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Abstract

Objectives: Neck-specific exercise can reduce neck pain and increase function, but
information on how different neck muscle layers are activated during neck exercises is
scarce. The aim of this study was to investigate deformation and deformation rate in five
dorsal neck muscles and correlation between these muscles during a loaded dynamic
exercise used in clinical practice.

Methods: Deformation and deformation rate were investigated in five dorsal right sided
neck muscles in twenty individuals without neck pain using ultrasonography and speckle
tracking analyses. Repeated measures ANOVA was used to measure differences between
the muscles, and correlations between neck muscles were analyzed with Kendall’s tau.
Results: Deformation in left (contralateral) rotation showed significant differences
between the muscles (p = 0.01) with higher deformation of the semispinalis capitis muscle
compared with the trapezius muscle (p = 0.02). There were no significant differences
between the five neck muscles in right (unilateral) rotation (p = 0.46). There were
significant differences in deformation rate between muscles in both right and left rotation
(p <0.01). The trapezius muscles have the lowest deformation rate in right rotation (p <
0.01). In left rotation the trapezius and multifidus muscles showed lower deformation rates
compared with most of the other muscles (p<0.03). Almost all muscles were correlated in
both deformation and deformation rate.

Conclusion: The quadrupled standing loaded dynamic neck exercise seems to activate all
the investigated neck muscles with a tendency to more activation of semispinalis capitis.
In future studies, individuals with neck pain should be investigated.

Key index terms: Neck Muscles; Ultrasonography; Motor skills; Exercise.



Introduction

Neck pain occurs frequently in the general population, '* and up to 60% of people with
neck pain will have recurrent problems after the first episode.®> The Global Burden of
Disease Study classified 345 diseases in 2017, and neck pain was the ninth top cause for
females and 12th for males of years lived with disability.* Neck pain is also an expensive
cost for society as patients with back and/or neck pain have 85-182% more annual health
care costs than people without pain.’ Impaired neck muscle function has been reported in
individuals with neck pain®’ and there is moderate evidence that neck-specific exercises
have a positive effect®. The deep neck muscles contribute to control of intersegmental
motion’ while the most superficial muscles move the head. The purpose of specific neck
exercise is to increase neuromuscular control, strengthen muscles and endurance, and
increase physical capacity.!!? The rotation exercise has been used as a test for
neuromuscular control and as an exercise for increasing stability and strength, ':1314

However, there is scarce information about how the different neck muscle layers are

activated during neck exercises. !

Ultrasound can detect muscle deformation and deformation rate in deep muscles close to
the spine and at the same time, deformation in more superficial muscle layers. Briefly,
ultrasound echoes from small irregularities in the muscles form a unique speckle pattern
and can serve as acoustic markers. This speckle can be followed frame-by-frame through
the ultrasound images with speckle-tracking analyses and provides measurements of
muscle deformation (elongation or shortening) and deformation rate (how fast the
deformation occurs).!® Ultrasound with speckle tracking analyses provides measurements

during activity and thereby improves knowledge of mechanical muscle function.!’?

To the authors’ knowledge, no study has examined the interplay between muscles with

real-time ultrasound images with speckle tracking analysis in a dynamic exercise for neck



rotation. Thus, it is currently not known which muscles are trained in this exercise. Better
insight of the deformation, deformation rate, and the interplay between dorsal neck
muscles could help our understanding of which muscles are primarily targeted during
specific neck rehabilitation. It could also generate hypotheses regarding effects on muscle
coordination or effects of training in dynamic exercises used in future research in patients

with neck pain.

The aim of this study was to investigate differences in deformation between different
muscle layers in dorsal neck muscles and their interplay during a dynamic neck rotation

exercise, specifically quadruped rotation training, in subjects with good neck health.

Method

Design

The study used a cross-sectional prospective study.

Participants

Twenty participants, eleven females and nine males (mean age 27.6, SD 7.28) were

included in the study. Participant characteristics are presented in Table 1.

