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Abstract22)

Ultrasonography (US) is a recent technique that has proven to be useful for assessing muscle

thickness and guiding the rehabilitation decision-making of clinicians and researchers. The purpose of this

study was to determine the inter-rater reliability of the US measurement of transversus abdominis (TrA),

internal oblique (IO), and external oblique (EO) thicknesses for different probe locations and measurement

techniques. Twenty healthy volunteers were recruited in this study. Muscle thicknesses of the transversus

TrA, IO, and EO were measured three times in the hook-lying position. The three different probe

locations were as follows: 1) Probe location 1 (PL1) was below the rib cage in direct vertical alignment

with the anterior superior iliac spine (ASIS). 2) Probe location 2 (PL2) was halfway between the ASIS

and the ribcage along the mid-axillary line. 3) Probe location 3 (PL3) was halfway between the iliac

crest and the inferior angle of the rib cage, with adjustment to ensure the medial edge of the TrA. The

two different techniques of thickness measurement from the captured images were as follows: 1) Muscle

thickness was measured in the middle of the muscle belly, which was centered within the captured image

(technique A; TA). 2) Muscle thickness was measured along a horizontal reference line located 2 ㎝ apart

from the medial edge of the TrA in the captured image (technique B; TB). The intraclass correlation

coefficient (ICC [3,k]) was used to calculate the inter-rater reliability of the thickness measurement of

TrA, IO and EO using the values from both the first and second examiner. In all three muscles,

moderate to excellent reliability was found for all conditions (probe locations and measurement techniques)

(ICC=.70～.97). In the PL1-TA condition, inter-rater reliability in the three muscle thicknesses was good to

excellent (ICC=.85～.96). The reliability of all measurement conditions was excellent in IO (ICC=.95～.97).

Therefore, the findings of this study suggest that TA can be applied to PL1 by clinicians and researchers

in order to measure the thickness of abdominal muscles.

Key Words: External oblique; Internal oblique; Inter-rater reliability; Muscle thickness;

Transversus abdominis; Ultrasonography.

Introduction

Many clinicians and researchers have used ultra-

sonography (US) for therapeutic intervention aimed at

improving neuromuscular function, and clinical re-

habilitative research to inform clinical practice (Costa et
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al, 2009; Teyhen, 2006; Whittaker et al, 2007). Recently,

researchers have increasingly studied associations be-

tween underlying neuromuscular control deficits and

neuromusculoskeletal disorders such as low back pain

(LBP) (Ferreira et al, 2007; Hodges and Moseley, 2003;

Teyhen, 2006; Teyhen, 2007; Whittaker et al, 2007).

However, valid and reliable non-invasive measurement

methods to assess neuromuscular control deficits that

could be employed in a clinical setting have been in-

sufficient (Teyhen, 2011). Evidence supporting the use

of US as a method to assist patients with neuro-

musculoskeletal disorders is growing (Teyhen, 2011).

Although US is less sophisticated in terms of res-

olution than computed tomography (CT) and mag-

netic resonance imaging (MRI), it has advantages as

a non-invasive, inexpensive, portable, safe, and clin-

ically accessible method for gathering data about the

static characteristics of muscle and muscle behavior

during dynamic activities (Hides et al, 2001; Kiesel

et al, 2007; Koppenhaver et al, 2009; Teyhen, 2011;

Whittaker et al, 2007). As such, it shows promise as

a measurement in musculoskeletal examination, eval-

uation, and intervention. Furthermore, in contrast

with CT, US does not expose the patient to ionizing

radiation and is well tolerated by patients (Whittaker

et al, 2007). A characteristic unique to US is its dy-

namic capability to scan in real time, which makes it

superior to CT and MRI for evaluating movable

structures such as muscles, nerves, and tendons, and

it may become an important tool for directing suit-

able clinical decision-making. Still, US is not without

weaknesses, and is very examiner dependent.

Possibly the most promising characteristics of US is

its feasibility and accessibility, as it is easy for

clinicians to acquire the skills needed to incorporate

its use into clinical practice. Nevertheless, before

widespread routine clinical use can be promoted, the

evidence of validity and reliability for the use of US

in different applications within rehabilitation is need-

ed (Whittaker et al, 2007).

