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Abstract: Objective: Ultrasound imaging (US) an essential tool for clinicians due to its cost-
effectiveness and accessibility for assessing multiple muscle metrics including muscle
quality, size and shape. Although previous studies highlighted the importance of the
anterior scalene muscle (AS) in patients with neck pain, studies analyzing the reliability
of US measurements for this muscle are lacking. This study aimed to develop a
protocol for assessing the AS muscle shape and quality measured with US and
investigate its intra- and inter-examiner reliability. Methods: Using a linear transducer,
B-mode images of the antero-lateral neck region at C7 level were acquired in 28
healthy volunteers by two examiners (one experienced and one novel). Cross-sectional
area, perimeter, shape descriptors and mean echo-intensity were measured twice by
each examiner in randomized order. Intra-class correlation coefficients (ICC), standard
error of measurement (SEM) and minimal detectable changes (MDC) were
calculated. Results: Results showed no muscle side-to-side asymmetries (p>0.05).
Gender differences were found for muscle size (p<0.01), but muscle shape and
brightness were comparable (p>0.05). Intra-examiner reliability was good-to-excellent
for all the metrics for the experienced and the novel examiners (ICC>0.846 and
ICC>780 respectively). Although the inter-examiner reliability was good for most of the
metrics (ICC>0.709), the estimates for assessing solidity and circularity were
unacceptable (ICC<0.70).  Conclusion:This study found that the described ultrasound
procedure for locating and measuring the anterior scalene muscle morphology and
quality is highly reliable in asymptomatic subjects.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



 1 

Editor-in-Chief, ULTRASOUND IN MEDICINE AND BIOLOGY  

 

A Procedure for Measuring the Anterior Scalene Morphology and Quality 

with Ultrasound Imaging.  
 

Here we submit a paper that we believe can be of interest for the readers of the journal. 
We submit the paper as Original Research as we believe that the present finding will be 

of interest to the readers of ULTRASOUND IN MEDICINE AND BIOLOGY and we 

will look forward to receiving your comments. 

 

This manuscript represents a valid work and neither this manuscript nor one with 

substantially similar content under my authorship has been published or is being 

considered for publication elsewhere.  

 

I agree to serve as the primary correspondent with the editorial office, to review the 

edited manuscript, and proof. 

 

I certify that all financial and material support for this research and work are clearly 

identified in the manuscript. 

 

I certify that all my affiliations with, or financial involvement with, any organization or 

entity with a financial interest in or financial conflict with the subject matter or 

materials discussed in the manuscript are completely disclosed here or in an attachment, 

or; the corresponding author and any other authors have no relevant financial interests 

in this manuscript 

 

All authors have participated in the study design, data collection, data analysis, data 

interpretation, writing the manuscript and approved the submitted version of the paper 

and its submission to ULTRASOUND IN MEDICINE AND BIOLOGY. 

 

 

Suggested reviewers are as follows: 

 

Dr. Joshua Cleland  

Tufts University, USA 

E-mail address: joshua.cleland@tufts.edu   

 

Dr. Jorge H Villafañe 

University of Siena, Italy 

E-mail address: jorgeriotercero@gmail.com 

 

Dr. Sebastian Klich 

Wroclaw University, Poland 

Email address: sebastian.klich@gmail.com   

 

Sincerely yours,  

The authors 

Cover Letter

mailto:joshua.cleland@tufts.edu
mailto:jorgeriotercero@gmail.com
mailto:sebastian.klich@gmail.com


1 

 

Response Letter manuscript UMB-D-23-00037 

A Procedure for Measuring the Anterior Scalene Morphology and Quality with 

Ultrasound Imaging: An Intra- and Inter-Rater Reliability Study 

 

We would like to thank the reviewers for their comments, which we believe have clarified 

many aspects of the manuscript. We have edited the text according to the suggestions from 

the reviewers. We have highlighted all changes in yellow throughout the manuscript. A point-

by-point response is presented below. 

 

Reviewer 1 

This is a well-organized study, and results are straightforward and will have reference 

value for the field. Following comments for reference for polishing the manuscript: 

1.      How different parameters were obtained should be elaborated using drawings on 

some typical ultrasound images, for example using the Fig 1 left example image, the 

manually drawn border should be labelled. Actually, it is rather challenging to identify 

the border, how it was identified by the two examiners. This is a very important 

reference information for the readers.  

 

Response: Thank you for your feedback. We added a new figure (Figure 2) following your 

recommendations, contouring the anterior scalene muscle and showing the software 

measurements. 

 

2.       It was mentioned "solidity and circularity metrics 281 demonstrated unacceptable 

reliability (ICC<0.70)." in the abstract and discussion section, but not elaborated in the 

Detailed Response to Reviewers
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result section (only appears in Table 3, with not elaboration), not sure why.  

 

Response: We addressed this comment in Results as follows: 

 

“…However, circularity and solidity metrics did not reach the minimally acceptable ICC 

(ICC<0.7).” 

 

3.      The reproducibility of solidity and circularity was unacceptable, why the 

conclusion is still that positive, because for morphological information only, and solidity 

and circularity not belongs to that? In addition, the authors did not go into explain why 

the solidity and circularity are not reliable, and I think it is very important to 

understand and discuss why, otherwise the paper is in very low level. Can the authors 

conclude that the ultrasound imaging technique should not be used for assessment of 

solidity and circularity for this muscle? If this is the case, what is the clinical 

implications, as i guess these two parameters have been commonly used in the field.  

 

Response: Conclusions are positive since the most important metrics showed good statistical 

estimates. It’s true that circularity and solidity belong to shape descriptors, but all shape 

descriptors are complementary to each other. This means that, even if circularity and solidity 

are not reliable, still aspect ratio and roundness can be used to indicate the muscle shape.  

 

The most probably hypothesis explaining why these two descriptors are less reliable than the 

other metrics has been included in discussion: “One potential reason explaining the limited 

reliability for these two metrics could be attributed to a higher contour sensitivity. For 

example, slight imperfections during the contour process have lower impact in the aspect 
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ratio (as only assess the longest vertical and horizontal distances to describe if the area 

selected is as width as height) in contrast with circularity (where instead of two distances, the 

full contour is considered to obtain the metric).” 

A low reliability for assessing these two metrics is not determinant for the clinical practice 

since, as commented before, other reliable metrics less sensitive to contour errors can be used 

for describing muscle shape.  

 

4.      As discussed by the authors, the conclusion made in this study can also be used for 

asymptomatic cases, as the study only include normal subjects.  But actually some 

symptomatic cases have been tested, but excluded from the analysis, while the authors 

pointed out it is a limitation for not including symptomatic cases, but on the hand, 

excluding them for analysis.  Why not simply include them to see the results, which will 

be more real and more useful. I suggest the authors should include symptomatic cases 

for comparison and for facilitating the discussion. 

 

Response: We acknowledge the recommendations as we believe is necessary analyzing 

clinical populations, not only for reliability studies but also for case control studies. However, 

the number of participants with neck pain excluded was not high enough to build another 

group. In addition, the eligibility criteria for including clinical populations should be selected 

carefully, as different histological characteristics could be presented depending on the pain 

aetiology. For instance, increased fatty infiltration and increased cross-sectional area located 

in deep neck extensors can be find in patients with whiplash associated disorders while 

patients with idiopathic neck pain show decreased muscle size with no alterations in fatty 

infiltration. 
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We are currently working on case control studies considering different causes of neck pain. 

We hope the journal contact you again for revising that manuscript in the future.      
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Reviewer 2 
 

The paper "A Procedure for Measuring the Anterior Scalene Morphology and Quality 

with Ultrasound Imaging: An Intra- and Inter-Rater Reliability Study" has a relevant 

topic of investigation. It is methodological study important to futures clinical trials 

involving ultrasound.  

Some comments/suggestions are necessary be considered to improve the clarity of 

study: 

1)      In statistical analysis and results, you mention the side by side and gender 

comparisons but they were not considered in objectives and discussion. I suggest 

making it clearer. Maybe it is necessary to include secondary objectives.  

 

Response: Thank you for the kind feedback. We included the comparison between genders 

and side to provide descriptive information of the sample analyzed for this study. Although 

we met the sample size required to obtain enough statistical power regarding the reliability 

analyses, we believe that our sample of 28 subjects (13 males and 15 females) is quite small 

to discuss normative values in healthy subjects. As we would prefer to limit our 

recommendations and comments to those supported with enough statistical power. 

 

2)      In inclusions criteria, the age ranged from 18-65 years old. In results, the standard 

deviation of age was 5 years. Why did you choose too wide age range? I believe that 

muscles of elderly could influence the reliability because they are constituted of more fat 

and connective tissue.   

 

Response: Actually, we included that range for better results generalizability. A previous 

study investigated these concerns. This paper found that age, even if it was associated with 
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lean mass and water volume, was not correlated with cervical multifidus ultrasound cross-

sectional area, perimeter, circularity, aspect ratio, roundness or solidity. However, we belive 

this is an interesting topic to be studied in the future. We included the findings of this study in 

Discussion, and included the necessity of further research targeting the anterior scalene 

muscle.  

 

3)      I suggest to include an image showing the measurements of shape of the anterior 

scalene for improve the reproducibility of protocol.  

 

Response: We included a new figure including one raw US image and one contouring the 

anterior scalene muscle using the software for these calculations.  

 

4)      Pg. 8, L241: rewrite "muscle" 

 

Response: We apologize for the misspelling. Now is corrected. 

 

5)      Pg. 11, L283: "morphology" is repeated in phrase. 

 

Response: We corrected.  

 

6)      I suggest to include more citations involving reliability of other muscles assessed 

by ultrasound to compare with yours results. 

 

Response: We included that information as suggested. “The reliability estimates obtained in 

this study were similar to other muscles located in the neck region in asymptomatic 
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populations such as the cervical multifidus, showing excellent reliability for assessing muscle 

size, shape and brightness (Valera Calero et al., 2020d; 2021a) and better than other 

muscles such as the longus colli, the rectus capitis posterior major and the semispinalis 

capitis (McGaugh & Ellison, 2011; Øverås et al., 2017).” 

 

7)      Review the formatting of references (some of them were in italic, another no).  

