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Purpose: Non-specific chronic neck pain (NSCNP) is an increasingly common musculoskeletal disease and an important issue in the
global healthcare system. Some studies have shown that the combination of manual therapy and exercise is effective in treating
NSCNP but still with several limitations. Traditional Chinese manual therapy (tuina) is a Chinese manual therapy that consists of soft
tissue manipulation and spinal manipulation. This study aims to design a randomized controlled trial to assess the effect of a tuina
combined with specific therapeutic neck exercise modified protocol for NSCNP patients.

Patients and Methods: This is a study protocol for a randomized, participant-, assessor- and analyst-blinded controlled trial. Eighty-
eight eligible NSCNP patients will be randomly allocated into tuina combined with specific therapeutic neck exercise group (TSTE
group) and tuina combined with sham therapeutic neck exercise group (TS group) in a ratio of 1:1. All participants will receive 8
treatment sessions applied in 4 weeks and then be followed up for another 12 weeks. Clinical data will be collected at baseline, during
treatment phase (at the 2- and 4-week) and at the 8-, 12-, 16-week follow-ups. The primary outcome is the changes in neck pain
intensity (visual analogue scale). The secondary outcomes include neck disability (Neck Disability Index), cervical range of motion
(ROM), neck muscle endurance, cervical muscle cross-sectional area, cervical curvature and analgesic consumption. Adverse events
will be collected and recorded throughout the study.

Conclusion: We will discuss whether our tuina combined with specific therapeutic neck exercise modified protocol is more effective
at improving pericervical muscle endurance, ROM, cervical muscle cross-sectional area and cervical curvature than tuina alone,
thereby decreases neck pain and disability in individuals with NSCNP more effectively.

Trial Registration: Chinese Clinical Trials Registry, ChiCTR2300067903. Registered on 31 January 2023.

Keywords: manual therapy, non-specific neck pain, specific therapeutic exercise, randomized controlled trial

Introduction
Neck pain is one of the highly prevalent musculoskeletal disorders which causes considerable economic impact in the
world.! As measured by disability-adjusted life years for aged 25 to 49, neck pain ranks 19th according to the data from

Global Burden of Disease Study.” Non-specific neck pain is neck pain without any identifiable pathoanatomical cause.’
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When non-specific neck pain persists for more than 12 weeks, it is called non-specific chronic neck pain (NSCNP), with
a prevalence rate ranging from 30% to 50%, and 11.5% of the cases limit daily activities.*

Many studies have demonstrated that conservative treatments such as manual therapy, exercise, acupuncture and
usual medical care (ie, face-to-face interview, education, reassurance, medication) are effective for patients with
NSCNP.>® Systematic review has also found that combining manual therapy with exercise is better than manual therapy
or exercise alone.” Moreover, clinical practice guideline for the management of NSCNP also advocates clinicians should
primarily apply cervical manual therapy combining with exercise therapy in NSCNP patients.'” However, during the
process of implementation, some limitations are still existed in a combination of manipulation and exercise.

First, a home exercise regime is usually used in the studies. Although participants are periodically asked and monitored for
the performance in home exercises, the execution of the home exercises is still not fully controlled. Second, a standardized
program with the same dosage of exercise is given to all participants, while the importance of precise exercise tailoring is
highlighted by non-specific neck pain clinical guidelines.'""'* Furthermore, the combination of manipulation and exercise is in
a simple and independent form, which cannot reflect complementary advantages of each other.

Therefore, in this study, we will conduct a modified protocol in which we combine traditional Chinese manual therapy
(tuina) and specific therapeutic neck exercise. Besides, we adopt the form of doctor-patient cooperation. Thus, partici-
pants can directly engage in exercise during the tuina treatment process. Our hypothesis is that the modified protocol
would have more advantages in efficacy and satisfaction to treat NSCNP than tuina alone.

The aim of our study is to determine whether our tuina combined with specific therapeutic neck exercise modified protocol
is more effective at improving pericervical muscle endurance, ROM, cervical muscle cross-sectional area and cervical
curvature than tuina alone, thereby decreasing neck pain and disability in individuals with NSCNP more effectively.

