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Purpose: Cervical radiculopathy (CR) poses a significant challenge due to its debilitating impact. Cervical rotation-traction
manipulation (CRTM) is a representative manual therapy of traditional Chinese medicine (TCM) in China, which is beneficial to
improve the pain, numbness, and dysfunction of CR patients. However, the optimal treatment frequency for CRTM remains system-
atically underexplored in randomized controlled trials (RCTs). This clinical study aims to assess the effectiveness and safety on three
sessions per week of CRTM (TSWM) compared to one session per week of CRTM (OSWM) and cervical traction (CT) in patients
with CR.

Patients and Methods: This multicenter, three-arm, prospective RCT is conducted at four hospitals in China. Participants will be
randomly allocated in a 1:1:1 ratio to one of the TSWM group, OSWM group, or CT group through the central randomization system.
All participants will receive 4-week treatment and 16-week follow-up (total 20 weeks). The primary outcome is pain intensity of neck
and arm measured by the Visual Analog Scale (VAS) at week 4. The secondary outcomes include VAS for pain intensity, VAS for
numbness intensity, Neck Disability Index (NDI), Short Form 12 (SF-12), the total cost, the recurrence rate, and Expectation of
Treatment and Credibility Scale (ETCS). Adverse events (AEs) will be monitored and reported throughout the trial.

Conclusion: We expect this clinical study to evaluate the optimal frequency of CRTM for CR. It will also serve as a reference and
exploration for investigating the dose—response relationship of manual therapy.

Trial Registration: This clinical trial was registered at ClinicalTrials.gov (registration number: NCT06320249) on March 15, 2024.
Keywords: cervical radiculopathy, cervical rotation-traction manipulation, treatment frequency, randomized controlled trial, study

protocol

Introduction

As a disabling musculoskeletal disease, cervical radiculopathy (CR) poses a significant challenge due to its debilitating
impact, which imposes substantial healthcare and societal costs.' It is reported that its age-adjusted annual incidence is
83.2 per 100,000 people, with higher rates in men (107.3) than women (63.5).> As populations age, CR prevalence is
projected to rapidly rise.*© Therefore, the evidence-based management strategies for CR patients have attracted
considerable attention among researchers and patients.
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Nonoperative measures are the first-line and initial treatment options for CR patients, and the majority of individuals
report symptomatic improvement after a period of systematically nonsurgical intervention.”® The conservative therapies
suggested by international clinical practice guidelines’ ' predominantly include nonsteroidal anti-inflammatory drugs,
exercise therapy, patient education, manual therapy, cervical collar, and other physiotherapies. Among them, manual
therapy constitutes a vital component of conservative treatment for patients with CR, frequently employed either
independently or in conjunction with other therapeutic modalities. In China, based on different cultural backgrounds
and healthcare policies, traditional Chinese medicine (TCM) manual therapy has developed various unique and effective
manual techniques through thousands of years of clinical practice. Traditional Chinese Orthopedic Therapy was accorded
prestigious national recognition as an intangible cultural treasure in 2006 (IX-6), underscoring its pivotal role as
a frontline therapy for chronic musculoskeletal ailments.

Cervical rotation-traction manipulation (CRTM) is a representative physiotherapy of TCM orthopedic therapy.
Previous scholars have conducted some researches elucidating its effectiveness and safety, exploring its mechanical
characteristics, and probing its underlying biomechanisms.'* "> Studies have shown that CRTM outperforms cervical

traction in relieving pain and dysfunction of CR patients'®'’

and CRTM has also been suggested in the clinical practice
guideline.'® However, on the premise that its clinical effect has been confirmed, the dose—effect relationship of
the CRTM in the treatment of CR remains unclear. This has resulted in the absence of explicit dosage recommendations
such as intervention frequency and duration in clinical practice guidelines.

