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A B S T R A C T   

Purpose: Shear-wave elastography (SWE) provides quantitative and absolute metrics for analyzing the elasticity 
of soft tissues. Despite the anterior scalene muscle (AS) is a key structure in patients with neck pain and nerve 
compressive syndromes, the majority of SWE studies only included asymptomatic subjects. This study aimed to 
analyze the Young’s modulus and shear wave speed test–retest reliability in a sample of patients with neck pain 
symptoms to characterize the AS stiffness. 
Methods: A diagnostic accuracy study acquiring a set of ultrasound images at C7 level in 42 patients with me
chanical neck pain by one experienced examiner. After blinding the participants’ identity, trial and side, the 
Young’s modulus and shear wave velocity were measured by an independent experienced rater in randomized 
order. Intra-class correlation coefficients (ICC), standard error of measurement (SEM), minimal detectable 
changes (MDC) and coefficient of variation (CV%) were calculated. 
Results: The sample reported moderate pain intensity (5.9/10 points) and disability (17.38/100 points). AS 
stiffness metrics assessed showed no significant differences between males and females, left and right side nor 
painful and non-painful side. (all, p > 0.05). Intra-examiner reliability was excellent for calculating the Young’s 
modulus for shear wave speed (ICC > 0.90). 
Conclusion: The results support the use of this procedure for assessing the AS stiffness in populations with me
chanical neck pain as excellent reliability estimates were obtained. However, future research should analyze 
case-control differences and the association between SWE metrics with clinical severity indicators.   

1. Introduction 

The scalene muscles have a high clinical interest due to the 
anatomical relationships and its role in specific musculoskeletal im
pairments. In fact, the inter-scalene triangle is particularly relevant as it 
serves as the pathway for the roots and trunks of the brachial plexus and 
the subclavian artery [1,2]. Histological and functional AS muscle 
changes has been found associated with neck pain [3] as evidence 
demonstrated fiber conversion [4] and greater electromyographic ac
tivity pain-side specific during low-load tasks [5]. Despite these 

findings, US research investigating this muscle is lacking in contrast with 
other neck muscles [6]. 

Since previous studies reported a considerable prevalence of active 
myofascial trigger points (MTrPs) located at the AS muscle in patients 
with upper thoracic spine pain [7] and whiplash associated disorders 
[8], and considering the nature of MTrPs (defined as a hyperirritable 
palpable nodule located in a taut band which produces sensoriomotor 
dysfunctions and autonomic phenomena [9]), the use of stiffness mea
surements with objective and reliable tools may assist clinicians during 
the diagnostic procedure and treatment decision making [10]. 
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Previous studies used included SWE to assess both general muscle 
stiffness and specific locations within the muscles such as myofascial 
trigger point (MTrP) [11] and stiffness changes after specific in
terventions to MTrPs [11]. However, most of SWE research targeting 
neck muscles focused on the upper trapezius muscle [11] and reliability 
studies targeting the AS muscle are limited to small sample sizes in 
asymptomatic populations [12,13]. Therefore, the aim of this study is to 
establish a more specific, detailed and reproducible SWE protocol for 
identifying and measuring the anterior scalene muscle’s stiffness in in
dividuals with neck pain symptoms. 

2. Methods 

2.1. Study design 

Between October 2022 and April 2023, a diagnostic accuracy 
designed cross-sectional observational study was conducted at a private 
University in Madrid, Spain. To improve the quality of this report, the 
study adhered to the Reporting Reliability and Agreement Studies 
(GRRAS) guidelines [14]. The Ethics Committee of Rey Juan Carlos 
University provided oversight and approval for the study protocol prior 
to data collection. 

2.2. Participants 

After posting local announcements around the campus, a sample 
consisting of volunteers with neck pain symptoms was recruited through 
convenience sampling. Inclusion criteria were being aged from 18 to 65 
years old, experiencing neck pain symptoms at the moment of the 
exams, a pain duration of at least 6 months since the onset, a Neck 
Disability Index (NDI) score > 8 out of 100 and a Numeric Pain Rating 
Scale (NPRS) score > 3 out of 10 as these are the reported cut-off points 
to discriminate asymptomatic subjects from those with neck pain 
[15,16]. Participants were excluded if reported being under medical, 
pharmacological or physiotherapy treatments affecting pain perception 
or muscle tone 6 months previous to their inclusion, traumatic origin 
compatible with the symptoms (e.g., whiplash associated disorders, 
fractures or fissures), previous history of neck surgeries, radiculopathies, 
myelopathies and any other medical condition (e.g., fibromyalgia or 
oncologic conditions). Reading and signing an informed written consent 
before being included in the data collection was a mandatory request to 
be met by all participants. 