 

Response: We corrected 

 

 

We hope that the current version of the paper can be finally accepted for publication in the 

Journal of Ultrasound in Medicine & Biology 

Kind Regards, 

The authors 
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A Procedure for Measuring the Anterior Scalene Morphology and Quality 39 

with Ultrasound Imaging: An Intra- and Inter-Rater Reliability Study 40 

 41 

Abstract 42 

Objective: Ultrasound imaging (US) an essential tool for clinicians due to its cost-43 

effectiveness and accessibility for assessing multiple muscle metrics including muscle 44 

quality, size and shape. Although previous studies highlighted the importance of the 45 

anterior scalene muscle (AS) in patients with neck pain, studies analyzing the reliability 46 

of US measurements for this muscle are lacking. This study aimed to develop a protocol 47 

for assessing the AS muscle shape and quality measured with US and investigate its intra- 48 

and inter-examiner reliability. Methods: Using a linear transducer, B-mode images of the 49 

antero-lateral neck region at C7 level were acquired in 28 healthy volunteers by two 50 

examiners (one experienced and one novel). Cross-sectional area, perimeter, shape 51 

descriptors and mean echo-intensity were measured twice by each examiner in 52 

randomized order. Intra-class correlation coefficients (ICC), standard error of 53 

measurement (SEM) and minimal detectable changes (MDC) were calculated. Results: 54 

Results showed no muscle side-to-side asymmetries (p>0.05). Gender differences were 55 

found for muscle size (p<0.01), but muscle shape and brightness were comparable 56 

(p>0.05). Intra-examiner reliability was good-to-excellent for all the metrics for the 57 

experienced and the novel examiners (ICC>0.846 and ICC>780 respectively). Although 58 

the inter-examiner reliability was good for most of the metrics (ICC>0.709), the estimates 59 

for assessing solidity and circularity were unacceptable (ICC<0.70).  Conclusion: This 60 

study found that the described ultrasound procedure for locating and measuring the 61 

anterior scalene muscle morphology and quality is highly reliable in asymptomatic 62 

subjects. 63 

Keywords: Anterior Scalene; Ultrasound imaging; Diagnostic accuracy studies, 64 

Reliability.  65 
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A Procedure for Measuring the Anterior Scalene Morphology and Quality 66 

with Ultrasound Imaging: An Intra- and Inter-Rater Reliability Study  67 

 68 

Introduction 69 

Scalene muscles are a group of up to 4 muscles (anterior, medium, posterior and 70 

minimus) allocated in the antero-lateral aspect of the neck, from the transverse processes 71 

of the cervical vertebrae to the first and second ribs1. Their functions comprise lateral 72 

flexion of the cervical spine and controversial cervical spine rotation2,3 if activated 73 

unilaterally, and cervical flexion if activated bilaterally4. Additionally, this muscle group 74 

is considered an accessory inspiratory muscle group5,6.  75 

Although these muscles’ attachments, surrounding structures, nerve supply and 76 

actions are widely described in the literature7, multiple anatomical variations have been 77 

found8-13. One of the most relevant clinical interests for this region is the inter-scalene 78 

triangle (the space formed by the anterior and middle scalene muscles in the lateral limits 79 

and the first rib in the lower limit), since through this space run the roots and trunks of 80 

the brachial plexus and the subclavian artery14. 81 

In addition to the thoracic outlet syndrome, the anterior scalene muscle was 82 

individually assessed in previous studies and showed to be a relevant structure associated 83 

with neck pain. Patients with chronic neck pain demonstrated greater slow-twitch type-1 84 

fibers conversion to fast-twitch type-2B fibers in comparison with asymptomatic 85 

subjects15, greater electromyographic activity during low-load tasks16,17, which may 86 

explain the greater muscle fatigue specific to the pain side18.  Although the anterior scale 87 

muscle is a clinically relevant structure to be considered in clinical populations and 88 

several methods assessed the morphology and function of this muscle, studies using US 89 

for investigating the anterior scalene muscle are lacking in contrast with many other 90 
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muscles in the neck area (e.g., short rotators, cervical multifidus, semispinalis, upper 91 

trapezius, levator scapulae or longus colli)19-21. 92 

Ultrasound imaging is a diagnostic imaging tool widely used in the clinical and 93 

research settings since is fast, easy to use, safe and cost-effective compared with other 94 

imaging modalities, providing real-time information22. Since there are multiple US 95 

imaging modes and technologies including B-mode (e.g., for assessing tissues’ 96 

morphology and quality)23,24, Doppler US (e.g., for assessing vascular flows)25, M-mode 97 

(e.g., for measuring muscle thickness changes during motor control exercises)26, shear-98 

wave and strain elastography (e.g., for assessing muscle stiffness properties)27 or 99 

panoramic US (e.g., for assessing muscle size, shape and quality in large structures)28, 100 

the evaluation of this elevate number of objective metrics also contributes to the 101 

increasing popularity of US. In addition, offline software also allows the modification of 102 

DICOM images (e.g., gain, gray scales, pixel selections…) and their measurement 103 

without the need of using the US device for this purpose, providing information about the 104 

tissues’ histological and morphological characteristics while the device is being used in 105 

other exams.  106 

Since clinicians prioritize the use of objective tools with acceptable indices of 107 

utility (i.e., validity, reliability, specificity and sensitivity)29, there is a need of assessing 108 

the diagnostic accuracy of US exploratory protocols prior to its use in the clinical and 109 

research settings. Therefore, the aim of this study is to design an easy and reproducible 110 

protocol for locating and measuring the anterior scalene muscle morphology and 111 

brightness using US and assess its intra- and inter-rater reliability in healthy subjects. 112 

  113 

Methods 114 

Study Design 115 
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A cross-sectional observational study with a diagnostic accuracy design was 116 

conducted between September 2022 and December 2022 in a private University located 117 

in Ávila (Spain). In order to enhance the presentation quality of this report, the directives 118 

for Reporting Reliability and Agreement Studies (GRRAS)30 and the Enhancing the 119 

QUAlity and Transparency Of health Research (EQUATOR) guidelines were followed31. 120 

Additionally, the Ethics Committee of Universidad Rey Juan Carlos (URJC 121 

3001201801618) supervised and approved the protocol developed for this study prior to 122 

the data collection.  123 

 124 

Participants 125 

         A convenient sample of healthy volunteers were recruiting after posting local 126 

announcements in the campus. To be eligible for participation, volunteers had to be aged 127 

between 18 and 65 years old and report no history of neck pain symptoms in the previous 128 

year. Participants were excluded if they reported history of whiplash, medication intake 129 

affecting muscle tone (e.g., muscle relaxants), underwent any surgical procedure, 130 

reported any neuropathic condition (e.g., radiculopathy, thoracic outlet syndrome or 131 

myelopathy) or showed severe degenerative radiologic finding. Once eligibility criteria 132 

were verified, participants had to read and sign an informed written consent to be included 133 

in the data collection. 134 

 135 

Sample Size Calculation 136 

 The sample size was estimated using the directives provided by Walter et al. for 137 

estimating the minimum sample size based on intraclass correlation coefficients32. Using 138 

as a reference the results obtained in previous studies which calculated the reliability of 139 

US procedures targeting neck muscles in healthy subjects21,23, ICC values >0.75 (since 140 
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this is the accepted cut-off for good-to-excellent reliability33 were considered as the value 141 

minimally acceptable.  142 

Since 1) an expected ICC value =0.9 was hypothesized; 2) an 80% of power and 143 

a 5% significance level were set; and 3) 10% losses were assumed considering the 144 

longitudinal nature of this study (participants had to be explored twice by two different 145 

examiners), the minimum sample size required for this study was set at 37 images. 146 

 147 

Examiners 148 

Two examiners participated in this study, one experienced (with +10 years of 149 

experience in the use of musculoskeletal US and +10 years of clinical experience with 150 

patients reporting neck pain) and one novel (with +10 years of clinical experience with 151 

patients reporting neck pain, but no previous experience in the use of musculoskeletal 152 

US). Before starting the study, the experienced examiner trained the novel for 10 hours 153 

distributed in two sessions (one theoretical with 3 hours of duration and one practical with 154 

7 hours of duration). During these sessions, basic concepts of US, use of the US device 155 

and the protocol developed for this study were revised. After finishing the training, the 156 

novel examiner had to demonstrate the knowledge and skills acquired by performing a 157 

successful trial.  158 

During the study, both examiners were isolated to ensure the blinding by doing 159 

the imaging acquisition in two turns (9:00 h to 13:00 h and 15:00 h to 19:00 h), changing 160 

the turn in alternate days. Participants were cited twice with 24 hours of difference.  161 

 162 

Ultrasound Imaging Acquisition Protocol 163 

 All ultrasound images were acquired with a Logiq E9 device and a linear 6-15 164 

MHz transducer ML-6-15-D (General Electric Healthcare, Milwaukee, WI, USA). The 165 
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console settings were also standard for all the acquisitions (Frequency=12 MHz, Gain=65 166 

dB and Depth=4.5 cm). 167 

All participants were placed in the supine position minimizing their lumbar 168 

lordosis by using a pillow under their knees and asked to relax their neck musculature 169 

during the procedure for minimizing muscle changes due to muscle contraction34.  170 

After administering acoustic coupling gel on the supraclavicular region, the 171 

transducer was placed transversally and glided laterally to the cricoid cartilage until 172 

locating the carotid artery and visualizing it in the lateral border of the image. Then, the 173 

transducer was glided cranially and caudally until locating the C6 transverse process in a 174 

short-axis view. This osseus reference is easy to recognize since is characterized by a 175 

prominent the anterior tubercle and a smaller posterior tubercle35. At this point, the probe 176 

was caudally glided until locating the transverse process of C7, which is characterized by 177 

a prominent posterior tubercle and no anterior tubercle (but sometimes a rudimentary 178 

anterior tubercle might be visualized)36 and the image was frozen and saved for posterior 179 

analyses. An example of the images acquired with US and the main structures identified 180 

is illustrated in Figure 1. 181 

Measurement of Muscle Morphology and Quality 182 

 An independent researcher codified, saved and, after exporting the images 183 

acquired to DICOM format, sent the files to the examiners. Each examiner measured the 184 

images acquired by themselves in a randomized order. For ensuring the blinding, no 185 

information was shared between the examiners during this process. 186 

All images were analyzed using the ImageJ offline DICOM software (National 187 

Institute of Health, Bethesda, MD, USA, v.1.53a). After transforming the image to a 32-188 

bit images (which is a 256 gray scale image), the anterior scalene was contoured avoiding 189 

the inclusion of bone, nerve roots or surrounding fascia as shown in Figure 2A. Finally, 190 
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muscle morphology (cross-sectional area in mm2 and perimeter in mm), shape (circularity 191 

was calculated as 4π*area/perimeter2 – values range from 0 to 1, where a value of 1 192 

indicates a perfect circle-, aspect ratio was calculated as the division between the major 193 

axis and the minor axis and roundness was calculated as 4*Area/(π*major axis2) and 194 

solidity was calculated as the proportion of pixels in the convex hull that are also in the 195 

muscle) and quality (mean echo-intensity calculated as the mean average brightness in 196 

this 256 gray scale within the region of interest contoured) metrics were automatically 197 

calculated by the software as shown in Figure 2B. 198 

 199 

Statistical Analysis 200 

All analyses were conducted in the Statistical Package for the Social Sciences 201 