The frequency of manipulation is a critical factor to influence study conclusion and may be related to cumulative
effects. A Cochrane systematic review indicated that multiple sessions of cervical manipulation were superior to
conventional medication for improving pain and function in patients with neck pain. However, a single session of
cervical manipulation did not elicit clinically meaningful benefits.'® Previous studies also showed that clinical trials with

2021 compared to trials with positive results.”*** CR patients

16,17,23

negative results often had lower intervention frequencies

often receive three sessions per week of manipulation or more
12,20,21

in China, while patients have employed interven-
tions once or twice weekly in many previous trials. The optimal frequency of manipulation remains unclear.
Therefore, on the basis of previous clinical effect evaluation studies, we conducted the randomized controlled trial (RCT)
of CR patients to compare the effectiveness and safety of three sessions per week of CRTM (TSWM) with one session

per week of CRTM (OSWM).

Methods/Design

Study Design

This study outlines a protocol for a multicenter, three-arm, prospective RCT with 4 weeks of treatment and 16 weeks of
follow-up for patients with CR. This study complies with the Declaration of Helsinki. The study protocol was approved
by the Ethics Committee of Wangjing Hospital, China Academy of Chinese Medical Sciences (WJEC-KT-2023-047-
P002), and was registered at ClinicalTrials.gov (NCT06320249).>* This trial design will strictly follow the Statement and
Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)*® to ensure appropriate high-quality
methodology and strict quality control (Supplementary Material 1). The trial flow chart and study schedule are shown

in Figure 1 and Table 1.

Participants

Diagnostic Criteria

Referring to the diagnostic criteria outlined in “An evidence-based clinical guideline for the diagnosis and treatment of
cervical radiculopathy from degenerative disorders”.*® Diagnosis of CR requires alignment of patient symptoms, physical
signs, and imaging findings, as outlined below: (1) Symptoms: Neck pain, stiffness, or pain radiating to the shoulder,
scapular inner edge, or thoracic back. Characteristic symptoms include radiating pain and/or numbness in the upper limbs
corresponding to the unilateral or bilateral distribution of cervical nerve root innervation areas. (2) Physical signs:
Positive findings in the brachial plexus tension test and/or foraminal compression test. Affected nerve root distribution
areas may exhibit sensory changes, muscle weakness, muscle atrophy, and diminished or absent tendon reflexes. (3)
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Enrollment

Allocation

Assessed for eligibility (n=)

A

Excluded if not meeting
eligibility criteria or
declining participation

Randomization (1:1:1)
(n=216)

A

A

Allocated to TSWM group
(n=72, three sessions per
week of manipulation)

Allocated to OSWM group
(n=72, one session per
week of manipulation)

A

Allocated to CT group
(n=72, three sessions per
week of cervical traction)

A 4

4-week treatment and 16-week
follow-up

Primary outcome:
= VAS score for pain at week 4.
Secondary outcomes:
= VAS score for pain at week 2, 8, 12, 16, and 20;
= VAS score for numbness at week 2, 4, 8, 12, 16, and 20;
® NDI score at week 2, 4, 8,12, 16, and 20;
m SF-12 score at week 2,4, 8,12, 16, and 20;
= The total cost at week 4;
= The recurrence rate at week 8, 12, 16, and 20;

Assessment

= ETCS score after the first treatment and week 4;
Safety outcomes:
" AEsatweek 2,4, 8,12, 16, and 20.

Analysis

Statistical analysis

Figure | The trial flow chart. TSWM group: three sessions per week of manipulation group; OSWM group: one session per week of manipulation group; CT group: cervical
traction group; VAS: Visual Analog Scale; NDI: Neck Disability Index; SF-12: Short Form 12; ETCS: Expectation of Treatment and Credibility Scale; AEs: Adverse Events.

Imaging examination: X-ray or CT scans may reveal osteophyte formation or bone spur around the nerve roots due to
cervical degenerative changes or manifestations of foraminal stenosis, or MRI scans may indicate nerve root compres-
sion. (4) Differential diagnosis: Exclusion of conditions primarily causing upper limb pain such as shoulder impingement
syndrome, thoracic outlet syndrome, bicipital tendonitis, lateral epicondylitis, and carpal tunnel syndrome.

