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Rehabilitative ultrasound (US) imaging is one of the popular methods for investigat-
ing muscle morphologic characteristics and dimensions in recent years. The reliabil-
ity of this method has been investigated in different studies. As studies have been
performed with different designs and quality, reported values of rehabilitative US
have a wide range. The objective of this study was to systematically review the litera-
ture conducted on the reliability of rehabilitative US imaging for the assessment of
deep abdominal and lumbar trunk muscle dimensions. The PubMed/MEDLINE,
Scopus, Google Scholar, Science Direct, Embase, Physiotherapy Evidence, Ovid,
and CINAHL databases were searched to identify original research articles
conducted on the reliability of rehabilitative US imaging published from June 2007
to August 2017. The articles were qualitatively assessed; reliability data were
extracted; and the methodological quality was evaluated by 2 independent reviewers.
Of the 26 included studies, 16 were considered of high methodological quality.
Except for 2 studies, all high-quality studies reported intraclass correlation
coefficients (ICCs) for intra-rater reliability of 0.70 or greater. Also, ICCs reported
for inter-rater reliability in high-quality studies were generally greater than 0.70.
Among low-quality studies, reported ICCs ranged from 0.26 to 0.99 and 0.68 to
0.97 for intra- and inter-rater reliability, respectively. Also, the reported standard
error of measurement and minimal detectable change for rehabilitative US were
generally in an acceptable range. Generally, the results of the reviewed studies indi-
cate that rehabilitative US imaging has good levels of both inter- and intra-rater
reliability.

Key Words—abdominal muscles; low back pain; multifidus; musculoskeletal;
reliability; systematic review; ultrasound

health problems throughout the world."”* About 40% of adult

the population report LBP during their lifetime.>”> Trunk sta-
bilizer muscles such as the deep abdominal and lumbar multifidus
play a major role in providing stability and preventing LBP.® These
muscles are considered key elements of lumbar stability.® Functional
deficits and morphologic changes in trunk stabilizer muscles have
been shown in patients with LBP.”*° Atroph¥ of paraspinal muscles
is one of the common consequences of LBP."" Hides et al' reported
that about 24 hours after onset of lumbar disk herniation, the cross-
sectional area of the lumbar multifidus may decrease, and

L ow back pain (LBP) is one of the most common and costly
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consequently, paraspinal muscle atrophy may affect
trunk proprioception.'> Therefore, it seems that trunk
muscle dimensions and function are important factors in
the evaluation and treatment of patients with LBP.

There are a number of methods for evaluating muscle
activity and morphologic characteristics, such as electromy-
ography,'* magnetic resonance imaging,'> biopsy,'® com-
puted tomography,'” and rehabilitative ultrasound (US)
imaging.“g’19 Among these, rehabilitative US imaging is
reported to be a low-risk, cost-effective, portable, and clini-
cally accessible method compared to electromyography,
computed tomography, biopsy, and magnetic resonance
irnaging.20

Reliability is one of the important psychometric prop-
erties of a measurement tool.” It is defined as “the degree
to which measures are free from error and, therefore, yield
consistent results.”*> Adequate reliability is necessary for
accurate measurement using any tool or instrument.”’

There are many studies that have evaluated the reli-
ability of rehabilitative US imaging for measurement of
trunk muscle dimensions. The reliability of rehabilitative
US imaging for measurement of trunk muscles dimension
has been reported to have a wide range, depending on the
target population, patient’s position, muscle state, and
other influencing factors. Hebert et al** previously con-
ducted a systematic review on the reliability of rehabilita-
tive US imaging to evaluate abdominal and lumbar
multifidus muscles from its beginning to May 2007.
Therefore, this study was designed to systematically
review published articles from June 2007 to August 2017
to determine whether rehabilitative US imaging is a reli-
able method for measuring abdominal and lumbar multifi-
dus muscle dimensions in healthy individuals and patients
with LBP. Furthermore, it also aimed to determine impor-
tant parameters for rehabilitative US imaging to be clini-
cally applied as a reliable, effective, and generalizable tool
to measure and evaluate trunk muscle dimensions.

