HRUS = high-resolution ultrasound. LRUS = low-
resolution ultrasound. Cl = confidence interval. ICC = intraclass correlation coefficient; 2Data are mean and standard deviation (SD),
except where otherwise indicated. * p<0.05

Table 4: Intra-rater, within-session reliability of measuring IRD at rest and contracted (HRUS vs. LRUS) (n=30)

Location Sonographer E\é'rf]";” ROSD cc@1)  IcC95% I SEM(cm)  MDC(am)  Tetest

SU rest

HRUS Experienced 1.49SD0.65  0.97 0.94-0.99 0.11 0.31 0.57*
Novice 1.43SD0.59  0.98 0.97-0.99 0.07 0.19

LRUS Experienced 1.46SD0.56  0.92 0.84-0.96 0.16 0.45 0.85*
Novice 1.48SD0.56  0.95 0.90-0.98 0.13 0.35

IU rest

HURS Experienced 0.50SD0.37  0.98 0.96-0.99 0.05 0.14 0.34*
Novice 0555D0.11  0.98 0.96-0.99 0.02 0.05

LRUS Experienced 0615D0.46  0.96 0.92-0.98 0.08 0.23 0.20*
Novice 063SD0.17  0.89 0.78-0.95 0.06 0.16

SU contracted

HRUS Experienced 1.475D0.61 096 0.91-0.98 0.12 0.34 0.15*
Novice 133SD0.46 096 0.92-0.98 0.09 0.25

LRUS Experienced 1365D0.56  0.91 0.82-0.96 0.17 0.47 0.53*
Novice 1.3 5D 0.44 0.95 0.89-0.97 0.10 0.28

IU contracted

HRUS Experienced 0915D0.57  0.91 0.81-0.95 0.17 0.48 0.14*
Novice 078 SD0.33  0.93 0.86-0.97 0.09 0.25

LRUS Experienced 0.84SD0.44  0.92 0.84-0.96 0.12 0.34 0.53*
Novice 079SD0.31  0.94 0.89-0.97 0.08 0.21

Note. SU = supra umbilicus. U = infra umbilicus. IRD = inter recti distance. HRUS = high-resolution ultrasound. LRUS = low-resolution
ultrasound. cm = centimetres. SD = standard deviation from the mean. Cl = confidence interval. ICC = Intra-class correlation
coefficient. SEM = standard error of measurement. n = participant numbers; * For differences in mean values, p<0.05

(HRUS vs. LRUS) are presented in Table 5. There was a five week
period between the initial measurement and follow up session.
Ten participants attended the first and second testing sessions
for between-session analysis.

The between-session reliability of measuring IRD, irrespective of
condition, for the experienced sonographer demonstrated good to
very good levels of reliability (ICC 0.79-0.98) with a low SEM (0.09-
0.30cm) and MDC (0.25-0.82cm). However, the novice sonographer
demonstrated between low to high reliability (ICC -0.51-0.88) for
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Figure 6: Bland-Altman graph (difference versus average)
for both sonographers (pooled data) for measurement of
the IRD at the supra-umbilical location during the rested
condition using high-resolution USI. Hashed line indicates
bias. Solid lines indicate limits of agreement (95%)
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Figure 7: Bland-Altman graph (difference versus average)
for both sonographers (pooled data) for measurement

of the IRD at the infra-umbilical location during the
contracted condition using high-resolution USI. Hashed
line indicates bias. Solid lines indicate limits of agreement
(95%)
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IRD measurements depending on the different conditions (Table
5). Furthermore, the SEM (0.15-0.95cm) values for the novice
sonographer’s measurements of the IRD illustrated greater variance
compared to the experienced sonographer (Table 5). For the mean
IRD measurement, no significant differences between the novice’s
and experienced sonographers’ measurements across all conditions
were seen (p>0.17) (Table 5).

