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Background: Acupotomy is a minimally invasive procedure integrating traditional Chinese medicine principles with modern
anatomy. While effective for low back pain in lumbar disc herniation (LDH), its efficacy for radicular symptoms from nerve root
compression remains limited. A novel technique, intraspinal acupotomy decompression, targets the meningovertebral ligaments
(MVL) to alleviate neural compression. This study aims to evaluate and compare the clinical efficacy of intraspinal decompression,
extraspinal decompression, and their combination for LDH.

Methods: This is a three-arm, randomized, single-center, single-blind (assessor-blinded) controlled trial. Due to the nature of the
interventions, participants and practitioners cannot be blinded. The planned sample size is 210 eligible LDH patients aged 20—85, who
will be randomly allocated to one of three groups (n=70 each): the extraspinal acupotomy group, the intraspinal acupotomy group, or
the combined group. All groups will receive one treatment session per week for four weeks. The primary outcomes are pain intensity
(Visual Analogue Scale, VAS) and lumbar function (Japanese Orthopaedic Association Score, JOA), assessed at baseline, 4 weeks
(post-treatment), and 8 weeks (primary endpoint). The secondary outcomes include quality of life (36-Item Short Form Health Survey,
SF-36) and adverse events, assessed at 8 weeks.

Conclusion: This study will provide high-quality evidence on the efficacy of a novel intraspinal acupotomy technique. The findings
will help determine the optimal acupotomy decompression strategy for LDH, potentially offering a more effective minimally invasive
option for patients with radicular symptoms.

Trial Registration: International Traditional Medicine Clinical Trial Registry (ITMCTR2025001872). Registered on 25 September 2025.
Keywords: acupotomy, intraspinal decompression, lumbar disc herniation, randomized controlled trial

Introduction
Lumbar Disc Herniation (LDH) is a prevalent cause of lower back and leg pain, with its incidence steadily increasing in
recent years."> Modern lifestyle changes are a contributing factor, and the condition is now appearing at progressively
younger ages.”* While only a minority of patients require surgery,”® non-surgical management often faces limitations.
Conventional treatments like pharmacological therapy and physical exercise may alleviate symptoms but frequently fail
to address the underlying mechanical compression of the nerve root, and their effects can be gradual or insufficient,
particularly in severe cases.”

Lumbar disc herniation (LDH) represents a complex disorder shaped by the combined effects of central and peripheral
pathophysiological mechanisms. Clinically, herniated disc material often exerts sustained compression or irritation on the
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nerve root, manifesting as radicular pain accompanied by sensory abnormalities and motor weakness. Importantly, the
pathological process is not limited to mechanical compression alone. Biochemical substances released from the degenerated
disc, together with immune-mediated reactions in the periradicular microenvironment, can induce neuroinflammatory
responses that amplify nociceptive signalling and exacerbate neurological symptoms.”'" Furthermore, adaptive changes in
spinal biomechanics may increase the mechanical burden on adjacent paraspinal tissues, promoting secondary inflammation,
hypertrophic changes, and progressive functional impairment.'*'> From this perspective, an ideal therapeutic approach
should be capable of accurately alleviating pathological mechanical stimuli both within the spinal canal, by addressing nerve-
root pathology, and beyond it, by modulating affected paraspinal soft tissues. However, current conventional interventions
often lack the precision required to effectively address both targets simultaneously.'®'®

Minimally invasive procedures have emerged as a promising solution. Guided by imaging techniques, they enable
targeted decompression with minimal tissue damage, effectively relieving nerve root compression and associated
symptoms while offering faster recovery than open surgery.'” ' Acupotomy, a distinctive therapeutic modality from
traditional Chinese medicine, represents one such minimally invasive approach. It utilizes a needle-knife (0.8 mm in
diameter with a 1-mm blade). The Huatuo Jiaji points (EX-B2), located 0.5 body-cun lateral to the lumbar spinous
processes, serve as the primary entry points. Modern anatomy confirms these points correlate with the trajectories for
facet joint injections and epidural punctures.?> >* Traditional extraspinal acupotomy at these points decompresses facet
joints, muscles, and ligaments, showing notable efficacy for low back pain.?* 2’