2.3. Sample size calculation 

The minimum sample size for this study was estimated according to 
the guidelines presented by Walter et al., [17] calculating it using the 
intraclass correlation coefficients (ICCs) provided in previous studies. 

Given that: 1) an expected ICC value of 0.9 was hypothesized (as the 
protocol described in this study is more precise than the procedure 
described by Bedewi et al., [13]); 2) a power of 80 % and a significance 
level of 5 % were established; and 3) 10 % losses were assumed due to 
the longitudinal nature of the study, the minimum sample size required 
for this study was determined to be 65 SWE images. 

2.4. Examiners 

For conducting this study, one examiner with over 10 years of US and 
clinical experience in musculoskeletal conditions acquired and codified 
all the images while one blinded rater with comparable experience 
conducted all the image measurements. The imaging acquisition was 
conducted randomizing the volunteers’ participation order and the sides 
firstly examined. The first session was conducted from 9:00 AM to 1:00 
PM and the second trial was conducted from 3:00 PM to 17:00 PM. The 
rater was not aware of the side or trial as all images were previously 
codified and assigned in randomized order. 

2.5. Shear wave elastography: Anterior scalene stiffness 

The US device used for collecting all the images was a Logiq E9 de
vice, using a linear transducer 6–15 MHz ML-6–15-D (General Electric 
Healthcare, Milwaukee, WI, USA). The console settings were also stan
dard for all the acquisitions. 

Participants were placed in the supine position with a pillow under 
their knees to minimize the lumbar lordosis. All volunteers received 
instructions to relax their neck muscles for reducing muscle stiffness 
variability attributable to muscle contraction. 

After placing the transducer on the supraclavicular region beside the 
cricoid cartilage, a lateral glide was performed until locating the carotid 
artery in the lateral border of the image. Then, the transducer was glided 
in the cranial and caudal directions until locating the C6 transverse 
process in a short-axis view (characterized by a prominent the anterior 
tubercle and a smaller posterior tubercle) [18]. Then, the probe was 
caudally glided until locating the transverse process of C7 (characterized 
by a prominent posterior tubercle [18]). To blind the side examined, the 
posterior tubercle was consistently orientated to the left side of the 
image. 

Finally, all images were analyzed onsite the US device measuring 
software. The blinded rater used the caliper to contour the anterior 
scalene perimeter (avoiding the inclusion of osseous, nervous and con
nective tissues as shown in Fig. 1) to calculate automatically both the 
Young’s Modulus and the Shear Wave Velocity measurements. 

2.6. Statistical analysis 

The Statistical Package for the Social Sciences (SPSS v.27, Armonk, 
NY, USA) for Mac OS was used for conducting all data processing and 
analysis, using two-tailed tests with a significance level of p < 0.05. 
After corroborating the normal distribution of the sample using histo
grams and Shapiro-Wilk tests (if p > 0.05), the sample’s characteristics 
were reported using descriptive analyses. 

Sociodemographic and clinical data were reported by total sample 
and by gender while SWE features were reported by total sample, 
gender, left/right side and painful/non-painful side. Between-group 
differences (gender, side and pain presence) were analyzed using the 
Student’s T-test for independent samples. 

For test-restest reliability analyses, a calculation of 1) the mean 
average of both trials, 2) the absolute error between measurements 3), 
the intraclass correlation coefficients (ICC3,1 with a 2-way mixed model 
consistency type), 4) the standard error of measurement (SEM, calcu
lated as the standard deviation of the mean average multiplied by the 
square root of 1 minus ICC, and 5) the minimal detectable changes 
(MDC, calculated as 1.96 times the square root of 2 times SEM) was 
conducted [19]. 

3. Results 

From a total of 45 volunteers interested in collaborating with the 
study, 3 were excluded since they reported being under pharmacological 
treatment. Therefore, 42 volunteers with neck pain were included in the 
data collection, analyzing left and right sides from all participants. This 
led to a total of 84 anterior scalene muscles being examined, obtaining a 
total of 168 SWE images. 

