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Abstract 

INTRODUCTION: There is a lack of numeric data for the mechanical 

characterization of spine muscles, especially in vivo data. The multifidus muscle is 

a major muscle for the stabilization of the spine and may be involved in the 

pathogenesis of chronic low back pain (LBP). Supersonic shear wave elastography 

(SWE) has not yet been used on back muscles. The purpose of this prospective 

study is to assess the feasibility of ultrasound SWE to measure the elastic modulus 

of lumbar multifidus muscle in a passive stretching posture and at rest with a 

repeatable and reproducible method.  

METHOD: A total of 10 asymptotic subjects (aged 25.5±2.2 years) participated, 4 

females and 6 males. Three operators performed 6 measurements for each of the 2 

postures on the right multifidus muscle at vertebral levels L2-L3 and L4-L5. 

Repeatability and reproducibility have been assessed according to ISO 5725 

standard. 

RESULTS: Intra-class correlation coefficients (ICC) for intra- and inter-observer 

reliability were rated as both excellent [ICC=0.99 and ICC=0.95, respectively]. 

Reproducibility was 11% at L2-L3 level and 19% at L4-L5. In the passive stretching 

posture, shear modulus was significantly higher than at rest (u<0.05). 

DISCUSSION: This preliminary work enabled to validate the feasibility of 

measuring the shear modulus of the multifidus muscle with SWE. This kind of 

measurement could be easily introduces into clinical routine like for the medical 

follow-up of chronic LBP or scoliosis treatments. 

Keywords: Elastography; Multifidus; Muscle; Lumbar spine; Shear modulus; 

Biomechanics. 
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Introduction 

Information on muscle mechanical properties is essential in clinical practice as well as 

in biomechanical research on muscle disorders. The multifidus muscle – medial part of the 

erector spinae – is a stabilizer muscle of the spine. Therefore, it may give useful information in 

numerical modelling of the spine and in the clinical review of chronic low back pain (LBP) 1-5 

or spine deformities6-10.  

Few imaging techniques already exist to assess in vivo stiffness of muscles, as magnetic 

resonance elastography11-13, transient elastography14-16 and tissue ultrasound palpation system 

17. Shear wave elastography (SWE) enables quantitative real-time measurement of local tissue

elasticity without constraining the patient position. Eby et al. demonstrated on brachialis muscle 

that there is a linear correlation between Young's modulus measured with mechanical testing 

and shear modulus measured with SWE18. SWE has been recently used to describe limbs 

muscles characterization19-21, but has never been used on the multifidus muscle. It is therefore 

essential to ensure the reliability of measurements before starting large quantitative 

measurement studies using ultrasound SWE, to provide relevant clinical information. 

The purpose of this study is to evaluate an acquisition protocol and to determine the 

reliability of SWE for measuring in vivo shear modulus of the lumbar multifidus at rest and 

stretch. 

Materials and Methods 

Subjects 

A total of 10 non-pathologic subjects (mean ±SD: age 25.5 ± 2.2 years; height 174.4 ± 7.6 

cm; weight 68.5 ± 12.4 kg) volunteered for this study. The subjects had no history of significant 

orthopaedic problems related to the trunk or the posture, no history of spinal surgery or spinal 

abnormalities, and no back pain.  

The purpose and the procedure of this study were explained, and written informed consent 

was obtained from all subjects. This study was approved by the ethical committee of our 

institution and conformed to the principles established in the Declaration of Helsinki. 

Principle of measurements 

SWE22 is based on the propagation of shear waves in the tissue. These waves are generated 

by ultrasound pulses successively focused at different depths. Shear wave speed (VS) is 

http://dx.doi.org/%2010.1177/0954411916656022
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measured by an ultrafast imaging mode, and it is directly related to the tissue shear modulus (µ) 

by the following equation: 

µ=ρ.VS
2 [Equation 1]

where ρ is the mass density of the medium (1000 kg/m3). This is done automatically by the 

commercial device (Aixplorer with a linear ultrasonic probe of 8 MHz central frequency, 

SuperSonic Image, France) that was used in this study. Operators were free to adjust the 

imaging parameters (depth, brilliance, etc.) in order to optimize the acquisition for each patient. 

