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Longitudinal changes in ventral and dorsal neck muscle layers during 

loading against gravity in healthy volunteers using speckle tracking 
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ABSTRACT 

Objectives: The present study aimed to describe and compare the longitudinal mechanical 

activity, deformation, and deformation rate of the different layers of dorsal and ventral neck 

muscles in healthy volunteers during head lifts against gravity.  

Methods: The cross-sectional study included nineteen healthy volunteers (mean age, 28 

years; SD, 7 years). Ultrasound with speckle-tracking analysis was used to investigate 

longitudinal mechanical activation, deformation, and deformation rate of dorsal and ventral 

neck muscles in real time during a head lift. Significance levels were set as P = 0.025 or 

0.0125, depending on the number of comparisons.  

Results: The dorsal neck muscles did not significantly differ in deformation (P > 0.04); 

however, the multifidus had a higher deformation rate than all other dorsal muscles (P < 

0.003). The sternocleidomastoid had significantly higher deformation than the longus capitis 

(P = 0.005) and colli (P = 0.001), but a lower deformation rate than the longus colli (P = 

0.02).  

Conclusions: The sternocleidomastoid deformed more than the deeper muscles but did it 

significantly slower than the longus colli. Among the dorsal muscles, the deepest (the 

multifidus) had the highest deformation rate.  

Keywords: neck muscles; exercise; motor skills; ultrasonography  
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INTRODUCTION 

Neck pain is a common problem, with published one-year prevalence ranging from 34–

65%
1-4

 and the highest values reported in the most recent reports.
2, 4

 Neck muscles provide up 

to 80% of cervical spine stability.
5
 Compared with healthy subjects, people with neck pain 

show decreased neck muscle endurance
6-8

 and altered neck muscle activation patterns.
9, 10

. In 

patients with neck disorders, neck-specific exercises are an important part of rehabilitation.
11, 

12
 

Training exercises and clinical tests of neck muscle endurance (NME) commonly 

utilize loaded and unloaded neck lift exercises against gravity, in prone positions for the 

extensors and in supine positions for the flexors.
7, 8, 13, 14, 15

 Only sparse information is 

currently available regarding which muscle layers are used in these positions without risk of 

cross talk.
10, 13, 16, 17

 Several studies have analyzed post-performance muscle behavior by 

examining cross-sectional areas using magnetic resonance imaging (MRI)
16

 and functional 

MRI (fMRI)
10, 13, 17

, and one has separately analyzed the behavioral functions of the longus 

capitis and longus colli.
13

 One disadvantage of fMRI is that exercises cannot be studied in 

real time during the actual performance. No study has evaluated the different layers of neck 

muscles used and their mechanical properties in real time during exercise performance. 

Further investigations are needed to understand which muscles are actually activated and 

tested in measures of neck muscle endurance, which could be useful for improving 

rehabilitation protocols.  

In the present study, healthy volunteers performed head lifts against gravity, and we 

used ultrasound imaging with speckle tracking to evaluate longitudinal changes of the neck 

muscles in real time. We aimed to investigate, describe, and compare the mechanical activity, 

deformation (percentage of change in longitudinal length), and deformation rate (the speed of 
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the deformation) of the different layers of dorsal and ventral neck muscles during loading 

against gravity. 

 

 

METHODS 

Participants.  

This cross-sectional study included nineteen healthy volunteers (10 women and 9 men; 

mean age, 28 years; SD, 7 years; range, 21–48 years). Eighteen of the volunteers were right 

handed and one ambidextrous. Healthy was defined as follows: no present or past neck 

problems [<10 mm on the VAS
18, 19

 and <20% on the Neck Disability Index (NDI)
20

], no 

neck or head trauma, no rheumatological or neurological diseases, no generalized myalgia, 

and no severe back pain. The mean VAS value for pain intensity was 0.2 mm (SD, 0.5; range, 

0–2), mean NDI score was 0.7% (SD, 0.8; range, 0–3), and mean physical activity level was 

3.9 (SD, 0.2; range, 3–4) out of a maximum score of 4.
15

 

All participants provided written informed consent. All procedures were conducted 

according to the Declaration of Helsinki, and the study was approved by the Ethics 

Committee at the Faculty of Health Sciences at Linköping University in Sweden.  