Methods

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-analysis guidelines.”*

Search Strategy
A search of the literature was performed in a systematic
fashion, using the following key words: “reliability,”

“sonography,” “ultrasound imaging,” “trunk muscles,”
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“multifidus,” “transversus abdominis,” “internal oblique,”
“within-day,” “between-day,” “inter-rater,” and “intra-
rater” from June 2007 to August 2017 in different elec-
tronic databases, including PubMed/MEDLINE, Sco-
pus, Google Scholar, Science Direct, Embase,
Physiotherapy Evidence, Ovid, and CINAHL.

After removing duplicate studies, 2 reviewers (M.T.
and F.R.) screened titles and abstracts of all primary
articles to determine relevant articles. Then, they eval-
uated the full text of potentially relevant articles independ-
ently to identify eligible articles based on inclusion/
exclusion criteria (Table 1). If they did not reach an agree-
ment, a third reviewer (M.A.M.-B.) assessed the eligibility
of the articles. A Preferred Reporting Items for Systematic
Reviews and Meta-analysis flowchart for the search strat-
egy of this systematic review is presented in Figure 1.

Quality Assessment
A quality assessment of the included articles was per-
formed by using the scale designed by Hebert et al.*’
This tool is a modified version of a quality assessment
questionnaire developed by van Trijffel et al*® for
reviewing the methodological quality of reliability stud-
ies. It consists of 10 appraisal questions that evaluate the
external validity (items 1-3), internal validity (items 4—
8) and statistical method (items 9 and 10) of reliability
studies (Table 2). All items were equally weighted and
scored as “yes,” “no,” or “unclear” (yes =1; no and
unclear = 0). A higher score represents higher methodo-
logical quality. Furthermore, in the case of question 3, 5
parameters (including scanning point, amount of contact
pressure, muscle state, transducer position, and partici-
pant’s starting position) were used to determine the rep-
licability of the assessment. Studies that met at least 4 of
the S parameters obtained a score of yes for question 3.
Studies that received a score of yes on at least 50%
of the items were considered high-quality studies.”> Two
reviewers (M.T. and F.R.) assessed the quality of all
included studies independently. The level of agreement
between the reviewers was calculated by another investi-
gator using K statistics (0-0.29, weak agreement; 0.30-
0.59, moderate agreement; 0.60-0.89, good agreement;
and 0.90-1, optimal agreement).26 Furthermore, any
disagreement between the reviewers was resolved by the
third reviewer (M.A.M.-B).

Data Extraction
To perform descriptive analyses, data were extracted

from the original included studies independently by the 2
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reviewers (M.T. and F.R.). The extracted data contained
the following information: authors, year, description of
participants’ characteristics (eg, sample size and demo-
graphics), rehabilitative US imaging (eg, model and trans-
ducer frequency), statistical analyses of reliability
assessments (eg, intraclass correlation coefficient [ICC],
standard error of measurement, and minimal detectable
change). Then, the reviewers compared their results to
achieve uniformity in the extracted data. If there were any
disagreement between the reviewers, the final decision
was made by the third reviewer (M.A.M.-B.).

Results
Search and Selection
A total of 250 published studies were identified through

the electronic search (Figure 1). Of these, 67 duplicate
articles were removed. Then 142 articles were excluded

Table 1. Selection Criteria

Inclusion Exclusion

Published as a full article If measurement properties
were not assessed in the
abdominal or lumbar region

Evaluate the reliability Case studies, letters to the
of B-mode ultrasound editor, and comments

Include imaging of the Published in a language
abdominal or lumbar other than English

trunk muscles
Age of participants > 18 y

after title and abstract screening. Of the remaining 41
articles, 15 were excluded on the basis of full-text screen-
ing, and finally, 26 studies were considered eligible for
inclusion in this review. Details of the included studies
are provided in chronologic order from June 2007 to
August 2017 in Table 3.

Quality Assessment/Data Extraction

The level of agreement between the reviewers seemed
to be good (k = 0.73). The final results of data extrac-
tion and a summary of reported ICCs in all included
studies are presented in Tables 3 and 4, respectively.
The results of the methodological quality assessment are
presented in Table 4. As shown in Table 4, the scores of

Table 2. Criteria for Assessing the Methodological Quality of
Studies on Reliability

Criteria

1. Was a representative sample of participants used?

2. Was a representative sample of examiners used?

3. Is replication of the assessment procedure possible?

4. Were participants’ characteristics under study stable during
research?

5. Was an estimate of intraexaminer reliability sufficiently large?

6. Were examiners blinded to clinical information from
participants?

7.Were examiners blinded to each other’s results or to prior
results?