Journal of Pain Research 2026:19 https: 3



Feng et al

Table | The SPIRIT Schedule of Enrollment, Intervention and Assessments

Study Period Screening | Enrollment | Allocation Baseline Intervention Follow-Up
Timepoint Week -2 Week 0 Week 0 Week 0 Week | Week | Week | Week | Week | Week

2 4 8 12 16 20
Enroliment
Eligibility screen Y
Informed consent Y
Allocation Y
Interventions
TSWM group Y Y Y
OSWM group Y Y Y
CT group Y Y Y
Assessments
VAS score for pain Y Y Y Y Y Y Y
VAS score for numbness Y Y Y Y Y Y Y
NDI score Y Y Y Y Y Y Y
SF-12 score Y Y Y Y Y Y Y
The total cost Y Y
The recurrence rate Y Y Y Y
ETCS score Y (After the first Y

treatment)

AEs Y Y Y Y Y Y

Abbreviations, Y, the assessment/intervention is performed at this time point; TSWM group, three sessions per week of manipulation group; OSWM group, one session
per week of manipulation group; CT group, cervical traction group; VAS, Visual Analog Scale; NDI, Neck Disability Index; SF-12, Short Form 12; ETCS, Expectation of
Treatment and Credibility Scale; AEs, Adverse Events.

Inclusion Criteria
(1) Conforming to the diagnostic criteria above. (2) Aged 4065 years. (3) VAS for pain intensity >4 points. (4) Disease
duration <5 years.

Exclusion Criteria

(1) Combined with other types of cervical spondylosis. (2) Suspected or confirmed cases of cervical spine or intraspinal
tumor, or intracranial tumor. (3) Patients with unclear diagnosis of spinal injury or symptoms of spinal cord injury. (4)
Patients with developmental spinal canal stenosis (vertebral canal ratio = sagittal diameter of vertebral canal/sagittal
diameter of vertebral body < 0.75). (5) Those suffering from severe heart, lung, brain, liver, kidney, or hematopoietic
system diseases. (6) Conditions such as spinal tuberculosis, osteomyelitis, and osteoporosis. (7) Individuals who have
undergone cervical spine surgery and those with cervical spine deformities. (8) Pregnant, planning to become pregnant,
or breastfeeding women. (9) Participants unable to complete this clinical study due to mental illness, cognitive, or
emotional disorders. (10) Those who have participated in other clinical studies in the past 3 months.

Withdrawal Criteria

The following circumstances should be treated as withdrawals: (1) Participants who show poor compliance during the
clinical trial, voluntarily withdraw from the study (Failure to complete > 80% of the scheduled treatment sessions or
interruption of treatment for more than 1 week without valid reasons). (2) Participants who experience severe adverse
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reactions, serious complications, or worsening conditions during the study including progressive worsening of neck pain
with limb paralysis, acute cerebrovascular events, cervical fracture/dislocation, etc. (3) Participants whose treatment does
not follow the protocol or whose observation data are incomplete and thus affect the assessment. (4) Participants who use
other alternative treatments midway through implementing the treatment protocol.

Recruitment

The participants will be recruited across four hospitals in China, including Wangjing Hospital of China Academy of
Chinese Medical Sciences, Affiliated Hospital of Changchun University of Chinese Medicine, Dongzhimen Hospital of
Beijing University of Chinese Medicine, and First Teaching Hospital of Tianjin University of Traditional Chinese
Medicine. The recruitment is mainly a combination form of online and offline methods through WeChat, advertisements,
posters, and recruitment stations at outpatient units. Potential participants will receive detailed information about this
trial, and complete doctors’ screening in the hospital based on inclusion and exclusion criteria to determine their
eligibility. After checking that the eligibility criteria have been met, eligible participants will have an informed discussion
with the trained researchers. Patients who have given informed consent form will be included in the study.