(SPSS v.27, Armonk, NY, USA) for Mac OS, setting the significance level at p<0.05 for 202 

all the analyses. Firstly, data distribution was verified using histograms and Shapiro-Wilk 203 

tests for continuous variables. P values <0.05 were considered as non-normally 204 

distributed and p>0.05 as normally distributed37.  205 

Secondly, descriptive statistics for were used for reporting the total sample’s 206 

characteristics. Categorical data were reported as frequency and percentage for each 207 

category (e.g., number and percentage of women and men). Continuous variables were 208 

reported using central tendency metrics (i.e., mean for normal variables and median for 209 

non-normal variables) and dispersion metrics (i.e., standard deviation for normal 210 

variables and interquartile range for non-normal variables). Additionally, 211 

sociodemographic characteristics were independently reported for men and women while 212 

muscle morphology and quality characteristics were reported by gender and side. 213 

Between-group differences were analyzed using the Student’s T-tests for independent 214 
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samples, reporting the mean difference with a 95% confidence interval and considering a 215 

p value <0.05 as statistically significant.  216 

Intra-examiner and inter-examiner reliability analyses consisted of reporting 1) 217 

mean average and standard deviation of each metric score, 3) absolute error between 218 

attempts for intra-examiner reliability and examiners for inter-examiner reliability 219 

(absolute error was calculated since signs could underestimate the disagreement 220 

magnitude), 4) intraclass correlation coefficients (ICC3,1 for intra-examiner reliability and 221 

ICC3,2 for inter-examiner reliability, calculated with a 2-way mixed model, consistency 222 

type), 5) standard error of measurement (SEM= Standard Deviation of the mean average 223 

* √1−ICC) and 6) minimal detectable changes (MDC= 1.96* √2*SEM)33. 224 

 225 

Results  226 

 From a total of 37 subjects interested on participating in this study, 9 were 227 

excluded due to history of clinically relevant neck pain episodes within the previous year 228 

(n=9). Since 28 asymptomatic volunteers were finally included in the data collection and 229 

both the left and right sides were analyzed, 56 anterior scalene muscles were studied.  230 

Table 1 summarizes the sociodemographic characteristics of the sample (and 231 

compared by gender) and the US characteristics of the anterior scalene muscle (reported 232 

by gender and side). Males and females had comparable age and BMI (both, p>0.05), but 233 

males were significantly taller and heavier (both, p<0.001). Regarding the anterior 234 

scalene muscle, results showed no side-to-side asymmetries for size, shape or brightness 235 

(all metrics, p>0.05). Only muscle size (cross-sectional area and perimeter, p<0.01) 236 

showed statistically significant differences between males and females. Shape descriptors 237 

and mean echo-intensity were comparable between genders (p>0.05). 238 
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Table 2 shows intra-examiner reliability data for both examiners independently 239 

assessed. Regarding the novel examiner, ICC were excellent for measuring muscle size 240 

(cross-sectional area ICC=0.954 and muscle perimeter ICC=0.940) and muscle quality 241 

(mean echo-intensity ICC=0.969) and good for measuring muscle shape (circularity 242 

ICC=0.816, AR ICC=0.780, roundness ICC=0.823 and solidity ICC=0.766). On the other 243 

hand, ICC values for the experienced examiner were excellent for measuring muscle size 244 

cross-sectional area ICC=0.973, muscle perimeter ICC=0.951) and muscle brightness 245 

(ICC=0.942) while reliability was good-to-excellent for assessing muscle shape 246 

(circularity ICC=0.846, AR ICC=0.924, roundness ICC=0.915 and solidity ICC=0.860). 247 

Indicative MDC values are also detailed for each experience level in order to orientate 248 

whether changes in longitudinal studies (where a single examiner is involved) assessing 249 

the effect of specific interventions on these metrics are attributable to real changes (if 250 

changes are greater than MDCs) or measurement errors (if changes are smaller than 251 

MDC). Absolute errors were comparable between the novel and the experienced 252 

examiners (all metrics, p>0.05). 253 

Finally, inter-examiner reliability estimates are summarized in Table 3. These 254 

results showed good reliability for assessing cross-sectional area (ICC=0.841), muscle 255 

perimeter (ICC=0.705), aspect ratio (ICC=0.745), roundness (ICC=0.709) and excellent 256 

reliability for assessing muscle brightness (ICC=0.907). However, circularity and solidity 257 

metrics did not reach the minimally acceptable ICC (ICC<0.7). Although absolute errors 258 

showed no statistically significant differences between single and average of 2 259 

measurements (all, p>0.05), ICC generally improved if a mean average of 2 260 

measurements was conducted as shown in Table 3. 261 

An illustrative comparison between intra-examiner (for both the experienced and 262 

novel examiners) and inter-examiner reliability (comparing 1 trial and mean average of 2 263 
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measurements) is shown in Figure 3, summarizing the obtained ICC scores for each US 264 

metric.  265 

 266 

Discussion  267 

          Up to the authors’ knowledge, this is the first study calculating the intra- and inter-268 

examiner reliability of a US procedure for assessing the anterior scalene morphology and 269 

brightness. In general, we found good to excellent reliability for assessing anterior scalene 270 

muscle size, shape and brightness, independently the examiners’ experience. Regarding 271 

the inter-examiner agreement, statistical reliability estimates were comparable 272 

conducting a single measurement or calculating a mean average of two measurements. 273 

The reliability estimates obtained in this study were similar to other muscles located in 274 

the neck region in asymptomatic populations such as the cervical multifidus, showing 275 

excellent reliability for assessing muscle size, shape and brightness23,38 and better than 276 

other muscles such as the longus colli, the rectus capitis posterior major and the 277 

semispinalis capitis39,40. Although results showed good reliability for measuring aspect 278 

ratio, roundness, muscle brightness, cross-sectional area and perimeter, solidity and 279 

circularity metrics demonstrated unacceptable reliability (ICC<0.70). One potential 280 

reason explaining the limited reliability for these two metrics could be attributed to a 281 

higher contour sensitivity. For example, slight imperfections during the contour process 282 

have lower impact in the aspect ratio (as only assess the longest vertical and horizontal 283 

distances to describe if the area selected is as width as height) in contrast with circularity 284 

(where instead of two distances, the full contour is considered to obtain the metric).  285 

 Recent research analyzed the association between sociodemographic and body 286 

composition features with US measurement errors41,42. Their results showed that age, 287 

even if it was associated with lean mass and water volume, was not associated with errors 288 
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for measuring cervical multifidus cross-sectional area, perimeter, circularity, aspect ratio, 289 

roundness or solidity41. In contrast, age was significantly correlated with US 290 

measurement errors for assessing the lumbar multifidus cross-sectional area, circularity, 291 

aspect ratio and roundness42. Both studies showed that age was associated with mean 292 

echo-intensity errors. Therefore, further research may replicate these studies targeting the 293 

anterior scalene muscle. 294 

As introduced previously, most of the available evidence analyzed the 295 

morphology of the anterior scalene muscle using magnetic resonance imaging and 296 

computed tomography methods43-50. Among these studies, Hardy et al.,45 tested the 297 

diagnostic accuracy of MRI for identifying anatomical structures associated with thoracic 298 

outlet syndrome. Their results showed that this Gold Standard has enough specificity to 299 

provide guidance for planning surgical procedures, and 81% sensitivity for detecting 300 

anterior scalene hypertrophy. Since Radosher et al.,50 found the cross-sectional area 301 

(assessed with CT) of superficial neck muscles to be associated with upper limb disability 302 

and pain, there is a justified need for developing cost-effective imaging alternatives (such 303 

as US). 304 

The anterior scalene muscle is the leading muscle within the anterolateral aspect 305 

of the neck (in terms of number and size) type I muscle fibers47. Considering the muscle 306 

fibers type conversion demonstrated in patients with chronic neck pain15 and thoracic 307 

outlet syndrome43, this may explain the increased electromyographic activity and fatigue 308 

in low-loads tasks shown in these clinical populations16,17,44. Since US demonstrated to 309 

be a valid tool for assessing muscle composition by specific morphological and brightness 310 

analyses48,49, further studies may consider assessing US differences between cases and 311 

controls or analyze the correlation between US and clinical severity indicators for 312 
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demonstrating the utility of US and, in this case, use US metrics for identifying 313 

histological changes in the anterior scalene muscle after specific interventions. 314 

In addition, anterior scalene blocks have been used as a diagnostic test for 315 

identifying thoracic outlet syndrome and as a predictor of surgical success46,51. A previous 316 

study described how perform CT-guided injections, reporting 100% of success in 317 

intramuscular needle placement. Although there were no major complications following 318 

that procedure, 11% of the patients had minor complications (e.g., Horner sign, 319 

dysphagia, muscle weakness, temporary brachial plexus blocks and needle induce pain)51. 320 

Similarly, the same procedure was tested using US guiding52. Although the authors also 321 

reached 100% of success with no major complications, some minor complications were 322 

also reported (31% temporary partial brachial plexus block and 3% complete brachial 323 

plexus block). Although these differences could be attributable to the number of 324 

participants for each study (146 and 26 respectively) and the intervention time was better 325 

for CT guide compared with US (10 minutes and 30 minutes respectively), other needle 326 

interventions such as percutaneous electrical nerve stimulation53 or dry needling54 may 327 

benefit from US guide since CT is not readily accessible for most of physical therapists. 328 