Participants were recruited by asking students and staff at the University of Linkdping to
participate voluntarily via bulk mail. They were informed of the purpose of the
examination, the procedure of the test, and that no adverse effects were expected. The
sample size was arbitrary as no study of deformation and deformation rate of dorsal neck

muscles in rotation exercise had previously been conducted.

Inclusion criteria were no ongoing or history of neck pain defined as Visual Analogue
Scale (VAS) (0-100 mm) less than 10 mm and less than 20 % on Neck Disability Index

Score (NDI) (0-100 %) and no trauma to head or neck. Exclusion criteria were rheumatic



illness, generalized myalgia, severe lower back pain, previous back surgery, and earlier

back trauma.

The study was conducted according to the Declaration of Helsinki and was approved by
the Ethics Committee at the Faculty of Health Sciences at a Linkdping University in

Sweden. The participants provided written and oral informed consent.

Ultrasound imaging

Ultrasound was recorded during the rotation exercise with a 14.0 MHz linear transducer
(38 mm footprint) and US Vivid 9 Dimension (GE Healthcare, Horten, Norway) with high
frame rate (78 frames/s) operated in B-mode, and a 2D US imaging system.

Data were collected by a medical engineer experienced in ultrasonography with assistance
of a physiotherapist (PT) specializing in neck pain rehabilitation. The participants were in
the quadruped position (i.e. on all fours), chin tucked in, and had slight cervicothoracic
extension, with a thin rubber band (yellow Thera-Band; The Hygienic cooperation, Akron,
USA) between hands and mouth (Fig. 1). The length of the rubber band was 2 x the
armlength of the participants. The participants were instructed visually and orally to
conduct a head rotation 70, first to the right and back to start position, release the rubber
band and rest for 30 seconds and then conduct a rotation 70° to the left. The lower cervical
spine was in slight extension and chin tucked in. The participants’ test position was

corrected by the PT if needed.

The PT first identified the spinous process of the C4-vertebrae and marked it with a pen.
The ultrasound transducer was positioned at the right side of the C4-level in transverse
orientation. The spinous process was identified on imaging and the transducer was rotated
90° in longitudinal direction. Ultrasound recording started with the neck in neutral
position and ended when the head returned to neutral. Images of the dorsal cervical

muscles, from most superficial to the deepest — the trapezius (Tr), splenius (Sp),



semispinalis (Sca) capitis, semispinalis cervicis (Scer), and multifidus (Mf) muscles — (Fig

2) were recorded in real time during the dynamic exercise.

Speckle tracking

Ultrasound recordings of the dorsal neck muscles were analyzed with speckle-tracking
post-process analysis. Speckle-tracking has been used to analyze changes in neck muscle
deformation and deformation rate in dynamic neck extension and postural control of the
neck, but never before in neck rotation.!*!#22-26 Five regions of interest (ROIs) were
manually placed longitudinally (10 x 2 mm) in the first frame of the video sequence (Fig.
2) and the ROI tracked the deformation frame by frame during the whole exercise.
Analyses were performed by a PT with ten years’ experience of ultrasound analysis. The
speckle-tracking analysis was carried out in Multivariate Analysis of Congruent Images
(MACI) 7 and has been used in earlier research of dorsal neck muscles.'® Deformation of
the muscles was defined as a change in length (shortening or elongation) calculated as the
percentage change (% deformation) from the original length. A positive value indicated an
elongation of the muscles and a negative value indicated shortening of the muscles (Fig.
3). Deformation rate was defined as percentage of change of muscle length per second (%
deformation/s) presented as the root mean square (RMS). To assess muscle deformation,
the areas on the deformation curves were calculated. Basis for the area calculation was the
trapezoidal rule (Equation 1) where A is the area, t is time between samples and yn is the
current ROI position at sample point n. To handle intersections with the 0% line, the
equation was modified. Linear interpolation was used to estimate additional sample points
with adjusted t-values at intersections with the 0% line. Thereby, the area under and the

area above the 0% line could be separated.

