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Title: Reliability of lumbar multifidus and iliocostalis lumborum thickness and
echogenicitysmeasurements using ultrasound imaging

Abstract:

Purpose

To establish 'the test-retest and inter-rater reliability of lumbar multifidus (LM) and
iliocostalis lumborum (IL) muscle thickness and echogenicity as derived using

ultrasound imaging.

Methods

Ultrasound images of the LM and IL were collected from 11 healthy participants on
two occasions, one-week apart, by two independent assessors. Measures of LM and
IL thickness*and echogenicity were subject to test-retest and inter-rater reliability,
which was assessed by calculation of an F statistic, the interclass correlation
coefficient (ICC), the standard error of measurement, 95% confidence intervals and
Bland Altman plots. This study was given approval by The University of Melbourne
Behavioural and Social Sciences Human Ethics Sub-Committee (ref: 1749845).

Results

Assessors.A.and B showed good to excellent test-retest reliability for LM thickness
(ICC;; A™0:89 and B: 0.98), LM echogenicity (ICCs3 A: 0.93 and B: 0.95) and IL
echogenieity(ICCs ;3 A: 0.87 and B: 0.83). Test-retest reliability for IL thickness was
poor forsAssessor A but excellent for Assessor B. Both assessors demonstrated
excellent inter-rater reliability for LM thickness and echogenicity (ICC,3: 0.79 and
0.94), but poor reliability for IL thickness and echogenicity (ICC;3: 0.00 and 0.39).

Conclusions
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Inter-rater and test-retest reliability was excellent for LM but was less reliable for

measures of the IL muscle.

Keywords:  imaging, lumbar spine, ultrasound, reliability, = muscle

Author Manuscript

This article is protected by copyright. All rights reserved



Introduction

Trunk muscles in the lumbar region provide mechanical stability to the lumbar spine'.
Clinicians hypothesize that muscular stability and control of the lumbar spine is
important=for managing and rehabilitating people with low back pain. Ultrasound
imaging’ techniques are used to quantify the cross-sectional area and thickness of
lumbar muscles. Lumbar multifidus (LM) forms part of the deeper transversospinalis
group”pand plays a key role in the stability and function of the lumbar spine®’. LM-
related measures have reported decreases in size, asymmetry and contractility in
people with low back pain®'®. Importantly, spontaneous recovery of LM size is
generally'not displayed after an acute episode of low back pain'', which may indicate
decreased” fofce generating capacity to perform daily tasks such as lifting safely'”.
Aside from the LM, larger lumbar extensor muscles, such as the iliocostalis
lumborum_(IL), also play important roles in maintaining lumbar posture and
generating forces for everyday tasks (e.g. lifting)">. The IL muscle (most lateral
componentsofithe erector spinae muscles) produces large lumbar extension forces,
whilst acting.@as a stabiliser of the lumbar spine during rotatory movements and a

decelerator “during lumbar flexion'> '

. Therefore, optimum lumbar function is
contingentupon both IL and the deeper LM muscles possessing healthy

morphological features.

Imaging studies have contributed to a greater understanding of paraspinal muscle
morphology and the associated changes in people with low back pain. Specifically,
magnetic resonance imaging (MRI) studies examining LM muscle composition have
demonstrated a positive association between intra-muscular fat content and low back

13 16 andia negative association with lumbar flexion range of movement'’.

pain
Additionallygigeneralised lumbar intramuscular fat infiltration without associated
cross sectional area changes has been observed during dormant periods of recurrent
low backspain'°. However, MRI evaluation is expensive, and challenging to access in

routine clinigal practice.

