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Abstract
Aim: To examine the reliability of rehabilitative ultrasound imaging performed to measure 
the thickness of the transverse abdominis, internal oblique, external oblique, and lumbar 
multifidus muscles in females with recurrent low back pain. Material and methods: A sample 
of 15 women was recruited. Two independent examiners recorded the thickness of their deep 
abdominal and spinal muscles by rehabilitative ultrasound imaging. Imaging scans of the 
transverse abdominis, internal oblique, and external oblique muscles were performed in the 
supine position and in the midaxillary line, between the lower edge of the ribcage and the 
iliac crest. Imaging of the lumbar multifidus was done in the prone position and at the level 
of the L5/S1 zygapophyseal joints. Imaging scans were performed bilaterally in rest and con-
traction, three times by the first examiner (at baseline, after two hours, and one week later) 
and once by the second examiner. Results: Good to excellent within-session intra-rater (ICC 
= 0.76, 0.97), good to excellent between-session intra-rater reliability (ICC = 0.73, 0.93), and 
good to excellent inter-rater reliability (ICC = 0.73, 0.98) were obtained. Conclusions: The 
results showed that rehabilitative ultrasound imaging can be used as an excellent reliable 
instrument by one or two examiners to measure the thickness of the transverse abdominis, 
internal oblique, external oblique and lumbar multifidus muscles in females with recurrent 
low back pain.
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RLBP(3). In recent years, changes of movement patterns of 
the transverse abdominis (TrA) muscle(4) and lumbar mul-
tifidus (LM) muscle(5) have been in the center of focus of 
many studies based on rehabilitative ultrasound imaging 
(RUSI). 

Using any instrument for examining body structures 
requires certain prerequisites, such as evaluating its valid-
ity and reliability. Reliability determines how stable the 
results of measurements remain over time(6). B-mode ultra-
sound has been a commonly used instrument to assess spi-
nal musculature morphometry in LBP patients(7). However, 

Introduction

The point prevalence of activity-limiting low back pain 
(LBP) is 7.3 percent, indicating that about 540 million peo-
ple worldwide have LBP which could be considered the first 
cause of disability worldwide(1). The pain source in 90% of 
LBP cases is unknown. It is estimated that 25% of patients 
with acute low back pain are more likely to have recurrent 
low back pain (RLBP) in the first year after total recovery(2).

Some studies have reported changes in trunk muscle 
patterns, such as decreased co-activity, in patients with 
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due to the great variety of LBP types, before using an 
instrument for examination, it seems necessary to evalu-
ate its reliability in the target group. In some of the past 
studies, the reliability of RUSI may have been investigated 
in other types of LBP, and some studies have included only 
asymptomatic subjects(8). But individuals with RLBP have 
been largely neglected so far. Identifying new dimensions 
of musculature changes in RLBP patients could open a new 
way for further studies to help these groups. The aim of this 
study was to examine the intra-rater and inter-rater reli-
ability of RUSI in the TrA, internal oblique (IO), external 
oblique (EO) and LM muscles in RLBP patients.

Material and methods

Study design

The present study had a cross-sectional, observational, sin-
gle-group design, and was conducted between March and 
July 2020. Prior to the study, an approval of the ethics com-
mittee was obtained (decision no. IR.IUMS.REC.1398.1368).

Participants

The sample size was determined a priori, based on a previ-
ous study conducted by Koppenhaver et al.(9) The research-
ers examined the intra-rater and inter-rater reliability of 
RUSI in determining thickness of the TrA and LM muscles 
in non-specific LBP. The lowest intraclass correlation coef-
ficient (ICC) with 95% CI observed in that study was 0.80 
for measuring the TrA muscle thickness in the contraction 
condition(9). The sample size was estimated using the ‘sam-
picc’ command in Stata software. The null hypothesis was 
selected to be equal to 0.40, power at 80%, type I error at 
5%, and three repetitions for each measurement. The result 
of sampling showed that the participation of at least 10 
participants with RLBP is required. In order to allow for 
30% attrition, the sample size was increased to 14.28, and 
thus 15 participants were recruited.

