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Abstract
Background Chronic neck pain is a common discomfort and the alteration of elasticity of the upper
trapezius in pathological conditions is unknown. Therefore, the aims of this investigation were (1) to
determine the intra- and inter-operator reliability of evaluating the elasticity of the upper trapezius by
shear wave elastography in individuals with chronic neck pain; (2) to examine the alteration for the upper
trapezius during cervical �exion; and (3) to explore the correlation between elasticity of the upper
trapezius and pain intensity.

Methods Thirty individuals with chronic neck pain were recruited for this study. Alteration in elasticity of
upper trapezius was evaluated by shear wave elastography during cervical �exion at 0°and 50°.

Results The intra- and inter-operator reliability was excellent with the intraclass correlation coe�cients
ranging from 0.92 to 0.98. An increase of 30.80% was shown in the elasticity of the upper trapezius
during cervical �exion of the painful side. In addition, there was a signi�cant positive correlation between
elasticity of the upper trapezius and intensity of pain (rho=0.647, P <0.05).

Conclusion Shear wave elastography is a feasible tool for assessing changes of elasticity in muscles,
and the �ndings in this investigation might be a good reference of evaluating upper trapezius elastic
alterations in chronic neck pain.

Background
Neck pain is generally regarded as a common musculoskeletal discomfort and has a high incidence
around the world [1]. Chronic neck pain (CNP), with a relatively long course of disease, decreases quality
of life and especially leads to dysfunction 2 . In clinical terms, this pain is regarded as extensor muscle
myalgia, and patients also have a stiffer feeling in this area. The extensor muscles in the neck region play
an important role in adjusting stability of the neck and shoulder 3 . Among them, the upper trapezius
muscle contributes to normal neck and shoulder motion 4 . Recent studies reported that the patterns of
activation and fatigue of muscles were disordered when people suffered from CNP 5–6 . Prolonged and
unreasonable using of muscles also causes structural alteration of muscle including changed elasticity
7 . The alterations in the biomechanical properties of muscles might explain why patients feel discomfort
in the neck region. However, to date the main methods for evaluating discomfort in CNP are palpation by
physicians or the subjective perception of pain by patients. There is a lack of objective technology to
assess the biomechanical properties of muscles in people with CNP.

Shear wave elastography (SWE), a novel technology, is increasingly applied to assess the biomechanical
properties of muscles among healthy subjects and patients with musculoskeletal disease and has been
shown to be a good reliability [8–10]. Our previous studies examining the elastic properties of the patellar
tendon and quadricep muscle heads were also conducted by SWE 11–13 . In addition, there are reports
that the SWE can evaluate the modulation of elastic properties of muscles. In a pathological condition,
increased stiffness of the upper trapezius in athletes with rotator cuff tendinopathy could be assessed
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via SWE 10 . It was also detected that there were signi�cant differences in elasticity of the biceps brachii
muscles between the paretic and non-paretic side in stroke patients when using SWE 14 . Therefore, SWE
is a feasible device with a high reliability to quantitatively evaluate alterations of elasticity in muscles in
pathological conditions.

People in certain professions such as computer and o�ce workers have a higher risk of suffering from
CNP. They usually sit for long periods with neck �exion at a �xed angle, which easily leads to discomfort
and alteration of muscle fatigue [15–16]. The upper trapezius spanning the neck and shoulder is prone to
structural muscle imbalance in poor posture. It has been reported that muscle metabolism is affected by
trapezius myalgia, which it showed low local blood �ow and insu�cient oxygenation 17 . Comparing
with changes of biochemical indicators, the elasticity of the upper trapezius might be impacted when
people suffer from CNP. To date, no study has reported whether the elasticity of the upper trapezius in
CNP is increased in poor posture. Therefore, it is necessary to assess the elastic modulus of the upper
trapezius by SWE in pathological conditions. Additionally, muscle myalgia is a common symptom in neck
pain. The visual analogue scale (VAS) is a relatively credible reference for assessing the intensity of
chronic pain 18 . To our knowledge, no published data shows the relationship between pain intensity and
elasticity of muscle with CNP. It is therefore important to con�rm what kind of correlation exists between
intensity of pain and elasticity of the upper trapezius in patients with CNP.

The objectives of this investigation were (1) to determine the intra- and inter-operator reliability of
evaluating the elasticity of the upper trapezius by SWE in people with CNP; (2) to examine the alteration
of the upper trapezius during cervical �exion; and (3) to explore the correlation between the elasticity of
the upper trapezius and pain intensity.