Echogenicity analysis of ultrasound images may be utilised to quantify the
composition of soft tissue. Specifically, echogenicity refers to the ability to reflect or

transmit ultrasound waves in the context of surrounding tissues'’. Within the thigh
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region (i.e. quadriceps muscle group), higher ultrasound echogenicity values have
been correlated strongly with higher amounts of intra-muscular fat’® and poorer

y*"? and clinical populations™. Thus,

muscle strength and power in healthy elderl
echogenicity measures may be a cost-effective and feasible clinical alternative to MRI
for evalwating muscle composition in the lumbar spine. Ultrasound imaging
techniques used to quantify LM muscle size (i.e. cross sectional area and thickness)
have demonstrated high-levels of intra and inter-rater reliability in both healthy

%%5:2427 and those with low back pain®*?’. However, there is paucity of

individuals
evidence evaluating test-retest reliability of ultrasound measures (i.e., thickness and
echogenigity)/of the LM muscle. Similarly, the inter-rater reliability and test-retest
reliability 6f the morphological data obtained using ultrasound in other lumbar

extensor muscles are also lacking.

This study aims to investigate the test-retest and inter-rater reliability of thickness and
echogenicity measures of the LM and IL muscle using ultrasound imaging in healthy
participants. We hypothesised that test-retest and inter-rater reliability of ultrasound-
derived. thickness and echogenicity measures would be excellent for the LM muscle.
Due to the™movelty of ultrasound-related IL measures, we do not have enough
evidencestonformulate a hypothesis. The Guidelines for Reporting Reliability and
Agreement Studies (GRAAS)*® and the reliability domain of the COnsensus-based
Standardssfersthe selection of health status Measurement INstruments (COSMIN)29

guidelings wete followed in the reporting of this manuscript.
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Methods and Materials

Design

This was a prospective observational study involving between-session test-retest and
within=session inter-rater reliability study. In the context of this study, test-retest
reliability refets to the reliability of ultrasound measures acquired from images taken
one week apart. Inter-rater reliability refers to the agreement between two different
raters omultrasound measures taken from images of the same muscle at the same time

point.

Participants

Eleven healthy participants aged 18 to 65 years were recruited from the community
via personal contacts in Melbourne, Australia. Inclusion criteria were 1) no current
low back pain and ii) no history of low back pain. The exclusion criteria for
participation in this study were i) previous spinal surgery, ii) spinal trauma, iii)
pregnangys=iv) inflammatory joint disease, v) neuromuscular disease, vi) spinal
malignaney and/or, vii) inability to understand English. Participants demographic data
including age, gender, mass and height were collected. This study was approved by
The Univessity of Melbourne Behavioural and Social Sciences Human Ethics Sub-
Committee (ref: 1749845) and all participants provided written informed consent and

the rights of the subjects were protected.

Assessors

Ultrasound image acquisition and measurements were performed by two independent
assessors: 1) Assessor A - radiographer (medical imaging technologist) with 5 years of
experience using ultrasonography and post-graduate degree in diagnostic imaging, ii)
Assessof*B="miusculoskeletal physiotherapist with 5 years of clinical experience and
10 hourssofitraining in musculoskeletal ultrasonography. Both assessors underwent a
2-hour training session of the image acquisition protocol involving practical use of the
Sonosite Edge machine (Sonosite, Fujifilm, Tokyo, JP) and familiarisation of the
functions and settings of the device. Additionally, both assessors took part in a 2-hour
session of basic education and training around the use Image J version 1.52 (NIH,
MD, US) software to perform thickness and echogenicity measures. Training sessions

were conducted with both assessors present and involved testing the methodology on
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people not involved in the study. Both assessors were not previously familiar with

using the Sonosite Edge machine or the Image J software.