Patients and Methods
Study Design and Setting

This single-center, participant-, assessor- and analyst-blinded randomized controlled trial will be conducted at Shanghai
Municipal Hospital of Traditional Chinese Medicine. A total of 88 eligible NSCNP participants will be randomly
assigned to tuina combined with specific therapeutic neck exercise group (TSTE group) and tuina combined with sham
therapeutic neck exercise group (TS group) in a 1:1 allocation ratio to receive 8-session of tuina combined with specific
therapeutic neck exercise or tuina combined with sham therapeutic neck exercise over a 4-week treatment period and
a 3-month follow-up period. The trial will follow the guidelines of Consolidated Standards of Reporting Trials
(CONSORT)"? and fulfil the requirements of the Standard Protocol Items: Recommendations for Interventional Trials
(SPIRIT) checklist (Supplementary Material).'* The flowchart of the trial process is shown in Figure 1.

Recruitment and Ethic

All participants will be recruited from the Shanghai Municipal Hospital of Traditional Chinese Medicine and through adver-
tisements on hospital social Internet media (WeChat). The trial protocol has been approved by the ethics committee of Shanghai
Municipal Hospital of Traditional Chinese Medicine on 30 May 2022 (No. 2022SHL-KY-29-02) and registered in the Chinese
Clinical Trial Registry (ChiCTR2300067903). All interested participants will be required to sign the written informed consent
form with a clear understanding of the study before participating in. The study schedule is as follows in Table 1.

Inclusion Criteria

Participants will be recruited if they satisfy the following criteria:'>'®

Aged 18-35 years, either gender.

Current neck pain (sense of pain anywhere in cervical region or bilateral scapular region).
Experienced non-specific chronic neck pain for at least 12 weeks.

Mean neck pain intensity >30 mm on a 100 mm visual analog scale during the preceding week.

Nk W=

Willing to participate and prohibit any other treatment which may affect trial results.
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Figure | Flow chart of study procedures.

Exclusion Criteria

Participants will be excluded if they have any of the following conditions:'”"'®

1. Neck pain with radicular syndrome, disc protrusion or prolapse, whiplash, fractures of cervical, congenital spine

deformity, spinal stenosis or neoplasm.

2. A reported red flag medical history, including inflammatory rheumatic diseases, oncological diseases, metabolic
diseases, neurological disease, fibromyalgia syndrome.

. A history of previous cervical spine surgery or invasive treatment of the spine.

. Severe psychiatric disorders and somatic comorbidity.

. Pregnancy or preparing for pregnancy during the study period.

. Undergoing any treatment for neck pain or had received related treatment in the previous three months.

AN L B~ W
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Table | Schedule of Enrollment, Intervention and Assessments

Enrolment Study Period
Baseline Treatment Phase Follow-Up Phase

Time point (week) -2 0 2 4 8 12 16
Enrolment
Eligibility screen x
Informed consent x
Medical history x
Allocation x
Interventions
TSTE < >
TS < >
Assessments

Primary outcome
VAS x x x x x x

Secondary outcomes

NDI x X x x x x
NE x x

CSA X x

cv x x

ROM x x

Analgesic consumption x x x x x x
Others

Adverse events < >
Blinding test x

Physician will diagnose the exclusion criteria based on symptoms, mandatory physical examination, X-ray and MRI.

Randomization and Allocation Concealment

The randomization sequence will be computer-generated with the software SPSS 21.0 (SPSS Statistics, IBM Corp.,
Armonk, NY, USA) by an independent statistician, who will not participate in the implementation or later statistical work
of the trial. Random numbers will be placed in sealed and opaque envelopes, and an independent researcher will ensure
the concealment of the allocation sequence. The therapists will sequentially open the envelopes and allocate the patients
accordingly in the trial.