The sample populations were recruited by convenience sam-
pling. The study followed the principles of the Declaration 
of Helsinki. Before the registration, the participants com-
pleted a written informed consent form. Each participant 
was checked for inclusion and exclusion criteria. The inclu-
sion criteria were: 1) diagnosis of RLBP (patients experi-
enced LBP that needed medical attention or limited their 
activities at least twice during the preceding year)(10); 2) pain 
between 30 and 60 at rest, on 0–100 point numeric pain 
rating scale (NPRS), where 0 represents no pain and 100 is 
the worst imaginable pain(11), and 3) age between 18 and 50 
years. The exclusion criteria included: 1) trauma or injury 
to the musculoskeletal system; 2) deformity of extremities 
or lower back and pelvis; 3) rheumatological or neurologi-
cal diseases; 4) infection; 5) tumors or radicular symptoms; 
6) spinal fracture or surgery; 7) pregnancy.

Examiners

Sonography imaging and examinations were performed by 
two independent and blinded examiners. Both examiners were 
physiotherapists, with clinical experience ranging between 5 to 
8 years, and 2 to 5 years of experience in sonography. 

Instrumentation

A convex transducer (C2-8 probe, center frequency: 
4.9 MHZ, 128 elements, 51 mmR, B-mode) was used. 
According to the available evidence, static cross-sectional 
images acquired from the whole surface of the transducer 
in the B-mode are adequate for analyzing the structure and 
diameter of the muscle and its surroundings(12).

Procedure

After the recruitment process, the participants were asked 
to complete a self-reported demographic and history form 
which included age, gender, body mass, stature, pain inten-
sity, and repetition of the symptoms. Then, sonography 

Fig. 1. �Sonography imaging of the transverse abdominis, and the internal oblique and external oblique muscles. A. Position of the patient. 
B. Position of the transducer
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(ADIM) (Fig. 2B)(15). To perform the ADIM, the participants 
were instructed to take a relaxed breath in and out, hold 
the breath out, then draw in your lower abdomen without 
moving your spine, and contract the abdominal muscles by 
pulling the navel up and in toward the spine(9).

Lumbar multifidus

For the imaging of the LM muscle at rest, the participants 
were positioned prone and instructed to place their hands 
symmetrically next to the trunk (Fig. 3A). The examiners 
found the L5/S1 zygapophyseal joints by palpation and also 
on the ultrasound image. Next, they placed the transducer 
on them longitudinally and recorded parasagittal images 
(Fig. 3B)(16). According to the evidence, in the parasagittal 
plane, the zygapophyseal joints and overlying LM muscle 
bulk at 2 to 3 vertebral levels could be visualized and were 
thus suitable for measuring the LM muscle thickness(17) 
(Fig. 4A). After the images were taken at rest, the partici-
pants were instructed to flex the elbows at approximately 
90° and abduct the shoulders at approximately 120°. Then, 
they lifted their head, trunk and upper extremities, and 
held with maximum effort for ultrasound imaging at mus-
cle contraction. A sample ultrasound image at maximum 
contraction is provided in Fig. 4B(18,19).

imaging of the TrA, IO, EO and LM muscles was performed 
three times in rest and contraction, and their average was 
measured. The imaging and measurements of all muscles 
were performed bilaterally from the left and right side. Two 
hours later and seven days after the first imaging examina-
tion, the examiner A performed it again.

Transverse abdominis, internal and external 
oblique muscles

The participants were asked to lie supine, and place their 
hands on the chest. The hip and knee joints were flexed, 
and a pillow was placed below the knees to support them 
(Fig. 1A). The transducer was positioned transversely on the 
midaxillary line at a point between the lower edge of the 
ribcage and the superior border of the iliac crest (Fig. 1B)(13), 
while a clear picture of the muscle belly and the fascial lines 
were seen in the center field of view. The fascial lines were 
hyperechoic (i.e. appeared bright white), and the adjacent 
muscle tissues were more hypoechoic (appeared darker)(14). 
To ensure the same conditions in all participants, images of 
the rest condition were taken at the end of normal exhala-
tion and measured from the thickest region of the muscle 
belly (Fig. 2A). The thickness of the anterolateral abdominal 
muscles was also measured in abdominal draw-in maneuver 

A B

Fig. 2. �Sonography image of the transverse abdominis, and the internal oblique and external oblique muscles A. Rest condition. B. Abdo-
minal draw in maneuver. 1 – transverse abdominis; 2 – internal oblique; 3 – external oblique; 4 – fascial layer