Methods

Ethics statement
This study was approved by the Human Subjects Ethics of the Luoyang Orthopedic Hospital of Henan
Province (KY2019-001-01). The trial protocol was conducted and kept by the Declaration of Helsinki.
Each subject was informed about the procedures of the experiment and provided their written informed
consent prior to the experiment before study.

Participant recruitment
Thirty patients (9 males and 21 females) were recruited from Luoyang Orthopedic Hospital of Henan
Province through a recruitment poster on April 2019 and the trail was contacted from April to July. The
inclusion criteria were (1) age (39.43 ± 14.34) years with chronic nonspeci�c neck pain, (2) only one-sided
pain experienced in the neck region for > 3 months, (3) no therapeutic intervention before seeking medical
advice, and (4) a score on the neck disability index (NDI) 5 [19]. The exclusion criteria were (1) other
causes of neck pain such as cancer, fracture or neuropathy in the neck region and myelopathy, (2) neck
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surgery or clinical treatment for CNP, and (3) body mass index (BMI) > 30 kg/m2. In addition, authors had
access to information that could identify individual participants during or after data collection.

Equipment of shear wave elastography
A novel device called SWE with an Aixplorer→ ultrasound unit (SuperSonic Imagine Aix-en-Provence,
France) and a 50 mm linear ultrasound transducer (4–15 MHz) was used to evaluate the elastic modulus
of the upper trapezius muscle. The principle of SWE technology is based on different shear wave velocity
generated by pulses in various biological tissues [20]. Young's modulus, one of shear modulus, is
generally used to indirectly re�ect tissue stiffness, namely, E = 3ρv2, where ρ represents the density of the
tissue 21 . The image of muscles is shown in B-mode and the parameter of elastic modulus is revealed
in SWE-mode. Additionally, stiffer tissues were coded in red and softer areas in blue in SWE-mode 22 .
The musculoskeletal mode was adopted to our one previous study for estimating the elastic properties of
muscle with the temporal averaging (persistence), spatial smoothing set to medium and six, and
penetration mode and the opacity at 85% 12 . The range of the colour scale was adjusted from 0 to
200 kPa.

Clinical evaluation
The parameters of pain intensity in the VAS were calculated in this investigation. Self-perceived pain
which ranged from 0 to 10 points indicated intuitively the different degrees of intensity of pain [18]. The
participants were required to assess self-perceived pain via VAS. Higher VAS scores revealed the worst
pain and lower scores indicated the least pain 23 .

Procedures
Demographic information such as age, gender, weight, height, body mass index and weekly exercise
hours were recorded before the experiment. All subjects were required to complete the assessment reports
of NDI and VAS by themselves.

Measurement of upper trapezius elastic modulus
In the process of the difference analysis, the modulation of upper trapezius elastic properties was
assessed by SWE during cervical �exion at 0° and 50° in the painful side. The room temperature was
maintained at 25 °C throughout all tests. All participants sat on a chair with shoulders in a neutral
position and knees in 90-degree �exion. Before assessment, the subjects were allowed to have a 5 min
rest in the sitting position. The angle of cervical �exion was measured by a new iPhone application
named Goniometer Pro [24], which is a measuring tool of cervical spine range of motion with a good
reliability 25 . Measurement sites were marked at the midpoint between the 7th cervical spinous process
and the acromion using a marker 26 . Before scanning, ultrasound gel was applied to the skin around the
probe location. In B-mode, the probe was placed perpendicularly to the skin and adjusted slightly for
obtaining a clear image. Once the image without a muscle anisotropic artefact was determined, we
switched to SWE-mode to quantify the elastic modulus of the upper trapezius muscle. (Fig. 1). The size of
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the circular regions of interest (ROIs) was de�ned as the thickness of the upper trapezius 26 . Three
measurements were taken and the mean was used in this study.

Intra- and inter-reliability test
The upper trapezius elastic properties in non-painful side were evaluated by SWE. The non-painful side
was involved in the intra- and inter-operator reliability tests. The operators have extensive experience in
assessing muscles elastic properties using SWE. For assessing the intra-operator reliability, 8 subjects
were examined by operator A using SWE at 0° of neck �exion. The same subjects were evaluated again
by operator A 5 days later. For evaluation of inter-operator reliability, all subjects were assessed by both
operators once, with a 30-minute interval. The operators were blinded to the results of measurements
during the test. After completing the measurement task at each angle, participants were invited to relax
for 2 minutes.