A=t/2(y1+2y2+2y3+..+2yn2+2yn-1+yn) (Equation 1)



Statistical analysis

Analysis of the data was carried out using SPSS Statistics (Version 24.0, IBM, Armonk,
NY, USA). Demographic variables were presented by mean and standard deviations and

used only as background information about the participants.

To investigate the differences in deformation and deformation rate between the five dorsal
neck muscles, a repeated measure analysis of variance (rANOVA) with a post-hoc
Bonferroni correction was used. The five muscles were set as a within-subject factors and
the time, retrieved from the ultrasound video sequences, was set as a covariate. Within-
subject variance in the rANOVA was corrected with Mauchly or Greenhouse-Geisser
depending on sphericity. Effect size of the within-subject effect was reported according to
Cohen.?” There was a skewness for the deformation values regarding elongation and
shortening of the muscles, thus, all measurements were root-square transformed. Level of

significance was set at p <.05.

A Kendall’s tau-b correlation was used to investigate the interplay between the dorsal
neck muscles. Negligible correlations are considered <0.30, low correlation 0.30-0.49,
moderate correlation 0.50-0.69, high correlation 0.70-0.89, and very high correlation 0.90-

1.00.%8

Results

Deformation

Deformation in left (contralateral) rotation showed significant differences between the
muscles in total area (F(4, 76) = 3.90, p = .01). Post hoc tests showed higher deformation
of the semispinalis capitis compared to the trapezius muscle (p = .02), but no significant
difference between the other muscles. There were no significant differences between the

five neck muscles in right (unilateral) rotation (p = .46, Table 2 and 3).



Correlation

In both left and right rotation, correlations were seen between two muscle pairs in total
deformation (left rotation; Trapezius/Semispinalis capitis r = 0.42 and Spinalis/Multifidus
r = 0.41, right rotation; Trapezius/Semispinalis capitis r = 0.34 and Semispinalis
cervicis/Multifidus r = 0.45). Correlation was also seen between muscles in shortening
(left rotation; Semispinalis capitis/Multifidus r = -0.41, right rotation;
Trapezius/Multifidus r = -0.57 and Semispinalis capitis/Semispinalis cervicis r = 0.33) and
elongation deformation (right rotation; Semispinalis capitis/Semispinalis cervicis r =

0.33).

Deformation rate

There were significant differences in deformation rate (Table 2 and 3) between muscles in
both right (F(4, 76) = 10.03, p <.01) and left rotation (F(4, 76) = 9.41, p <.01). In right
rotation four muscles (the splenius, semispinalis capitis, semispinalis cervicis and
multifidus muscles) showed higher deformation rates than the trapezius muscle (p <.01).
In left rotation three muscles (the splenius, semispinalis capitis, semispinalis cervicis)
showed higher deformation rates than the trapezius muscles (p < .02). The semispinalis
capitis and semispinalis cervicis (p < .03) had higher deformation rates than the multifidus

muscle (p <.03).

Correlation

Correlations in deformation rate were found between all the muscles (r=0.37 —r = 0.68)

except between Trapezius and Semispinalis cervicis in left rotation (Table 4).

Discussion

Results of this study demonstrate that deformation in the right-sided neck muscles in right

rotation was equal in all five muscles during the loaded rotation exercise. In left rotation

8



the semispinalis capitis muscle showed higher deformation than the trapezius and there
were no other significant differences between the five neck muscles. Deformation rate was
lowest in the trapezius muscle during right rotation, and in left rotation both the trapezius

and multifidus muscles showed lower rates than the three other muscles.