Blinding

The assessor, analyst and participants will be blinded to the allocated group, except for the therapists. The participants
will not be informed of group allocation throughout the trial, and they will be explained to receive either of the two
different types of manual therapy. To prevent exchange of study information, each participant will be treated separately,
and a blinding test will be conducted at week 4 to assess the success of blinding. In addition, researchers will be trained
the specifications of the trial and required to strictly abide by the principle of task separation.

Qualification of Practitioners
Only traditional Chinese manual therapy therapists registered Chinese Medicine Practitioners with at least 3 years of

tuina experience will perform the treatment in the study. All therapists will be trained in administering tuina protocol.
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Interventions

The interventions will be applied to eligible NSCNP patients in two groups for 8 sessions over 4 weeks (2 sessions per
week with a minimum interval of 2 days). Each participant will be placed in a constant room temperature of 23-25 [J and
performed in a sitting position during the treatment. Each treatment will last for 35 min. In order to improve participants’
adherence, participants will accept the treatments and imaging examinations for free, as well as two additional free tuina
treatments after the last follow-up assessment.

Traditional Chinese Manual Therapy Combined with Specific Therapeutic Neck

Exercise Group

In TSTE group, the therapist will administer a five-step protocol intended to alleviate neck pain and improve neck function,
which includes four-step tuina protocol (local manipulation, cervical spine manipulation, cervicothoracic thrust manipulation,
ear acupressure) and one-step specific therapeutic neck exercise protocol. The specific protocol used is as follows.

Step I: Local Manipulation

Participants are instructed to sit and relax their neck naturally. The therapist first will apply kneading manipulation to relax the
muscles and soft tissues of the neck, shoulders and upper back for 3 minutes. Then, the therapist will press and knead the
acupoints in traditional Chinese medicine such as DU16 (Du meridian 16), SI14 (Small intestine meridian 14), LI11 (Large
intestine meridian 11), GB20 and GB21 (Gallbladder Meridian 20 and 21) for 1 min each. The strength of pressing and kneading
acupoints depends on participant’s feeling, which is usually described as sour swelling, heaviness, numbness or dull pain.

Step 2: Specific Therapeutic Neck Exercise
The specific therapeutic neck exercise protocol was modified based on the technique standardized by Akodu et al.'® For
the specific therapeutic neck exercise, the cervical flexion, extension and rotation exercises will be performed with the aid
of therapist. All the cervical exercises will be performed in a sitting position with the head in a neutral position. To
perform the cervical flexion exercise, the therapist places his right palm on the forehead of the participant and his left
hand on the seventh cervical vertebra behind the neck to maintain the stability of the neck movement. Then, the
participant will press the therapist’s right hand in order to indicate that the therapist should apply similar forces in the
opposite direction. Using these balanced forces, the therapist instructed the participant to perform isometric contraction.
The participant will perform the isometric contraction for 6 seconds, counting from 1 to 6, and gradually increase the
intensity of the contraction to maximal strength. When the participant’s contraction intensity reaches the maximum, the
therapist’s right hand will appropriately reduce the resistance and guide the participant to conduct slow and uniform
flexion resistance movement until the flexion reaches the maximum angle. This movement continues for about 10
seconds and the cervical flexion exercise will be applied three repetitions with an interval of 10 seconds each time.
Cervical extension and rotation exercises are similar to the flexion exercise, except that the therapist’s right hand is
placed on the back of the participant’s head or the corresponding cheek.

The step 1 (local manipulation) and step 2 (specific therapeutic neck exercise) will be carried out alternately and
repeated three times to ensure that the neck muscles are fully exercised and relaxed.