Image acquisition

Each set ofiimages were collected one week apart. Sets of images for all participants
were collected by Assessor A then Assessor B on the same day. Assessors were not
present whilst the other assessor was imaging the participants. Image acquisition was
performed using a Sonosite Edge Machine and a Linear Transducer (6-13MHz) and a
minimal probe compression approach. The overall gain was set to a moderate
brightness _level and the ‘near and far’ gain setting was adjusted to ensure consistent
brightness /actoss the field. This setting remained constant for all participants
throughout the trial. Participants lay prone with a pillow under their abdomen to
reduce lumbarlordosis on a plinth?. Assessors palpated the lumbar spinous processes
and marked the spinous processes of L3, L4 and L5 with a non-permanent marker
which was removed between assessors to enable blinding for landmarking. Assessors
were ablestosconfirm the accuracy of their superficial landmark identification by
ultrasound imaging the parasagittal section”. The multifidus muscle was captured both
in thé parasagittal (longitudinal) plane and the transverse (cross-sectional) plane. The
parasagittalesimage was taken by placing the probe longitudinally over the
zygapophyseal joint of L4/5 to display the thickness of the LM muscle®® (Figure 1A).
The cross-sectional image was taken by placing the probe at the level of the L5
spinous process30, allowing the lateral border of the spinous process, lamina and
multifidus muscle to be visualised (Figure 1B). The IL muscle was also captured in
the transverse plane by initially placing the probe adjacent to the L3 spinous process.
The probe was moved laterally until the IL muscle was visualised deep to the
latissimiis.dorsi and superficial to the quadratus lumborum (Figure 1C). A total of 6
images; tworlongitudinal LM images, two cross-sectional LM images and two cross-

sectionalllzimages were collected for each participant during each test session.

Figure 1. Placement holder

Image Processing
All measurements were performed post image acquisition using the ImageJ software.

The measurements of interest were the muscle thickness and echogenicity of the LM
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and IL muscles. The LM muscle thickness was calculated by measuring the distance
between the inside of the superior fascial border and the tip of the L4/5
zygapophyseal joint (Figure 1A). Measurement of the IL muscle thickness was
defined by the distance between the inside of the superior fascial border and the
inferior fascial border (Figure 1C). LM and IL echogenicity was measured by 1)

30,31
2" and,

performing a circumferential trace of the inner fascial border of each muscle
ii) performing grey-scale histogram analysis of the muscle area of interest.
Echogenicity is a measure of acoustic reflectance'® with ranges varying from 0-255:
zero represents an inability to reflect ultrasound waves with the image appearing
black whereas, 255 represents complete reflection of ultrasound waves with the image
appearing white’>. The mean echointensity value of the grey-scale histogram analysis
was calculatéd to quantitatively evaluate muscle tissue quality.” ** All measures were
performed in triplicate with the average value reported”. Images were de-identified by

an independent researcher and then randomly assigned to each assessor for image

analysis. The assessors were blinded to each other’s results.

Sample Size

To look for'a'minimum ICC value of 0.80 interrater reliability, we estimated a priori
that a minimum of 8 participants were required for each muscle analysed to achieve
80% power with the significance level set at p < 0.05. To ensure that enough images
were available for statistical analysis, we included 44 LM and 22 IL images in this

study.

Statistical Analysis

Test-retest and inter-rater reliability was assessed for absolute agreement using F-
statistic,'standard error of measurement, 95% confidence interval (95% CI) and intra-
class cotrelation analysis (ICCss for test-retest reliability, ICC,3 for inter-rater
reliabilitysand 1CC; ; for intrarater reliability; p < 0.05°>%). ICC was interpreted as
follows:gpoor (0.00-0.25), fair (0.26-0.50), moderate (0.51-0.75 and excellent (0.76-
1.00) correlation®’. The Bland-Altman (BA) plots were used to visually represent the
range of agreement. Statistical analyses were performed using SPSS version 23.0

(IBM, Armonk, NY).
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Results

The participant characteristics are presented in Table 1. The 11 participants (5
females; 6 males) have a mean age of 40.6 years (Table 1). Two participants were
consideredoverweight (25-30 BMI) and 4 obese (> 30 BMI), whilst 4 were within the
normal weightrange (20-25 BMI) and one underweight (< 20 BMI).

Table 1 pPlacement holder

The ICC, caleulation pertaining to IL thickness inter-rater reliability produced a
negative'value, this has been altered to 0.00 as this is not theoretically possible. As
such, the Tower limits of the 95% CI that produced negative values have also been

altered to values of 0.00.