Earlier research, using speckle tracking analysis, investigated deformation and
deformation rate in neck muscles'®2!22242529 during isometric exercises and stabilizing
tasks. Real-time ultrasound investigation of the neck muscles has not, to the authors’
knowledge, been investigated in a loaded dynamic exercise used in neck rehabilitation.
The right-side of the neck muscles were investigated both in right and left rotation. It is
implicit that the muscle behavior was different, i.e. in right rotation the muscles was
shortening (contraction) from the start of the movement to 70° rotation and then elongated
(passive or eccentric contraction) back to the start position; in left rotation the muscles
elongated first and from a stretched position at 70° rotation, the right-side neck muscles

were contracted to move the head back to the start neutral position.

In left rotation, the semispinalis capitis muscle was deformed more than the trapezius
muscle. In a biomechanical model study, axial rotation was seen to change the direction of
the moment arm (i.e. the perpendicular distance between a joint axis and the force acting
on the joint) resulting in a longer moment arm for semispinalis capitis during neck rotation
3% The increase of the semispinalis capitis moment arm in left rotation could have an
influence on muscle mechanical behavior and thereby muscle deformation during the
eccentric and concentric phases of the exercise. In other studies using magnet resonance
imaging (MRI) or electromyography (EMG) the right-side semispinalis capitis was more
involved in right rotation.*'*> However, the MRI-study?! did not use real-time images and
the EMG-study categorized the muscle layers differently from the present study.
Moreover, a cadaver study, based on anatomical models, found that right-side semispinalis

capitis was one of the prime movers in left rotation®* and the present study showed

9



significantly higher deformation in the semispinalis capitis compared to the other neck
muscles in left rotation. The semispinalis capitis muscle has also be considered to be the

prime neck extensor 3'-3*

and the quadruped position with a rubber band in the mouth may
cause an isometric activation of the muscle to hold the head position against gravity force
during the test. Analysis with speckle tracking has also shown that semispinalis capitis had
the highest activation of the dorsal neck muscles in resisted isometric contractions in neck
extension.*> The combination of increased load in extension and an increase of the

moment arm in left rotation may contribute to the increase in total activation of the right-

side semispinalis capitis.

In right rotation, the deformation for all five muscles was equal and indicates that the
exercise was targeted to all the muscles. Findings in earlier studies using MRI show that
neither the right-side multifidus or trapezius were involved in right rotation.’! Also,
research shows that even if the moment arm increases for the right-side multifidus in right
rotation, it was relative weak due to its close proximity to the spinal column.*® Still images
from MRI of neck muscles investigated after an exercise and EMG-studies during a
dynamic rotation, showed that right-side semispinalis capitis was involved in right
rotation,>"*? but this study showed that it was not activated more than the other muscles.
However, EMG measures the chemical-electrical changes in muscles and MRI was
investigated with still images after activation; i.e. not during real time motion. In contrast,
real-time ultrasound measures the muscles’ mechanical behavior, the deformation, and
deformation rate. Thereby, studies using different methods to investigate muscle function

and at different test positions are not directly comparable.

Earlier research regarding deformation rate in prone weighted neck extension showed the
highest deformation rate for the multifidus muscle, compared with other dorsal muscles, in

individuals with good neck health!®3”

as well as in patients with whiplash-associated
disorders tested in a sitting task when stabilizing the neck during arm lifts.?? The

10



multifidus muscle has also been shown to have the highest deformation rate in patients
who have undergone anterior cervical decompression and fusion for cervical disc disease
and healthy controls when tested in isometric contractions in neck extension.”* In the
present study, the splenius, the semispinalis capitis, and the semispinalis cervicis showed
higher deformation rates compared with the trapezius muscle in rotation to both the left
and right. In left rotation the semispinalis cervicis and the semispinalis capitis muscles
also had higher deformation rates than the multifidus muscle. This finding does not
corroborate earlier studies in which the highest deformation rate was found for the
multifidus muscle.!®?>? In the present study, it may be possible that the deformation rates
in the splenius, the semispinalis capitis and the semispinalis cervicis muscles were higher
because these muscles were more activated in the quadruped position against the gravity

force with the resistance of the rubber band in combination with stabilizing the neck.

