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Abstract
Background: Nonspeci�c neck pain (NNP) is a common type of neck pain that causes serious health
problems and is closely related to myofascial pain syndrome (MPS). Here, we compare the effectiveness
of ultrasound-guided trigger point injection therapy (TPI) and conventional physical therapy treatment in
patients with NNP in multiple dimensions.

Methods: Thirty-eight patients with NNP were randomly assigned to the control group and ultrasound-
guided TPI group, a single dose of 3 ml of 0.5% lidocaine was injected into each trigger points in all
affected muscles under ultrasound guidance once a week for three weeks. The controls received
conventional physical therapy treatment every other day for a total of three weeks. The visual analog
scale (VAS) score, neck disability index (NDI), surface electromyography (sEMG), sonoelastography and
infrared thermography characteristics were used to measured the effectiveness one week and four weeks
after the whole treatment.

Results: Compared with the control group, the TPI group showed improved pain and functional disability
both at one-week and four-week assessment(P<0.01); and the TPI group showed improved electrical
activity (P<0.05), elastic stiffness and skin temperature at the four-week assessment(P<0.01).

Conclusions: Ultrasound-guided TPI on upper trapezius muscle can alleviate the pain, improves
dysfunction for NNP than conventional physical therapy, and the multiple evaluation methods in
treatment is more conducive to explore the underlying mechanism of NNP.

Trial registration: The present study has been retrospectively registered on Chinese Clinical Trial Registry
website (ChiCTR2100051009), Registered 10 September 2021.

Background
Neck pain is the main or secondary symptom of diseases such as headache, temporomandibular joint
disorder and in�ammatory joint disease. The current research on neck pain mainly focuses on structural
changes in the neck caused by acute and chronic injury of bones, joints, nerves or blood vessels[1, 2].
However, in clinical practice, a large number of patients with neck pain show symptoms and signs in
muscles, ligaments, tendons, and joint capsules, that interfere with daily life activities without speci�c
pathological manifestations, characteristic signs or symptoms. Therefore, patients with this type of neck
pain are considered to have nonspeci�c neck pain (NNP) [2, 3].

myofascial pain syndrome (MPS) is regional pain that arises from hyperirritable spots located within taut
bands of skeletal muscle, called myofascial trigger points (MTrPs)[4]. MTrPs are discrete lesions in the
muscle that contract excessively during palpation. They can be either active or latent; active MTrPs cause
spontaneous discomfort, pain, and motor or autonomic symptoms during palpation, whereas latent
MTrPs do not cause painful symptoms [5, 6]. Myofascial pain is a common type of neck and shoulder
pain, the pain can radiate to the upper limbs or head, and the neck and shoulders can have cords or
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nodules that are tender on palpation. In addition, MTrPs often appear in the upper trapezius muscle, and
are a common cause of NNP and cervical spine dysfunction. It has been reported that approximately 85%
of patients with MPS have trigger points in the trapezius muscle[7]. Numerous studies have linked MtrPs
in the trapezius muscle to NNP in the past few years [8, 9].

With technological advancements in imaging modalities, attempts have been made to use imaging
techniques to diagnose diseases and evaluate curative effects in recent years [10, 11]. Musculoskeletal
ultrasound has been widely used to detect structural changes in tissues and joints. It can be used to
assess not only therapeutic effects and structural imaging changes during treatment, but also structural
changes of damaged tissues or joints before and after treatment[12, 13]. Elastography can quantify the
elastic properties of tissues, and shear wave elastography (SWE) is ultrasonic elastography technology
that has immerged in recent years[14, 15]. Surface electromyography (sEMG) detects the bioelectrical
properties of muscle during peripheral nerve stimulation, contraction or rests, and re�ects the state of
muscle tissue. Infrared thermal imaging (ITI) technology is a kind of functional imaging that uses the
principle of infrared radiography to study the temperature distribution of the human body; it re�ects the
physiological changes and metabolic processes in the human body[16, 17].

Trigger point injection (TPI) is a simple method that involves the injection of drugs into nodules formed
by trigger points or muscle tension; it is usually effective and is widely used to relieve myofascial pain.
Previous studies demonstrated that TPI improves quality of life in patients with MPS by inactivating
trigger points. At present, TPI therapy has been widely used for MPS in clinical practice due to its rapid
analgesic effect and easy application[18–20].