 

Ultrasound imaging.  

Anatomical assessments were performed with a 14.0 MHz linear transducer (38-mm 

footprint) and an Ultrasound Vivid 9 Dimension (GE Healthcare, Horten, Norway) with a 

high frame rate (78 frames/s) operated in B-mode, and a 2D ultrasound imaging system.  
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Images were recorded of the dorsal cervical muscles—including (from the most 

superficial to the deepest) the trapezius, splenius, semispinalis capitis, semispinalis cervicis, 

and multifidus (Fig. 1A). We also recorded images of ventral muscles, including the most 

superficial (sternocleidomastoid and longus capitis) and the deepest (longus colli) (Fig. 1B). 

For the dorsal muscles, an experienced physiotherapist identified the C4 level by palpation 

and marked the skin with a pen. The transducer was then positioned in a transverse 

orientation at that level on the right side, identifying the articular process, lamina, and the 

different layers of the dorsal neck muscles. For the ventral muscles, the transducer was 

positioned in a transverse orientation at the C4 level at the right side, using the bifurcation of 

the carotid artery and the thyroid as reference points to ensure imaging of the segmental level 

of interest. Once the operator was comfortable that the C4 spinal level had been identified, 

the transducer was rotated 90 degrees to a longitudinal orientation. This provided an optimal 

image plane for specialized post-process speckle-tracking analysis using research software 

based on the stable Farneback mathematical model.
21

  

 

Speckle-tracking analysis.  

When ultrasound waves hit irregularity in muscle tissues, they are reflected and spread 

out in different directions. When these sound waves meet each other, a unique acoustic 

mosaic pattern occurs (like ripples on the water when several stones have been thrown), 

which is like a fingerprint for that specific muscle. This unique speckle pattern could be 

analyzed using post-processing software to automatically identify the moving muscle 

structure of interest between the fascia during an exercise. Rectangular markers; region of 

interests (ROIs) (10 × 2 mm) were manually placed along the fibers of each muscle during 

imaging to automatically  tag and track the underlying muscle when moving. Each ROI 
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contained hundreds of measuring points fixed to specific areas on the imaged muscle tissue, 

following and registering changes in the muscle’s longitudinal length variation 

(contraction/elongation) frame-by-frame during the whole ultrasound movie sequence (AVI-

format). When the muscle shortens, so does the ROI and vice versa. Median values for each 

measuring point were given for the specific ROI. Reliably
14, 21, 22, 23

 and valid
14

 quantifying 

mechanical muscle activity by tracking the ROI in each and every frame is possible due to a 

speckle-tracking algorithm based on a stable mathematical model (Farneback).
21

 At least 80% 

agreement between frames is required to ensure that the muscle is consistently followed. 

Before analyzing the tracking using the software, the ROI was visually checked in slow-

motion to ensure that it tagged and tracked the underlying muscle tissue of interest during the 

whole movie sequence. 

We calculated two measurements of longitudinal muscle mechanical activity: 

deformation and deformation rate, with results presented as the root mean square (RMS). 

Muscle deformation (strain) was defined as the longitudinal change in muscle tissue during 

contraction (elongation/shortening during exercise) relative to a reference length (recorded 

pre-exercise in the first frame of the video). Muscle deformation during exercise was 

expressed as a percentage of the pre-exercise muscle length (% strain). Muscle deformation 

rate (% strain 1/s) was defined as the deformation per time unit, and provided information 

concerning the speed of the longitudinal muscle deformation. 

 

Test procedure of dorsal and ventral neck muscles.  

The test procedure was standardized
8, 15

 and carefully monitored by the test leader. 

Before the test, the participants were instructed in the test performance, and a test trial was 

performed in each position to ensure understanding. The participants were instructed to lift on 
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“lift,” after the test leader had counted to three; to maintain the test position for 5 s; and on 

“down,” to lower their head for rest. Ultrasound recordings were taken from “lift” to “down,” 

with ultrasound videos of about 7-seconds long. 