Step 3: Cervical Spine Manipulation

The cervical spine manipulation is a non-fixed-point rotational manipulation,® which is not performed on a specific cervical
segment, but by twisting the head to transmit the force to the cervical spine to achieve a therapeutic effect. The participant is
manipulated in an upright seated position, with the therapist standing behind him to perform the oblique pulling and the rotation-
traction manipulation on the left and right sides, respectively. The oblique pulling manipulation is done with one hand to hold the
participant’s jaw bone and the other to hold the neck, with the two hands exerting cooperative force in the opposite directions,
allowing the neck to be slightly twisted to the obvious resistance point. Take the oblique pulling manipulation on the left as an
example. First, the therapist guides the participant’s head into flexion and extreme rotation in the left direction. Second, the
therapist puts his right hand against the back of the participant’s neck and the left hand against the participant’s jaw to help the
participant bend to the left limit again. Finally, the therapist momentarily increases the rotational force and then releases it. During
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the manipulation, the therapist should listen for cavitation. If no cavitation occurs on the first attempt, the participant will be
repositioned, and the therapist will perform a second cervical spine manipulation. A maximum of two attempts can be performed
on each participant.

Step 4: Cervicothoracic Thrust Manipulation

The cervicothoracic thrust manipulation is performed with the participant seated with his/her fingers interlocked behind
lower cervical spine.>' The therapist stands behind the participant and threads arms through him/her so that hands are on top
and inferior to the participant’s hands at the cervicothoracic junction. Then, the participant is told to relax his/her arms and
gently recline. When the participant is in a state of natural breathing relaxation after exhalation, the therapist uses legs and
waist extension to provide a high velocity, short amplitude distractive thrust directed at the cervicothoracic junction.

Similarly, a maximum of two attempts can be performed on each participant depending on whether cavitation occurs.

Step 5: Ear Acupressure

The therapist will massage the auricular points on both ears of the sitting participant with his hands. Based on the classical
theory of traditional Chinese medicine and expert experience, participants will receive ear acupressure on the following
auricular points: AH13 (Jingzhui) and AH11 (Xiongzhui). The auricular points’ names and locations follow the “Chinese
Standard Ear Acupoints Chart Nomenclature and Location of Auricular Points” (GB/T-13734-2008) (Figure 2). Each
auricular point will be moderately stimulated and compressed for 1 min. During the process of ear acupressure, the participant
should feel sourness and heat of the ear.

Traditional Chinese Manual Therapy Combined with Sham Therapeutic Neck Exercise
Group

In this group, the sequence of treatment protocol and steps of Tuina treatment are the same as those of the TSTE group.
In addition to the specific therapeutic neck exercise step, the therapist will lay his hands without therapeutic intention on
the corresponding part of the participant, and the participant will be contacted without exerting pressure during the

cervical exercises.

Permitted and Prohibited Concomitant Treatments

Additional treatment for neck pain will be banned during the trial, which includes but is not limited to acupuncture,
physical therapy, drug injections, oral muscle relaxants and surgery. However, participants will be allowed to have
general light exercises. The researchers will re-emphasize the prohibited concomitant treatments at every visit, and any
change in concurrent treatment will be recorded.

Evaluation
All participants will complete a questionnaire during the initial screening visit regarding demographic data (age, gender,
weight, height, education level, occupation), as well as information on past neck pain such as duration, treatment method

and curative effect. X-ray and magnetic resonance imaging will also be examined for analysis before randomization.

Outcomes

The primary outcome will be neck pain intensity. The secondary outcomes include neck disability, cervical range of
motion, neck muscle endurance, cervical muscle cross-sectional area, cervical curvature and analgesic consumption. All
the following outcomes will be assessed at baseline, during treatment phase (at the 2- and 4-week) and at the 8-, 12-, 16-
week follow-ups, except for the cervical range of motion, neck muscle endurance, cervical muscle cross-sectional area
and cervical curvature, which will be only conducted at baseline and 4-week.
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Figure 2 Locations of auricular acupoints (red circles).