Table 1 compares the sociodemographic and clinical characteristics 
of the sample by gender. Although males were significantly taller and 
heavier than women (both, p < 0.001), body mass index and age were 
comparable between sexes (p > 0.05). Regarding the clinical charac
teristics of the sample, no significant differences were observed between 
males and females (p > 0.05), who reported a mild-to-moderate mean 
pain intensity [15] and moderate disability associated with neck pain 
[16]. 

The AS stiffness (assessed with SWE) is described in Table 2. The 
analyses revealed that the AS Young’s modulus and shear wave speed 
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was comparable between genders (both, p > 0.05). In addition, no sig
nificant differences were found between the painful side and the 
asymptomatic side (p > 0.05) nor the left and right side (p > 0.05). 

Finally, the test–retest reliability estimates for assessing the AS 
muscle stiffness in patients with neck pain are summarized in Table 3. 

Good-to-excellent ICCs were found for assessing the Young’s modulus 
(ICC = 0.851–0.938) and shear wave velocity (ICC = 0.879–0.949). In 
accordance with ICC results, shear wave speed demonstrated to be a 
more accurate metric than Young’s modulus as SEM (3.54 kPa for 
Young’s Modulus and 0.20 m/s for shear wave speed), MDC (5.0 kPa for 
Young’s Modulus and 0.20 m/s for shear wave speed) and CV percentage 
(22.17 % for Young’s Modulus and 11.25 % for shear wave speed) were 
relatively better considering the mean scores. 

4. Discussion 

The main strength of this study is that, to our knowledge, is the first 
research investigating the test- reliability of a US-based procedure for 
assessing the anterior scalene stiffness in patients with neck pain 
symptoms, finding good to excellent reliability for both metrics (Young’s 
modulus and shear wave speed). Although Bedewi et al., [13] conducted 
a similar study, the sample consisted of 15 asymptomatic subjects and 
only the Young’s modulus reliability was calculated. As the authors 
recognize, their study included a small sample size with no sample size 
calculation (therefore those results should be cautiously interpreted) 
and with limited clinical applicability as only asymptomatic individuals 
were assessed. 

One limitation overcome in this study is the procedure detail in 
comparison with previous studies [13,20]. For instance, Bedewi et al., 
[13] designed a hardly replicable procedure because of its ambiguity as 
the authors only defined the patients’ positioning as supine position 
(body positioning seems to have a direct impact on US reproducibility 
[21,22]) and the probe placement was described to be beside the thyroid 
lobe (since the average length of this gland was reported to be around 
4.22 to 4.32 cm [23], a considerable error could be expected). On the 
other hand, Kuo et al., [20] assessed the shear wave speed (but not the 
Young’s modulus) in a sample of 20 asymptomatic subjects. The pro
cedure described consisted of placing the transducer at the lower fourth 

Fig. 1. Illustrative example of raw image (B-mode and Shear Wave Elastography) acquired at C7 level (A), identifying the anterior scalene muscle contour for 
calculating the stiffness metrics (B). 

Table 1 
Participants’ sociodemographic characteristics.  

Variables Total 
sample (n 
¼ 42) 

Gender 

Male (n 
¼ 15) 

Female (n 
¼ 27) 

Difference  

Age (y) 21.07 ± 2.75 21.60 ±
3.06 

20.77 ±
2.57 

0.82 (− 0.97; 
2.61) p = 0.360 

Height (m) 1.68 ± 0.09 1.78 ±
0.07 

1.63 ±
0.05 

0.14 (0.10; 0.19) 
p < 0.001 

Weight (kg) 68.10 ±
14.75 

76.03 ±
16.63 

63.70 ±
11.73 

12.32 (3.44; 
21.21) p < 0.001 

Body Mass Index 
(kg/m2) 

23.85 ± 4.34 23.75 ±
4.09 

23.90 ±
4.54 

− 0.14 (− 3.00; 
2.71) p = 0.917  

Numeric Pain 
Rating Scale 
(0–10) 

5.90 ± 1.60 5.66 ±
1.39 

6.03 ±
1.72 

− 0.37 (− 1.42: 
0.68) p = 0.480 

Neck Disability 
Index (0–100) 

17.38 ± 9.74 17.60 ±
8.98 

17.25 ±
10.30 

0.34 (− 6.07; 
6.75) p = 0.915 

aReported values are obtained by calculating the mean average of both trials. 

Table 2 
Anterior scalene stiffness description by gender, side and painful side.   