The semispinalis capitis and the trapezius muscle showed a positive correlation in both
left and right rotation for the total activation of the muscles, indicating a coordination of

these muscles in the quadruped rotation exercise.

In the elongation in left rotation, the results showed a negative correlation between the
multifidus and the semispinalis capitis muscle. This means that more elongation in the
semispinalis capitis muscle correlates with less elongation in the multifidus muscle. The
same was seen between the trapezius muscle and the multifidus muscle in the right
rotation. Increasing elongation of the trapezius led to decreasing elongation of the

multifidus.

Regarding deformation rate, correlation was seen between almost all muscles in both the
left and right rotations. This was in line with earlier findings regarding the interplay of the
deformation rate in both ventral?>* and dorsal*?> neck muscles during elevation of the arm in

controls with good neck health.
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Earlier research®” using speckle tracking has shown differences in deformation rates
between males and females in both healthy individuals and patients with chronic
whiplash- associated disorders where males tend to have higher deformation rates. In the
present study there were no differences between sex, and larger studies are needed to find
out if there is a difference between males and females, also in the quadruped dynamic

loaded neck exercise.

Methodological considerations

There are some limitations that may have affected the study results. Firstly, more
participants may have produced more normally distributed data with fewer outliers.
However, for experimental studies investigating dynamic movement using ultrasound and
speckle tracking, 20 participants is considered a lot due to the time consuming analysis. It
could have been possible to exclude the outliers in the analysis, but earlier research
showed a wide range of individual deformation patterns in the muscles of controls with
good neck health?? with more variations in males. Therefore, excluding extreme outliers

may lead to a wrong conclusion regarding normal deformation in a population with good

neck health.

Secondly, ultrasound and speckle tracking are methods very dependent of the skills of the
user, both to find the anatomical landmarks for correct ultrasound-transducer placement
during the data collection, and to place the ROIs manually in the post-processing process.
The ultrasound measurements in this study were collected by a medical engineer who has
often used ultrasound in research, with help of an experienced PT to identify anatomical
landmarks. The post-processing speckle tracking was done by a PT with ten years of
experience of ultrasound analyses. Speckle tracking has been validated with good results
against force measurement in the biceps brachii muscle.*® It has also been proven reliable

when measuring left ventricle heart function.* Ultrasound with speckle tracking analysis

12



is a non-invasive method of measuring muscle deformation in real-time video sequences
which is an important benefit compared to other methods. Also, in contrast to EMG, it is
possible to measure changes in muscle length during a movement with speckle tracking.
On the other hand, EMG measures electrical activation,*’ whereas speckle tracking

analysis does not discriminate active from passive deformation of the muscles.

The participants were visually checked for test position, with the chin tucked and slight
extension in the lower cervical spine, but not controlled for in other ways during the
rotation by the PT. The lack of more precise standardization decreases the statistical
power, but the result is clinically relevant and the present dynamic loaded neck exercise

has been used in rehabilitation in Sweden for decades.

Conclusions

The study results indicate equal muscle deformation in all five investigated neck muscles
during right rotation. In left rotation, the semispinalis capitis muscle had higher
deformation than the trapezius, but the other four muscles were equal deformed. There
were low to moderate correlations between the five neck muscles in deformation rate. The
quadrupled standing dynamic neck rotation exercise is an exercise that activates all the
investigated neck muscles. In future studies, individuals with neck pain should be

investigated to improve knowledge about muscle function in in a symptomatic cohort.
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Table 1
Demographic data of the participants, N=20.