Fig. 3. �Sonography imaging of the lumbar multifidus muscles. A. Position of the patient. B. Position of the transducer
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Statistical analysis

All statistical analyses were performed using SPSS version 
21.0 (SPSS Inc., IBM Corp., Armonk, NY, USA). The reliabil-
ity of all measurements was evaluated using the ICC with 95% 
CIs model (3, k) for the intra-rater and model (2, k) for the 
inter-rater reliability(20). The interpretation for the ICC with 
95% CI was as follows: ≤0.20 poor, 0.21–0.40 fair, 0.41–0.60 
moderate, 0.61–0.80 good, and 0.81–1.00 excellent(21). Using 
the SPSS, the ICC model (2, k) was computed by selecting 
the options including two-way random, average measure, and 
absolute agreement. The ICC model (3, k) was also computed 
by selecting two-way mixed and average measure.

Standard error of measurement (SEM) was used to evaluate 
the precision of the instrument, and was calculated as fol-
lows: pooled SD ×√1 – ICC. One SEM represents that the 
clinicians can be 68% certain that the true measurement 
value lies within ± 1 SEM from the clinical measurement. 
Measurement error was also expressed as the SEM%, which 
can be calculated as SEM/mean × 100. The SEM% shows 
measurement error independently of the measurement unit.

The minimum detectable change at the 95% confidence 
level (MDC95) was calculated as √2 ×1.96 ×SEM, which 
shows the magnitude of change that is necessary to provide 
confidence that a change was not a result of random varia-
tion or measurement error. The 95% LOA were also com-
puted as the mean difference ± 1.96 × SD.

Results

Ultimately, a total of 15 patients were included in the analy-
sis. The age of the patients ranged from 20 to 49 years. Each 
participant reported a different number of recurrences of 
pain during the preceding year, which varied between 2 to 7 
times. The mean pain intensity was 57.33 ± 4.58.

Measurement data from the intra-rater (within-day and 
between-session) and inter-rater reliability analysis, 

including the ICC with 95% confidence interval, SEM, 
SEM%, MDC95, mean difference, and 95% LOA, are pre-
sented in (Tab. 1 and Tab. 2). 

Discussion

The primary aim of this study was to evaluate the intra-
rater and inter-rater reliability of sonography in measur-
ing the thickness of the TrA, IO, EO, and LM muscles, at 
rest and contraction, in females with RLBP. Morphometric 
measurement of the structures and muscles using sonog-
raphy has been a common method in scientific studies, as 
reported in the literature. Some of them examined healthy 
subjects(8,22) or various types of LBP patients(16). 

In this study, the results have shown that intra-rater reliability 
is good to excellent, and especially in within-day intra-rater 
reliability, superior results were acquired. Inter-rater reliabil-
ity, despite being lower than intra-rater reliability, showed an 
acceptable score, averaging just over 80. Many previous stud-
ies have generally obtained the same conclusion(13,22,23).

Reliability is a multifaceted criterion, not a fixed property. The 
sonography instrument, the examiner(s), and the participant(s) 
may contribute to the determined reliability level. According to 
the present study and a review of previous research, the expe-
rience and skills of the examiners are different in almost all 
cases. It is even possible that the examiner’s familiarity with the 
3D anatomy of the area, perception of the image taken, and the 
cursor recording affect the final reliability result. Consequently, 
the lower level of inter-rater reliability can be justified. This can 
also be seen in the results of studies conducted among examin-
ers with varying degrees of experience(12,24,25). There is evidence 
that experience may improve the precision of measurement 
procedures(26,27). Some previous studies exploring the factors 
affecting reliability examined inter-rater reliability in a fixed 
ultrasound image with an excellent result (ICC 0.96) which was 
higher than other inter-rater reliability in the same studies. This 
shows that the difference in imaging steps between examiners 
may have a great impact on reliability(9,28).