In fact, previous research used US for developing prediction models aiming to assist 329 

clinicians in the needle length selection for avoiding adverse effects during invasive 330 

procedures where imaging guide is not possible55-57. Future studies could investigate 331 

prediction models for assisting with needle length selection and puncturing angulation in 332 

order to reduce accidental puncture of non-desirable structures (e.g., brachial plexus, 333 

phrenic nerve, carotid artery, jugular vein, vague nerve…).  334 

Finally, the reliability estimates obtained in this study were similar to other 335 

muscles located in the neck region in asymptomatic populations including the cervical 336 

multifidus, showing excellent reliability for assessing muscle size, shape and 337 
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brightness23,38 and better than other muscles such as the longus colli, the rectus capitis 338 

posterior major and the semispinalis capitis39,40. 339 

 340 

Limitations 341 

This study had some important limitations that should be recognized. First, we 342 

limited our sample to asymptomatic subjects. We do not know if these reliability 343 

estimates could be extrapolated to patients with neck pain symptoms since some clinical 344 

populations showed histological changes which may difficult the visualization of 345 

muscles’ limits. In addition, we only examined a single level and included a single US 346 

device and two examiners. Further research assessing other cervical levels, US brands 347 

and including more examiners is needed for confirming these results. Also, we limited 348 

the number of measurements per examiner to two trials. Future research is needed for 349 

analyzing if increasing the number of trials could improve the inter-examiner reliability 350 

of solidity and circularity calculations. Finally, the metrics obtained with US should be 351 

compared with a Gold Standard method (i.e., magnetic resonance imaging) for ensuring 352 

the US validity.  353 

 354 

Conclusion 355 

This study found that the described ultrasound procedure for locating and 356 

measuring the anterior scalene muscle morphology and quality is highly reliable in 357 

asymptomatic subjects based on the reliability estimates obtained in this study. Intra-358 

examiner reliability was good-to-excellent for assessing all the metrics included in the 359 

analyses independently of the examiners’ experience and inter-examiner reliability was 360 

good for assessing cross-sectional area and perimeter, solidity and circularity and aspect 361 

ratio, independently if one trial or a mean average of two trials is calculated. However, 362 
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the inter-examiner agreement for assessing the anterior scalene muscle circularity and 363 

solidity was low. In addition, this paper proposes technical considerations for future 364 

studies using this protocol for assessing its discriminative capacity, association with 365 

clinical severity or for developing prediction models aiming to assist clinicians on needle 366 

length selection and puncture angulation. 367 

 368 

 369 
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Legends of Figures 580 

Figure 1. Sonoanatomy of the structures of the lateral region of the neck at C7 level (A) 581 

with outlined structures (B). 582 

Figure 2. Raw Ultrasound imaging acquired at C7 level for assessing the anterior 583 

scalene muscle (A) and muscle contouring using ImageJ software for calculating the 584 

size, shape and brightness metrics (B). 585 

Figure 3. Radar chart comparing Intraclass Correlation Coefficients between the 586 

experienced (blue) and novel (green) examiners for intra-examiner reliability and inter-587 

examiner reliability for a single measurement (yellow) and mean average of two 588 

measurements (red). 589 
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A Procedure for Measuring the Anterior Scalene Morphology and Quality 39 

with Ultrasound Imaging: An Intra- and Inter-Rater Reliability Study 40 

 41 

Abstract 42 

Objective: Ultrasound imaging (US) an essential tool for clinicians due to its cost-43 

effectiveness and accessibility for assessing multiple muscle metrics including muscle 44 

quality, size and shape. Although previous studies highlighted the importance of the 45 

anterior scalene muscle (AS) in patients with neck pain, studies analyzing the reliability 46 

of US measurements for this muscle are lacking. This study aimed to develop a protocol 47 

for assessing the AS muscle shape and quality measured with US and investigate its intra- 48 

and inter-examiner reliability. Methods: Using a linear transducer, B-mode images of the 49 

antero-lateral neck region at C7 level were acquired in 28 healthy volunteers by two 50 

examiners (one experienced and one novel). Cross-sectional area, perimeter, shape 51 

descriptors and mean echo-intensity were measured twice by each examiner in 52 

randomized order. Intra-class correlation coefficients (ICC), standard error of 53 

measurement (SEM) and minimal detectable changes (MDC) were calculated. Results: 54 

Results showed no muscle side-to-side asymmetries (p>0.05). Gender differences were 55 

found for muscle size (p<0.01), but muscle shape and brightness were comparable 56 

(p>0.05). Intra-examiner reliability was good-to-excellent for all the metrics for the 57 

experienced and the novel examiners (ICC>0.846 and ICC>780 respectively). Although 58 

the inter-examiner reliability was good for most of the metrics (ICC>0.709), the estimates 59 

for assessing solidity and circularity were unacceptable (ICC<0.70).  Conclusion: This 60 

study found that the described ultrasound procedure for locating and measuring the 61 

anterior scalene muscle morphology and quality is highly reliable in asymptomatic 62 

subjects. 63 

Keywords: Anterior Scalene; Ultrasound imaging; Diagnostic accuracy studies, 64 

Reliability.  65 
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A Procedure for Measuring the Anterior Scalene Morphology and Quality 66 

with Ultrasound Imaging: An Intra- and Inter-Rater Reliability Study  67 

 68 

Introduction 69 

Scalene muscles are a group of up to 4 muscles (anterior, medium, posterior and 70 

minimus) allocated in the antero-lateral aspect of the neck, from the transverse processes 71 

of the cervical vertebrae to the first and second ribs1. Their functions comprise lateral 72 

flexion of the cervical spine and controversial cervical spine rotation2,3 if activated 73 

unilaterally, and cervical flexion if activated bilaterally4. Additionally, this muscle group 74 

is considered an accessory inspiratory muscle group5,6.  75 

Although these muscles’ attachments, surrounding structures, nerve supply and 76 

actions are widely described in the literature7, multiple anatomical variations have been 77 

found8-13. One of the most relevant clinical interests for this region is the inter-scalene 78 

triangle (the space formed by the anterior and middle scalene muscles in the lateral limits 79 

and the first rib in the lower limit), since through this space run the roots and trunks of 80 

the brachial plexus and the subclavian artery14. 81 

In addition to the thoracic outlet syndrome, the anterior scalene muscle was 82 

individually assessed in previous studies and showed to be a relevant structure associated 83 

with neck pain. Patients with chronic neck pain demonstrated greater slow-twitch type-1 84 

fibers conversion to fast-twitch type-2B fibers in comparison with asymptomatic 85 

subjects15, greater electromyographic activity during low-load tasks16,17, which may 86 

explain the greater muscle fatigue specific to the pain side18.  Although the anterior scale 87 

muscle is a clinically relevant structure to be considered in clinical populations and 88 

several methods assessed the morphology and function of this muscle, studies using US 89 

for investigating the anterior scalene muscle are lacking in contrast with many other 90 
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muscles in the neck area (e.g., short rotators, cervical multifidus, semispinalis, upper 91 

trapezius, levator scapulae or longus colli)19-21. 92 

Ultrasound imaging is a diagnostic imaging tool widely used in the clinical and 93 

research settings since is fast, easy to use, safe and cost-effective compared with other 94 

imaging modalities, providing real-time information22. Since there are multiple US 95 

imaging modes and technologies including B-mode (e.g., for assessing tissues’ 96 

morphology and quality)23,24, Doppler US (e.g., for assessing vascular flows)25, M-mode 97 

(e.g., for measuring muscle thickness changes during motor control exercises)26, shear-98 

wave and strain elastography (e.g., for assessing muscle stiffness properties)27 or 99 

panoramic US (e.g., for assessing muscle size, shape and quality in large structures)28, 100 

the evaluation of this elevate number of objective metrics also contributes to the 101 

increasing popularity of US. In addition, offline software also allows the modification of 102 

DICOM images (e.g., gain, gray scales, pixel selections…) and their measurement 103 

without the need of using the US device for this purpose, providing information about the 104 

tissues’ histological and morphological characteristics while the device is being used in 105 

other exams.  106 

Since clinicians prioritize the use of objective tools with acceptable indices of 107 

utility (i.e., validity, reliability, specificity and sensitivity)29, there is a need of assessing 108 

the diagnostic accuracy of US exploratory protocols prior to its use in the clinical and 109 

research settings. Therefore, the aim of this study is to design an easy and reproducible 110 

protocol for locating and measuring the anterior scalene muscle morphology and 111 

brightness using US and assess its intra- and inter-rater reliability in healthy subjects. 112 

  113 

Methods 114 

Study Design 115 
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A cross-sectional observational study with a diagnostic accuracy design was 116 

conducted between September 2022 and December 2022 in a private University located 117 

in Ávila (Spain). In order to enhance the presentation quality of this report, the directives 118 

for Reporting Reliability and Agreement Studies (GRRAS)30 and the Enhancing the 119 

QUAlity and Transparency Of health Research (EQUATOR) guidelines were followed31. 120 

Additionally, the Ethics Committee of Universidad Rey Juan Carlos (URJC 121 

3001201801618) supervised and approved the protocol developed for this study prior to 122 

the data collection.  123 

 124 

Participants 125 

         A convenient sample of healthy volunteers were recruiting after posting local 126 

announcements in the campus. To be eligible for participation, volunteers had to be aged 127 

between 18 and 65 years old and report no history of neck pain symptoms in the previous 128 

year. Participants were excluded if they reported history of whiplash, medication intake 129 

affecting muscle tone (e.g., muscle relaxants), underwent any surgical procedure, 130 

reported any neuropathic condition (e.g., radiculopathy, thoracic outlet syndrome or 131 

myelopathy) or showed severe degenerative radiologic finding. Once eligibility criteria 132 

were verified, participants had to read and sign an informed written consent to be included 133 

in the data collection. 134 

 135 

Sample Size Calculation 136 

 The sample size was estimated using the directives provided by Walter et al. for 137 

estimating the minimum sample size based on intraclass correlation coefficients32. Using 138 

as a reference the results obtained in previous studies which calculated the reliability of 139 