In the present study, we aimed to combine physical examination and clinical two-dimensional
musculoskeletal ultrasound to examine myofascial activity and potential trigger points to achieve precise
positioning of MTrPs. We used objective, reliable outcome measurement tools (VAS, NDI, sEMG, US
elasticity imaging and ITI) to evaluate the effectiveness TPI therapy and thoroughly explain their effects
and mechanisms in multiple dimensions for NNP with MTrPs in upper trapezius. This study aims to
provide new theoretical bases, targets and strategies for the prevention and treatment of NNP with upper
trapezius MTrPs.

Materials And Methods
Participants: This study recruited 38 patients with NNP ranging in age from 20 to 60 years who had been
treated on an inpatient or outpatient basis at our institution. The details and procedures of the study were
explained to the study participants, who all signed informed consent forms before being included in the
study. The inclusion criteria were :   male and female patients aged 20-60 years, VAS score for Neck
skeletal muscle pain was greater than or equal to 3 points,   chronic neck and surrounding tissue pain for
more than 3 months,   patient had a diagnosis of at least one active trigger point on the neck,   reduced
neck and shoulder range of motion due to pain, and   increased pain density caused by stress or lack of
sleep. To improve validity, study subjects were included when all described conditions were satis�ed. 
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 In addition, NNP patients were excluded if they   were younger than 20 years old or older than 60 years
old, regardless of sex,   were diagnosed with temporomandibular arthritis or
�bromyalgia, had uncontrollable pain or other discomfort during treatment,   had excessive muscle
tension or mental anxiety during injection treatment or severe swelling and bleeding after injection
treatment,   had acute pain in spine (< three months) ,radiculopathy and other spine related conditions.

Patients were randomly assigned into the control group (n=18) or ultrasound-guided TPI group (n=20) by
using computer-generated randomization allocation software, Sex was not taken into account during the
randomization. The allocation procedure of the participants is presented in the Flow Chart. 

Interventions:

Patients with spine, nerve roots or other spinal-related diseases were ruled out by using magnetic
resonance imaging (MRI). The therapist used a combination of physical examination and ultrasound
examination to locate and mark the MTrPs of the upper trapezius muscle (Figure 1). All the therapists,
evaluators and statisticians were blinded to the participants data.

For participants in the TPI group, a single dose of 3 ml of 0.5% lidocaine was injected into each trigger
points in all affected muscles under ultrasound guidance once a week for 3 weeks, Patients were asked
to sit in a straight, upright position throughout the treatment. The injection was administered with a 25-
gauge, 1.25-inch long needle with the tip perpendicular to the skin, under ultrasound guidance, a needle
was inserted into the upper trapezius muscle until the positions of MTrPs were accurately determined.
After the injection, the needle was moved back and forth. The same point was needled repeatedly, and the
tip of the needle was withdrawn from the muscle[21]. 

The participants in the control group received conventional physical therapy treatment (heat therapy and
exercise). Heat therapy was applied directly over the trapezius muscle of participants for 15 minutes.
Then, they performed exercises under the supervision and assistance of an experienced physiotherapist.
Each exercise was repeated 10 times for 5-10 s. The treatment was repeated every other day for a total of
three weeks[22].

Outcome measurements: 

The visual analog scale (VAS) is a sensitive and comparable method used to measure general pain
intensity. The speci�c method is as follows: a 10 cm horizontal line is drawn on paper, one end of the
horizontal line is 0, indicating no pain, the other end is 10, indicating severe pain, and the middle part
indicates varying degrees of pain. The participant is asked to draw a mark on the horizontal line
according to their self-perceived degree of pain[23].

The Neck Disability Index (NDI) was used to evaluate cervical spine function. The evaluation form
included a total of 10 questions concerning neck pain-related symptoms (pain intensity, headache,
concentration and sleep) and activities of daily living (personal care, lifting heavy objects, reading,
working, driving and entertaining). The patient answered truthfully according to his own situation. The
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higher the score, the more severe the dysfunction is: with zero indicating no disability and �ve indicating
complete disability (0= no disability, 5= complete disability)[24].