Protocol 

Before studying and observing the muscle in vivo, it is essential to know properly the 

morphology and the biomechanics of the multifidus 23, 24. 

Measurements were performed in 2 postures (Figure 1): 

 First, the subject was sitting on an ergonomic forward leaning massage chair that

gave access to the subject’s back. The multifidus muscle was passively stretched in

this standardized posture. Therefore, this posture was called “in passive stretching”.

Subjects were asked to stand up and walk for a few minutes between each

measurement session in order to avoid muscle fatigue and limit muscle stiffness

variations in time.

 Then, the subject was lying prone on a table, with a pillow placed below the abdomen

to eliminate the lumbar lordosis and minimize movements of the lumbar spine. The

multifidus muscle was relaxed in this standardized posture. Therefore, this posture

was called “at rest”.

Elastographic images of the lumbar multifidus muscle were taken at 2 vertebral levels: 

between L2-L3 and between L4-L5 vertebral levels. 

In order to identify the vertebral levels, 

the spinous process of L4 was localized by 

palpation of iliac crest. This stage was 

executed on the massage chair because the 

palpation was easier in this posture. 

With a B-mode imaging, palpations 

were confirmed by a sagittal ultrasound 

scan. The probe was placed between the 

spinous processes of L2 and L3 (Figure 2 

Figure 1 - The two postures assumed by the subjects 

during measurements: muscle in a passive stretching 

posture on a massage chair (a) and at rest prone on a table 

(b). 

http://dx.doi.org/%2010.1177/0954411916656022
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shows the image which confirms the correct 

position of the probe) and between L4 and 

L5. The position of these processes was 

then marked on the skin. 

Once the probe was in the sagittal plan 

between the spinous processes L2-L3 or L4-

L5, it was slightly moved laterally towards 

the multifidus. Then, the probe was slightly 

rotated to be parallel to muscle fibres and 

the position of the rectangular area of 

measurement was adapted to the subject morphology (usually between 1 and 3 cm in depth, 

Figure 1). 

Each acquisition was a 10 seconds video (about 10 frames); previously validated custom 

post-processing software25 was used to define a region of interest (ROI) in the first video frame 

and automatically tracked in the following frames. The average shear modulus was calculated 

in each frame ROI, and then averaged to obtain one value per acquisition. This allowed always 

measuring the same ROI and avoiding zones where the signal was unreliable.  

Reliability assessment 

Three operators acquired 6 measurements at L2-L3 and L4-L5 vertebral levels in sitting 

position, while measurements were only performed at L4-L5 level in lying position.  

Three-hundred and sixty measurements were performed in passive stretching (3 operators x 

6 measurements x 10 subjects x 2 vertebral levels) while 240 were performed at rest (3 operators 

x 6 measurements x 10 subjects x 1 vertebral level L4-L5 + 1 operator x 6 measurements x 10 

subjects x 1 vertebral level L2-L3). 

 The probe was repositioned from the 

beginning of the measurement process by each 

operator. ISO 5725 standard (Appendix) was 

used to calculate intra-operator repeatability and 

inter-operator reproducibility in terms of 

standard deviations (in kPa units) and 

coefficient of variation (percentage). Intra-class 

correlation coefficient (ICC) was also calculated 

Figure 1 – A longitudinal B-mode image of the spinous 

processes of L3 (a) and L2 (b) used to confirm the good 

position of the probe before the measurements at the 

vertebral level L2-L3. 

Figure 2 - The probe was parallel to muscle fibres 

and so measurements of the Shear modulus could 

be done in the rectangular colour map. The scale 

gives shear modulus values in kPa. 

http://dx.doi.org/%2010.1177/0954411916656022
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to evaluate intra-observer agreement. Differences were analysed with Mann-Whitney rank sum 

test; significance was set at 0.05. 

Results 

The shear modulus of the multifidus at level L2-L3 (L4-L5) was 13.8 ± 2.9 kPa (22.7 ± 3.8 

kPa) with the muscle in passive stretching and 8.5 ± 1.9 kPa (6.8 ± 1.2 kPa) with the muscle at 

rest.  Data for L2-L3 level is summarized in Table 1 while reliability results are reported in 

Table 2. 