Conventional acupotomy decompression mainly targets peripheral tissues and often provides insufficient relief for
radicular symptoms resulting from intraspinal nerve root compression.”> 2’ Awareness of this limitation has prompted the
development of intraspinal acupotomy decompression, a technique that enables access to the spinal canal through penetration
of the ligamentum flavum and facilitates the release of restrictive structures, particularly the meningovertebral ligament
(MVL). Accumulating evidence suggests that the MVL is closely involved in nerve root entrapment and plays an important
role in the pathogenesis of radicular pain in lumbar disc herniation (LDH). Preliminary clinical studies indicate that intraspinal
acupotomy decompression can lead to substantial improvement in radicular symptoms.*® Beyond mechanical decompression,
MVL release may also exert therapeutic effects by attenuating periradicular neuroinflammation, including reductions in
inflammatory mediators and perineural edema, thereby helping to alleviate peripheral sensitization and radicular pain.?**
Nevertheless, concerns regarding procedural safety—such as dural tears, nerve root injury, and intraspinal haemorrhage—
remain.*'? Although these complications are relatively rare, they emphasize the importance of meticulous technique and
rigorous safety protocols. Consistent with previous reports highlighting the value of imaging guidance in risk reduction, the
present study incorporates comprehensive safety measures to ensure both efficacy and patient safety.

In current clinical practice, intraspinal and extraspinal acupotomy decompression are both used for the treatment of
LDH, yet the comparative effectiveness of these approaches has not been adequately established. Notably, randomized
controlled trials (RCTs) directly comparing these techniques, or assessing their potential synergistic effects when
combined, are lacking. Despite growing interest in minimally invasive interventions for LDH, direct comparative
evidence for different acupotomy decompression strategies remains scarce.'’*'** Therefore, this study is designed as
a three-arm RCT to rigorously evaluate and compare the clinical efficacy of intraspinal acupotomy decompression,
extraspinal acupotomy decompression, and their combined application in patients with LDH.

Materials and Methods

This protocol is for a prospective, three-arm, randomized, single-blind, parallel-controlled trial. The study design and
reporting will adhere to the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines®*
and the Consolidated Standards of Reporting Trials (CONSORT) statement,’ respectively. The trial has been approved
by the Ethics Committee of the First Affiliated Hospital of Shandong First Medical University (Approval No. [2023]
S426) and was prospectively registered with the International Traditional Medicine Clinical Trial Registry
(ITMCTR2025001872) on 25 September 2025, prior to participant enrollment. The study will be conducted in
accordance with the principles of the Declaration of Helsinki.>® All participants will provide written informed consent
prior to any study procedures. Participant enrollment, randomization, allocation, follow-up, and analysis throughout the
trial are summarized in Figure 1.
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Figure | Flow diagram of participant enroliment, randomization, allocation, follow-up, and analysis.

Participants

This study aims to recruit 210 patients diagnosed with lumbar disc herniation who are seeking treatment at the

Department of Pain Medicine, The First Affiliated Hospital of Shandong First Medical University, and Shandong

Provincial Qianfoshan Hospital, between October 1, 2025, and December 31, 2025. Eligible participants will be included

if they provide informed consent and meet the following criteria:
1. A confirmed diagnosis of lumbar disc herniation, based on established diagnostic criteria.*® >’

2. Participants were required to present with lower back pain radiating to the lower limbs, verified by CT or MRI
findings demonstrating pathological changes consistent with the corresponding symptomatic spinal segments.

3. Age between 20 and 85 years.

4. The severity of pain was assessed using the Visual Analog Scale (VAS), and only individuals with a VAS score of
>4 c¢cm on a 10-cm scale were eligible for inclusion.

5. Prior to enrollment, all participants were thoroughly informed about the study objectives and procedures, and
written informed consent was obtained following approval of the study protocol by the institutional ethics
committee.
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Participants will be excluded if they meet any of the following conditions:

1. Pregnancy, or severe heart, liver, or kidney dysfunction, blood disorders, tumors, respiratory, cardiovascular, or
cerebrovascular diseases, autoimmune disorders, extreme frailty, or a history of mental illness.

2. Severe neurological dysfunction caused by large disc herniations, cauda equina compression, or other conditions
requiring surgical intervention.

3. Use of corticosteroids or non-prescription painkillers within the past two weeks.

4. Any other condition, as determined by the researcher, that may compromise enrollment or follow-up, such as
frequent changes in the work environment, which could result in loss to follow-up.