A total“of 66 images were recorded and analysed. Thickness and echogenicity
measuressofithe LM conducted by Assessors A and B, demonstrated excellent test-

retest reliability (Table 2).

Measures_of IL thickness performed by Assessor A demonstrated fair levels of test-
retest reliability, whereas Assessor B demonstrated excellent reliability (Table 2). An
ex-post-facto analysis that excluded participants with a BMI >30, yielded excellent
test-retest reliability for Assessor A regarding IL thickness (ICCs3 = 0.78, 95% CI
[0.00, 0.96], n = 7). Echogenicity measurements of the IL displayed excellent test-
retest reliability for both assessors (Table 2).

Table 2 Placement holder

For Assessor”A (earlier versus later test), the bias for LM muscle thickness was -0.22
cm and imits of agreement + 0.54 cm (Figure 2A). The bias for IL muscle thickness
was 0.18 ‘emyand limits of agreement = 1.55 cm (Figure 2B). For LM and IL
echogenicity, the bias was -0.22 and 0.02 greyscale units and limits of agreement

were = 15.69 and 22.04 greyscale units, respectively (Figure 2C and D).
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Figure 2. Placement holder

For Assessor B (earlier versus later test), the bias for LM muscle thickness was 0.04
cm and limits of agreement + 0.33 cm (Figure 3A). The bias and limits of agreement
for IL muscle thickness 0.03 £ 0.36 cm, respectively (Figure 3B). For LM
echogenicity, the bias was -3.02 grayscale units and limits of agreement were £ 17.07
greyscale units (Figure 3C) and for IL echogenicity, the bias was 1.98 grayscale units

and limits of agreement were + 28.71 greyscale units (Figure 3D).

Figure 3 Placement holder

Assessors A _and B displayed an excellent level of agreement for measures of LM
thickness and /echogenicity; however, poor levels of agreement were observed for IL
muscle-related: thickness and fair levels of agreement for echogenicity measures

(Table 3):

Table 3. Placement holder

For results"between assessors (Assessor B versus Assessor A), the bias and limits of
agreement for LM and IL muscle thickness were -0.48 + 0.64 cm and -1.36 + 1.88
cm, respectively (Figure 4A and B). For LM and IL echogenicity, the bias and limits
of agreement, were 4.18 £ 13.78 greyscale units and 9.48 + 39.47 greyscale units,

respectively (Figure 4C and D).

Figure4."Plaeement holder
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Discussion

In accordance with our hypothesis, our results demonstrated excellent test-retest and
inter-rater reliability for LM muscle thickness and echogenicity. Moreover, test-retest
reliability*for'IL. muscle echogenicity was excellent for both assessors. However, test-
retest reliability for IL muscle thickness was poor for Assessor A but excellent for
Assessor B. Finally, inter-rater reliability for IL muscle thickness and echogenicity

was fair}

Only one previous ultrasound study has investigated the test-retest reliability of LM
muscle thickness. Specifically, Cuellar ef al.”® analysed ultrasound images from older
healthy adults and reported excellent test-retest reliability (ICC;; = 0.83) for LM
thickness. Likewise, our results support the use of ultrasound imaging as a reliable
clinical and research tool for comparison of LM thickness between two separate time
points. Furthermore, measures of LM thickness are comparable between assessors
with differingramounts of experience using ultrasound. These findings are supported
by previous studies that have similarly reported excellent inter-rater reliability** " °,
Impottantly, these studies used identical methods for image acquisition and similar

training time-for assessors to that of the current study.