Young’s Modulus 
(kPa) 

Shear Wave Speed 
(m/s) 

Mean 18.99 ± 11.43 2.40 ± 0.72 
Gender 
Males (n = 30) 16.86 ± 7.83 2.29 ± 0.56 
Females (n = 54) 22.51 ± 13.50 2.61 ± 0.80 
Difference − 5.64 (− 13.35; 2.05) p =

0.094 
− 0.31 (− 0.79; 0.15) p =
0.185 

Side 
Left (n = 42) 17.46 ± 10.74 2.30 ± 0.70 
Right (n = 42) 20.49 ± 12.00 2.50 ± 0.73 
Difference − 3.03 (− 1.94; 8.01) p =

0.229 
− 0.19 (− 0.11; 0.51) p =
0.212 

Pain side 
Painful side (n = 35) 17.89 ± 10.53 2.33 ± 0.69 
Non-painful side (n =

49) 
19.76 ± 12.07 2.44 ± 0.74 

Difference − 1.86 (− 6.96; 3.22) p =
0.486 

− 0.10 (− 0.43; 0.21) p =
0.802  

Table 3 
Test-retest reliability for assessing the anterior scalene muscle stiffness.  

Variables Young’s Modulus (kPa) Shear Wave Speed (m/s) 

Mean 18.99 ± 11.43 2.40 ± 0.72 
Test 18.95 ± 10.92 2.41 ± 0.70 
Retest 19.03 ± 12.93 2.39 ± 0.79 
Absolute Difference 4.21 ± 5.69 0.27 ± 0.29 
ICC3,2 (95 % CI) 0.904 (0.851;0.938) 0.922 (0.879;0.949) 
SEM 3.54 0.20 
MDC95 5.00 0.28 
CV (%) 22.17 % 11.25 % 

SEM and MDC95 are expressed in the units described for each metric. 
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of the anterolateral aspect of the neck. Likewise, the lack of details may 
involve a considerable risk of low reproducibility. However, this hy
pothesis cannot be confirmed as the authors did not provide reliability 
data. 

If a comparison between the reliability estimates between this study 
and the results reported by Bedewi et al., [13] is made, a considerable 
increase in the procedure reliability has been got. The most reasonable 
rationale is that this study provides a considerably specific location to 
place the transducer. Additionally, it should be noted that generally 
intra-examiner reliability is generally better during the assessments of 
asymptomatic individuals in comparison with clinical populations [24], 
as it has been proposed that histological changes associated with pain 
may difficult the muscle contouring. 

However, a precise location reduces considerably the measurement 
error. This hypothesis was confirmed since the reliability estimates ob
tained in this study were comparable to those reported in two recent 
studies [25,26] following the same procedure in asymptomatic in
dividuals (ICC = 0.881 to 0.912 for Young’s modulus and ICC = 0.850 to 
0.923 for shear wave speed). 

Finally, a discussion regarding the stiffness differences between the 
values obtained from asymptomatic individuals in previous studies 
[13,20] with the results obtained in patients with pain symptoms may 
assist on future research as the sociodemographic differences among the 
samples seems to be not associated with stiffness scores. It should be 
pointed that this study aimed to assess the procedure reliability and, 
since the sample size calculation was made for this purpose, the statis
tical power might not be enough to support the descriptive values re
ported nor the differences between sides, genders or painful and non- 
painful sides. 

Thus, the lack of studies assessing the elastic properties of the AS 
muscle (even if other procedures such as myotonometry or tensio
myography are available and widely used for other muscles) also diffi
culted a direct comparison. In fact, a recent meta-analysis published by 
Opara et al., [27] describing which muscles exhibit increased stiffness in 
people with chronic neck pain found that the only supported conclusion 
was that the upper trapezius stiffness was elevated in patients with 
chronic neck pain compared to their counterparts without CNP while the 
data for other muscles (i.e., levator scapulae, splenius capitis, sterno
cleidomastoid and cervical multifidus) remained inconclusive. 

Considering these cautions, the greater stiffness scores of our sample 
compared with asymptomatic individuals assessed in other articles 
[24,25] suggest that both the objective (SWE) and subjective (reported 
by the patients) measures of muscle stiffness can offer deeper insights 
into CNP’s underlying mechanisms. Although these mechanisms are still 
unknown, the hypothesis proposed by Opara et al., [27] is that increased 
stiffness in these patients may be influenced by factors such as pain and 
inflammation activating specific sensory endings, potentially leading to 
altered muscle spindle excitability and increased muscle tone. Most 
studies have assessed passive muscle stiffness, indicating possible 
enhanced muscle activity at rest as a response to pain or as a protective 
strategy against painful movements. This complexity is further influ
enced by factors like muscle length and neck posture. Future research, 
integrating methods like EMG with shear-wave elastography, could 
provide more definitive insights into whether stiffness is due to passive 
mechanical characteristics or active muscle behavior, which would be 
crucial for determining effective treatment strategies. 