US procedures targeting neck muscles in healthy subjects21,23, ICC values >0.75 (since 140 
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this is the accepted cut-off for good-to-excellent reliability33 were considered as the value 141 

minimally acceptable.  142 

Since 1) an expected ICC value =0.9 was hypothesized; 2) an 80% of power and 143 

a 5% significance level were set; and 3) 10% losses were assumed considering the 144 

longitudinal nature of this study (participants had to be explored twice by two different 145 

examiners), the minimum sample size required for this study was set at 37 images. 146 

 147 

Examiners 148 

Two examiners participated in this study, one experienced (with +10 years of 149 

experience in the use of musculoskeletal US and +10 years of clinical experience with 150 

patients reporting neck pain) and one novel (with +10 years of clinical experience with 151 

patients reporting neck pain, but no previous experience in the use of musculoskeletal 152 

US). Before starting the study, the experienced examiner trained the novel for 10 hours 153 

distributed in two sessions (one theoretical with 3 hours of duration and one practical with 154 

7 hours of duration). During these sessions, basic concepts of US, use of the US device 155 

and the protocol developed for this study were revised. After finishing the training, the 156 

novel examiner had to demonstrate the knowledge and skills acquired by performing a 157 

successful trial.  158 

During the study, both examiners were isolated to ensure the blinding by doing 159 

the imaging acquisition in two turns (9:00 h to 13:00 h and 15:00 h to 19:00 h), changing 160 

the turn in alternate days. Participants were cited twice with 24 hours of difference.  161 

 162 

Ultrasound Imaging Acquisition Protocol 163 

 All ultrasound images were acquired with a Logiq E9 device and a linear 6-15 164 

MHz transducer ML-6-15-D (General Electric Healthcare, Milwaukee, WI, USA). The 165 
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console settings were also standard for all the acquisitions (Frequency=12 MHz, Gain=65 166 

dB and Depth=4.5 cm). 167 

All participants were placed in the supine position minimizing their lumbar 168 

lordosis by using a pillow under their knees and asked to relax their neck musculature 169 

during the procedure for minimizing muscle changes due to muscle contraction34.  170 

After administering acoustic coupling gel on the supraclavicular region, the 171 

transducer was placed transversally and glided laterally to the cricoid cartilage until 172 

locating the carotid artery and visualizing it in the lateral border of the image. Then, the 173 

transducer was glided cranially and caudally until locating the C6 transverse process in a 174 

short-axis view. This osseus reference is easy to recognize since is characterized by a 175 

prominent the anterior tubercle and a smaller posterior tubercle35. At this point, the probe 176 

was caudally glided until locating the transverse process of C7, which is characterized by 177 

a prominent posterior tubercle and no anterior tubercle (but sometimes a rudimentary 178 

anterior tubercle might be visualized)36 and the image was frozen and saved for posterior 179 

analyses. An example of the images acquired with US and the main structures identified 180 

is illustrated in Figure 1. 181 

Measurement of Muscle Morphology and Quality 182 

 An independent researcher codified, saved and, after exporting the images 183 

acquired to DICOM format, sent the files to the examiners. Each examiner measured the 184 

images acquired by themselves in a randomized order. For ensuring the blinding, no 185 

information was shared between the examiners during this process. 186 

All images were analyzed using the ImageJ offline DICOM software (National 187 

Institute of Health, Bethesda, MD, USA, v.1.53a). After transforming the image to a 32-188 

bit images (which is a 256 gray scale image), the anterior scalene was contoured avoiding 189 

the inclusion of bone, nerve roots or surrounding fascia as shown in Figure 2A. Finally, 190 
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muscle morphology (cross-sectional area in mm2 and perimeter in mm), shape (circularity 191 

was calculated as 4π*area/perimeter2 – values range from 0 to 1, where a value of 1 192 

indicates a perfect circle-, aspect ratio was calculated as the division between the major 193 

axis and the minor axis and roundness was calculated as 4*Area/(π*major axis2) and 194 

solidity was calculated as the proportion of pixels in the convex hull that are also in the 195 

muscle) and quality (mean echo-intensity calculated as the mean average brightness in 196 

this 256 gray scale within the region of interest contoured) metrics were automatically 197 

calculated by the software as shown in Figure 2B. 198 

 199 

Statistical Analysis 200 

All analyses were conducted in the Statistical Package for the Social Sciences 201 

(SPSS v.27, Armonk, NY, USA) for Mac OS, setting the significance level at p<0.05 for 202 

all the analyses. Firstly, data distribution was verified using histograms and Shapiro-Wilk 203 

tests for continuous variables. P values <0.05 were considered as non-normally 204 

distributed and p>0.05 as normally distributed37.  205 

Secondly, descriptive statistics for were used for reporting the total sample’s 206 

characteristics. Categorical data were reported as frequency and percentage for each 207 

category (e.g., number and percentage of women and men). Continuous variables were 208 

reported using central tendency metrics (i.e., mean for normal variables and median for 209 

non-normal variables) and dispersion metrics (i.e., standard deviation for normal 210 

variables and interquartile range for non-normal variables). Additionally, 211 

sociodemographic characteristics were independently reported for men and women while 212 

muscle morphology and quality characteristics were reported by gender and side. 213 

Between-group differences were analyzed using the Student’s T-tests for independent 214 
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samples, reporting the mean difference with a 95% confidence interval and considering a 215 

p value <0.05 as statistically significant.  216 

Intra-examiner and inter-examiner reliability analyses consisted of reporting 1) 217 

mean average and standard deviation of each metric score, 3) absolute error between 218 

attempts for intra-examiner reliability and examiners for inter-examiner reliability 219 

(absolute error was calculated since signs could underestimate the disagreement 220 

magnitude), 4) intraclass correlation coefficients (ICC3,1 for intra-examiner reliability and 221 

ICC3,2 for inter-examiner reliability, calculated with a 2-way mixed model, consistency 222 

type), 5) standard error of measurement (SEM= Standard Deviation of the mean average 223 

* √1−ICC) and 6) minimal detectable changes (MDC= 1.96* √2*SEM)33. 224 

 225 

Results  226 

 From a total of 37 subjects interested on participating in this study, 9 were 227 

excluded due to history of clinically relevant neck pain episodes within the previous year 228 

(n=9). Since 28 asymptomatic volunteers were finally included in the data collection and 229 

both the left and right sides were analyzed, 56 anterior scalene muscles were studied.  230 

Table 1 summarizes the sociodemographic characteristics of the sample (and 231 

compared by gender) and the US characteristics of the anterior scalene muscle (reported 232 

by gender and side). Males and females had comparable age and BMI (both, p>0.05), but 233 

males were significantly taller and heavier (both, p<0.001). Regarding the anterior 234 

scalene muscle, results showed no side-to-side asymmetries for size, shape or brightness 235 

(all metrics, p>0.05). Only muscle size (cross-sectional area and perimeter, p<0.01) 236 

showed statistically significant differences between males and females. Shape descriptors 237 

and mean echo-intensity were comparable between genders (p>0.05). 238 
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Table 2 shows intra-examiner reliability data for both examiners independently 239 

assessed. Regarding the novel examiner, ICC were excellent for measuring muscle size 240 

(cross-sectional area ICC=0.954 and muscle perimeter ICC=0.940) and muscle quality 241 

(mean echo-intensity ICC=0.969) and good for measuring muscle shape (circularity 242 

ICC=0.816, AR ICC=0.780, roundness ICC=0.823 and solidity ICC=0.766). On the other 243 

hand, ICC values for the experienced examiner were excellent for measuring muscle size 244 

cross-sectional area ICC=0.973, muscle perimeter ICC=0.951) and muscle brightness 245 

(ICC=0.942) while reliability was good-to-excellent for assessing muscle shape 246 

(circularity ICC=0.846, AR ICC=0.924, roundness ICC=0.915 and solidity ICC=0.860). 247 

Indicative MDC values are also detailed for each experience level in order to orientate 248 

whether changes in longitudinal studies (where a single examiner is involved) assessing 249 

the effect of specific interventions on these metrics are attributable to real changes (if 250 

changes are greater than MDCs) or measurement errors (if changes are smaller than 251 

MDC). Absolute errors were comparable between the novel and the experienced 252 

examiners (all metrics, p>0.05). 253 

Finally, inter-examiner reliability estimates are summarized in Table 3. These 254 

results showed good reliability for assessing cross-sectional area (ICC=0.841), muscle 255 

perimeter (ICC=0.705), aspect ratio (ICC=0.745), roundness (ICC=0.709) and excellent 256 

reliability for assessing muscle brightness (ICC=0.907). However, circularity and solidity 257 

metrics did not reach the minimally acceptable ICC (ICC<0.7). Although absolute errors 258 

showed no statistically significant differences between single and average of 2 259 

measurements (all, p>0.05), ICC generally improved if a mean average of 2 260 

measurements was conducted as shown in Table 3. 261 

An illustrative comparison between intra-examiner (for both the experienced and 262 

novel examiners) and inter-examiner reliability (comparing 1 trial and mean average of 2 263 
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measurements) is shown in Figure 3, summarizing the obtained ICC scores for each US 264 

metric.  265 

 266 

Discussion  267 

          Up to the authors’ knowledge, this is the first study calculating the intra- and inter-268 

examiner reliability of a US procedure for assessing the anterior scalene morphology and 269 

brightness. In general, we found good to excellent reliability for assessing anterior scalene 270 

muscle size, shape and brightness, independently the examiners’ experience. Regarding 271 

the inter-examiner agreement, statistical reliability estimates were comparable 272 

conducting a single measurement or calculating a mean average of two measurements. 273 

The reliability estimates obtained in this study were similar to other muscles located in 274 

the neck region in asymptomatic populations such as the cervical multifidus, showing 275 

excellent reliability for assessing muscle size, shape and brightness23,38 and better than 276 

other muscles such as the longus colli, the rectus capitis posterior major and the 277 

semispinalis capitis39,40. Although results showed good reliability for measuring aspect 278 

ratio, roundness, muscle brightness, cross-sectional area and perimeter, solidity and 279 

circularity metrics demonstrated unacceptable reliability (ICC<0.70). One potential 280 

reason explaining the limited reliability for these two metrics could be attributed to a 281 

higher contour sensitivity. For example, slight imperfections during the contour process 282 

have lower impact in the aspect ratio (as only assess the longest vertical and horizontal 283 

distances to describe if the area selected is as width as height) in contrast with circularity 284 