8. Could nonrandom loss to follow-up be ruled out?

9. Were appropriate measures used for calculating reliability?

10. Were appropriate measures used for calculating precision?

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis flowchart of included studies.

Records identified through
database searching (n: 244)

Additional Records identified
through other resources (n: 6)

— Records excluded based on

duplicate screening (n: 67)

Recorded after duplicate remove (n: 183)

’ Records excluded based on title

and abstract screening (n: 142)

(n: 41)

Full text articles assessed for eligibility

—

Articles excluded based on
full text screening (n: 13)

Studies included in qualitative
synthesis (n: 26)

[ nctuded “ Higibility ” Screening || ldenification |
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Table 3. Continued

Muscles,
Dimensions,

Precision

Reliability
Estimate

Within-d 1CC5 1

Type of Reliability

Sample Size,

(Interval) Estimate
Within-d: SEM, 0.16—

Status
TrA, 10, and EO

US Setting

LOGIQ S6 US unit (GE Healthcare,

Status
20: 10, H;
10, LBP

Authors, y

Intra-rater (same d

Aboufazeli and

Afshar-Mohajer,>

2017

0.68; MDC, 0.44-

1.87
Between-d: SEM,

and 5 d) TrA and 10: 0.72—

thickness at

Milwaukee, WI) in B-mode with

0.87
EO: 0.42-0.82

Between-d

contraction

a 75-MHz linear array transducer

0.35-0.78; MDC,

0.96-2.15

TrA and 10: 0.62—

0.80
EO: 0.33-0.87

CLBP indicates chronic LBP; CSA, cross-sectional area; EO, external oblique; H, healthy; 10, internal oblique; LMF, lumbar multifidus; MDC, minimal detectable change; MF,

multifidus; NA, not available; NSLBP, nonspecific LBP; RA, rectus abdominis; SEM, standard error of measurement; and TrA, transversus abdominis.

“High-quality studies.

the included studies ranged from 10% to 90%. Also, 16
of 26 reviewed studies (marked ® in Table 3) obtained a
score of 50% or greater and were deemed to be high-
quality articles.””*

Intraclass correlation coefficients of 0.75 or greater
are assumed to indicate an acceptable level of reliabil-
ity.”® The intra-rater reliability of trunk stabilizer muscles
was evaluated in all studies the except study by Teyhen
et al®> Among high-quality studies, the intra-rater reli-
ability was generally in an acceptable range
(ICC, > 0.70). Of high-quality studies, McPherson and
Watson® (ICC, 0.62-0.93) and Ehsani et al*® (ICC,
0.63-0.99) reported intra-rater reliability ICCs that were
less than 0.70. The ICCs reported for inter-rater reliabil-
ity in high-quality studies were greater than 0.70 (0.71-
1.00),>>*** except for Hoppes et al*” (0.39-0.79). Also,
among low-quality studies, reported ICCs for intra- and
inter-rater reliability ranged from 0.26 to 0.99 and 0.68
to 0.97, respectively.

As in 4 studies, the reliability of rehabilitative US
imaging was reported within the main study; no data
were reported on the sex and body mass index of the
patients.””*™* Among the included articles, 12 studies
evaluated the reliability of rehabilitative US imaging in
healthy individuals.>'%3%***3% Five studies evaluated
the reliability in patients with LBP,>***%*** and 9
studies reported the reliability for both healthy individu-
als and those with LBP 3638444455152 The range of
inter- and intra-rater reliability for each muscle is sum-
marized in Table S.

Discussion

This study was designed to systematically review pub-
lished articles from June 2007 to August 2017 to deter-
mine whether rehabilitative US imaging is a reliable
method for measuring abdominal and lumbar multifidus
muscle dimensions. Results of the reviewed studies indi-
cated that the reliability of rehabilitative US imaging
ranged from poor to excellent, and the overall reported
reliabilities were in an acceptable range. Lower ICC val-
ues were commonly related to unrepresentative samples
of participants or examiners, and replication of the
assessment procedure was impossible,**>>?