Fig. 4. �Sonography image of the lumbar multifidus in level of L5/S1 zygapophyseal joints. A. Rest condition. B. Contraction condition.  
1 – fascial layer; 2 – lumbar multifidus; 3 – L5/S1 zygapophyseal joint

A B
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Status Muscles Ultrasound measurements
Within-day (two hours) Between-day (one week)

Rest

Right TrA

ICC (95% CI) 0.90 (0.71, 0.97) 0.85 (0.55, 0.95)
SEM (mm) 0.27 0.30

SEM% 8.34 8.95
MDC95 (mm) 0.75 0.83

Mean difference (95% CI) (mm) –0.01 (–0.29, 0.27) –0.21 (–0.53, 0.10)
95% LoA (mm) –1.69, 1.66 –1.73, 1.31

Left TrA

ICC (95% CI) 0.88 (0.64, 0.96) 0.82 (0.47, 0.94)
SEM (mm) 0.25 0.35

SEM% 8.16 11.15
MDC95 (mm) 0.69 0.97

Mean difference (95% CI) (mm) –0.01 (–0.27, 0.26) –0.15 (–0.51, 0.22)
95% LoA (mm) –1.43, 1.42 –1.78, 1.48

Right IO

ICC (95% CI) 0.82 (0.46, 0.94) 0.85 (0.56, 0.95)
SEM (mm) 0.53 0.50

SEM% 11.25 10.34
MDC95 (mm) 1.47 1.38

Mean difference (95% CI) (mm) 0.15 (–0.39, 0.69) –0.40 (–0.91, 0.12)
95% LoA (mm) –2.29, 2.59 –2.92, 2.12

Left IO

ICC (95% CI) 0.76 (0.29, 0.92) 0.84 (0.53, 0.95)
SEM (mm) 0.59 0.49

SEM% 11.68 9.81
MDC95 (mm) 1.63 1.36

Mean difference (95% CI) (mm) 0.47 (–0.11, 1.06) –0.36 (–0.85, 0.14)
95% LoA (mm) –1.90, 2.85 –2.74, 2.03

Right EO

ICC (95% CI) 0.96 (0.87, 0.99) 0.91 (0.75, 0.97)
SEM (mm) 0.26 0.39

SEM% 5.97 8.59
MDC95 (mm) 0.72 1.08

Mean difference (95% CI) (mm) –0.12 (–0.41, 0.16) –0.24 (–0.64, 0.16)
95% LoA (mm) –2.65, 2.39 –2.76, 2.29

Left EO

ICC (95% CI) 0.80 (0.41, 0.93) 0.91 (0.73, 0.97)
SEM (mm) 0.69 0.41

SEM% 13.47 7.71
MDC95 (mm) 1.91 1.14

Mean difference (95% CI) (mm) –.091 (–0.78, 0.60) –0.29 (–0.72, 0.14)
95% LoA (mm) –3.12, 2.94 –2.95, 2.37

Right LM

ICC (95% CI) 0.97 (0.90, 0.99) 0.80 (0.41, 0.93)
SEM (mm) 1.05 2.75

SEM% 3.69 9.77
MDC95 (mm) 2.91 7.62

Mean difference (95% CI) (mm) –0.93 (–2.13, 0.28) 1.57 (–1.20, 4.35)
95% LoA (mm) –12.84, 10.98 –10.50, 13.65

Left LM

ICC (95% CI) 0.97 (0.92, 0.99) 0.90 (0.69, 0.96)
SEM (mm) 0.97 1.70

SEM% 3.43 5.94
MDC95 (mm) 2.69 4.71

Mean difference (95% CI) (mm) –0.04 (–1.06, 0.97) –0.71 (–2.53, 1.10)
95% LoA (mm) –11.02, 10.93 –11.24, 9.81

Contraction Right TrA

ICC (95% CI) 0.91 (0.74, 0.97) 0.73 (0.19, 0.91)
SEM (mm) 0.31 0.55

SEM% 6.39 10.95
MDC95 (mm) 0.86 1.52

Mean difference (95% CI) (mm) 0.01 (–0.32, 0.33) –0.35 (–0.89, 0.19)
95% LoA (mm) –2.01, 2.02 –2.42, 1.73

Tab. 1. �Intra-rater reliability of examiner A
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No correlation could be found between reliability and the 
rest or contraction condition. For example, reliability at rest 
and contraction in within-session intra-rater reliability was 
on average 88.25 and 92.0, respectively. For comparison, 
the rates in inter-rater reliability were 86.0 and 84.0, respec-
tively. Other studies also found that that contraction alone 
cannot determine a specific pattern for reliability(12,22).