A Sonosite M-Turbo US system (FUJIFILM Sonosite Inc., Bothell, WA, USA) with a transducer cover and
sterile coupling gel was used to locate the upper trapezius trigger points. Scanning was performed using
a 13-6 MHz linear transducer. Normally, there are some grayscale degree and pattern changes in areas
with MTrPs that appear as focal hypoechoic and heterogeneous echotexture regions. Therefore, we used
musculoskeletal US to locate, guide and administer TPI for NNP, and evaluated the effect of myofascial
structural changes before and after treatment[25, 26].

sEMG analysis was performed with a device (Shanghai Nuocheng Electric Co., LTD) on the upper part of
the trapezius muscle bilaterally. The motor unit activity in EMG recordings ranges from 70-90 Hz, the time
base for recording was 1000 ms, the scanning speed was 3 s/D, and the ampli�cation was 80 μV/D
during maximal contraction of muscle. A pair of the standard bipolar electrodes was placed on the
surface of the skin over the muscle belly. The sEMG recordings were performed during maximal voluntary
contraction of-the trapezius muscle for 5 s and repeated for 3 times to measure the amplitude [27].

The soft tissue stiffness of each point was assessed by sonoelastography. An musculoskeletal
ultrasound system (SuperSonic Imagine Aixplorer, France) with an SL15-4 linear transducer and
frequency of 4-15 MHz was used to perform resting mode sonoelastography in the sitting position. To
perform a comprehensively inspect the muscles at the mark, the detection depth was set to 2~3 cm[28].

Infrared thermography (TMT-9000P, Hangzhou Xinhan Photoelectric Technology Co., LTD.) was used to
measure skin temperature changes over the upper trapezius muscle in our special infrared shielding
room. The patient was instructed to sit and rest for 5-10 minutes before the test, and then positioned 2.5
m from the infrared camera for ITI according to the prescribed standard position. The infrared thermal
images taken were analyzed by software, and the difference in body surface temperature was
distinguished by the difference in color scale[29].

Statistical analyses: 

The total sample size was calculated to be 40 (20 in each group) with a 10% acceptable drop-out rate by
using G-POWER software. The descriptive statistics are shown as the calculated mean and standard
deviation. One-way ANOVA was used to perform intergroup comparisons of the baseline data. T-tests
were used to compare the effect before and after treatment in terms of VAS score, NDI, sonoelastography,
EMG and infrared thermography data in the two groups. Similarly, T-tests were used to compare results
between the two groups. All statistical analyses were performed with SPSS (version 23, IBM Corp.,
Armonk, NY, USA). All tests of statistical signi�cance were interpreted with a criterion of p<0.05.

Results
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There was no signi�cant difference in age, sex, occupation, height, weight, BMI, or the presence of NNP
with upper trapezius MTrPs (Table 1, P>0.05). No side effects or complications were seen in either group
during the study. Signi�cant changes could be seen between the two groups (TPI group vs. the control
group) both at one week and four weeks after the last time treatment.

 
Table 1 Demographic characteristics of the participants

Variables Control group (n=16)

(mean±SD)

TPI group (n=18)

(mean±SD)

p-value

Age 41.07 ± 11.63 45.44 ± 10.09 0.27

Sex

Occupation

1.69 ± 0.48

1.84 ± 0.68

1.66± 0.48

1.72 ± 0.66

0.88

0.61

Height (cm) 159.7 ± 6.9 162.5 ± 6.7 027

Weight (kg) 55.9 ± 9.6 59.6 ± 8.1 0.25

BMI(kg/m2 21.9 ± 3.7 22.6 ± 3.0 0.57

The VAS scores decreased signi�cantly in both two groups at the one-week and four-week follow up
compared with those at baseline (Figure 2A, P<0.01). There was no signi�cant difference in VAS scores at
baseline between the two groups (Figure 2A, P>0.05). Although the patients in the control group also
bene�ted from conventional physical treatment, those in the TPI group bene�ted more in terms of pain
relief, as observed at all time points with VAS scoring (Figure 2A, P<0.01).

In terms of functional disability, the NDI score in the control group signi�cantly decreased one week after
treatment compared with baseline, but the NDI did not continue to decrease four weeks after treatment
(Figure 2B, P<0.01). However, the TPI group showed a steady decrease in NDI scores until four weeks
after treatment (Figure 2B, P <0.01). There was no signi�cant difference in NDI score at baseline between
the two groups (Figure 2B, P>0.05). A signi�cant difference was found in NDI scores between the two
groups (Figure 2B, P>0.05).