As presented in Table 4, 8 of the 9 low-quality
articles did not use representative samples of participants

. 43-47,49,50,52 .
and examiners. 495052 Burthermore, in all low-
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quality studies, neither the examiners nor the partici-

pants were blinded.

One low-quality study reported a very wide range of
intra-rater reliability for application of rehabilitative US to

Taghipour et al—Reliability of Ultrasound for the Assessment of Trunk Muscles

Table 4. Methodological Quality Scores of Included Studies

assess the external oblique muscle (ICC: 0.11-0.83).*
Lower ICC values were reported in 2 high-quality studies,

which may be attributed to different tasks, loads, and posi-

tions while rehabilitative US imaging was performed.”>*

Statistical
External Validity Internal Validity Method
Authors y Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 %Y
Djordjevic et al*® 2014 Y Y Y Y Y Y Y ? Y Y 90
Koppenhaver et al*? 2009 Y Y Y Y Y ? Y Y Y Y 90
Ehsani et a*° 2016 Y Y N Y Y Y Y ? Y Y 80
Sions et al*° 2015 Y Y Y ? Y ? Y Y Y Y 80
Wilson et al*t 2016 N Y Y Y Y ? Y ? Y Y 70
Hoppes et al*® 2015 N Y N ? Y Y Y Y Y Y 70
Gnat et al*® 2012 N Y Y Y Y ? ? Y Y Y 70
Koppenhaver et al*® 2009 Y Y Y Y Y ? Y ? Y N 70
Tahan et al*’ 2014 Y N Y Y Y ? Y ? Y ? 60
Teyhen et al* 2011 N Y Y Y ? ? Y ? Y Y 60
Watson et al*> 2011 N Y N ? Y Y Y ? Y Y 60
Costa et al*® 2009 Y N Y Y Y ? ? Y Y N 60
Kiesel et al”/ 2007 Y ? N Y Y ? Y ? Y Y 60
Arab et al*® 2013 ? N N Y Y ? Y ? Y Y 50
McPherson and Watson* 2012 N N N ? Y Y Y Y Y N 50
Jhu et a*? 2010 N N Y Y Y ? ? ? Y Y 50
Pinto et al* 2011 N N Y Y Y ? ? ? Y N 40
Wallwork et al*® 2007 N N Y Y Y ? ? ? Y ? 40
Aboufazeli et al® 2017 N N N Y ? ? ? ? Y Y 30
Nabavi et al*® 2014 N N Y Y Y ? ? ? N N 30
Lariviére et al® 2013 Y Y N ? Y ? ? ? ? N 30
Rasouli et al*’ 2011 N N N Y Y ? ? ? Y N 30
Teyhen et al*® 2008 N N Y Y ? ? ? ? Y ? 30
Nagai et al*® 2016 N N N Y Y ? ? ? ? N 20
Hosseinifar et al*® 2015 N N Y Y ? ? ? ? ? ? 20
Pinto et al*® 2011 N N N ? N ? ? ? Y N 10
N indicates no; Y, yes; and ?, unclear.
Table 5. Range of Reported ICCs for Trunk Stabilizer Muscles
Healthy LBP

Muscle Status Inter-rater Intra-rater Inter-rater Intra-rater
TrA Rest 0.39-0.99 0.74-0.99 0.71-0.99 0.63-0.99

Contraction 0.46-0.98 0.62-0.98 0.73-0.98 0.41-1.00
10 Rest 0.64-0.99 0.67-0.99 0.99 0.69-0.99

Contraction 0.76-0.99 0.62-0.99 0.99 0.62-0.99
EO Rest 098 011-0.98 098 0.11-0.99

Contraction 0.33-0.98 NA 0.33-0.99
MF CSA Rest 0.92 0.74-0.97 0.92 0.93-0.97

Contraction
MF thickness Rest 0.68-1.00 0.66-1.00 0.78-0.98 0.95-1.00

Contraction 0.70-0.97 0.64-1.00 0.70-0.98 0.86-1.00

CSA indicates cross-sectional area; EO, external oblique; 10, internal oblique; MF, multifidus; NA, not available; and TrA, transversus

abdominis.

J Ultrasound Med 2019; 38:15-26
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Therefore, it is suggested that future reliability stud-
ies should focus on representative samples of partici-
pants and examiners to obtain higher ICCs. Also,
different parameters related to the replicability of the
study (including scanning point, amount of contact pres-
sure, muscle state, transducer position, and participant’s
starting position) should be kept constant.