Statistical analysis
SPSS Version 19.0 software (SPSS Inc, Chicago, IL) was used for data analysis. The demographic
information was calculated by descriptive statistics. A paired t-test was performed to compare mean
elastic modulus of the upper trapezius between 0° and 50° of cervical �exion in the painful side. The
intra- and inter-operator reliability was determined by calculating intraclass correlation coe�cient (ICC)
with 95% CI. The intra-operator reliability was evaluated using the ICC (3,1) (two-way mixed effect model,
consistency) and the ICC (2,2) (two-way random effect model, absolute agreement) was used to assess
the inter-operator reliability. The standard error of measurement (SEM) was computed by the formula:
SEM = standard deviation ×

, and minimal detectable change was calculated by the formula: MDC = 1.96 × SEM×
. Bland-Altman plots further indicated the degree of agreement for evaluating reliabilities of SWE
technique, which identi�es the systematic error [27]. The correlation between elasticity of the upper
trapezius and scores of the VAS was demonstrated by Spearman’s rank correlation test. All measurement
data were expressed as mean ± standard deviation, and P < 0.05 indicated a signi�cant level.

Results

Demographic data
Demographic information for all participants regarding age, weight, height, body mass index (BMI) and
weekly exercise hours are depicted in Table 1. The clinical assessment reports regarding NDI and VAS are
also presented in Table 1.

Intra- and inter-operator reliability
The related statistical parameters involving intra- and inter-operator reliability in the non-painful side
during cervical �exion at 0° are revealed in Table 2. The ICC of intra-operator reliability was
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0.92(95%CI:0.67 ~ 0.98), and 0.98(95%CI:0.91 ~ 0.99) for inter-operator reliability. The values of SEM
ranged from 0.73 to 1.71 kPa and the MDC ranged from 2.02 to 4.74 kPa.

In addition, Bland and Altman plot for intraoperator reliability is shown in Fig. 2a with the mean difference
was 0.24 kPa and 95% limits of agreement were − 4.36 to 4.83 kPa. The plot for interoperator reliability is
indicated in Fig. 2b. The mean difference 0.59 kPa and 95% limits of agreement were − 1.37 to 2.55 kPa.
No systematic bias between two measurements was revealed in Bland and Altman plots.

Elasticity of upper trapezius at different degrees of cervical �exion in painful side

Figure 3 depicts signi�cant differences of elastic modulus of the upper trapezius between 0° and 50° of
cervical �exion in the painful side (P 0.05). The mean value of the upper trapezius stiffness was 62.84 ± 
13.80 kPa at 0° of cervical �exion. By comparison, the stiffness was 90.75 ± 19.94 kPa at 50° of cervical
�exion, with an increase of 30.80%.

Correlation between elastic modulus of upper trapezius and
scores of the VAS
In subjects with CNP, Spearman’s rank correlation tests were used to indicate the relationship between
elasticity of the upper trapezius and intensity of pain, and there was a signi�cant positive correlation (rho 
= 0.647, P 0.05) shown in Fig. 4. It is viewed that the stiffer upper trapezius, the greater the intensity of
pain.

Discussion
This study demonstrated an excellent reliability of SWE to quantify the elasticity of the upper trapezius in
participants with CNP. We also noted that the elastic modulus of upper trapezius altered at different
angles of cervical �exion in this investigation. Additionally, there was a signi�cant positive correlation
between the elastic property of upper trapezius and the intensity of pain among the subjects with CNP.

Reliability
In reliability tests, the parameters about the values of ICC, SEM and MDC suggest respectively the level of
consistency, which demonstrates the SWE is an applicable tool with high precision. The excellent
reliabilities were shown in assessing the elasticity of muscles in healthy and pathological conditions
using SWE. For instance, the values of ICC ranged from 0.89 to 0.98 when quantifying properties of
gastrocnemius at different postures with SWE for healthy participants [28]. For shoulder muscles such as
the deltoid, supraspinatus and infraspinatus, the reliabilities of SWE were also excellent when the ICCs
are larger than 0.85 29 . Furthermore, several other published studies about reliability involved assessing
muscles in pathological conditions by SWE, and the reliability levels were also satisfactory. It has been
reported that the biceps brachii muscles in patients with Parkinson disease were examined by SWE, and
the ICCs were 0.74 and 0.78 for inter- and intra-observer variation 30 . The higher ICC values could re�ect
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the higher level of consistency. In this investigation, the upper trapezius in people with CNP was
quanti�ed by SWE, and the ICCs (intra- and inter reliability: 0.92 and 0.98) are acceptable and relatively
consistent with the previous studies. In addition, the values of ICC for inter-operator reliability were higher
than the intra-operator reliability in this investigation. Analysing the possible explanation that made the
differences, �ve days from the �rst measurement of the interval for the same operator might be a
dominant factor, the amount of exercise, and other external factors in this �ve-day period may have
in�uenced the accuracy of the experiment. Indexes of SEM and MDC represent respectively the degrees of
dispersion of measurements and the true change. The smaller values of SEM and MDC indicate the
excellent reliability. In our study, the SEM was more than 0.73 kPa and the MDC was more than 2.02 kPa.
Leong et al. suggest the smallest SEM and MDC were 1.45 kPa and 2.71 kPa when evaluating the upper
trapezius among healthy people by SWE 31 . With a different device called MyotonPro to quantify
lumbar paraspinal muscles in individuals with chronic low back pain, the SEM and MDC (SEM > 7.91N/m,
and MDC > 21.93 N/m) also revealed an acceptable reliability 32 . Comparing with these studies, the
reasons for the differences can be analysed that the evaluation tools, muscles and the study population
were inconsistent. The values of SEM and MDC are credible evidence to testify that the SWE is a feasible
tool with high reliability in assessing the properties of muscles.