(where instead of two distances, the full contour is considered to obtain the metric).  285 

 Recent research analyzed the association between sociodemographic and body 286 

composition features with US measurement errors41,42. Their results showed that age, 287 

even if it was associated with lean mass and water volume, was not associated with errors 288 



 12 

for measuring cervical multifidus cross-sectional area, perimeter, circularity, aspect ratio, 289 

roundness or solidity41. In contrast, age was significantly correlated with US 290 

measurement errors for assessing the lumbar multifidus cross-sectional area, circularity, 291 

aspect ratio and roundness42. Both studies showed that age was associated with mean 292 

echo-intensity errors. Therefore, further research may replicate these studies targeting the 293 

anterior scalene muscle. 294 

As introduced previously, most of the available evidence analyzed the 295 

morphology of the anterior scalene muscle using magnetic resonance imaging and 296 

computed tomography methods43-50. Among these studies, Hardy et al.,45 tested the 297 

diagnostic accuracy of MRI for identifying anatomical structures associated with thoracic 298 

outlet syndrome. Their results showed that this Gold Standard has enough specificity to 299 

provide guidance for planning surgical procedures, and 81% sensitivity for detecting 300 

anterior scalene hypertrophy. Since Radosher et al.,50 found the cross-sectional area 301 

(assessed with CT) of superficial neck muscles to be associated with upper limb disability 302 

and pain, there is a justified need for developing cost-effective imaging alternatives (such 303 

as US). 304 

The anterior scalene muscle is the leading muscle within the anterolateral aspect 305 

of the neck (in terms of number and size) type I muscle fibers47. Considering the muscle 306 

fibers type conversion demonstrated in patients with chronic neck pain15 and thoracic 307 

outlet syndrome43, this may explain the increased electromyographic activity and fatigue 308 

in low-loads tasks shown in these clinical populations16,17,44. Since US demonstrated to 309 

be a valid tool for assessing muscle composition by specific morphological and brightness 310 

analyses48,49, further studies may consider assessing US differences between cases and 311 

controls or analyze the correlation between US and clinical severity indicators for 312 
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demonstrating the utility of US and, in this case, use US metrics for identifying 313 

histological changes in the anterior scalene muscle after specific interventions. 314 

In addition, anterior scalene blocks have been used as a diagnostic test for 315 

identifying thoracic outlet syndrome and as a predictor of surgical success46,51. A previous 316 

study described how perform CT-guided injections, reporting 100% of success in 317 

intramuscular needle placement. Although there were no major complications following 318 

that procedure, 11% of the patients had minor complications (e.g., Horner sign, 319 

dysphagia, muscle weakness, temporary brachial plexus blocks and needle induce pain)51. 320 

Similarly, the same procedure was tested using US guiding52. Although the authors also 321 

reached 100% of success with no major complications, some minor complications were 322 

also reported (31% temporary partial brachial plexus block and 3% complete brachial 323 

plexus block). Although these differences could be attributable to the number of 324 

participants for each study (146 and 26 respectively) and the intervention time was better 325 

for CT guide compared with US (10 minutes and 30 minutes respectively), other needle 326 

interventions such as percutaneous electrical nerve stimulation53 or dry needling54 may 327 

benefit from US guide since CT is not readily accessible for most of physical therapists. 328 

In fact, previous research used US for developing prediction models aiming to assist 329 

clinicians in the needle length selection for avoiding adverse effects during invasive 330 

procedures where imaging guide is not possible55-57. Future studies could investigate 331 

prediction models for assisting with needle length selection and puncturing angulation in 332 

order to reduce accidental puncture of non-desirable structures (e.g., brachial plexus, 333 

phrenic nerve, carotid artery, jugular vein, vague nerve…).  334 

Finally, the reliability estimates obtained in this study were similar to other 335 

muscles located in the neck region in asymptomatic populations including the cervical 336 

multifidus, showing excellent reliability for assessing muscle size, shape and 337 
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brightness23,38 and better than other muscles such as the longus colli, the rectus capitis 338 

posterior major and the semispinalis capitis39,40. 339 

 340 

Limitations 341 

This study had some important limitations that should be recognized. First, we 342 

limited our sample to asymptomatic subjects. We do not know if these reliability 343 

estimates could be extrapolated to patients with neck pain symptoms since some clinical 344 

populations showed histological changes which may difficult the visualization of 345 

muscles’ limits. In addition, we only examined a single level and included a single US 346 

device and two examiners. Further research assessing other cervical levels, US brands 347 

and including more examiners is needed for confirming these results. Also, we limited 348 

the number of measurements per examiner to two trials. Future research is needed for 349 

analyzing if increasing the number of trials could improve the inter-examiner reliability 350 

of solidity and circularity calculations. Finally, the metrics obtained with US should be 351 

compared with a Gold Standard method (i.e., magnetic resonance imaging) for ensuring 352 

the US validity.  353 

 354 

Conclusion 355 

This study found that the described ultrasound procedure for locating and 356 

measuring the anterior scalene muscle morphology and quality is highly reliable in 357 

asymptomatic subjects based on the reliability estimates obtained in this study. Intra-358 

examiner reliability was good-to-excellent for assessing all the metrics included in the 359 

analyses independently of the examiners’ experience and inter-examiner reliability was 360 

good for assessing cross-sectional area and perimeter, solidity and circularity and aspect 361 

ratio, independently if one trial or a mean average of two trials is calculated. However, 362 
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the inter-examiner agreement for assessing the anterior scalene muscle circularity and 363 

solidity was low. In addition, this paper proposes technical considerations for future 364 

studies using this protocol for assessing its discriminative capacity, association with 365 

clinical severity or for developing prediction models aiming to assist clinicians on needle 366 

length selection and puncture angulation. 367 

 368 

 369 

 370 

Declarations 371 

Funding: This research received no external funding.  372 

Institutional Review Board Statement: The study was conducted according to the 373 

guidelines of the Declaration of Helsinki and approved by the Clinical Ethics Committee 374 

of Universidad Rey Juan Carlos (ID: URJC 3001201801618).  375 

Informed Consent Statement: Informed consent was obtained from all subjects 376 

involved in the study.  377 

Data Availability Statement: All data derived from this study are presented in the text.  378 

Conflicts of Interest: The authors declare no conflict of interest. No conflict of interest 379 

was declared by the authors. This research did not receive any specific grant from funding 380 

agencies in the public, commercial, or not-for-profit sectors.   381 



 16 

References  382 

1. Schünke M, Schulte E, Schumacher U. Prometheus. Texto y Atlas de Anatomia. 383 

Tomo 3: Cabeza, Cuello y Neuroanatomía. 3rd ed. Editorial Médica Panamericana; 384 

2015. 385 

2. Kapandji AI, Saillant G, d’Aubigne RM. The Physiology of the Joints. Volume 3. 386 

The Spinal Column, Pelvic Girdle and Head. 7th Ed. Pencaitland: Handspring 387 

Publishing; 2019 388 

3. Kendall F, McCreary E. Muscles Testing and Function. 5th Ed. Baltimore, Md: 389 

Williams and Wilkins; 2005 390 

4. Georgakopoulos B, Lasrado S. Anatomy, Head and Neck, Inter-scalene Triangle. In: 391 

StatPearls. Treasure Island (FL): StatPearls Publishing; November 5, 2021. 392 

5. Borisut S, Tantisuwat A, Gaogasigam C. The study of respiratory muscles activation 393 

during respiratory muscle strength effort in adult females with chronic neck pain. J 394 

Phys Ther Sci. 2021;33(9):689-694. doi:10.1589/jpts.33.689 395 

6. Yeampattanaporn O, Mekhora K, Jalayondeja W, Wongsathikun J. Immediate 396 

effects of breathing re-education on respiratory function and range of motion in 397 

chronic neck pain. J Med Assoc Thai. 2014;97 Suppl 7:S55-S59. 398 

7. Rusnak-Smith S, Moffat M, Rosen E. Anatomical variations of the scalene triangle: 399 

dissection of 10 cadavers. J Orthop Sports Phys Ther. 2001;31(2):70-80. 400 

doi:10.2519/jospt.2001.31.2.70 401 

8. Aheer GK, Villella J. Scalenus muscle and the C5 root of the brachial plexus: 402 

bilateral anatomical variation and its clinical significance. J Can Chiropr Assoc. 403 

2021;65(2):229-233. 404 



 17 

9. Wayman J, Miller S, Shanahan D. Anatomical variation of the insertion of scalenus 405 

anterior in adult human subjects: implications for clinical practice. J Anat. 1993;183 406 

(Pt 1):165-167. 407 

10. Harry WG, Bennett JD, Guha SC. Scalene muscles and the brachial plexus: 408 

anatomical variations and their clinical significance. Clin Anat. 1997;10(4):250-252 409 

11. Radunovic M, Vukcevic B, Abramovic M, Vukcevic N, Radojevic N, Vuksanovic-410 

Bozaric A. Bilateral anatomic variation in the relation of the upper trunk of the 411 

brachial plexus to the anterior scalene muscle. Folia Morphol (Warsz). 412 

2019;78(1):195-198. doi:10.5603/FM.a2018.0056 413 

12. Lee JH, Kim HT, Choi IJ, Heo YR, Jung YW. An unusual anatomical variant of the 414 

left phrenic nerve encircling the transverse cervical artery. Folia Morphol (Warsz). 415 

2021;80(4):1027-1031. doi:10.5603/FM.a2020.0131 416 

13. Sakamoto Y. Spatial relationships between the morphologies and innervations of the 417 

scalene and anterior vertebral muscles. Ann Anat. 2012;194(4):381-388. 418 

doi:10.1016/j.aanat.2011.11.004 419 

14. Dahlstrom KA, Olinger AB. Descriptive anatomy of the interscalene triangle and the 420 

costoclavicular space and their relationship to thoracic outlet syndrome: a study of 421 

60 cadavers. J Manipulative Physiol Ther. 2012;35(5):396-401. 422 

doi:10.1016/j.jmpt.2012.04.017 423 

15. Falla D, Rainoldi A, Merletti R, Jull G. Myoelectric manifestations of 424 

sternocleidomastoid and anterior scalene muscle fatigue in chronic neck pain 425 

patients. Clin Neurophysiol. 2003;114(3):488-495. doi:10.1016/s1388-426 

2457(02)00418-2 427 

16. Falla DL, Jull GA, Hodges PW. Patients with neck pain demonstrate reduced 428 

electromyographic activity of the deep cervical flexor muscles during performance 429 