Among the included studies that measured abdomi-
nal muscle thickness, 14 studies?3293133-37444547,49,5052
used linear transducers, and 8 studies?”>3>3%3941-43
used curvilinear transducers with frequencies of 5-10
MHz (commonly 7.5) and 2-5 MHz, respectively. Also,
curvilinear transducers were applied in all studies that
measured lumbar multifidus thickness or cross-sectional
area,”7303%3840-42464851 oy cept 1 study, that used a
linear transducer. The most commonly used frequencies
for measurement of the lumbar multifidus were S and
7.5 MHz 2303242464850

In most studies US images were taken at the end of
expiration to control the influence of respiration on
trunk muscle dimensions. Furthermore, the most popu-
lar positions for measurement of abdominal and multifi-
dus muscles were supine or supine hook-lying and
prone, respectively. All included studies that measured
lumbar multifidus muscle thickness used curvilinear
transducers laterally and angled medially to the lumbar
spinal process to capture an image of the zygapophyseal
joint. Then, the distance between the dorsal edge of the
joint and the hyperechoic thoracolumbar fascia was con-
sidered the thickness of the muscle,>”303%3340-42464851

As presented in Table 5, no published study was
found to evaluate inter- and intra-rater reliability of the
lumbar multifidus during contraction. Therefore, future
studies are recommended to evaluate the intra-rater reli-
ability of rehabilitative US imaging for measurement of
lumbar multifidus muscle dimensions during contrac-
tion. In 16 included high-quality studies, the reported
ICCs for intra-rater reliability ranged from 0.62 to 1.00
in healthy individuals and patients with LBP. Further-
more, the inter-rater reliability reported in high-quality
studies ranged from 0.71 to 1.00, except for the study by
Hoppes et al*” (transversus abdominis, 0.39-0.72; inter-
nal oblique, 0.52-0.79). This finding might be attributed
to images taken by a novice rater.””

In 14 studies, appropriate estimates of both reliabil-
ity and precision were rep01rted,27’29’31_33’3’5’36’3’8_42'52’53
and in 6 studies, representative samples of participants
and examiners were reported.””******%! gome studies

24

mentioned the results for rehabilitative US reliability
inside a randomized controlled trial or other main
articles. Therefore, some demographic information, such
as age, sex, body mass index, and muscle dimension,
were not reported 2293343454749

The results of this study are in agreement with a
previous systematic review conducted on the reliability
of rehabilitative US imaging in the assessment of abdom-
inal and lumbar trunk muscles by Hebert et al.** In gen-
eral, our systematic review indicates that rehabilitative
US imaging has acceptable reliability for evaluating
abdominal and lumbar trunk muscles at rest and during
contraction in individuals with and without LBP, particu-
larly when measurements are taken by experienced
examiners. Having a good amount of reliability is clini-
cally valuable, as rehabilitative US imaging is a safe and
cost-effective method that can be reliably used for mea-
surement of trunk muscle dimensions compared to
other methods, including magnetic resonance imaging
and computed tomography.* It can be applied both for
the assessment of muscle morphologic characteristics in
different conditions and to monitor the effectiveness of
interventions in a clinical setting. It may be also useful
for differentiating people with a certain condition and
those at risk from healthy people. Furthermore, using
standard and consistent methods for parameters such as
the participant’s position, determination of the scanning
point, and the amount of contact pressure from the
transducer in different sessions may improve the results
for rater reliability.

There were some limitations in this study. First,
only English-language articles were included. Second,
the syntax for the search in each database was not
defined, and the search was performed by key words.
Finally, a meta-analysis was not performed in this study.
However, more systematic reviews are needed to evalu-
ate the reliability of rehabilitative US imaging with meta-
analyses and fewer limitations.

In conclusion, according to the results of this sys-
tematic review, rehabilitative US imaging is a reliable
method for evaluating deep abdominal and lumbar trunk
muscles at rest and during contraction in healthy individ-
uals and patients with LBP. Because of the lack of meth-
odological ~ consistency ~ between studies  using
rehabilitative US imaging to measure lumbar and
abdominal trunk muscles, different reliability values were
reported in previously conducted studies of different

quality.

J Ultrasound Med 2019; 38:15-26
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