Participant Grouping

To ensure balanced group allocation, randomization will be performed using a computer-generated random number table
Eligible participants who meet the inclusion criteria will be randomly assigned in a 1:1:1 ratio to one of three treatment
groups: Group A (intraspinal acupotomy decompression), Group B (extraspinal acupotomy decompression), or Group A
+B (combined intraspinal and extraspinal acupotomy decompression). Clinical recruitment staff will strictly follow the
inclusion and exclusion criteria when screening participants. Once eligible participants are identified, the recruitment
staff will contact the randomization coordinator, who will assign the random number and corresponding group. The
randomization details will then be provided to the treatment provider prior to the participant’s treatment. Neither the
clinical evaluator nor the participant will be informed of the group allocation until all observations have been completed.
The study will conclude at that point.

Intervention Protocol
Extraspinal Acupotomy Decompression (Figure 2a—c)
The Huatuo Jiaji (EX-B2) acupoint corresponding to the affected spinal segment is located 0.5 body-cun lateral to the
spinous process of the involved lumbar vertebra. After local anesthesia, and under imaging guidance, a Type I No. 2
acupotomy (Figure 3a) is inserted along an incision line parallel to the spinal axis.

The procedure is conducted in three sequential stages to ensure progressive tissue release and functional restoration:
a. Deep fascia release to alleviate excessive tension. b. Paraspinal muscle release to relieve spasm and restore balanced muscle
tone. c. Facet joint capsule release to enhance joint stability and reduce abnormal intra-articular stress. Following completion
of these steps, the acupotomy is withdrawn, pressure is applied for 1 minute, and the site was dressed with a sterile covering,.

Method of Acupotomy Intraspinal Decompression (Figure 2d—f)

The puncture site is identified 0.5 body-cun lateral to the spinous process of the affected lumbar vertebra. Following local
anesthesia, the procedure is performed under X-ray fluoroscopy, CT, and ultrasound guidance to ensure accurate needle
placement and procedural safety. A Type I No. 2 acupotomy needle with a blunt tip (Figure 3b—d), specifically designed
to minimize the risk of dural or neural injury, is used for guided insertion. The incision line is oriented parallel to the
spinal axis, and the needle is advanced toward the inferior posterior margin of the intervertebral disc until it penetrated
the ligamentum flavum. During this process, patients occasionally experienced mild soreness, numbness, a sensation of
fullness, or an electric shock—like response, which is transient and tolerable.

The primary goal of this intervention is to release the attachment points of the meningovertebral ligament (MVL)
within the lateral recess, or to stimulate the affected nerve root to induce contraction, thereby alleviating ligament-
induced neural compression and achieving effective decompression of the affected segment. Upon completion, the
acupotomy is carefully withdrawn, and manual pressure is applied to the puncture site for 1 to 2 minute to ensure
hemostasis, after which the area is covered with a sterile dressing.

Treatment Schedule
All participants will be randomly allocated to one of three treatment groups, each receiving a distinct intervention
protocol. The treatment phase will last for 4 weeks, with one session conducted weekly, beginning on the second day of
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Figure 2 Schematic diagram of intraspinal and extraspinal decompression in the lumbar spine. (a—c) illustrate the procedure for extraspinal decompression, in which the
needle passes through the deep fascia and paraspinal muscles, ultimately reaching the facet joint capsule for decompression. (d—f) show the target site for intraspinal

decompression, where the needle tip is positioned adjacent to the compressed nerve roots and the herniated disc.

Cc

Figure 3 Schematic diagram of lumbar Type | No. 2 acupotomy. (a) illustrates the standard lumbar Type | No. 2 acupotomy. (b) presents the specially designed blunt-tip
acupotomy specifically intended for intraspinal decompression. In (c), the lengths of both acupotomies are compared, while (d) highlights the morphological differences

between their needle tips.
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each week. Upon completion of the 4-week treatment, participants entered a rehabilitation phase designed to support
recovery and prevent recurrence. The study will conclude after an 8-week postoperative follow-up period, during which
clinical outcomes and adverse events will be systematically monitored.

Blinding and Unblinding

Given the nature of the acupotomy interventions, full blinding of both practitioners and participants is not feasible.
Therefore, this study will employ a single-blind design. To uphold methodological rigor and minimize bias, a strict
separation of roles will be implemented among the acupotomy operators, outcome assessors, and data statisticians.
Blinding will be rigorously maintained for the outcome assessors and statisticians throughout the trial.