 18 

of the craniocervical flexion test. Spine (Phila Pa 1976). 2004a;29(19):2108-2114. 430 

doi:10.1097/01.brs.0000141170.89317.0e 431 

17. Bonilla-Barba L, Florencio LL, Rodríguez-Jiménez J, Falla D, Fernández-de-Las-432 

Peñas C, Ortega-Santiago R. Women with mechanical neck pain exhibit increased 433 

activation of their superficial neck extensors when performing the cranio-cervical 434 

flexion test. Musculoskelet Sci Pract. 2020;49:102222. 435 

doi:10.1016/j.msksp.2020.102222 436 

18. Falla D, Jull G, Rainoldi A, Merletti R. Neck flexor muscle fatigue is side specific in 437 

patients with unilateral neck pain. Eur J Pain. 2004b;8(1):71-77. doi:10.1016/S1090-438 

3801(03)00075-2 439 

19. Javanshir K, Amiri M, Mohseni-Bandpei MA, Rezasoltani A, Fernández-de-las-440 

Peñas C. Ultrasonography of the cervical muscles: a critical review of the literature. J 441 

Manipulative Physiol Ther. 2010;33(8):630-637. doi:10.1016/j.jmpt.2010.08.016 442 

20. Valera-Calero JA, Gallego-Sendarrubias G, Fernández-de-Las-Peñas C, Cleland JA, 443 

Ortega-Santiago R, Arias-Buría JL. Cross-sectional area of the cervical extensors 444 

assessed with panoramic ultrasound imaging: Preliminary data in healthy 445 

people. Musculoskelet Sci Pract. 2020a;50:102257. 446 

doi:10.1016/j.msksp.2020.102257 447 

21. Valera-Calero JA, Gallego-Sendarrubias GM, Fernández-de-Las-Peñas C, Cleland 448 

JA, Ortega-Santiago R, Arias-Buría JL. Panoramic Ultrasound Examination of 449 

Posterior Neck Extensors in Healthy Subjects: Intra-Examiner Reliability 450 

Study. Diagnostics (Basel). 2020b;10(10):740. doi:10.3390/diagnostics10100740 451 

22. Gitto S, Messina C, Vitale N, Albano D, Sconfienza LM. Quantitative 452 

Musculoskeletal Ultrasound. Semin Musculoskelet Radiol. 2020;24(4):367-374. 453 

doi:10.1055/s-0040-1709720 454 



 19 

23. Valera-Calero JA, Arias-Buría JL, Fernández-de-Las-Peñas C, Cleland JA, Gallego-455 

Sendarrubias GM, Cimadevilla-Fernández-Pola E. Echo-intensity and fatty 456 

infiltration ultrasound imaging measurement of cervical multifidus and short rotators 457 

in healthy people: A reliability study. Musculoskelet Sci Pract. 2021a;53:102335. 458 

doi:10.1016/j.msksp.2021.102335 459 

24. Valera-Calero JA, Fernández-de-Las-Peñas C, Cleland JA, Varol U, Ortega-Santiago 460 

R, Arias-Buría JL. Ultrasound assessment of deep cervical extensors morphology 461 

and quality in populations with whiplash associated disorders: An intra- and inter-462 

examiner reliability study. Musculoskelet Sci Pract. 2022a;59:102538. 463 

doi:10.1016/j.msksp.2022.102538 464 

25. Haynes MJ. Vertebral arteries and cervical movement: Doppler ultrasound 465 

velocimetry for screening before manipulation. J Manipulative Physiol Ther. 466 

2002;25(9):556-567. doi:10.1067/mmt.2002.127077 467 

26. Valera-Calero JA, Fernández-de-Las-Peñas C, Varol U, Ortega-Santiago R, Gallego-468 

Sendarrubias GM, Arias-Buría JL. Ultrasound Imaging as a Visual Biofeedback Tool 469 

in Rehabilitation: An Updated Systematic Review. Int J Environ Res Public Health. 470 

2021b;18(14):7554. doi:10.3390/ijerph18147554 471 

27. Valera-Calero JA, Sánchez-Jorge S, Buffet-García J, Varol U, Gallego-Sendarrubias 472 

GM, Álvarez-González J. Is Shear-Wave Elastography a Clinical Severity Indicator 473 

of Myofascial Pain Syndrome? An Observational Study. J Clin Med. 474 

2021c;10(13):2895. doi:10.3390/jcm10132895 475 

28. Valera-Calero JA, Ojedo-Martín C, Fernández-de-Las-Peñas C, Cleland JA, Arias-476 

Buría JL, Hervás-Pérez JP. Reliability and Validity of Panoramic Ultrasound 477 

Imaging for Evaluating Muscular Quality and Morphology: A Systematic 478 



 20 

Review. Ultrasound Med Biol. 2021d;47(2):185-200. 479 

doi:10.1016/j.ultrasmedbio.2020.10.009 480 

29. Wiles LK, Hibbert PD, Stephens JH, et al. What Constitutes "Appropriate Care" for 481 

Low Back Pain?: Point-of-Care Clinical Indicators From Guideline Evidence and 482 

Experts (the STANDING Collaboration Project). Spine (Phila Pa 1976). 483 

2022;47(12):879-891. doi:10.1097/BRS.0000000000004274. 484 

30. Kottner J, Audige L, Brorson S, et al. Guidelines for Reporting Reliability and 485 

Agreement Studies (GRRAS) were proposed. Int J Nurs Stud. 2011;48(6):661-671. 486 

doi:10.1016/j.ijnurstu.2011.01.016 487 

31. Simera I, Moher D, Hoey J, Schulz KF, Altman DG. A catalogue of reporting 488 

guidelines for health research. Eur J Clin Invest. 2010;40(1):35-53. 489 

doi:10.1111/j.1365-2362.2009.02234.x  490 

32. Walter SD, Eliasziw M, Donner A. Sample size and optimal de- signs for reliability 491 

studies. Stat Med. 1998;17:101-110  492 

33. Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation 493 

Coefficients for Reliability Research. J Chiropr Med. 2016;15(2):155-163. 494 

doi:10.1016/j.jcm.2016.02.012 495 

34. Lee JP, Wang CL, Shau YW, Wang SF. Measurement of cervical multifidus 496 

contraction pattern with ultrasound imaging. J Electromyogr Kinesiol. 497 

2009;19(3):391-397. doi:10.1016/j.jelekin.2007.11.007 498 

35. Tubbs RS, Salter EG, Custis JW, Wellons JC 3rd, Blount JP, Oakes WJ. Surgical 499 

anatomy of the cervical and infraclavicular parts of the long thoracic nerve. J 500 

Neurosurg. 2006;104(5):792-795. doi:10.3171/jns.2006.104.5.792 501 



 21 

36. Hsu PC, Chang KV, Mezian K, et al. Sonographic Pearls for Imaging the Brachial 502 

Plexus and Its Pathologies. Diagnostics (Basel). 2020;10(5):324. Published 2020 503 

May 20. doi:10.3390/diagnostics10050324 504 

37. Henderson AR. Testing experimental data for univariate normality. Clin Chim Acta. 505 

2006;366(1-2):112-129. doi:10.1016/j.cca.2005.11.007 506 

38. Valera-Calero JA, Sánchez-Jorge S, Álvarez-González J, et al. Intra-rater and inter-507 

rater reliability of rehabilitative ultrasound imaging of cervical multifidus muscle in 508 

healthy people: Imaging capturing and imaging calculation. Musculoskelet Sci Pract. 509 

2020d;48:102158. doi:10.1016/j.msksp.2020.102158 510 

39. McGaugh J, Ellison J. Intrasession and interrater reliability of rehabilitative 511 

ultrasound imaging measures of the deep neck flexors: A pilot study. Physiother 512 

Theory Pract. 2011;27(8):572-577. doi:10.3109/09593985.2010.544706  513 

40. Øverås CK, Myhrvold BL, Røsok G, Magnesen E. Musculoskeletal diagnostic 514 

ultrasound imaging for thickness measurement of four principal muscles of the 515 

cervical spine -a reliability and agreement study. Chiropr Man Therap. 2017;25:2. 516 

doi:10.1186/s12998-016-0132-9  517 

41. Varol U, Navarro-Santana MJ, Gómez-Sánchez S, Plaza-Manzano G, Sánchez-518 

Jiménez E, Valera-Calero JA. Inter-Examiner Disagreement for Assessing Cervical 519 

Multifidus Ultrasound Metrics Is Associated with Body Composition Features. 520 

Sensors (Basel). 2023a;23(3):1213. doi:10.3390/s23031213  521 

42. Varol U, Sánchez-Jiménez E, Leloup EAA, et al. Correlation between Body 522 

Composition and Inter-Examiner Errors for Assessing Lumbar Multifidus Muscle 523 

Size, Shape and Quality Metrics with Ultrasound Imaging. Bioengineering (Basel). 524 

2023b;10(2):133. doi:10.3390/bioengineering10020133  525 



 22 

43. Sanders RJ, Jackson CG, Banchero N, Pearce WH. Scalene muscle abnormalities in 526 

traumatic thoracic outlet syndrome. Am J Surg. 1990;159(2):231-236. 527 

doi:10.1016/s0002-9610(05)80269-7 528 

44. Jordan SE, Machleder HI. Diagnosis of thoracic outlet syndrome using 529 

electrophysiologically guided anterior scalene blocks. Ann Vasc Surg. 530 

1998;12(3):260-264. doi:10.1007/s100169900150 531 

45. Hardy A, Pougès C, Wavreille G, Behal H, Demondion X, Lefebvre G. Thoracic 532 

Outlet Syndrome: Diagnostic Accuracy of MRI. Orthop Traumatol Surg Res. 533 

2019;105(8):1563-1569. doi:10.1016/j.otsr.2019.09.020 534 

46. Lum YW, Brooke BS, Likes K, et al. Impact of anterior scalene lidocaine blocks on 535 

predicting surgical success in older patients with neurogenic thoracic outlet 536 

syndrome. J Vasc Surg. 2012;55(5):1370-1375. doi:10.1016/j.jvs.2011.11.132 537 

47. Cornwall J, Kennedy E. Fiber types of the anterior and lateral cervical muscles in 538 

elderly males. Eur Spine J. 2015;24(9):1986-1991. doi:10.1007/s00586-015-3795-3 539 