When measuring the dorsal neck muscles, the participant was in a prone position with 

legs straight, arms positioned at the sides, and a load (2 kg for women and 4 kg for men) 

applied around the head just above the ears. The participant then extended and raised the head 

just above the examination table, with the tip of the chin pointing against the floor
8, 15

 (Fig. 

2A).  

When ventral NME was measured, the subject was in a supine position with legs 

straight and the arms positioned alongside the body. The subject was instructed to flex the 

upper cervical spine, and was told “do a small nod of the head, hold your chin against your 

chest, and raise your head just above the examination table”
8, 15

 (Fig. 2B).  

 

Statistical methods.  

Data was reported using descriptive statistics with mean and standard deviation (SD). 

General linear model repeated measures analysis was used to determine the main effect of a 

muscle. Deformation was analyzed based on the area over (elongation relative to the length 

of the first frame of the video) and under (relative contraction) the curve line of zero (no 

deformation). For tests of simple effects, repeated measure analysis of variance (ANOVA) 

with the Bonferroni post-hoc test was used for comparisons of both deformation and 

deformation rates between muscle layers. For ventral and dorsal neck muscles, respectively, 

P-values of ≤0.025 and ≤0.0125 were considered significant. The ventral/dorsal ratio was 
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calculated by dividing the mean values of the deformation results of all ventral neck muscles 

by the mean of all the dorsal neck muscles.  

 

 

RESULTS 

Table 1 presents patient descriptive statistics.  

 

Dorsal neck muscles.  

Muscle type had no main effect on deformation (P = 0.32). Tests of simple effects 

showed that, although the multifidus had the highest mean deformation value, there were no 

significant differences between the deformation values among dorsal neck muscles (P > 

0.04). The semispinalis cervicis had a larger area under the zero line (relative shortening) 

compared with the splenius (P = 0.009). There was also a tendency for the multifidus to have 

a larger area under the zero line than the semispinalis cervicis (P < 0.02). The muscles did not 

significantly differ in the areas over the zero line (relative elongation) (P > 0.13). 

There was a main effect of muscle type on deformation rate (P = 0.01). Tests of simple 

effects showed that the multifidus had a higher deformation rate than all the other dorsal 

muscles (P < 0.003). 

 

Ventral neck muscles.  

For ventral neck muscles, muscle type had a significant main effect on deformation (P 

= 0.003). Tests of simple effects showed that the sternocleidomastoid had significantly higher 
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deformation than both the longus capitis (P = 0.005) and colli (P = 0.001). When the 

deformation was split into the separate areas over (relative elongation) and under (relative 

shortening) the zero line, no differences were observed between the muscles for the area over 

the line (P > 0.37). For area under the line (relative shortening), the sternocleidomastoid had 

a significant larger area than the longus colli (P = 0.008).  

Muscle type had no significant main effect on deformation rate (P = 0.08), but tests of 

simple effects showed that the sternocleidomastoid had a lower deformation rate than the 

longus colli (P = 0.02). 

 

Ratio.  

The ventral/dorsal ratio was 2.7 (SD, 2.50), showing that the NME test placed a higher 

demand on the ventral neck muscles than the dorsal ones. 

 

 

DISCUSSION 

Dorsal neck muscles.  

The present data showed a trend of the deepest dorsal neck muscles (the multifidus) 

having higher mean deformation values, due to greater shortening relative to the other dorsal 

neck muscles. However, the data showed large variation and thus no significant differences in 

deformation between the dorsal muscles. The observed trend of high activation in deep 

muscles corresponds well with previous results obtained from MRI
16

 and fMRI
17

 of the 

extensor muscles when activated in the prone position. Conley et al.
16

 found relatively less 

use (change in cross-sectional area) of the trapezius, and marked use of the semispinalis and 
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multifidus muscles, while Elliott et al.
17

 reported increased T2 shifts in the semispinalis and 

multifidus muscles compared to in the splenius during the head lift. 