4.1. Limitations 

A limitation of our study is that we restricted the sample to patients 
with mechanical neck pain. As multiple neck pain classifications are 
described (neck pain with mobility deficits, with headaches, with radi
ating pain, with movement coordination impairments…) [28], the 
stiffness characteristics of this muscle may differ depending on the pain 
etiology. Secondly, we only assessed one cervical level and employed a 
single US device with a single experienced examiner acquiring the 

images. As such, additional research that includes multiple cervical 
levels, various US devices and more examiners with different experience 
in the use of US is required to validate our findings. 

5. Conclusion 

The results obtained in this study supports the use of this US-based 
procedure for assessing the AS muscle stiffness in populations with 
neck pain symptoms. The intra-examiner reliability estimates indicated 
a good-to-excellent test–retest reliability. Although both metrics were 
similarly reliable, the shear wave speed demonstrated slightly better 
accuracy, being the most recommended metric for longitudinal studies. 
Further observational research is needed to corroborate the discrimi
native capacity of SWE and its correlation with clinical severity 
indicators. 
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Ortega-Santiago R, Arias-Buría JL. Cross-sectional area of the cervical extensors 
assessed with panoramic ultrasound imaging: preliminary data in healthy people. 
Musculoskelet Sci Pract 2020;50:102257. https://doi.org/10.1016/j. 
msksp.2020.102257. 

[7] Ortega-Santiago R, Maestre-Lerga M, Fernández-de-Las-Peñas C, Cleland JA, Plaza- 
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[15] Boonstra AM, Stewart RE, Köke AJ, et al. Cut-off points for mild, moderate, and 
severe pain on the numeric rating scale for pain in patients with chronic 
musculoskeletal pain: variability and influence of sex and catastrophizing. Front 
Psychol 2016;7:1466. https://doi.org/10.3389/fpsyg.2016.01466. 

[16] Kato S, Takeshita K, Matsudaira K, Tonosu J, Hara N, Chikuda H. Normative score 
and cut-off value of the Neck Disability Index. J Orthop Sci 2012;17(6):687–93. 
https://doi.org/10.1007/s00776-012-0276-y. 

[17] Walter SD, Eliasziw M, Donner A. Sample size and optimal de- signs for reliability 
studies. Stat Med 1998;17:101–10. 

[18] Joeng ES, Jeong YC, Park BJ, Kang S, Yang SN, Yoon JS. Sonoanatomical change of 
phrenic nerve according to posture during ultrasound-guided stellate ganglion 
block. Ann Rehabil Med 2016;40(2):244–51. https://doi.org/10.5535/ 
arm.2016.40.2.244. 

[19] Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation 
coefficients for reliability research. J Chiropr Med 2016;15(2):155–63. https://doi. 
org/10.1016/j.jcm.2016.02.012. 

[20] Kuo WH, Jian DW, Wang TG, Wang YC. Neck muscle stiffness quantified by 
sonoelastography is correlated with body mass index and chronic neck pain 
symptoms. Ultrasound Med Biol 2013;39(8):1356–61. https://doi.org/10.1016/j. 
ultrasmedbio.2012.11.015. 

[21] Thoirs K, English C. Ultrasound measures of muscle thickness: intra-examiner 
reliability and influence of body position. Clin Physiol Funct Imaging 2009;29(6): 
440–6. https://doi.org/10.1111/j.1475-097X.2009.00897.x. 

[22] Burk RS, Parker A, Sievers L, et al. Effects of position and operator on high- 
frequency ultrasound scan quality. Intensive Crit Care Nurs 2015;31(3):148–54. 
https://doi.org/10.1016/j.iccn.2014.11.001. 

[23] Joshi SD, Joshi SS, Daimi SR, Athavale SA. The thyroid gland and its variations: a 
cadaveric study. Folia Morphol (Warsz) 2010;69(1):47–50. 

[24] Valera-Calero JA, Navarro-Santana MJ, Plaza-Manzano G, Fernández-de-Las- 
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