Randomization and Blinding

Participants will be randomly allocated in a 1:1:1 ratio to one of the three groups including TSWM group, OSWM group,
and CT group through a central randomization system (Beijing Xinglin Zhicheng Technology Co, Ltd, Beijing, China)
using stratified block randomization. The randomization sequence will be generated by an independent biostatistician
who does not participate in the implementation or statistical analysis of this trial using SAS 9.3 software (SAS Institute,
Cary, North Carolina, USA). Allocation will be performed by clinical research coordinator (CRC) who is not involved in
treatment or assessment of this trial. The outcome assessors and statistical analysts are blinded to group assignment. The
manual therapists and participants are not blinded because of the nature of intervention.

Interventions

Patients in the TSWM group will receive three sessions per week of CRTM, the OSWM group will undergo one session
per week of CRTM, and the CT group will receive three sessions per week of cervical traction. All three groups will
undergo 4-week treatment and 16-week follow-up. The procedures for CRTM and cervical traction are outlined as
follows:

Cervical Rotation-Traction Manipulation
The key procedural points for CRTM are illustrated in Figure 2.2’ Each session of CRTM will last approximately 10 to
15 minutes.

Cervical Traction

The procedures for cervical traction are as follows:*® The patient assumes a sitting position, and a cervical traction device
with a chin strap is applied (LXZ-100E, Hangzhou Lixin Medical Equipment Co, Ltd, Zhejiang, China). The CR patient
is instructed to slightly flex their head forward, approximately 1015 degrees, based on their comfort level and symptom
relief. The initial cervical traction weight starts at 3 kg and is gradually increased in increments of 0.5 kg. The maximum
initial traction weight generally does not exceed 6 kg and can be further adjusted based on the patient’s tolerance.
Typically, the traction weight can be maintained at 10% to 20% of the patient’s body weight. Each session of cervical
traction will last approximately 10 to 15 minutes.

Outcomes
The Primary Outcome
The primary outcome is the Visual Analog Scale (VAS)? for the neck and arm pain at week 4.

Journal of Pain Research 2026:19 https: 5



Feng et al

/

Figure 2 The procedure of Cervical rotation-traction manipulation. Upward arrow indicates the direction of the thrust force. (A) The patient sits in an upright position,
with the neck and shoulder muscles relaxed naturally. The doctor applies massage techniques to relax the muscles around the neck area for approximately 5 to 10 minutes.
(B-D) The patient is then instructed to rotate their head horizontally, flex it, and then rotate it again to its maximum limit while maintaining a sense of fixation. (E) The
doctor supports the patient’s chin with their elbow and gently preloads upward for 3 to 5 seconds. The patient is then asked to fully relax, and the doctor applies a quick,
short upward thrust with the elbow, which may result in audible sounds. (F) Subsequently, massage techniques are applied to further relax the muscles around the neck and
shoulders.

The Secondary Outcomes

The secondary outcomes include: The VAS for neck and upper limb pain at week 2, 8, 12, 16, and 20; The VAS for numbness>° at
week 2, 4, 8, 12, 16, and 20; The Neck Disability Index (NDI)*' at week 2, 4, 8, 12, 16, and 20; The Short Form 12 (SF-12),*
which includes the Physical Component Summary (PCS) and the Mental Component Summary (MCS), will be assessed at week
2,4, 8,12, 16, and 20; The total cost at week 4: The total cost includes direct costs (registration fees, treatment fees and
examination fees) and indirect costs (loss of income and transportation expenses). Record the total cost for each patient over
a 4-week treatment period; The recurrence rate at week 8, 12, 16, and 20: The recurrence rate is defined as the percentage of
individuals experiencing a reappearance of symptoms and signs similar to those before treatment during the follow-up period,
among the total number of revisit CR patients; The Expectation of Treatment and Credibility Scale (ETCS)* after the first
treatment and week 4.