In addition, the Bland-Altman plots were exhibited in our study for further verifying consistency. As seen in
Fig. 2, the 95% con�dence limits, means and the distribution of points in plots were shown intuitively in
picture, and all the points were within the 95% con�dence limits. Therefore, the consistency in this
investigation is satisfactory.

Alteration at different degrees of cervical �exion
There was an augment of 30.80% in elasticity of the upper trapezius in the painful side with neck �exion
in this investigation, of which the average values were 62.84 ± 13.80 kPa at 0° of cervical �exion and
90.75 ± 19.94 kPa at 50°. This is the �rst study to estimate alterations of elasticity of muscle in patients
with CNP. There are insu�cient data in published studies to make a comparison. Comparing with data in
healthy individuals (17.11 ± 65.82 kPa), the elasticity of the upper trapezius in this study was stiffer,
which was a signi�cant increase of 72.77% [31]. Moreover, one study assessing the upper trapezius with
myofascial trigger points indicated that the mean of shear modulus was 13.56 kPa at rest position and a
signi�cant difference was found compared to our study 33 . Leong et al. has demonstrated an augment
20% of the upper trapezius by SWE among subjects with rotator cuff tendinopathy than the healthy
control groups 10 . In addition, increased elastic modulus of the upper trapezius in pathological
conditions is also explained at the molecular level. Cornachione et al showed that the increase of Ca2+

concentration can lead to the changes of troponin con�guration, the myo�lament traction, and the
augment of myosin globulin complex protein, which further affected the stiffness of the sarcomere 34 .
Based on these �ndings, it can be shown that the elastic modulus of the upper trapezius is increased in
patients with CNP and the alterations can be quanti�ed by SWE.

The upper trapezius maintains the stability of the cervical spine. The overload of muscles in poor posture
can easily lead to an imbalance of neck extensor muscles and the poor posture might raise the risk of
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CNP. A 30.80% increase in elastic modulus of the upper trapezius with neck �exion is obvious evidence in
this investigation to con�rm this explanation. Lee et al. studied the relationship between activity of the
upper trapezius and posture when a using smart phone. They found the alterations of muscle by
electromyography (EMG) during cervical �exion: The fatigue of the upper trapezius was − 0.2 ± 1.3 Hz at
0° neck �exion and increased to − 3.5 ± 5.6 Hz at 50° [16]. Furthermore, for people with overhead work, the
pressure-pain threshold of the upper trapezius was decreased by 1.4 lb after overhead work, which it
veri�ed that the ability of tolerance of pain was reduced when people had neck pain 35 . The changes of
these parameters indicate that the degrees of cervical �exion could in�uence the biomechanical
characteristics of the upper trapezius. And this �nding regarding the changes of elasticity of muscle
could provide reliable evidence to suggest people not keep poor posture for long periods.

Correlation between elastic modulus of upper trapezius and
pain intensity
One of the main �ndings from this investigation was a signi�cant positive correlation between elastic
modulus of the upper trapezius and intensity of pain, which the stiffer muscles, the greater intensity of
pain. Patients with CNP usually have symptoms of muscle tension accompanied by pain. One previous
study has detected that this hyperalgesia was associated with glutamate and prostaglandin E2, which
the release of these in�ammatory substances and neurotransmitters stimulated the pain receptors to
pain [36]. Sjøgaard et al. proposed that the muscle metabolism altered in trapezius myalgia. Lower local
blood �ow was revealed, and oxygenation of muscle was also slightly insu�cient 17 . They suggested
that modulation of muscle metabolism may account for the higher lactate, pyruvate and pain responses.
Therefore, the causes of intensity of pain might be the biochemical changes of muscles in the neck
region. In addition, the intensity of pain could be evaluated by the VAS, which revealed a high reliability in
chronic pain 18 . And assessing the intensity of pain in patients with CNP is an essential reference to
provide a professional rehabilitation program.