US is useful for evaluating the function of deep

abdominal muscles (Critchley and Coutts, 2002; Henry

and Westervelt, 2005; Rankin et al, 2006). The trans-

versus abdominis (TrA), internal oblique (IO), and

external oblique (EO) are deep segmental muscles re-

sponsible for lumbar stability (Rankin et al, 2006). It

is not possible to take direct force measurements to

compare the strength of the abdominal muscles, but

their thicknesses may provide an indirect measure-

ment of force-generating capacity (Rankin et al,

2006). US has been used to measure abdominal mus-

cle thickness in respiratory and biomechanical re-

search (Krag et al, 1987; McGill et al, 1996).

Studies on the measurement of abdominal muscle

thickness have used different probe locations and

measurement techniques (Ferreira et al, 2004;

Koppenhaver et al, 2009; Rankin et al, 2006;

Springer et al, 2006; Teyhen et al, 2011). Rankin et

al (2006) introduced two different probe locations:

One probe was located immediately below the rib

cage in direct vertical alignment with the anterior

superior iliac spine (ASIS), whereas the other probe

was located halfway between the ASIS and the rib-

cage along the mid-axillary line. Ferreira et al

(2004) located a probe halfway between the iliac

crest and the inferior angle of the rib cage, and

then adjusted it to ensure the medial edge of the

TrA. Springer et al (2006) and Teyhen et al (2011)

measured the thickness of the abdominal muscles at

the middle of the muscle belly, centered within the

captured image. Ferreira et al (2004) determined the

thickness of the abdominal muscles along a hori-

zontal reference line located 2 ㎝ apart from the

medial edge of the TrA.

Although studies have been conducted on ab-

dominal muscle thickness measurement, however,

the inter-rater reliability of US measurements of

TrA, IO, and EO thicknesses using different probe

locations and measurement techniques have not

been reported in the literature. Therefore, the pur-

pose of this study was to compare the inter-rater

reliability of the US measurement of TrA, IO, and

EO thicknesses for different probe locations and

measurement techniques.
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Characteristics Mean±SD

Age (yrs) 21.2±2.4

Height (㎝) 167.2±8.0

Weight (㎏) 58.0±9.4

BMI
a

(㎏/㎡) 20.6±2.1
aBody Mass Index.

Table 1. General characteristics of subjects (N=20)

TrAa IOb EOc

ICCd (3,k) (95% CIe) ICC (3,k) (95% CI) ICC (3,k) (95% CI)

Probe location 1-Technique A .85(.62～.94) .96(.90～.98) .92(.84～.97)

Probe location 2-Technique A .70(.16～.89) .96(.88～.99) .95(.86～.98)

Probe location 3-Technique A .72(.25～.90) .95(.88～.98) .84(.57～.94)

Probe location 3-Technique B .74(.35～.90) .97(.93～.99) .89(.73～.96)
a
transversus abdominis,

b
internal oblique,

c
external oblique,

d
intraclass correlation coefficient,

e
95% confidence interval.

Table 2. Inter-rater reliability of the thickness measurement according to three probe locations and two meas-

urement techniques for the lateral abdominal muscles (N=20)

Methods

Subjects

Twenty healthy subjects (8 males, 12 females)

were recruited in this study. Subjects were excluded

if they had a history of neurological, neuromuscular,

dermatological, or systemic disease; previous or cur-

rent LBP with symptoms of the severity that inter-

fered with activities of daily living or that required

treatment; previous surgery involving abdominal in-

cisions; any history of lumbar surgery or spinal or

pelvic fracture; or a history of taking medication that

could affect muscle size (Rankin et al, 2006). Written

informed consent was obtained from all subjects be-

fore the beginning of the study. The study was ap-

proved by the university’s institutional review board.

Table 1 summarizes the mean age, height, weight,

and body mass index of the subjects.

Examiners

Prior to muscle thickness measurement, to reduce

measurement error, two examiners participated in 20

hours of hands-on training for the specific US proto-

col including precise probe location, location of ana-

tomical landmarks, pressure application, and the cur-

sor marking point (Stokes et al, 2005). A proficiency

evaluation was completed for each examiner before

data collection. The examiners worked in pairs. One

examiner was designated as the recorder, and the

other examiner was designated as the imager. The

imager was responsible for positioning the probe for

best visualization of the musculature (Teyhen et al,

2011). Both the recorder and the imager had to agree

on image placement and quality. After on-screen

measurements were captured, the recorder recorded

the image and measurement information. Throughout

the test session, the imager was blinded to all probe

locations (Teyhen et al, 2011).