Safety Outcomes

Any adverse events (AEs) throughout this trial will be reported, and participants will be treated promptly and reasonably.
Observing whether patients experience AEs such as progressive worsening of neck pain, upper limb pain, restricted neck
movement, dizziness, palpitations, or serious adverse events during the study. Any AEs will be recorded diligently in the
Adverse Event Record Sheet. When AEs occur, these will be reported to the relevant responsible entities and ethical
committees for evaluation within 24 hours.
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Sample Size

Based on the previous studies,'®**

it is anticipated that the mean pain VAS scores for patients of TSWM group, OSWM
group, and CT group are 1.69, 2.45, and 3.06, respectively, with corresponding standard deviations of 1.39, 1.53, and
2.03 following a 4-week treatment period. Assuming a two-sided test with significance level of 5% and power of 8§0%
based on an allocation ratio of 1:1:1, sample sizes of 57 per group were calculated using PASS 15 software (NCSS, LLC,
Kaysville, Utah, USA). Considering the 20% dropout rate, each group will require 72 participants, totaling 216
participants.

Statistical Analysis

Statistical analyses will be performed using SPSS 26.0 software (IBM Corp., Armonk, New York, USA) and R (R
Development Core Team, Vienna, Austria). Intent-to-treat analysis will be employed, with all patients included in their
assigned groups receiving at least one treatment session. Missing data will be addressed using multiple imputation
method. Statistical significance is set at a P value less than 0.05.

Continuous variables that conform to a normal distribution will be represented by the mean and standard deviation
and variables that do not conform to a normal distribution will be represented by the median and interquartile range.
Categorical variables will be described using frequencies or percentages. For primary and secondary outcomes, inter-
vention effects will be analyzed using generalized estimating equations with baseline measurement as the covariates to
account for correlation among repeated measurements. The group-by-time interaction, which indicated the difference for
a given outcome between interventions overtime, will be considered our primary measure of intervention effects.
Besides, the total cost and ETCS score will be examined by the One-Way ANOVA or Kruskal-Wallis test to explore
differences between groups. Kruskal-Wallis test will be applied to the differences of the recurrence rate. For the safety
outcomes, AEs will be analyzed by the Chi-square test or Fisher’s test. If it cannot run this analysis, we will perform
descriptive analysis for presentation.

As an exploratory assessment to address potential clinical heterogeneity, predefined subgroup analyses will be
conducted based on disease duration (acute less than 6 weeks, subacute 612 weeks, or greater than 12 weeks)'? and
baseline pain intensity (moderate pain 4—6 points, severe pain 7-10 points via pain VAS score),”’ using generalized
estimating equations with the same covariates as the primary analysis, incorporating the interaction term (treatment group
x subgroup factor x time) to test differential treatment effects (two-sided P < 0.05), and results will be presented with
mean differences/relative risks and 95% confidence intervals, along with a forest plot for the primary outcome, without
formal adjustment for multiple comparisons.

Data Collection and Management

The research data will be recorded on CREF initially, which will be reviewed and validated by statistical experts. Clinical
Trial Electronic Data Capture System (EDC) will be applied in this trial, and the research data will be converted into the
EDC system by trained and qualified investigators. If there are any uncertainties and doubts regarding the data in the
EDC system, the data manager will issue an inquiry to the investigator to confirm its accuracy.