o

Inter-rater, Between-session Reliability

The ICC values representing inter-rater, between-session
reliability of measuring the IRD at rest and during contraction
(HRUS vs. LRUS) are presented in Table 6. The results for both
high- and low-resolution USI, demonstrated excellent reliability
for the SU and IU IRD measurements (Table 6). The low SEM
values (HRUS 0.14-0.27 and LRUS 0.07-0.60) indicate low
measurement error (Table 6). At the SU location measurements

Figure 8: Bland-Altman graph (difference versus average)
for both sonographers (pooled data) for measurement

of the IRD at the infra-umbilical location during the
contracted condition using low-resolution USI. Hashed
line indicates bias. Solid lines indicate limits of agreement
(95%)
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Figure 9: Bland-Altman graph (difference versus average)
for both sonographers (pooled data) for measurement of
the IRD at the supra-umbilical location during the rested
condition using low-resolution USI. Hashed line indicates
bias. Solid lines indicate limits of agreement (95%)

0.75-
. 0.50- ° A
€
O 0.25- ®.0 e o
@ o o° ™o °
S 0004t ot e i
[) [ ] o0 0
1 [} ° Py
£ -0.25- o "l
=
-0.50+ .
-0.75 T T . .
0 1 2 3 4

Average (cm)

demonstrated excellent reliability (ICC >0.94) for high- and
low-resolution USI (Table 6). At the IU location measurements
demonstrated moderate to high reliability (ICC range 0.65-0.83)
for high- versus low-resolution USI.

DISCUSSION

This present study examined many aspects of reliability of IRD
measurement, in healthy participants, including the intra-
session and inter-session reliability of an experienced versus a
novice sonographer. The intra-rater, within-session reliability

of measuring the IRD irrespective of the condition was very
high. These results demonstrated no significant differences
between both sonographers’ measurements. Whereas the
intra-rater, between-session reliability of measuring the IRD for
the experienced sonographer demonstrated good to very good
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Table 5: Intra-rater, between-session reliability of measuring IRD at rest and contracted (HRUS vs. LRUS) (n=10)

Mean IRD SD

Location Sonographer (cm) ICC(2,1) ICC 95% ClI SEM (cm) MDC (cm) T-test

SU rest

HRUS Experienced 1.61SD 0.66 0.93 0.75-0.98 0.17 0.48 0.72*
Novice 1.54 SD 0.52 0.88 0.58-0.97 0.18 0.50

LRUS Experienced 1.53SD 0.63 0.98 0.93-0.99 0.09 0.25 0.51*
Novice 1.64 SD 0.59 0.88 0.59-0.97 0.20 0.56

IU rest

HRUS Experienced 0.72SD 0.52 0.79 0.36-0.94 0.24 0.66 0.87*
Novice 0.71SD 0.40 0.04 -0.32-0.54 0.39 1.08

LRUS Experienced 0.78 SD 0.54 0.97 0.87-0.99 0.09 0.25 0.53*
Novice 0.68 SD 0.22 -0.51 -0.63-0.57 0.95 2.61

SU contracted

HRUS Experienced 1.68 SD 0.65 0.94 0.78-0.98 0.16 0.44 0.25*
Novice 1.46 SD 0.58 0.59 -0.07-0.89 0.40 1.10

LRUS Experienced 1.51SD 0.59 0.87 0.57-0.97 0.21 0.59 0.96*
Novice 1.51 SD 0.60 0.85 0.51-0.96 0.23 0.64

IU contracted

HRUS Experienced 1.02 SD 0.74 0.92 0.7-0.98 0.21 0.57 0.17*
Novice 0.78 SD 0.37 0.2 -0.17-0.65 0.33 0.91

LRUS Experienced 0.99 SD 0.65 0.79 0.36-0.94 0.30 0.82 0.22*
Novice 0.82 SD 0.35 0.26 -0.4-0.75 0.30 0.83

Note. SU = supra umbilicus. U = infra umbilicus. IRD = inter recti distance. HRUS = high-resolution ultrasound. LRUS = low-resolution
ultrasound. cm = centimetres. SD = standard deviation from the mean. Cl = confidence interval. ICC = Intra-class correlation
coefficient. SEM = standard error of measurement. n = participant numbers; * For differences in mean values, p<0.05

levels of reliability, the novice sonographer demonstrated low to
high reliability with a greater variance.