Procedures23)

Images of the abdominal muscles were acquired at

25 ㎐ computerized US1), with a 50 ㎜ 7.5 ㎒ linear

array probe. The subjects were asked to assume the

hook-lying position on an examination table. Prior to

the study, subjects were asked to indicate their dom-

inant side. The right side was dominant in all

1) SonoAce X8, Medison Co Ltd, Seoul, Korea.
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Figure 1. Three different probe locations. A: probe location 1 (PL1)-below the rib cage in direct

vertical alignment with the anterior superior iliac spine (ASIS), B: probe location 2 (PL2)-halfway

between the ASIS and the ribcage along the mid-axillary line, C: probe location 3 (PL3)-halfway

between the iliac crest and the inferior angle of the rib cage and then adjusted to ensure the

medial edge of the TrA.

subjects. Thus, right lateral abdominal muscles were

captured by US. The probe location was marked by a

marker pen so that the identical probe location was

used in the test session (Ferreira et al, 2004). Images

of each TrA, IO, and EO were acquired three times,

and the mean value was used for data analysis

(Costa et al, 2009). Examiners were randomly se-

lected to control the order effect (Springer et al, 2006;

Teyhen et al, 2011). After the first examiner finished

the measurement, the subjects rested for 5 minutes to

minimize fatigue. For consistency across subjects,

images were collected directly at the end of inspira-

tion at rest, as determined by visual inspection of the

abdominal content (Springer et al, 2006). A total of

18 images were assessed for each subject, and a total

of 360 images were analyzed.

Probe locations

Figure 1 depicts three different probe locations. Probe

location 1 (PL1) was immediately below the rib cage in

direct vertical alignment with the ASIS (Rankin et al,

2006). Probe location 2 (PL2) was halfway between the

ASIS and the ribcage along the mid-axillary line

(Rankin et al, 2006). Probe location 3 (PL3) was half-

way between the iliac crest and the inferior angle of

the rib cage; this was then adjusted to ensure the me-

dial edge of the TrA (Ferreira et al, 2004).

Muscle thickness measurement techniques

Images captured by US revealed three distinct

muscle layers of the TrA, IO, and EO muscles on a

monitor. Figure 2 illustrates the two different meas-

urement techniques of the thickness of each muscle

layer from the captured image: in the middle of the

muscle belly, which was centered within the cap-

tured image (technique A; TA) (Springer et al, 2006;

Teyhen et al, 2011) vs. along a horizontal reference

line located 2 ㎝ apart from the medial edge of the

TrA in the captured image (technique B; TB)

(Ferreira et al, 2004).

Statistical Analysis

For statistical analysis, the intraclass correlation

coefficient (ICC [3,k]) with 95% confidence intervals

was used to calculate the inter-rater reliability of the

thickness measurement of TrA, IO, and EO using

the values from both the first and second examiner.

Each ICC was interpreted according to the following

of the criteria proposed by Portney and Watkins

(2009): ICC<.50, poor; ICC=.50～.75, moderate; ICC

.75<r<.90, good; and ICC>.90, excellent. Data man-

agement and statistical analysis were performed us-

ing SPSS version 18.0 software.

Results

After the images were captured at PL1 and PL2,

TB was not used, because the medial edge of the

TrA was not found in the images. The medial edge
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Figure 3. Captured images of the three different probe locations. A: probe location 1 (PL1), B: probe

location 2 (PL2), C: probe location 3 (PL3), the medial edge of the TrA in the circle. (TrA:

transversus abdominis, IO: internal oblique, EO: external oblique).

Figure 2. Two different measurement techniques. A: technique A, B: technique B (TrA: transversus

abdominis, IO: internal oblique, EO: external oblique).

of the TrA was observed in the PL3 images; there-

fore, TB was used only for PL3 (Figure 3).

Inter-rater reliability of the thickness measurement of

the abdominal muscles for three probe locations and

two measurement techniques is outlined in Table 2.

In all three muscles, moderate to excellent reliability

was found for all conditions (probe locations and

measurement techniques) (ICC=.70～.97). In the

PL1-TA condition, reliability in the three muscle

thicknesses was good to excellent (ICC=.85～.96).

The reliability of all measurement conditions was

excellent in IO (ICC=.95～.97).