The multifidus had a significantly higher deformation rate compared to all other 

muscles. This finding indicates that the deep multifidus muscle was highly active, stabilizing 

the cervical spine when lifting against gravity, and therefore that the multifidus is active 

when exercising or testing endurance in the investigated position.  

 

Ventral neck muscles.  

Among the ventral muscles, the most superficial muscle (the sternocleidomastoid) had 

the greatest deformation but the lowest deformation rate. Results from earlier studies are 

contradictory. 
13, 16, 24

 During cervical flexion and during cervical flexion combined with 

craniocervical flexion during head lifts in the supine position, Cagnie et al. (13) reported 

significant T2 increases on fMRI for the sternocleidomastoid, longus capitis, and longus colli; 

these findings show that these muscles are active during head lifts in the supine position, 

which is in line with the results of the present study. However, they
13

 also found that, during 

the cervical flexion exercise, the longus capitis had a significantly higher T2 increase than the 

longus colli and sternocleidomastoid, and they observed higher T2 increases in both the 

longus capitis and colli compared with the sternocleidomastoid. These results are 

contradictory to our present findings and to those of Conley et al.
16

 and O´Leary et al.,
24

 in 

which the sternocleidomastoid showed the highest activity during the cervical flexion task 

against gravity. These different results may be due to differences in the test performance, or 

to the use of different measurement methods. Although both fMRI results and deformation 

values obtained from speckle tracking have shown a relationship with electrical muscle 

activity,
14, 25

 and speckle tracking results also show a linear relationship with maximal 
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voluntarily contraction,
14

 results from the two methods cannot be equalized as the degree of 

force used.  

Although they showed lower deformation than the sternocleidomastoid, the deep 

ventral muscles had higher deformation rates. This finding shows the ability of these deep 

muscles to stabilize the cervical spine during the performance of small involuntarily 

directional movement changes, as the participant tried to hold the head still during the 

relatively heavy task.  

 

Ratio between ventral and dorsal neck muscles.  

There may be a number of reasons for our finding that the most superficial muscle had 

the lowest deformation for the dorsal neck muscles but the highest deformation for the ventral 

muscles. The ratio between the ventral and dorsal neck muscles shows that the head lift 

placed a higher demand on the ventral muscles than the dorsal muscles. The long flexion 

moment arm of the superficial sternocleidomastoid muscle may give it a biomechanical 

advantage for force development compared with the deep postural and stabilizing muscles
26

; 

the sternocleidomastoid underwent more than twice the deformation of the trapezius during 

the low-demanding task in extension. The determined ratio is logical and in line with the 

findings of other studies in both healthy patients and neck pain patients.
8, 15

 

The lower deformation of the deep ventral neck muscles compared with in the 

sternocleidomastoid may also be due to the test procedure when the head lift was registered. 

As the participant was instructed to perform a craniocervical flexion prior to the lift, the deep 

ventral neck muscles may have already been highly activated before the lift and thereby 

before registration started. Since the deformation was a measure of the percentage of change 
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in deformation compared with the first image in the video sequence, this procedure may have 

influenced the results and led to false too-low deformation values for the deep ventral flexors. 

To specifically evaluate the deep ventral neck flexors in a clinical situation, the head lift is 

not considered optimal and other less-demanding strategies are needed.
27

 

 

Limitations of the study.  

Technical limitations of ultrasound registrations did not allow recording the sequence to 

exhaustion; we could only evaluate the first few seconds when the subject was taking the 

position. The muscles may act differently later in the endurance test; therefore, although the 

present study is important, it should be viewed as only a first step in investigating muscle 

activation during the examined positions. The neck muscle response depends on the exercise 

performed and the load used and can´t be extrapolated to other exercises. The population in 

the present study was relatively young and well exercised. No altered muscle sizes of deep 

neck muscles have been found by age
28 

and most participants reported training such as 

jogging without specific neck exercises, which suggest the data collected to be representative 

of healthy adult neck muscles. 