Age (years; mean and SD) 27.6 (7.28)
Height (cm; mean and SD) 174.9 (8.60)
Weight (kg; mean and SD) 69.4 (11.06)
. .. .
Physical activity level' (mean and 2.85 (0.49)
SD)
Training level' (mean and SD) 3.30(0.73)
D 5
Neck Disability Index? (mean and 1.40 (1.73)

SD)

' 1 —inactivity, 2 — low activity, 3 — moderate activity, 4 — high activity

2 Neck Disability Index (0-100%) based on 10 items. Higher scores represent higher

disability

Table 2

Muscle deformation (% change in length) and deformation rate (% deformation/s) during

neck rotation exercise. The five neck muscles are: Trapezius (Tr), Spinalis (Sp),

Semispinalis capitis (Sca), Semispinalis cervicis (Scer), and Multifidus (Mf). Total area

represents the sum of elongations and shortenings of the muscles. Displays significance

level (p) and effect size (ES). Data were analyzed with repeated measure analysis of

variance (rANOVA).
Deformation
Total area
Left rotation Right rotation
Mean 95 %. Confidence b ES Mean 95 %. Confidence ES
interval interval
Lower  Upper Lower  Upper
bound bound bound bound
<0.01 0.17 046 0.13
Tr 431 3.68 4.93 Tr 4.56 3.90 5.22
Sp 491 4.07 5.77 Sp  4.52 3.99 5.11
Sca 5.90 494 6.86 Sca 4.87 4.06 5.68
Scer 4.81 4.19 5.44 Scer 5.31 4.12 6.51
Mf 4.48 3.87 5.09 Mf  4.68 4.01 5.34
Shortening
Left rotation Right rotation
Mean 95 %. Confidence D ES Mean 95 %. Confidence ES
interval interval
Lower  Upper Lower  Upper
bound bound bound bound
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0.53 0.14 0.28 0.06
Tr 3.09 2.20 3.97 Tr 1.26 0.46 2.06
Sp 3.32 2.18 4.46 Sp  2.17 1.24 3.09
Sca 3.76 2.32 5.20 Sca 2.20 1.15 3.09
Scer 2.63 1.54 3.72 Scer 2.61 1.32 3.91
Mf 2.68 1.70 3.67 Mf  2.64 1.66 3.62
Elongation
Left rotation Right rotation
Mean 95 %. Confidence D ES Mean 95 %. Confidence ES
interval interval
Lower  Upper Lower  Upper
bound bound bound bound
0.58 0.16 0.64 0.03
Tr 2.21 1.46 2.97 Tr 3.88 3.01 4.74
Sp 2.18 1.01 3.35 Sp 3.26 2.42 4.10
Sca 2.96 1.70 4.23 Sca 3.55 2.44 4.66
Scer 3.02 2.10 3.94 Scer 3.50 2.13 4.86
Mf 2.43 1.42 3.43 Mf 2.84 1.82 3.87
Deformation rate
Left rotation Right rotation
Mean 95 %' Confidence P ES Mean 95 %' Confidence ES
interval interval
Lower  Upper Lower  Upper
bound bound bound bound
<0.00 0.58 <0.00 0.80
Tr 2.98 2.56 3.39 Tr 2.69 2.39 2.99
Sp 3.52 3.12 391 Sp 3.42 3.08 3.76
Sca 3.63 3.18 4.07 Sca 3.44 3.07 3.82
Scer 3.70 3.33 4.08 Scer 3.36 2.99 3.72
Mf 3.26 2.87 3.66 Mf  3.20 2.80 3.59
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Table 3

Differences in muscle deformation and deformation rate between the Trapezius (Tr), the

Spinalis (Sp), the Semispinalis capitis (Sca), the Semispinalis cervicis (Scer) and the

Multifidus (Mf) muscles. Data were analyzed with post-hoc Bonferroni correction.