In participants with CNP, the painful region had a stiffer muscle and a higher score of VAS. These studies
about correlation are scienti�c guidance for physicians to diagnosis and treatment. For example, our
previous study has demonstrated that elastic properties of the patellar tendon in athletes with unilateral
patellar tendinopathy, and there was a signi�cant correlation between elastic modulus of tendon and
functional disability, which it could provide data to estimate whether sportsmen continue their athletic
career [11]. A descriptive cross-sectional study about chronic nonspeci�c neck pain observed that the
pressure pain thresholds were associated with NDI in the suboccipital muscle, which indicated a negative
correlation (r = -0.288; P < 0.05) 37 . Gonçalves et al. also found a negative correlation between the
pressure pain thresholds and NDI in evaluating the upper trapezius in individuals with neck pain. These
�ndings are useful to explore the mechanism of chronic pain 38 . The correlation between intensity of
pain from patients and the elastic modulus of upper trapezius in this investigation could be a feasible
reference to help rehabilitation therapists diagnose CNP with a more comprehensive assessment.
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Chronic neck pain is a common disease in the general population. Findings in this study suggest that the
SWE with a high reliability can be used to assess muscle in pathological conditions. And it is expected to
be an effective measurement to evaluate quantitatively the musculoskeletal system in physiological and
pathological conditions in the future.

Limitations
There were some limitations in this investigation. (1) Only the VAS scale was selected for the study
without taking into account the subjectivity of this scale. (2) We only measured one site on the upper
trapezius, however, it cannot re�ect the whole condition for the upper trapezius. It is worthy to explore
differences of stiffness values in different parts of the upper trapezius. (3) This study only analysed the
correlation between elastic modulus of the upper trapezius and the intensity of pain, therefore, the next
centre of experiment is considered to concentrate on relationship with the neck disability index.

Conclusion
The present study indicated the alterations of the upper trapezius elastic properties by SWE among
patients with CNP during cervical �exion. The elasticity of the upper trapezius is associated with the
intensity of pain, revealing a positive correlation in chronic neck pain. In addition, SWE, a novel
technology for providing relatively standard elastic parameters of biological tissues, has a good
repeatability. In addition, the information of modulation of upper trapezius elastic properties in might be a
good reference for the prevention and rehabilitation of CNP.
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Table 1 Demographic information of subjects (30 patients)

  Mean±SD

Age(years) 39.43±14.34

Weight(kg) 63.63±10.05

Height(m) 1.66±0.07

Body Mass Index(kg/m2) 23.41±2.78

Weekly exercise hours 22.94±2.59

Scores of VAS 4.97±1.77

Scores of NDI 10.07±2.98

SD: Standard deviation

 

Table 2 Intra-and inter reliability of SWE in evaluating upper trapezius

  Mean±SD SEM MDC    

Operator A

in test 1

36.25±6.06 1.71 4.74 ICCa(95%CI)

 

ICCb(95%CI)

0.92(0.67~0.98)

 

0.98(0.91~0.99)Operator A

in test 2

36.85±5.80 1.64 4.55

Operator B 36.51±5.16 0.73 2.02

ICC: Intra-class correlation coefficient; CI: Confidence interval; SEM(kPa): Standard error of measurement; MDC(kPa): Minimal detectable

change; SD(kPa): Standard deviation kPa: kilo Pascal; a: Intra -operator reliability; b: Inter -operator reliability
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Figure 1

Shear wave elastography maps for the upper trapezius muscle. (UT: upper trapezius).

Figure 2

Bland-Altman plots of reliabilities for measuring the upper trapezius at 0° cervical �exion (A and B).
(A)the intraoperator reliability of assessing upper trapezius stiffness. (B)the interoperator reliability of
assessing upper trapezius stiffness.
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Figure 3

Mean±standard deviation for the upper trapezius shear modulus were examined during cervical �exion at
0° (white bar) and 50° (black bar). * Denotes signi�cant difference between groups. (P<0.05).
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Figure 4

Correlation between intensity of pain and elasticity of the upper trapezius.