Quality Control

To ensure the successful process of this trial and the reliability of the conclusions, the clinicians directly involved in the
study all hold a GCP training certificate and are trained in specific courses before the trial. Regarding intervention quality
control, CRTM and cervical traction are conducted by clinicians with over 5 years of clinical experience in this field. In
previous studies,’ we developed the CRTM teaching robot for researching, training, and promotion. Prior to the trial
initiation, standardized CRTM operation training will be conducted. Manipulative therapists participating in this trial
must pass a qualification assessment using the CRTM teaching robot. The unique feature of this robot-based training is its
real-time quantification of mechanical parameters during the manipulative operation process, feedback on procedural
issues, and continuous adjustment of techniques. This approach enables rapid mastery of essential technical elements
(such as force magnitude, exertion timing, and direction), thereby promoting the standardization and normalization of
CRTM procedures.
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Discussion

The primary objective of patients with CR is to improve radicular pain, numbness, cervical dysfunction, and quality
of life. CRTM has potentially beneficial effects on pain, cervical function, and quality of life. Several biomecha-
nical studies have explored the potential mechanisms of CRTM. Wang et al'> found a significant decrease in
cervical soft tissue tension in CR patients after CRTM treatment compared to before treatment using the soft tissue
tension tester, and CRTM could balance the asymmetric tension between symptomatic and asymptomatic sides. An
in vitro study'® showed that CRTM can significantly reduce the intradiscal pressure of intervertebral disc of human
cervical spine specimens compared with cervical traction. When applying the MTS biomechanical tester to adjust
thrust parameters, researchers found a discernible decrease in intradiscal pressure was observed with increasing
thrust force. In addition, studies of three-dimensional finite element analysis (FEA) found that CRTM could
significantly increase the area of the rotational contralateral intervertebral foramen, achieve physical decompression
of the nerve roots,*® and improved the stress distribution of bilateral facet joint cartilage.?” In terms of the safety of
CRTM, Zhu et al*® found that the motion ranges using the motion capture systems during CRTM were below the
active range of motion reported in the literature. Furthermore, the study of FEA'® revealed that CRTM could
maintain disc stress levels below the threshold for disc damage or fibrous annulus disruption, and thus demonstrated
clinical safety.

In China, CRTM has gradually disseminated across many hospitals, universities, and research institutions, and this
technique has garnered significant attention from medical professionals, researchers, and patient communities with the
development and promotion of the CRTM teaching robot. Although the effect of the CRTM in the treatment of CR has
been confirmed in previous studies, its optimal intervention frequency remains undetermined. This remains a common
practical question for clinicians and patients, requiring clinical evidence to address. Based on this clinical question, we
initiated the 20-week multicenter, three-arm RCT to investigate the effectiveness and safety on different frequencies of
CRTM in the treatment of CR patients. In this trial, we will compare two commonly used intervention frequencies:
TSWM and OSWM. Additionally, we incorporate cervical traction as the positive control, which is recommended by
guidelines. All patients of three groups will receive 4-week intervention and 16-week follow-up period. For outcome
measures, we select patient-reported VAS score as the primary outcome to reflect the pain intensity of CR patients.
Meanwhile, the secondary outcomes mainly include the aspects of numbness, cervical function, quality of life, and
recurrence rates. Furthermore, AEs throughout the 20-week trial period are comprehensively observed and documented,
and health economic indicator such as the total cost during treatment is evaluated. Thus, we conduct a comprehensive
assessment of the interventions across effectiveness, safety, and economic dimensions to explore the optimal frequency
of CRTM for CR patients.

However, our trial has several limitations. First, the participants and manual therapists are not blinded. Due to the
specific nature of the cervical manipulation and traction, it is difficult to implement blinding for both participants
and manual therapists involved in the treatments, which may introduce some degree of subjective bias. In future
trials, we will enhance the quality control to minimize subjective bias as much as possible. Second, we only use two
common frequencies of manipulation, which seem not enough to explore the relationship between frequency and
effect. Future studies may need more intervention strategies such as two or more than three sessions per week of
manipulation to investigate the optimal frequency of CRTM for CR patients. Finally, the longer follow-up period has
not been assessed. Further research should measure longer-term outcomes for different treatment frequencies of
CRTM.

This trial will represent an important exploration of the dose—effect relationship in manual therapy, and provide
clinical evidence to guide optimal frequency in treating CR with CRTM. The ultimate goal is to translate our findings
into concrete recommendations to facilitate clinical choice in routine practice.
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