48. Winkler T, Mersmann F, von Roth P, Dietrich R, Bierbaum S, Arampatzis A. 540 

Development of a Non-invasive Methodology for the Assessment of Muscle Fibre 541 

Composition. Front Physiol. 2019;10:174. doi:10.3389/fphys.2019.00174 542 

49. Tanaka NI, Ogawa M, Yoshiko A, Akima H. Validity of Extended-Field-of-View 543 

Ultrasound Imaging to Evaluate Quantity and Quality of Trunk Skeletal 544 

Muscles. Ultrasound Med Biol. 2021;47(3):376-385. 545 

doi:10.1016/j.ultrasmedbio.2020.11.006 546 

50. Radosher A, Kalichman L, Moshe S, et al. Upper Quadrant Pain and Disability 547 

Associated with a Cross-Sectional Area of Deep and Superficial Neck Muscles: A 548 

Computed Tomography Study. Spine (Phila Pa 1976). 2022;47(6):E249-E257. 549 

doi:10.1097/BRS.0000000000004164 550 



 23 

51. Mashayekh A, Christo PJ, Yousem DM, Pillai JJ. CT-guided injection of the anterior 551 

and middle scalene muscles: technique and complications. AJNR Am J Neuroradiol. 552 

2011;32(3):495-500. doi:10.3174/ajnr.A2319 553 

52. Torriani M, Gupta R, Donahue DM. Sonographically guided anesthetic injection of 554 

anterior scalene muscle for investigation of neurogenic thoracic outlet 555 

syndrome. Skeletal Radiol. 2009;38(11):1083-1087. doi:10.1007/s00256-009-0714-556 

x 557 

53. García-Collado A, Valera-Calero JA, Fernández-de-Las-Peñas C, Arias-Buría JL. 558 

Effects of Ultrasound-Guided Nerve Stimulation Targeting Peripheral Nerve Tissue 559 

on Pain and Function: A Scoping Review. J Clin Med. 2022;11(13):3753. Published 560 

2022 Jun 28. doi:10.3390/jcm11133753 561 

54. Arias-Buría JL, Monroy-Acevedo Á, Fernández-de-Las-Peñas C, Gallego-562 

Sendarrubias GM, Ortega-Santiago R, Plaza-Manzano G. Effects of dry needling of 563 

active trigger points in the scalene muscles in individuals with mechanical neck pain: 564 

a randomized clinical trial. Acupunct Med. 2020;38(6):380-387. 565 

doi:10.1177/0964528420912254 566 

55. Valera-Calero JA, Laguna-Rastrojo L, de-Jesús-Franco F, et al. Prediction Model of 567 

Soleus Muscle Depth Based on Anthropometric Features: Potential Applications for 568 

Dry Needling. Diagnostics (Basel). 2020c;10(5):284. Published 2020 May 7. 569 

doi:10.3390/diagnostics10050284 570 

56. Valera-Calero JA, Cendra-Martel E, Fernández-Rodríguez T, Fernández-de-Las-571 

Peñas C, Gallego-Sendarrubias GM, Guodemar-Pérez J. Prediction model of 572 

rhomboid major and pleura depth based on anthropometric features to decrease the 573 

risk of pneumothorax during dry needling. Int J Clin Pract. 2021e;75(7):e14176. 574 

doi:10.1111/ijcp.14176 575 



 24 

57. Valera-Calero JA, Varol U, Plaza-Manzano G, Fernández-de-Las-Peñas C, Agudo-576 

Aguado A. Regression Model Decreasing the Risk of Femoral Neurovascular Bundle 577 

Accidental Puncture. Tomography. 2022b;8(5):2498-2507. 578 

doi:10.3390/tomography8050208  579 



 25 

Legends of Figures 580 

Figure 1. Sonoanatomy of the structures of the lateral region of the neck at C7 level (A) 581 

with outlined structures (B). 582 

Figure 2. Raw Ultrasound imaging acquired at C7 level for assessing the anterior 583 

scalene muscle (A) and muscle contouring using ImageJ software for calculating the 584 

size, shape and brightness metrics (B). 585 

Figure 3. Radar chart comparing Intraclass Correlation Coefficients between the 586 

experienced (blue) and novel (green) examiners for intra-examiner reliability and inter-587 

examiner reliability for a single measurement (yellow) and mean average of two 588 

measurements (red). 589 
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Table 1. Participants’ sociodemographic and US characteristics. 

 

Variables 
Total sample 

(n=28) 

Gender Side 

Male (n=13) Female (n=15) Left (n=28) Right (n=28) 

Sociodemographic Characteristics 

Age (y) 19.9  4.8 20.8  6.6 19.0  1.8 - - 

Height (m)* 1.70  0.08 1.76  0.04 1.65  0.06 - - 

Weight (kg)* 69.7  15.6 77.8  12.9 62.4  14.3 - - 

Body Mass Index (kg/m2) 23.8  4.9 25.0  4.7 22.7  5.0 - - 

Anterior Scalene Ultrasound Characteristics a 

Cross-sectional area (mm2)** 165.0  41.7  176.0  35.8 155.7  44.4 165.3  37.5 164.7  45.7 

Muscle Perimeter (mm)** 49.8  6.7  51.6  5.3 48.3  7.4 49.6  7.0 50.1  6.4 

Circularity (0-1) 0.83  0.07  0.82  0.06 0.83  0.08 0.83  0.08 0.82  0.07 

Aspect Ratio 1.49  0.28  1.51  0.27 1.46  0.28 1.50  0.27 1.47  0.29 

Roundness (0-1) 0.69  0.11  0.67  0.10 0.70  0.12 0.70  0.12 0.69  0.11 

Solidity (0-1) 0.97  0.03 0.97  0.02 0.97  0.03 0.97  0.03 0.97  0.03 

Mean echo-intensity (0-255) 49.3  8.7 48.9  9.5 49.7  8.2 50.4  9.1 48.2  8.2 
 

a Reported values are the mean average scores of both trials performed by both examiners 

* Statistically significant differences between genders (p<0.001) 

** Statistically significant differences between genders (p<0.01) 
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Table 2. Intra-rater reliability for the anterior scalene US metrics  

 

Variables Mean  SD Absolute Error ICC3,1 (95% CI) SEM MDC95 

Novel Examiner 

Cross-sectional area (mm2) 170.8  40.1  12.7  11.5  0.954 (0.920;0.973) 8.6 23.8 

Muscle Perimeter (mm) 49.8  6.2  2.0  2.2  0.940 (0.898;0.965) 1.5 4.2 

Circularity (0-1) 0.85  0.05  0.03  0.03  0.816 (0.685;0.893) 0.02 0.05 

Aspect Ratio 1.44  0.22  0.15  0.15  0.780 (0.622;0.872) 0.10 0.28 

Roundness  0.71  0.10  0.06  0.05  0.823 (0.696;0.897) 0.04 0.11 

Solidity 0.98  0.02 0.01  0.01  0.766 (0.598;0.863) 0.01 0.02 

Mean echo-intensity (0-255) 51.2  8.3 2.2  2.2  0.969 (0.946;0.982) 1.46 4.1 

Experienced Examiner 

Cross-sectional area (mm2) 159.0  43.0  10.7  8.9  0.973 (0.954;0.985) 7.1 19.6 

Muscle Perimeter (mm) 49.9  7.3  2.4  2.2  0.951 (0.915;0.972) 1.6 4.5 

Circularity (0-1) 0.80  0.08  0.05  0.03  0.846 (0.732;0.912) 0.03 0.09 

Aspect Ratio 1.54  0.32  0.13  0.13  0.924 (0.867;0.956) 0.08 0.24 

Roundness  0.67  0.13  0.05  0.05  0.915 (0.853;0.951) 0.03 0.10 

Solidity 0.96  0.03  0.02  0.01  0.860 (0.757;0.920) 0.01 0.03 

Mean echo-intensity (0-255) 47.3  8.8  3.3  2.9  0.942 (0.898;0.967) 2.11 5.9 

 

SEM and MDC95 are expressed in the units described for each parameter 
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Table 3. Inter-rater reliability for the anterior scalene US metrics  

 

Variables Mean  SD Absolute Error ICC3,2 (95% CI) SEM MDC95 

One Trial 

Cross-sectional area (mm2) 166.3  40.9  22.8  22.7  0.841 (0.723;0.909) 16.3 45.2 

Muscle Perimeter (mm) 49.9  6.4  4.5  3.6  0.795 (0.643;0.882) 2.9 8.0 

Circularity (0-1) 0.83  0.06  0.08  0.07  0.561 (0.236;0.748) 0.04 0.11 

Aspect Ratio 1.49  0.26  0.21  0.16  0.745 (0.555;0.853) 0.13 0.36 

Roundness  0.69  0.10  0.09  0.07  0.709 (0.492;0.833) 0.05 0.15 

Solidity 0.97  0.02  0.02  0.02  0.532 (0.184;0.731) 0.01 0.04 

Mean echo-intensity (0-255) 50.1  8.9  4.4  4.4  0.907 (0.838;0.946) 2.7 7.5 

Mean Average of Two Trials 

Cross-sectional area (mm2) 165.0  41.7  20.9  18.9  0.880 (0.791;0.931) 14.4 40.0 

Muscle Perimeter (mm) 49.8  6.7  3.8  3.2  0.836 (0.714;0.906) 2.7 7.5 

Circularity (0-1) 0.83  0.07  0.06  0.06  0.550 (0.217;0.742) 0.05 0.13 

Aspect Ratio 1.49  0.28  0.20  0.17  0.745 (0.556;0.854) 0.14 0.39 

Roundness  0.69  0.11  0.08  0.07  0.726 (0.522;0.843) 0.06 0.15 

Solidity 0.97  0.03 0.02  0.02  0.524 (0.171;0.727) 0.02 0.05 

Mean echo-intensity (0-255) 49.3  8.7 4.4  3.7 0.925 (0.869;0.957) 2.4 6.6 

 

SEM and MDC95 are expressed in the units described for each parameter 
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