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measurements. The mean thickness of three measurements was calculated for each

1mage.

Figure Al-1 Ultrasound imaging with a 12-MHz linear array was used to measure
lateral abdominal muscles (LAM) thickness. The ultrasound transducer was aligned

perpendicular to the right side of anterolateral abdominal wall.

Figure A1-2 Ultrasound image of lateral abdominal muscles at rest. Muscle thickness
of transversus abdominis (TrA), internal oblique (I0), external oblique (EO), internal
and external oblique (IEO) and total of lateral muscles (Total) were measured from

superior to inferior border of each muscle.
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LM measurements

CSA4 of LM muscle Ultrasound imaging of CSA of LM muscle was measured
using B-mode with 5-MHz curvilinear transducer. Measurement of the LM muscle
was performed with subjects in prone lying with a pillow placed under the abdomen
to eliminate the lumbar lordosis (Figure Al-3). Investigator manually palpated the
spinous processes of L2-L5 lumbar vertebral levels and marked on the skin with a
pen. The subjects were instructed to relax, ultrasonic gel was applied, and the
transducer was placed longitudinally along the midline of the lumbar spine to confirm
the location of each lumbar spinous process. The transducer was rotated in transverse
section and placed in the middle of each spinous process. Bilateral images of LM
were obtained except in the case of larger LM where left and right sides were imaged
separately. The ultrasound images were taken from L2-L5 with subjects in a relaxed
state and images were stored for offline analysis (Figure A1-4). The program Image J
was used to calculate the CSA of the LM muscle (version 1.36b,
http://rsb.info.nih.gov/ij) at the L2-L5 vertebral levels. CSA measurements were made
by tracing the inside edge of the inner border of LM muscle. The measurement was

carried out three times on one image and averaged for each image.



105

Figure A1-3 Ultrasound imaging with a 5-MHz curvilinear array was used to measure
lumbar multifidus muscles (LM) in a prone lying with a pillow placed under the hip to

minimize the lumbar lordosis.

Figure A1-4 Bilateral transverse images at the L3 vertebral level showing the shadow
of the spinous process in the center of the image and the lumbar multifidus muscle,

with and without the CSAs traced.
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Thickness of LM muscle Images of the LM muscles were taken in prone position
(Figure A1-3). The transducer was placed longitudinally along the midline of the
spine, first over the LS vertebral level, then moved laterally and tilted slightly
medially until the 1.4-5 zygapophyseal joint was visualized. This allows visualize the
zygapophyseal joint, LM bulk and TLF (Figure A1-5). After identifying the sacrum,
the transducer was move superiorly until the [.4-5 zygapophyseal joint was centred on
the screen. All images were saved and measured offline using NIH, Image J program.
A measurement from the hyperechoic zygapophyseal joint to the plane between the
subcutaneous tissue and the LM muscle is considered LM thickness. The LM
thickness measurement were made between the tip of the [4-5 and L5-SI

zygapophyseal joint to the inside edge of the superior border of LM.

RT AMS CMU.

Figure Al1-5 Ultrasound image of right lumbar multifidus (LM) muscle in
longitudinal section. Sacrum (S) and thoracolumbar fasia (TLF) were identified in the
image. LM muscles thickness were measured from the tip of L4-5 and L5-SI

zygapophyseal joint to the inside edge of the superior border of LM.
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Questionnaire form
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Physical examinations

Active movement
U Flexion
[J Extension
O Left lateral flexion
U Right lateral flexion
O Left rotation
O Right rotation
0 Combine movement

Palpation

Accessory movement
PA Left unilateral PA Right unilateral PA

0 L1
OL2
OL3

0 L4

O L5
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