In addition, the control group showed a signi�cant difference in EMG results at one week after
intervention compared with baseline (Figure 2C, P<0.05)). There was no signi�cant difference in electrical
activity four weeks after treatment (Figure 2C, P>0.05). In contrast, the TPI group showed a signi�cant
difference in electrical activity at the four-week assessment (Figure 2C, P<0.05). There was no signi�cant
difference in EMG results at baseline and one week after intervention between the two groups (Figure 2C,
P>0.05). However, the EMG results were signi�cantly different between the two groups at the four-week
assessment (Figure 2C, P<0.05).
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However, no signi�cant difference in sonoelastography results was found in the control group (Figure 3A-
B, P>0.05). In contrast, the stiffness of MTrPs was signi�cantly decreased one week after treatment and
decreased more at the four-week assessment in the TPI group (Figure 3A-B, P<0.01). There was no
signi�cant difference in sonoelastography results at baseline and one week after treatment between the
two groups (Figure 3C, P>0.05). The sonoelastography results in the TPI group were lower than that in the
control group at the four-week assessment (Figure 3C, P<0.01).

Infrared thermography showed no signi�cant improvement over time in the control group (Figure 4A-B,
P>0.05). The skin temperature in the TPI group signi�cantly decreased at the one-week and four-week
assessments; moreover, the improvement changes were signi�cantly higher at the four-week assessment
than that at the one-week assessment (Figure 4A-B, P<0.01). There was no signi�cant difference in
infrared thermography results at baseline and one week after treatment between the two groups (Figure
4C, P>0.05). However, there is a signi�cant difference between the two groups four weeks after treatment
(Figure 4C, P<0.01).

Discussion
Due to the changes in social life, working modes and the application of a large number of electronic
components and devices, an increasing number of people suffer from NNP[30]. In 2017, The Lancet
reported that the year-to-year life loss with disability (YLD) for neck pain increased by 21.9% from 2006 to
2016[31, 32], which urgently needs to be addressed. The question addressed by the present study was
whether -ultrasound guided TPI therapy has a positive effect on NNP with MTrPs in the upper trapezius
muscle; and whether it has advantages in clinical application compared with traditional physiotherapy.
Our study found that the ultrasound guided TPI therapy was effective for NNP with MTrPs in the upper
trapezius muscle in improving pain intensity, functional disability, electrical activity, elastic stiffness and
skin temperature changes.

The diagnosis of MPS, which manifests with one or more active MTrPs, is usually based on the patient’s
subjective symptoms and the presence of active MTrPs. However, due to the subjective and empirical
nature of physical examination, it is di�cult to �nd potential and deep tissue trigger points, and its
reliability is controversial. Therefore, it is particularly important to seek an objective and accurate method
for identifying the trigger points[33, 34]. In recent years, a large number of studies have shown that MTrPs
are mostly oval hypoechoic areas on ultrasound images, and there are very few case reports that MTrPs
are hyperechoic[35, 36]. Cojocaru M C et al.[37] simultaneously applied US imaging, ITI and clinical
palpation techniques to locate the MTrPs in 8 patients with lumbar pain. They found that these three
methods were basically consistent in diagnosing the location of MTrPs. Kang JJ et al.[18] compared the
feasibility of ultrasound guided MTrP injection with that of blind injection following the use of SWE for
the assessing stiffness at the MTrPs in patients with trapezius MPS, they found that ultrasound guided
TPI is a more useful modality than blind injection in patients with MPS. The use of ultrasound guided TPI
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addresses the limitations of palpation and blind injection; it can not only help identify and treat MTrPs in
deep muscles, but also avoid damage to nerves, blood vessels and organs, and improve the accuracy and
effectiveness of MTrP injection.

TPI therapy has been used for decades, and it has obtained satisfactory results in clinical treatment of
MPS. Our research results are consistent with many clinical studies, showing that ultrasound guided TPI
therapy improves functional recovery and reduces pain associated with NNP. Raeissadat SA et al.[38]
compared the e�cacy of ozone injection (OI) lidocaine injection (LI) and dry needling (DN) in MPS
patients. The results showed that all three methods were signi�cantly effective in MPS treatment during
short-term follow-up; however, the OI and LI groups had slightly better results than the DN group, with no
remarkable bene�t between OI and LI. Because ultrasound guided local anesthetic injections are superior
to nonspeci�c anti-in�ammatory drugs (NSAIDs) in terms of pain outcomes and fewer adverse events
were found in a systematic review[39], we chose ultrasound guided injection of 5% lidocaine in the
present study, and no adverse events occurred over the course of the experiment. In an early study of the
treatment of NNP, Yanuck J et al.[40]evaluated whether TPI with 1% lidocaine can improve myofascial
back and neck pain compared with conventional therapies (standard care). They found that numerical
rating score (NRS) for pain was lower in the TPI group than the control group after adjustment for initial
pain. The VAS scores decreased signi�cantly in the TPI groups at the one-week and four-week
assessments compared to baseline in the present study.