 

Furthermore, the muscles were only recorded at the C4 segmental level, and may have been 

acting different at other segmental levels. Additionally, the present study only included 

healthy volunteers, but muscle activity reorganization is to be expected in people with pain.
29-

31
 Future studies should include patients with neck pain, for comparison with healthy 

subjects. It would also be beneficial to have a larger study sample; however, as with other 

imaging analyses, the process was very time consuming. 
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Another limitation is that the ultrasound image is two-dimensional, measuring the 

longitudinal movements but unable to capture rotational movements as muscles move three-

dimensionally. Variations in anatomical architecture and positions on the skeleton, could also 

mean that the muscles were imaged in slightly different planes. These facts along with 

varying muscle lengths may have influenced the imaging analysis results, and cannot be 

controlled for using the present technique. The advantage with the methodology used is that it 

is a safe non-invasive technique with the ability to do measurements in real time during a 

movement and to during analysis watch the muscles during the entire exercise to ensure that 

the ROI remained tagged. 

The magnitude of muscle deformation (obtained with Speckle Tracking Analysis) and the 

magnitude of muscle activity using other measurements (force, progressive electrical 

stimulation) are related, providing justification for the use of the measurements performed in 

this study.
14

 However, it is not straightforward to equalize muscle deformation with strength.  

 

 

Clinical implications.  

It is important to understand which muscles are actually activated and tested in 

measures of and when training neck muscle endurance. As previously reported,
13, 15

 the 

ventral head lift was highly demanding, as reflected by our finding that the most superficial 

of the ventral neck muscles (the sternocleidomastoid) had the highest deformation. In 

contrast, we observed no significant differences between the different muscle layers in the 

dorsal neck muscles, but there was a clear trend that the deepest investigated muscle (the 

multifidus) had the highest deformation. For both directions, the deformation rate was highest 

in the deep muscles, indicating that they are activated to stabilize the cervical spine when 
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lifting against gravity. These findings indicate that, in clinical practice, one should be aware 

that all neck muscle layers are trained/ exercised with different functions; that the ventral test 

is highly demanding and involves great sternocleidomastoid activation; and that the extensor 

position is favorable for the multifidus muscle, despite external loadings.  

 

 

Conclusions  

Our results indicate that all layers of both the dorsal and ventral neck muscles were 

active but working somewhat differently. The sternocleidomastoid deformed more than the 

deeper muscles, but deformed significantly more slowly than the longus colli muscle. Among 

the dorsal muscles, it was also the deepest (the multifidus) that showed the highest 

deformation rate. 
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Table 1. Deformation and deformation rate (mean (SD)) of dorsal and ventral neck muscles 

in root mean square (RMS) during a head lift from the examination table. 

 

               Deformation     Deformation rate 

Trapezius 4.81 (3.87) 0.007 (0.003) 

Splenius 6.14 (4.47) 0.011 (0.006) 

Semispinalis capitis 5.97 (4.50) 0.013 (0.010) 

Semispinalis cervicis 5.37 (3.13) 0.015 (0.012) 

Multifidus 7.87 (7.82) 0.030 (0.035) 

Sternocleidomastoid 11.76 (8.41) 0.024 (0.011) 

Longus capitis 7.12 (7.85) 0.027 (0.019) 

Longus colli 6.31 (4.02) 0.031 (0.021) 

 



 

Fig. 1A 

Longitudinal ultrasound projection of the dorsal neck muscles with ROI added on top of the 

muscle imaging. The following muscles were included (from most superficial to deepest): 

trapezius, splenius capitis, semispinalis capitis, semispinalis cervicis, and multifidus. 



 

Fig. 1B 

Longitudinal ultrasound projection of the ventral neck muscles with ROI added on top of the 

muscle imaging. The following muscles were included (from most superficial to deepest): 

sternocleidomastoid, longus capitis, and longus colli. 

 

 

 



 

Fig. 2A 

Position for the ultrasound recording of the dorsal neck muscles. During 

ultrasound measurements, the examination table was in a horizontal position. In this photo, 

the head of the table was tipped to make the headband and weight visible.  
 

 

 

 



 

Fig. 2B 

Position for the ultrasound recording of the ventral neck muscles. 
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