Examination of the mean of SEMs shows that this index has 
increased in the state of contraction in most cases. In addition, 
the average of this amount has increased in the inter-rater test 

compared to the intra-rater test. Koppenhaver et al. obtained 
a similar result(9). The same is true of mean differences in this 
study. Differences in the participant’s adherence to the exam-
iner’s instructions for contraction when recording the ultra-
sound image may affect the SEM. Furthermore, the examin-
er’s instructions regarding contractions can be affected by the 
patient’s pain. This highlights the role of participant-related 
factors in determining reliability. However, few studies have 
used ultrasound or compression biofeedback to coordinate 
the contraction in the target muscle and reducing the error of 
participant-related factors and its effect on reliability(23).

Contraction

Left TrA

ICC (95% CI) 0.94 (0.83, 0.98) 0.93 (0.80, 0.98)
SEM (mm) 0.30 0.36

SEM% 5.85 6.97
MDC95 (mm) 0.83 1.00

Mean difference (95% CI) (mm) 0.01 (–0.30, 0.32) –0.09 (–0.46, 0.29)
95% LoA (mm) –2.38, 2.40 –2.76, 2.59

Right IO

ICC (95% CI) 0.90 (0.70, 0.97) 0.83 (0.49, 0.94)
SEM (mm) 0.41 0.55

SEM% 7.57 10.23
MDC95 (mm) 1.14 1.52

Mean difference (95% CI) (mm) 0.22 (–0.22, 0.66) –0.13 (–0.69, 0.43)
95% LoA (mm) –2.33, 2.77 –2.73, 2.47

Left IO

ICC (95% CI) 0.79 (0.37, 0.93) 0.88 (0.65, 0.96)
SEM (mm) 0.66 0.43

SEM% 11.16 7.36
MDC95 (mm) 1.83 1.19

Mean difference (95% CI) (mm) 0.61 (–0.07, 1.30) –0.47 (–0.91, –0.03)
95% LoA (mm) –2.23, 3.45 –2.88, 1.94

Right EO

ICC (95% CI) 0.97 (0.91, 0.99) 0.85 (0.55, 0.95)
SEM (mm) 0.22 0.56

SEM% 5.25 12.61
MDC95 (mm) 0.61 1.55

Mean difference (95% CI) (mm) –0.21 (–0.45, 0.03) –0.30 (–0.88, 0.29)
95% LoA (mm) –2.73, 2.31 –3.15, 2.56

Left EO

ICC (95% CI) 0.91 (0.74, 0.97) 0.80 (0.41, 0.93)
SEM (mm) 0.41 0.64

SEM% 8.61 12.45
MDC95 (mm) 1.14 1.77

Mean difference (95% CI) (mm) –0.41 (–0.84, 0.01) –0.35 (–0.99, 0.30)
95% LoA (mm) –3.07, 2.24 –3.17, 2.48

Right LM

ICC (95% CI) 0.97 (0.90, 0.99) 0.74 (0.24, 0.91)
SEM (mm) 1.07 2.83

SEM% 2.98 7.95
MDC95 (mm) 2.96 7.84

Mean difference (95% CI) (mm) –0.98 (–2.18, 0.22) 1.46 (–1.35, 4.26)
95% LoA (mm) –13.08, 11.12 –9.40, 12.32

Left LM

ICC (95% CI) 0.97 (0.92, 0.99) 0.92 (0.77, 0.97)
SEM (mm) 1.01 1.56

SEM% 2.78 4.33
MDC95 (mm) 2.80 4.32

Mean difference (95% CI) (mm) 0.58 (–0.45, 1.61) 0.11 (–1.51, 1.74)
95% LoA (mm) –10.90, 12.05 –10.68, 10.91

TrA – transverse abdominis; ICC (95% CI) – intraclass correlation coefficient with 95% confidence interval; SEM – standard error of measurement; 
MDC95 – minimal detectable change with 95% confidence interval; LoA – limits of agreement; IO – internal oblique; EO – external oblique;  
LM – lumbar multifidus
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Tab. 2. �Inter-rater reliability of examiners A and B

Muscles
Ultrasound measurements

Rest Contraction

Right TrAa

ICC (95% CI)b 0.85 (0.57, 0.95) 0.74 (0.21, 0.91)