At vertebral level L2-L3, the inter-operator reproducibility of measurements in passive 

stretching with 3 different operators was 1.5 kPa (corresponding to 11% coefficient of variation 

of the overall average) and ICC was 0.95. Repeatability of measurements was assessed both on 

the massage chair and on the massage table with 6 repeated measurements on each subject: 1.2 

kPa (9% of the overall average) and 1.2 kPa (14% of the overall average), respectively. ICC 

was 0.94.  

At vertebral level L4-L5, reproducibility of measurements was 4.3 kPa (19% of the global 

average) and ICC was 0.72. 

These results showed that measurements at level L2-L3 were more reliable than 

measurements at level L4-L5, although no operator effect was observed in the latter. Shear 

modulus was significantly higher when muscle was stretched at both vertebral levels (u < 0.05). 

Table 1 - Patient- and operator-specific data for shear modulus at L2-L3 vertebral level. 

Shear modulus [kPa] 

Subject N. Age Sex Operator 1 Operator 2 Operator 3 

Rest Passive 

stretching 

Passive 

stretching 

Passive 

stretching 

1 23 M 5.5 13.1 13.6 14.1 

2 23 M 6.9 11.1 11.0 11.0 

3 23 M 11.2 14.8 15.6 13.1 

4 24 M 7.0 10.3 11.6 8.5 

5 24 M 10.4 15.2 13.8 15.3 

6 26 F 8.1 11.7 11.1 11.1 

7 26 F 10.4 16.2 18.1 17.9 

8 28 F 8.4 18.1 19.9 17.5 

9 28 F 8.4 11.4 11.2 10.0 

10 29 M 8.5 16.4 13.8 16.6 

http://dx.doi.org/%2010.1177/0954411916656022
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Discussion 

The present study has shown the reliability of ultrasound SWE in the assessment of the shear 

modulus of the lumbar multifidus muscle at level L2-L3 in two postures: passive stretching and 

at rest. Ten healthy subjects participated to this study; reproducibility was assessed with 3 

operators and repeatability with 6 consecutive measurements on each subject. An excellent 

agreement was observed among operators: ICCs were 0.95 and 0.94 in both postures (Table 2), 

as well as a repeatability below 14%.  

The main limitation if this study is the small number of subjects; however, this validation 

step is strictly necessary to support and justify further studies on larger cohorts including 

patients. 

Previous work26, 27 showed reliability of muscular SWS (between 4.6% and 24 %)  similar 

to this study (between 16% and 19 %) . 

At vertebral level L4-L5, results were less reliable with a reproducibility of 19% and an ICC 

of 0.72 (Table 2). Apart from the lower reliability, the images themselves appeared noisier; a 

lower frequency probe could improve ultrasound penetration, although muscle depth did not 

seems to be the main problem. The posterior layer of the thoracolumbar fascia could explain 

the less repeatable results and slightly worse image quality at this level: it is a superficial 

tendinous layer which is attached to the gluteus maximus and medius, the external oblique and 

the latissimus dorsi. This entanglement of fibres is thicker and denser in its caudal part than in 

its cranial part because of its attachments28, 29. These thickening of the interface between muscle 

and fascia could strongly attenuate the ultrasound pulses that generate the shear waves, thus 

lowering the signal stability and reliability. 

No operator effect was observed at L4-L5 vertebral level, as shown by the small difference 

between repeatability and reproducibility, corroborating this hypothesis. Since an operator 

effect was not observed at this level, which given the lower intra-operator reliability can be 

Table 2 - Synthesis of measurement results of multifidus shear modulus at vertebral levels L4-L5 and 

L2-L3. The mean value for all operators and the standard deviation (SD) among subjects are in kPa, as 

well for repeatability and reproducibility; the percentage in brackets is in proportion to the mean value. 