Primary Outcome Measurement
Pain Intensity

The visual analogue scale (VAS) created by Scott and Huskisson®> will be used to evaluate the intensity of neck pain
during the past week perceived by the subjects. The subjects will place a vertical mark at the point on a horizontal line of
10 cm that represented their level of pain, where 0 indicated “no pain” and 10 indicated “the worst pain imaginable”.?* In
patients with chronic neck pain, a change of 0.8 cm is a minimal clinically important difference (MCID) score.”*
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Secondary Outcome Measurements
Neck Disability

The Chinese version of the Neck Disability Index (NDI) will be used to measure the neck-related disability in two
groups. This index contains ten sections including daily living activity (seven sections), pain (two sections), and
concentration (one section). Each section is scored from 0 (no disability) to 5 (total disability) and total scores range

from 0 to 50, with higher scores corresponding to higher degree of disability.*>

Cervical Range of Motion

Cervical range of motion (CROM) in six conventional movements (flexion, extension, right and left lateral flexion, right
and left rotation) will be assessed using a cervical goniometer (CROM Deluxe, Performance Attainment Associates),
which has been shown to have high levels of repeatability with an intra-tester reliability (ICC) ranging from 0.89 to
0.98.2° The patients will be measured while sitting in a relaxed straight-back seated position, with both feet flat on the

ground, hips and knees at a right angle.

Neck Muscle Endurance

Neck flexor and extensor muscle endurance tests will be measured in seconds and performed in lines with the previous
studies.?”® For the flexor muscles, participants are in supine position with legs straight and arms by side. They are asked to
flex the upper cervical spine and lift their head approximately 2.5 cm off the bed while maintaining retraction until exhaustion.
During the text, the investigator keeps one hand on the bed beneath the participant’s head while has a chronometer in the other
hand. Test will be terminated when participants lost their craniocervical flexion upon witnessing the loss of skinfolds posterior
to the mandible or dropped their heads on the investigator’s hand. For the extensor muscles, participants are in prone position
with legs straight, arms by side and head outside the plinth supported by a pillow. An inclinometer will be placed around
participant’s head, and a 2-kg weight applied is suspended from the head above the ears. Participants are asked to support the
weight and maintain the head in neutral position as long as possible. Test will be terminated when the head position reached
beyond 5° or a maximum endurance test of S min. Both of the neck flexor and extensor muscle endurance tests will be repeated
twice with an interval of 5 minutes, and the mean of two results will be regarded as the final result.

Cervical Muscle Cross-Sectional Area
The cross-sectional area (CSA) measurement method of cervical muscle was based on the technique standardized by Li

et al.?’

Digital images from routine neutral position cervical spine MRI will be retrieved from the hospital radiographic
system (Winning Health, WiNEX). MR images are acquired on a 1.5-T magnet (SIEMENS) using a standard neurovas-
cular coil. The measurement parameters are consisted of 14 slices with a slice thickness and space of 3.5 mm, FOV 180 x
180 mm, TR 3300 msec, TE 110 msec, matrix size 160 x 256, 1.5 excitations, flip angle 90.

Two independent reviewers blinded to all clinical information of the patients will use axial T2-weighted images at the
upper vertebral endplates from C4 to C6 intervertebral levels for muscle CSA measurement. Muscle areas such as
superficial flexors (SFs), deep flexors (DFs), superficial extensors (SEs) and deep extensors (DEs) will be measured in
accordance with the MRI atlas of the cervical spine musculature. All CSAs will be performed in square millimeters
(mm?) by creating a region of interest (ROI) for each muscle bilaterally. Perpendicular lines from lateral border of the
ipsilateral facets will be used as lateral limits for the ROI of SEs.

Given that close relationship between muscle mass and bone strength, ratios of muscle CSA/bony CSA rather than
muscle CSA are usually used to eliminate biases caused by physical variations.>® Thus, C4, C5 and C6 vertebral body
areas (VBAs) at the levels of upper endplate will be also measured to calculate ratios of muscle CSAs/ VBAs.

Cervical Curvature
The lateral radiographs of cervical vertebrae from the hospital radiographic system (Winning Health, WiNEX) will be
individually measured by two reviewers. Borden’s method®' will be used to identify cervical vertebral curve apex, and

the schematic diagram is shown in Figure 3.
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Figure 3 The schematic diagram for Borden’s method: A straight line drawn from the superior posterior edge of C2’s odontoid to the posterior inferior tip of the C7
vertebra is line A. Line B is a fitting curve along the posterior edges of all vertebral bodies. The longest vertical distance from line A to line B was measured representing
cervical spine physiologic curve depth (line C). Scale bars (red line): 10 mm/segment.