SEM (mm)c 0.30 0.56

SEM% 8.80 10.83

MDC95 (mm) 0.83 1.55

Mean difference (95% CI) (mm) –0.10 (–0.41, 0.21) –0.05 (–0.62, 0.50)

95% LoA (mm) –1.62, 1.42 –2.21, 2.10

Left TrA

ICC (95% CI) 0.82 (0.28, 0.94) 0.94 (0.81, 0.98)

SEM (mm) 0.44 0.35

SEM% 12.62 6.79

MDC95 (mm) 1.22 0.97

Mean difference (95% CI) (mm) 0.55 (0.17,0.93) –0.10 (–0.50, 0.29)

95% LoA (mm) –1.47, 2.56 –2.92, 2.71

Right IO

ICC (95% CI) 0.82 (0.47, 0.94) 0.83 (0.51, 0.94)

SEM (mm) 0.68 0.59

SEM% 12.77 10.48

MDC95 (mm) 1.88 1.63

Mean difference (95% CI) (mm) 0.58 (–0.10, 1.26) 0.38 (–0.22, 0.98)

95% LoA (mm) –2.55, 3.71 –2.43, 3.20

Left IO

ICC (95% CI) 0.87 (0.60, 0.95) 0.88 (0.63, 0.96)

SEM (mm) 0.52 0.53

SEM% 9.91 8.68

MDC95 (mm) 1.44 1.47

Mean difference (95% CI) (mm) 0.15  
(–0.41, 0.71)

0.05  
(–0.54, 0.64)

95% LoA (mm) –2.67, 2.97 –2.98, 3.08

Right EO

ICC (95% CI) 0.87 (0.62, 0.96) 0.82 (0.42, 0.94) 

SEM (mm) 0.48 0.71

SEM% 9.89 14.31

MDC95 (mm) 1.33 1.97

Mean difference (95% CI) (mm) 0.39 (–0.08, 0.86) 0.75 (0.10, 1.40)

95% LoA (mm) –2.23, 3.01 –2.56, 4.05

Left EO

ICC (95% CI) 0.85 (0.55, 0.95) 0.84 (0.54, 0.95)

SEM (mm) 0.53 0.65

SEM% 9.57 11.83

MDC95 (mm) 1.47 1.80

Mean difference (95% CI) (mm) 0.15 (–0.41, 0.72) 0.36 (–0.31, 1.04)

95% LoA (mm) –2.55, 2.86 –2.84, 3.57

Right LM

ICC (95% CI) 0.88 (0.64, 0.96) 0.73 (0.21, 0.91)

SEM (mm) 2.25 2.72

SEM% 8.30 7.94

MDC95 (mm) 6.24 7.53

Mean difference (95% CI) (mm) –0.55 (–2.97, 1.87) –1.27 (–3.94, 1.40)

95% LoA (mm) –13.28, 12.18 –11.54, 9.00

Left LM

ICC (95% CI) 0.96 (0.89, 0.99) 0.98 (0.94, 0.99)

SEM (mm) 1.10 0.78

SEM% 3.80 2.19

MDC95 (mm) 3.05 2.16

Mean difference (95% CI) (mm) –0.06 (–1.27, 1.15) –0.59 (–1.45, 0.27)

95% LoA (mm) –10.88, 10.76 –11.38, 10.20

TrA – transverse abdominis; ICC – intraclass coefficient correlation; SEM – standard error of measurement; MDC – minimal detectable change;  
LoA – limits of agreement; IO – internal oblique; EO – external oblique; LM – lumbar multifidus
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Study limitations

First, despite the extensive clinical experience of the examin-
ers, they did not have a comparable experience in sonogra-
phy. Second, the participants had to perform three contrac-
tions for each muscle, and had to maintain the contraction 
until the correct image was recorded. However, they may 
gradually get tired and, as a result, the quality of the contrac-
tions will be different from normal. Previous studies have 
found that patients with LBP usually show a decrease in 
endurance and higher fatigability in the trunk muscles(29).

Conclusion

According to the analysis performed in the present study, 
RUSI can be used for the measurement of thickness of the 

TrA, IO, EO, and LM muscles in RLBP patients. Due to 
excellent intra-rater reliability, RUSI can be performed for 
the assessment of the deep trunk muscles in RLBP patients 
by one examiner. Examination by two independent examin-
ers is also a reliable and acceptable method.
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