Discussion

The purpose of this study was to determine the

inter-rater reliability of the US measurement of ab-

dominal muscles for different probe locations and

thickness measurement techniques. Overall, the re-

sults of this study showed moderate to excellent re-

liability for the different probe locations and thick-

ness measurement techniques in TrA, IO, and EO. In

particular, in IO, reliability for all measurement con-

ditions was excellent. When the PL1-TA condition

was applied, reliability was good to excellent in each
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of the three muscle thickness. These findings are

consistent with the previously published systematic

reviews by Teyhen et al (2011) and validate the use

of US imaging for reliable measurements of abdomi-

nal muscle thickness. Although previous studies have

reported inter-rater reliability of the lateral abdominal

muscles, the studies have been limited to TrA and

total abdominal muscle thickness at the inspiration

phase at rest (Springer et al, 2006). Our results also

added to the existing literature by demonstrating the

inter-rater reliability of the TrA, IO, and EO muscle

thicknesses separately.

Teyhen et al (2007) demonstrated that many po-

tential sources of measurement error in terms of

muscle thickness could be attributed to image

acquisition. The hypothesis of this study was largely

influenced by the variability in probe locations on the

body (Whittaker et al, 2007). Scant evidences exist

to determine whether different locations used for

digital measurement could influence inter-rater

reliability. Therefore, one of the purposes of our

study was to determine the optimal probe location

for assessing lateral abdominal muscle thickness. The

results of our study suggested that PL1 (where the

probe was located below the rib cage in direct verti-

cal alignment with ASIS) represents well three lay-

ers of muscles (TA, IO, and EO), relating well to

the intermuscular fascial layer. Optimal interpretation

of US requires a clear understanding of anatomical

factors, including muscle origin, insertion, size, shape,

depth, and fiber orientation (Teyhen et al, 2007). As

the probe was positioned more anteriorly, where the

center of the probe was along the anterior axillary

line, the position allowed for visualization of the an-

terior reach of the lateral abdominal wall to be visi-

ble the TrA, IO, and EO (Teyhen et al, 2007).

In Korea, TB (muscle thickness measurement

along a horizontal reference line located 2 ㎝ apart

from the medial edge of the TrA in the captured

image) is more common than TA (muscle thickness

measurement in the middle of the muscle belly cen-

tered within the captured image). In this study, while

using TB, the medial edge of TrA could not be de-

termined at PL1 and PL2. Thus, we could only com-

pare TA and TB at PL3. In our study, both TA and

TB at PL3 showed moderate to excellent reliability,

although the reliability of TB was higher than that

of TA. The drawbacks of TB are that it is not only

more time-consuming and less clinically feasible

compared to TA, but also that it is not possible to

consistently visualize the medial edge of the TrA.

On the other hand, TA had a measurement error as-

sociated with the examiner estimating the middle of

the muscle belly; however this error is probably

minimal because the fascial lines are relatively paral-

lel in the captured images (Teyhen et al, 2007).

To the best of our knowledge, this is the first

study to demonstrate that an US can provide reliable

measurements of the thickness of the TrA, IO, and

EO muscles in healthy subjects. This study has also

proven that non-invasive US can be used as an in-

expensive, portable, safe, and clinically accessible

method for clinicians and researchers.

Several limitations existed within this study. First,

the thickness measurements of the TrA, IO, and EO

muscles were conducted only at the inspiration phase

at rest; thus, the degree of TrA, IO, and EO muscle

thicknesses change during the expiration phase of

respiration could not be identified in this study.

Second, this study recruited only 20 subjects, so reli-

ability studies with a large sample group need to be

conducted. Third, this study was conducted in healthy

young adults without LBP; further research is needed

to assess the generalizability of these findings to

those with more chronic LBP and geriatric

populations. Fourth, the inter-rater reliability assessed

in this study was conducted within a day. The influ-

ence of larger time intervals on reliability needs to be

assessed. Finally, reliability in the three muscle

thicknesses was good to excellent when we used the

TA-PL1, and the reliability of IO for all measurement

conditions was excellent; further study is needed to

obtain the validity of the thickness measurements of

the TrA, IO, and EO muscles using a gold standard.
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Conclusion

In conclusion, moderate to excellent reliability was

shown for all conditions (probe locations and meas-

urement techniques) in TrA, IO, and EO muscles,

(ICC=.70～.97). In the PL1-TA condition, reliability in

the three muscle thicknesses was good to excellent

(ICC=.85～.96). The reliability of all measurement

conditions was excellent in IO (ICC=.95～.97). Thus,

the results of the present study indicate that the

PL1-TA can be used to measure abdominal muscle

thickness in order to aid in clinicians and re-

searchers' clinical decisions in diagnosis and

research.
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