The pathophysiological mechanism of trigger point formation in the upper trapezius muscle in patients
with NNP is unclear, and muscle overloading is reported to be the key factor. In addition, lack of physical
exercise, acute trauma and long periods of poor posture are also linked to the formation of trigger
points[41]. Simons et al. [42]argued in their study that long-term micro muscle injury would cause
continuous contraction of muscle �bers, which would increase local energy consumption. Meanwhile,
contracture of muscle nodes puts pressure on local blood vessels, leading to local microcirculation
disturbances and the release of pain-causing substances such as 5-hydroxytryptamine and bradykinin,
eventually forming MTrPs. A recent study also found that skin temperatures were higher in areas with
MTrPs, which may be related to the rise in skin temperature caused by the heat generated by the tension
of muscles with MTrP activation[43]. As demonstrated in our observations, ultrasound guided TPI has an
improving effect on neck pain relief, functional disability, electrical activity, elastic stiffness, and skin
temperature over upper trapezius MTrPs in NNP. The proposed mechanism mediating this therapeutic
effect is that lidocaine, an amide anesthetic drug, can effectively relieve the pain of patients, improve
blood circulation, reduce exudation and accelerate the metabolism of local in�ammatory substances. At
the same time, needling destroys MTrPs, reduces the activity of trigger points, disrupts the original
continuous contraction state of muscles, reduces the tension of local muscle tissue, relives the
symptoms of neurovascular entrapment, promotes local blood circulation, and releases tissue growth
factor, thus stimulating a healing response and facilitating the discharge of metabolic waste and pain-
causing factors[19, 44].
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Previous therapeutic assessments of NNP have relied on some subjective evaluation scales. The most
commonly used are the VAS and NDI. In contrast to previous studies, the present study is the �rst to
combine multiple objective, reliable outcome measurement tools concerning pain intensity, functional
disability and electrical activity to evaluate the short-term curative effect of ultrasound guided TPI therapy
on NNP. The present results provide strong evidence to support the effectiveness of ultrasound guided
TPI for NNP with trigger points in the upper trapezius muscle, which has great value for clinical
application.

Conclusions
The present study revealed that ultrasound-guided TPI on upper trapezius muscle can alleviate the pain,
improves dysfunction for NNP than conventional physical therapy, and the multiple evaluation methods
in treatment is more conducive to explore the underlying mechanism of NNP.
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Supplementary
Flow chart is available in Supplemental Files section.

Figures

Figure 1

A typical trigger point can be observed in the left neck, as shown in the dotted-line mark, white capsule
can be seen around, and the ultrasound performance shows mixed echo area, and the trigger point
injection therapy under ultrasound-guided, the needle as shown in the arrow mark.
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Figure 2

A: VAS of neck pain in each group and VAS of neck pain between groups (mean ± SD) at before, one week
and four week, B:  NDI in each group and NDI between groups (mean ± SD) at before, one week and four
week, C: RMS in each group and RMS between groups (mean ± SD) at before one week and four week,
*p<0.05, #p<0.05, **p<0.01, ##p<0.01.
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Figure 3

A: Representative measurement of SWE value at the trapezius trigger point in patients with cervical and
shoulder myofascial pain syndrome in control group (male, 43 years old, with repeated neck pain for
more than three years), injection group (female, 35 years old, with repeated neck pain for more than �ve
years), B: The value of SWE in trapezius muscle(kPa) in each group (mean ± SD) at before, one week and
four week time, C: The value of SWE in trapezius muscle (kPa) between groups (mean ± SD) at before,
one week and four week, *p<0.05, #p<0.05, **p<0.01, ##p<0.01.
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Figure 4

A: Representative measurement of infraredthermography at the trapezius trigger point, as shown in the
arrow mark, in patients with cervical and shoulder myofascial pain syndrome in control group (male, 43
years old, with repeated neck pain for more than three years), injection group (female, 35 years old, with
repeated neck pain for more than �ve years). B: Skin temperature of myofascial trigger points in the
trapezius muscle (℃) in each group at before, one week and four week time, C: Skin temperature of
myofascial trigger points in the trapezius muscle(℃) between groups (mean ± SD) at before, one week
and four week, *p<0.05, #p<0.05, **p<0.01, ##p<0.01.
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