There was considerable variability in test-retest reliability for IL thickness between
assessors. Compared to the LM, the IL has some distinct anatomical features that
likely contributed to a reduced level of reliability for thickness measures. For
example, the ILL varies in its orientation as it descends from the ribs to the lumbar
region toattach to the ilium*. As such, the thickness of the IL is different depending
on the spinal level at which it is imaged. Another difference is the proximity of the IL
to easily"identifiable bony landmarks; specifically, the LM sits adjacent to the spinous
processes=ofithe lumbar vertebrae passing from the transverse processes up to the
spinousprocesses. Whereas, the IL is more lateral exhibiting greater variability,
making 1t'difficult to reliably locate. These challenging aspects of imaging IL may
potentially explain the difference in test-retest reliability favouring Assessor B who,
as a musculoskeletal physiotherapist, is well trained with respect to lumbar surface
anatomy and has regular clinical exposure to palpating the lumbar spine. In addition,

accurately locating the IL is more challenging in people with higher BMI given that
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greater amounts of subcutaneous fat increase the required ultrasound capture depth
with a resulting decline in image resolution'. Higher BMI has also been associated
with increases in intra-muscular connective tissue*’, contributing to greater difficulty

identifying muscle and fascial tissue.

Only one previous study has investigated the reliability of echogenicity-related
measurds of lumbar spine muscles. Specifically, Sarafraz er al.*® reported that test-
retest reliability of LM echogenicity was excellent (ICC = 0.91-0.94); however, the
authors confounded their findings by combining results from both healthy controls
and patients with low back pain. Similarly, high-levels of reliability have been
observed” for quadriceps-related echogenicity measures of healthy and critically ill
cohorts (i.€.,"intra-rater reliability ICC = 0.99; inter-rater reliability ICC = 0.96-0.97,
test-retest reliability ICC = 0.88-0.91)* **. Importantly, our findings pertaining to
LM-related_echogenicity are in agreement with the aforementioned studies. Fat
infiltration of the LM has demonstrated a strong associated with low back pain in
adults'’. “Fhespresence of LM intramuscular fat is also strongly associated with
previousiepisodes of low back pain'’, suggesting that fat infiltration of the LM does
not spontaneously resolve once the pain has ceased. Whilst Welch, Moran 46
demonstrated that fat infiltration percentage (relative to the entire muscle area) in the
lumbar musculature (i.e., LM and erector spinae) in people with chronic low back
pain decreases with resistance training, Berry, Padwal *’ reported that resistance
training 1s actually limited in its capacity to reduce chronic low back pain-related fatty
infiltrates. Differences between studies may be related to the age of the participants.
46

Specifically, the participants in Welch, Moran
39.6+£12:4 vyears) than those in Berry, Padwal *’ (i.e., 52.8+14.8 years). This is

were considerably younger (i.e.,

notewerthysbecause older participants are less likely to demonstrate exercise-related
reductions“intintramuscular fat **. Hence, in younger people with chronic low back
pain, ultraseund imaging may be a useful tool for clinicians to assess and monitor
changessin the composition of LM and IL in response to interventions such as

resistance training.

Ultrasound-derived IL echogenicity is only reliable when the same assessor performs

the image acquisition and analyses — possibly because of the abovementioned
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challenges in locating the IL muscle. The results pertaining to LM and IL
echogenicity may enable researchers, rather than referring people for CT (high
radiation dose), MRI (expensive), and biopsy (painful), to reliably evaluate the effects
of interventions on lumbar muscle composition. This may inform the design of future
studies thatinvestigate low back pain intervention and their impact on morphological
data and assogciated variances in functional or disability improvement. However,
importantly whilst echogenicity correlates to intra-muscular fat in lower limb

%% there is no such study to validate this in the lumbar spine.

muscles
This study has several limitations. Firstly, this study included a small sample size of
participants’ and assessors and, as such, this potentially limits the generalisability of
our findings."Indeed, to draw strong conclusions, we would need to include multiple
assessors and a larger cohort. Secondly, as this study was conducted on healthy
people, we recommend caution when applying the results to low back pain
populations. In this respect, future studies should investigate the morphological
propertiessofsultrasound-related outcome measures in a cohort of low back pain

patients.