Shear modulus (kPa) in passive stretching Shear modulus (kPa) at rest 

Mean SD Repeatability Reproducibility ICC Mean SD Repeatability Reproducibility ICC 

L4-L5 22.7 3.8 3.6 (16%) 4.3 (19%) 0.72 6.8 1.2 1.2 (17%) 1.3 (19%) 0.92 

L2-L3 13.8 2.9 1.2 (9%) 1.5 (11%) 0.95 8.5 1.9 1.2 (14%) / 0.94 

http://dx.doi.org/%2010.1177/0954411916656022
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considered a worst-case scenario, inter-operator reproducibility was not assessed at L2-L3 

level. This allowed shortening the full protocol, which still lasted about one hour for each 

subject (3 operators x 6 repeated measurements x 2 postures x about one minute per 

measurement plus resting time for the sitting posture). Measurements in clinical routine, 

however, might realistically last about 10 minutes, for both passive stretching and rest. 

Differences between the two states could inform on the nonlinear behaviour of this muscle, 

which could change with pathology. 

Ward et al. 30 previously made in vitro tests on single fibre and fibre bundle of multifidus 

and found a Young’s modulus of 33.71 ± 1.89 kPa and 91.34 ± 6.87 kPa, respectively. Chan et 

al. 17 studied multifidus with ultrasound palpation system which is a quasi-static method to 

assess Young’s modulus and they found 37.4 ± 3.7 kPa. Comparing our results with these other 

studies which assessed Young’s modulus of the multifidus muscle with different methods, SWE 

gave values in the same range of magnitude: a Young’s modulus between 20.4 kPa and 42.5 

kPa at rest which was evaluated, for the sake of comparison, assuming a Young modulus/ shear 

modulus ratio between 3 and 5, according to the literature18. 

This study proposed a measurement protocol which is compatible with the clinical routine, 

and it determined, for the first time, the limits and the reliability of elastographic measurements 

in multifidus muscle, thus opening the way to the non-invasive characterization of the muscles 

of the back. Perspective of this study is to compare pathological patient back muscles with a 

non-pathological population, as well as broadening the subject cohort with children or elderly 

people. 

Acknowledgments 

The authors are grateful to the ParisTech BiomecAM chair program on subject-specific 

musculoskeletal modelling for funding (with the support of ParisTech and Yves Cotrel 

Foundations, Société Générale, Proteor and Covea). 

http://dx.doi.org/%2010.1177/0954411916656022


8 

Appendix 

Repeatability (𝒔𝒓) and reproducibility (𝒔𝑹) were calculated according to the norm ISO 5725-

2:1994 about trueness and precision of measurements – chapter 7.4.5.  

a) Intra-operator repeatability

Repeatability variance (𝒔𝒓𝒋
𝟐 ) for six repeated measurements on the jth subject was calculated 

as follows:  

𝑠𝑟𝑗
2 =

∑ 𝑠𝑖𝑗
2𝑝

𝑖=1

𝑝

where 𝒔𝒊𝒋 is the standard deviation of the 6 repeated measurements by the ith operator on the 

jth subject, p = 3 is the number of operators. To obtain the overall repeatability variance 𝒔𝒓
𝟐, the

mean of 𝒔𝒓𝒋
𝟐  was calculated across all subjects. 

b) Inter-operator reproducibility

Reproducibility variance (𝒔𝑹𝒋
𝟐 ) was calculated as follows: 

𝑠𝑅𝑗
2 = 𝑠𝑟𝑗

2 + 𝑠𝐿𝑗
2

where 𝒔𝑳𝒋
𝟐  is the  inter-operator variance: 

𝑠𝐿𝑗
2 =

𝑠𝑑𝑗
2 − 𝑠𝑟𝑗

2

𝑛

𝒔𝒅𝒋
𝟐  was defined as follows: 

𝑠𝑑𝑗
2 =

1

𝑝 − 1
∗∑𝑛 ∗ (𝑦𝑖𝑗̅̅ ̅ − 𝑦�̿�)

2

𝑝

𝑖=1

where n = 6 is the number of measurement repetitions, 𝐲𝐢𝐣̅̅ ̅ and 𝐲�̿�  are the average shear 

modulus of the jth patient measured by the ith operator and the average shear modulus of the 

jth patient across operators, respectively. 

Intra- and inter-operator reliability in this paper were reported in terms of standard deviation 

as √𝐬𝐫
𝟐 (repeatability) and √𝐬𝐑

𝟐  (reproducibility), respectively.
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