Furthermore, our study examined the intra-session reliability of using

high-resolution versus low-resolution USI to measure IRD. The results
for both resolution qualities, demonstrated excellent reliability for the
SU and IU IRD measurements. Pooled data for both sonographers for
measurement of IRD during the resting and contracted conditions at

both locations (SU and 1U) revealed strong agreement between both

HRUS and LRUS for both anatomical positions tested. No significant

differences were recorded for the SU and IU locations.

In this present study, measurement of the IRD at the SU location
revealed very high intra-session and inter-rater reliability (ICC
0.91-0.98). The intra-rater, within session IU ICC values were
very good (0.89-0.98) but slightly lower than SU measurements.
These findings are consistent with those of previous studies
measuring IRD using USI (Liaw et al 2011, Mota et al 2012,
Mota et al 2013). Mota et al (2012) demonstrated excellent
reliability 2cm above the umbilicus (ICC 0.87) and moderate-
good reliability at 2cm below the umbilicus (ICC 0.78). Further
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to this finding, de Almeida Mendes et al (2007) have stated that
it is more difficult to attain clear, consistent measures of the IRD
at the IU location with USI. This decreased accuracy at the 1U
location has been suggested to occur due to the constitution of
the rectus sheath affecting the formation of the linea alba and
making identification of the borders more challenging (Barbosa
et al 2013). It has also been suggested that at the IU location
there is reduced definition of the posterior layer of recti muscles
and the presence of large abdominal laxity. For example,
amongst humans there is typically greater subcutaneous fat in
this region (Barbosa et al 2013, de Almeida Mendes et al 2007).
The fatty deposits at the IU location may attenuate the sound
beam more, which can lead to reduced clarity of image.

In this present study we found that there were no significant
differences for the measurement of IRD, across all conditions,
between the high and low-resolution USI, both demonstrated
good to very good reliability. In regard to the comparison of
high-resolution versus low-resolution USI, Hing et al (2009)
demonstrated similar results. They found that LRUS is an



Table 6: Inter-rater, between-session reliability of
measuring IRD at rest and contracted (HRUS vs. LRUS)
(n=10)

Location ICC(2,1) 95% ClI SEM (cm) MDC (cm)
SU rest

HRUS 0.94 0.85-0.98 0.14 0.40
LRUS 0.99 0.96-0.99 0.07 0.20
IU rest

HRUS 0.65 0.08-0.90 0.27 0.75
LRUS 0.65 0.09-0.90 0.60 1.67
SU contract

HRUS 0.94 0.84-0.98 0.11 0.31
LRUS 0.97 0.73-0.97 0.10 0.28
IU contract

HRUS 0.83 0.56-0.95 0.24 0.67
LRUS 0.83 0.56-0.95 0.22 0.60

Note. SU = supra umbilicus. IU = infra umbilicus. HRUS = high
resolution ultrasound. LRUS = low resolution ultrasound. Cl =
confidence interval. ICC = Intra-class correlation coefficient.
SEM = standard error of measurement. MDC = minimal
detectable change. n = participant numbers

effective and reliable tool for measuring lower extremity muscle
parameters. These authors reported very good within-session
reliability for all lower limb measurements of dorsal plantar
thickness and medial-lateral length of abductor hallucis, using
similar machines for both HRUS (ICC 0.95-0.99) and LRUS (0.92-
0.99). Regardless of the type of resolution quality, intra-tester
reliability was found to be very high (Hing et al 2009).