Analgesic Consumption
Patients will be allowed to take celecoxib (Pfizer Pharmaceutical Co. Ltd., New York State, USA) when they cannot

endure neck pain during the trial. The dose and the time of taking celecoxib should be recorded on their case report forms
(CREFs).

Adverse Events

Adverse events (AEs) will be monitored at each visit, and any AEs associated with intervention or not will be evaluated.
If AEs occurred, researchers will treat the adverse reactions (including observation, medical management, even an early
closure of participation) immediately. In addition, the details of AEs will be reported in the CRFs and ethics committee in
time. Common AEs in tuina clinical trials include pain, vertigo, syncope, disability, etc. Once any AE occurs, the ethics
committee of Shanghai Municipal Hospital of Traditional Chinese Medicine will be responsible for deciding whether to
suspend the trial. After investigating and accessing the cause of AEs, participants will be provided with relevant-free

medical treatment and appropriate economic compensation.

Blinding Test
Participants will be asked to guess the type of treatment after their final treatment, and the success of the blind strategy
will be appraised at the end of the study.
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Withdrawal

Participants have the right to discontinue the treatment or withdraw from the study at any time for any reason.
Furthermore, if serious AEs occur during the trial, the trial will be forcibly suspended immediately.

Data Collection and Management

The original data will be collected using the printed CRFs and double entered into the electronic case report form (eCRF)
by independent researchers timely. Paper CRFs will be stored securely in a locked cabinet in the researcher’s work office,
and electronic datasets will be de-identified and blocked. Only authorized data administrators and statistician will be
accessed to these paper files and electronic documents. All research documents will be kept strictly and preserved for at
least five years after publication.

Monitoring and Quality Control

The Clinical Evaluation and Analysis Centre of Shanghai Municipal Hospital of Traditional Chinese Medicine which is
not taking part in and with no conflict of interests in the trial will be responsible for monitoring the data, controlling the
bias and suspending or terminating the study. With the management of the Clinical Evaluation and Analysis Centre,
quality control will be conducted throughout the trial. Before participating in the trial, all researchers should receive
professional trial method training and regular monitoring technique to ensure the consistency of methods. Any correc-
tions or modifications to the study protocol should be submitted to the ethics committee and informed Clinical Evaluation
and Analysis Centre.

Sample Size

The sample size calculation will be conducted based on the primary outcome (VAS) and evaluated with the PASS 15
statistical program. According to our small pilot study, the mean and standard deviation of VAS in TS group (n = 11)
after intervention was 3.32 and 0.95. While in TSTE group (n = 11), the mean and standard deviation of VAS after
intervention was 2.62 and 1.14. The estimated sample size was 74 individuals (37 in each group) to meet the two-tailed
test with a significance level of 0.05 and power of 0.80. Considering a 20% dropout rate, a total of 88 participants (44 per
group) are required in this trial.

Statistical Analysis

The statistical analysis will be followed the intention-to-treat (ITT) principle, including incomplete data of any
participants who withdrew from the RCT during the trial. All the statistical analysis of data will be performed with
SPSS 21.0 software by an independent statistician who is blinded to the group allocation. Continuous variables with
normal distribution will be reported as means + standard deviations, whereas continuous variables with non-normal
distribution will be presented as median and interquartile range. The categorical variables will be described as counts and
percentages. Data normality will be tested through a Kolmogorov—Smirnov test with Lilliefors correction. Parametric
statistics or non-parametric statistics will be used for the within- and between-group analyses in accordance with the
results of homogeneity and normality analysis. Repeated measures analysis of variance (ANOVA) will be used to analyze
the effect of treatment, time and interaction terms between treatment groups versus time. Two-sided paired t tests will be
used for within-group comparisons. A chi-squared test or a Fisher’s exact test will be used to analyze categorical
variables and adverse effects between groups. The statistical significance will be set at P< 0.05 (two-sided), and the
confidence interval will be established at 95%.