95 % Confidence

interval

Mean Lower Upper

difference p bound bound
Deformation total area Left

Tr Sp -0.62 1.00 -2.11 0.88

Sca -1.60 .02 -3.02 -0.17

Scer -0.51 1.00 -1.94 0.93

Mf -0.18 1.00 -1.23 0.88

Sp Sca -0.98 1.00 -2.83 0.87

Scer 0.11 1.00 -1.32 1.54

Mf 0.44 1.00 -0.73 1.61

Sca Scer 1.09 .30 -0.38 2.56

Mf 1.42 .07 -0.08 2.92

Scer Mf -0.33 1.00 -0.76 1.42
Deformation rate Left

Tr Sp -0.54 .01 -0.99 -0.09

Sca -0.65 .02 -1.21 -0.09

Scer -0.73 .00 -1.23 -0.22

Mf -0.29 47 -0.71 0.14

Sp Sca -0.11 1.00 -0.54 0.32

Scer -0.19 1.00 -0.62 0.25

Mf 0.25 40 -0.11 0.62

Sca Scer -0.08 1.00 -0.46 0.31

Mf 0.36 .02 0.04 0.69

Scer Mf 0.44 .03 0.03 0.85
Deformation rate Right

Tr Sp -0.73 .00 -1.08 -0.38

Sca -0.75 .00 -1.17 -0.33

Scer -0.69 .00 -1.10 -0.24

Mf -0.51 .01 -0.90 -0.11

Sp Sca -0.03 1.00 -0.57 0.52

Scer 0.06 1.00 -0.37 0.49

Mf 0.22 1.00 -0.28 0.72

Sca Scer 0.09 1.00 -0.40 0.57

Mf 0.25 32 -0.09 0.59

Scer Mf 0.16 1.00 -0.32 0.65

19



Table 4

Correlation between the Trapezius (Tr), the Spinalis (Sp), the Semispinalis capitis (Sca),

the Semispinalis cervicis (Scer), and the Multifidus (Mf) muscles in deformation (total

deformation, shortening and elongation) and deformation rate. Data were analyzed with

Kendall’s tau-b correlation.

Correlation
Total deformation Shortening

Sp Sca  Scer Mf Sp Sca Scer Mf
Left rotation Left rotation
Tr 022 042* 0.11 0.26 Tr 028  0.12 0.01 0.12
Sp 025 0.10 0.41* Sp 0.27 0.08 0.14
Sca 0.15 0.31 Sca 0.15 -0.41%*
Scer 0.29 Scer 0.06
Right rotation Right rotation
Tr 0.13 0.34* 022 0.07 Tr 0.30 0.01 0.09 -0.57*
Sp 0.10 0.00 0.11 Sp 0.07 0.21 0.01
Sca 0.27 0.13 Sca 0.33* 0.15
Scer 0.45%* Scer 0.08

Elongation Deformation rate

Sp Sca  Scer Mf Sp Sca Scer Mf
Left rotation Left rotation
Tr 0.06 0.08 0.19 0.22 Tr 0.42* 0.40* 024  0.43**
Sp 0.15 0.18 0.03 Sp 0.37*  0.38%  0.46**
Sca 0.14 0.26 Sca 0.42*  0.46**
Scer 0.14 Scer 0.58%#*
Right rotation Right rotation
Tr 0.84 0.05 0.01 0.16 Tr 0.57%*% 0.54** 0.47** (0.58**
Sp 0.06 023 0.13 Sp 0.57** 0.38*%  0.55%*
Sca 0.33* 0.12 Sca 0.43**  (.54**
Scer 0.07 Scer 0.62%*

*p<.05 **p<.01
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Figure 2. Ultrasound image of the dorsal neck muscles

The image shows a longitudinal ultrasound B-mode projection. The specific muscles are

trapezius (Tr), splenius (Sp), semispinalis capitis (Sca), semispinalis cervicis (Sce),
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multifidus (Mf). One region of interest (ROI; each indicated as a green line) was selected

in each muscle for post-process speckle tracking analysis.
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Figure 3. The deformation curves of the trapezius muscle in six participants during
rotation to the left. A positive value (area over the curve) indicated elongation of the
muscle; a negative value (area under the curve) indicated shortening of the muscle. The
total sum of area with both positive and negative values represents the total deformation.

The position where the line crosses the 0-mark line indicates changes in the muscle from

elongation to shortening, or vice versa.
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