Our results demonstrated very good intra-rater, between-session
reliability for the experienced sonographer for IRD measurement.
However; the intra-rater, between-session reliability of IRD
measurements by the novice sonographer ranged from low

to high and were not consistent for the rest and contracted
conditions (Table 5). The lack of precision and wide 95%
confidence intervals confirm the low intra-rater, between-session
reliability of the novice sonographer for these measurements.
Hides et al (2007) demonstrated similar findings for novice
sonographers. The reliability of measuring the slide of the
anterior abdominal fascia by the novice sonographer was poor
within-session (ICC=0.44) and between-session (ICC =0.36)
(Hides et al 2007). In addition to this, Teyhen et al (2005)
reported very good intra-rater reliability for measurement of two
ultrasound images of the transverse abdominis and a combined
measure of the antero-lateral abdominal muscles. However

the novice sonographer demonstrated variable reliability for
attainment of images and subsequent measurement at both rest
and contraction (Teyhen et al 2005).

Hides et al (2007) suggested these poor reliability results were a
reflection of the amount of training undertaken by the novice
sonographer. In their study, the novice sonographer received eight
hours of training of the anterolateral abdominal muscles with US|

(Hides et al 2007). Inconsistencies in the pattern of results suggest
that for a novice sonographer, this training was inadequate. Our
study suggested that the amount of training received by the novice
sonographer may not have transferred well across the five week
delay between testing sessions. Although previous studies (Hides et
al 2007, Teyhen et al 2005) used novice sonographers in conducting
abdominal measurements, we acknowledge that these are very
different measurements from ours.

The implications of this present study include the potential of utilising
low-resolution USI in the clinical environment more regularly. The
results of this present study indicate that images obtained from

both the high-resolution (Phillips 1U22) and low-resolution (Chison)
machines displayed consistent, highly comparable results across

all measurements examined. There was no significant difference
calculated for the measurement of IRD between the machines,
therefore validating the use of either ultrasound machine within the
clinical setting for examination of muscle morphology and activation.

There were several limitations to this study that should be
considered. We recruited a convenience sample of healthy
participants with a small number of postpartum women being
examined. It may be more challenging to reliably measure the
IRD of symptomatic participants with abdominal impairments.
Future research should include testing a wide spectrum

of participants, as results illustrated in this study may not
necessarily generalise to pathological populations.

A potential source of error was the performance of the abdominal
contraction during the “contracted” IRD measurements. Although
the instruction of how to perform the abdominal contraction was
standardised, the end position was not standardised. The performance
may have varied due to factors such as participant motivation, motor
control, and skill during the curl-up contraction. The intensity of
abdominal contraction and varied effort made by the participants may
have induced movements under the transducer and may have varied
the relevant morphology of the underlying abdominal musculature and
linea alba. For example, during the curl-up contraction the contours of
the abdominal wall may have varied between participants. Accurate
IRD interpretation depends upon maintaining a relatively stationary
transducer position during abdominal contraction. To mitigate some of
the potential sources of error, the transducer location on the abdominal
wall, room temperature, position of the participant on the plinth were
standardised.

CONCLUSION

Low-resolution USI has shown promise as a reliable and valid tool for
measuring the IRD in healthy participants. Low-resolution USI has
advantages as a cost-effective, portable, safe and clinically accessible
method of examination for static and dynamic muscle assessment.
There is growing access to low-resolution USI and burgeoning
evidence in support of its use by physiotherapists in clinical practice.
While the experienced sonographer maintained high between-
session reliability, the novice sonographer was unable to maintain
this over time. Inconsistencies in the novice sonographer inter-
session results suggest that revision of ultrasound training should be
undertaken to ensure the consistency of IRD measurements remains
high. The potential benefits of low-resolution USI are appealing,

and the results of the present study indicate its potential to be
implemented clinically in the future.
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KEY POINTS

e Both low-resolution and high-resolution USI demonstrate good
to very good reliability in the measurement of IRD in healthy
participants. There does not appear to be differences in IRD
measurements between both resolution qualities. This is of
benefit to clinicians where access to low-resolution US is greater.

¢ Novice and experienced sonographers demonstrate good
to very good reliability in the measurement of IRD within a
single scanning session

e Although the reliability for the experienced sonographer
remained high across scanning sessions, the reliability for the
novice sonographer decreased. This indicates that ultrasound
training for the novice sonographer needs to be maintained
across time to potentially improve reliability.
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