Discussion

According to the guidelines of the Orthopaedic Section of the American Physical Therapy Association, manipulative
therapy is recommended for NSCNP at different stages.>” Studies have also reported that manipulative therapy such as
therapeutic massage, cervical spine manipulation and cervicothoracic thrust manipulation has clinical benefits for treating
NSCNP.?*2!*3 Traditional Chinese manual therapy (tuina) is a Chinese manual therapy that consists of soft tissue
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manipulation and spinal manipulation.>* The effect of tuina is attributed to relaxing muscles and tendons, improving local
blood circulation, decreasing edema and aseptic inflammation.*> Tuina has been widely used to treat NSCNP
worldwide,>® and the efficacy has also been reported.’” However, to our knowledge, there have been few clinical studies
on the treatment of combining tuina and specific therapeutic neck exercise in NSCNP.

Evidence shows that specific therapeutic neck exercise is effective for reducing pain and disability in NSCNP with the
mechanisms of neurophysiological effects such as reorganization in motor patterns, structural adaptations and increase in
strength and endurance.>® Many studies have evaluated the effect of combining manual therapy with specific therapeutic
neck exercise on patients with NSCNP. Its purpose is to check the effect in treating this clinical condition.”* However,
they have not included complete clinical performance protocols, but simply combined manual therapy and therapeutic
exercise.

In the current study, we have carried out a modified protocol combining tuina and specific therapeutic neck exercise to
treat patients with NSCNP. This protocol has some innovation for several reasons. First, our intervention protocol can be
considered as a complete treatment option by itself, without adding other complementary techniques. NSCNP patients
can directly engage in specific therapeutic neck exercise during the tuina treatment without the need for additional home
exercise which can avoid the uncertainty caused by supervised exercise in terms of treatment effects. Second, the specific
therapeutic neck exercise in this study is based on load progression composed of different stages, including activation and
recruitment of the deep cervical flexors, co-contraction of the deep and superficial flexors during isometric exercise, and
eccentric recruitment of the flexors and extensors. Although exercise can enhance muscle strength, it can also lead to
muscle fatigue. However, manual therapy has shown a certain positive effect in improving muscle fatigue, with various
effects such as reducing delayed muscle soreness, maintaining exercise performance, and alleviating pain.** Therefore,
alternating tuina and exercise in this study are more beneficial for the therapeutic effects. Lastly, the participant’s specific
therapeutic neck exercise is achieved by the resistance exercise with the therapist’s hands, which means the therapist can
tailor precise exercise based on the level of each participant.

Given the nature of the study, the limitation of this study is that it is difficult to conduct a double-blinded clinical trial
as blinding the therapist is not possible. Another potential limitation of our study is that due to funding constraints, the
last follow-up was done after 3 months, so we cannot know the middle- and long-term evolution, which may lead to the
need for a future study.

Abbreviations

AEs, Adverse events; CONSORT, Consolidated Standards of Reporting Trials; CSA, cross-sectional area; CRFs, case
report forms; CROM, cervical range of motion; DEs, deep extensors; DFs, deep flexors; eCRF, electronic case report
form; ICC, intra-tester reliability; ITT, intention-to-treat; MCID, minimal clinically important difference; NSCNP, Non-
specific chronic neck pain; NDI, Neck Disability Index; ROI, region of interest; SEs, superficial extensors; SFs,
superficial flexors; SPIRIT, Standard Protocol Items, Recommendations for Interventional Trials; Standard protocol
items; TSTE, tuina combined with specific therapeutic neck exercise; TS, tuina combined with sham therapeutic neck
exercise; VAS, visual analogue scale; VBAs, vertebral body areas.

Trial Status
Protocol: version 1.1, 31 January 2023.

The study launched on 31 January 2023 and participant recruitment is in progress now. Recruitment is expected to be
completed by the end of December 2023.

Data Sharing Statement
The data in this trial will be publicly available from the corresponding author upon reasonable request. All data and the
protocol will be available after publication in peer-reviewed international journals for 3 years.
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