Conclusion

Lumbar,multifidus thickness and echogenicity can be assessed reliably by different
assessors using ultrasound. IL thickness and echogenicity measurements possess
excellent test-retest reliability but poor and fair inter-rater reliability respectively.
Future studies may investigate ultrasound-derived LM and IL morphological features

in people with low back pain and the effects of interventions on these muscles.
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Tables

Table 1. Participant characteristics

Characteristic Participants (n = 11)
Mean (SD)

Gender (Females, %) 5 (45.5%)

Age (years) 40.6 (13.9)

Height (cm) 173.5(7.3)

Mass (kg) 82.1 (20.8)

BMI (kg/m?) 27.0 (5.8)

BMI = Body"Mass Index.

Table 2, Test-retest reliability for LM and IL muscle thickness and echogenicity

Thickness Echogenicity

Muscle f ICC;33  95% CI SEM F ICCs3  95% CI SEM F

LM 0.89 [0.45,0.97] 0.05 13.63 0.93 [0.72, 0.98] 0.13 12.51
Assessor A
LM 0.98 [0.94,099] <0.01 5734 0.95 [0.82, 0.99] 0.48 19.94
Assessor B
IL 0:50 [0.00, 0.89] 0.09 1.96 0.87 [0.49, 0.97] <0.01 6.92
Assessor A

IL 0.97 [0.90,0.99] <0.01 33.72 0.83 [0.37,0.96] 0.58 5.63

Assessor B

CI = confidence interval; F = F-statistic, ICC = intraclass correlation coefficient; IL =
iliocostalis lumborum; LM = lumbar multifidus; SEM = standard error of

measurement.

Table 3. Inter-rater reliability for LM and IL muscle thickness and echogenicity

Thickness Echogenicity
Muscle 1€C,3 95% CI SEM F ICCy3 95% CI SEM F
LM 0.79 [0.00,0.95] 0.15 12.35 0.94 [0.75,0.98]  0.72  20.63
IL 0.00 [0.00,0.44] 1.27 0.79 0.39 [0.00,0.82]  5.25 1.74

CI = confidence interval; F = F-statistic, ICC = intraclass correlation coefficient; IL =
iliocostalis lumborum; LM = lumbar multifidus; SEM = standard error of

measurement.
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L egends

Figure 1. Ultrasound image of the left lumbar multifidus (parasagittal) taken at the
spinal level of L4/5 (A), the left lumbar multifidus (transverse) taken at the spinal
level of L5 (B) and the left iliocostalis lumborum, taken at the spinal level of L3 (C).
IL, iliocostalis lumborum; L3, 3" lumbar vertebrae; L4/5, zygapophysed joint
between L4.and.L.5; LD, latissimus dorsi; LM, lumbar multifidus; QL, quadratus
lumborum; SP, spinous process; TA, transverse abdominus; TLF, thoracolumbar

fascia.

Figure 2. Bland-Altman plot displaying limits of agreement between average
measurements.taken one week apart for Assessor A for the thickness of lumbar
multifidus (LM) (A) and iliocostalis lumborum (IL) (B) and the echogenicity of LM
(C) and lz%(D): Blue line = mean differences, green dotted lines = upper and lower

limits of-agreement (2 standard deviations).

Figure3=Bland-Altman plot displaying difference of agreement between average
measurements taken one week apart for Assessor B for the thickness of lumbar
multifidus (LM) (A) and iliocostalis lumborum (IL) (B) and the echogenicity of LM
(C) and'IL (D). Blue line = mean differences, green dotted lines = upper and lower

limits of agreement (2 standard deviations).

Figure 47Bland-Altman plot displaying difference of agreement between average
measurementsiby the two raters for the thickness of lumbar multifidus (LM) (A) and
iliocostalis fTumborum (IL) (B) and the echogenicity of LM (C) and IL (D). Blueline
= mean differences, green dotted lines = upper and lower limits of agreement (2

standard deviations).
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