Blinded Outcome Assessors

All efficacy assessments will be conducted by trained clinical assessors who are independent of the treatment procedures
and remain fully blinded to group allocation. These assessors will be prohibited from inquiring about or discussing
participants’ treatment assignments and will only record data as specified in the case report forms (CRFs) to ensure the
objectivity and reliability of the evaluations.

Blinded Data Analysts

All statistical analyses will be performed by an independent third-party biostatistics team that has no involvement in
participant recruitment, intervention, or assessment, and no access to the study protocol or randomization scheme. This
ensures that all analyses are conducted with complete blinding to group assignment, safeguarding against analytical bias.

Data Management and Unblinding

All study data will be securely stored and managed by the coordinating center. Formal unblinding of group allocation will
not occur until after the database is locked and the final statistical analysis plan is approved. In the event of a serious
adverse event requiring knowledge of the treatment to guide clinical management, the Principal Investigator (PI) may
request emergency unblinding for that specific participant. Any participant for whom emergency unblinding occurs will
be documented, and their data will be included in the safety analysis but may undergo sensitivity analysis in the efficacy
evaluation.

Trial Assessment

Prior to enrollment, all potential participants will undergo a comprehensive diagnostic evaluation, conducted by
a qualified physician with a minimum of five years of clinical experience. Upon providing written informed consent,
eligible participants will complete a baseline assessment. Following this, participants will be randomly assigned to one of
the treatment groups using a computer-generated randomization sequence. They will then receive a four-week interven-
tion based on the predefined treatment protocol.

The primary outcome measures, including the Visual Analogue Scale (VAS) and Japanese Orthopaedic Association
(JOA) scores, will be assessed at three key time points: baseline, at 4 weeks (end of treatment), and at 8 weeks post-
intervention. Secondary outcome measures, including the 36-Item Short Form Health Survey (SF-36) and the total
number of adverse events, will be evaluated at 8 weeks post-intervention to provide a more comprehensive assessment of
treatment efficacy and patient-reported outcomes.

All evaluations will be carried out in the Outpatient Department of Pain Medicine at the First Affiliated Hospital of
Shandong First Medical University. To ensure the reliability, validity, and consistency of the data, all assessments will be
performed under standardized clinical conditions. Table 1 illustrates the distribution of measures at each time point
throughout the study.

Primary Outcome Measures

The VAS is a widely utilized tool for quantifying pain intensity. It is represented by a 10 cm line, where 0 indicates “no
pain” and 10 signifies “the most intense pain.” Participants are instructed to mark a point on the line that corresponds to
their perceived pain level. Based on the mark’s position, pain severity is categorized as follows: 0-3 points for mild pain,
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Table | Schedule of Enrolment, Intervention, and Assessment

Time Point Study Period
Enrolment Post-Allocation Close-Out
Before 4 Weeks Post- 8 Weeks Post-
Intervention Intervention Intervention
Enrolment:
Eligibility screen +
Informed consent +
Allocation +

Interventions:

Extraspinal acupotomy decompression +

Intraspinal acupotomy decompression +

Combined intraspinal and extraspinal acupotomy decompression +

Assessments:

Pain intensity + + +
Functional impairment + + +
Health Survey +
Adverse events + +

Notes: “+” Indicates active intervention procedure for that time point.

4-6 points for moderate pain, and 7-10 points for severe pain. The VAS is commonly used in the assessment of
conditions such as lumbar disc herniation, providing a reliable and quantitative measure of pain intensity.

The JOA score is employed to evaluate functional impairment in patients with lumbar spine disorders, including
lumbar disc herniation and spinal canal stenosis. This score assesses four key domains: subjective symptoms, clinical
signs, daily living abilities, and bladder function, with a maximum possible score of 29 points. Based on the total score,
functional status is classified as follows: 0-9 points indicate severe impairment, 10—15 points suggest moderate
impairment, 16-24 points reflect good function, and 25-29 points represent normal function. Additionally, the JOA
score is valuable for assessing functional improvement by comparing pre- and post-treatment scores, thus serving as

a key tool in evaluating treatment efficacy.

Secondary Outcome Measures

The SF-36 is a well-established instrument for evaluating health-related quality of life, treatment efficacy, and overall
well-being. The survey consists of 36 items, which assess eight health dimensions: physical functioning, role limitations
(due to physical or emotional health), bodily pain, general health perceptions, vitality, social functioning, mental health,
and emotional role functioning. By evaluating these dimensions, the SF-36 provides a comprehensive overview of both
physical and mental health, as well as their impact on daily functioning.

All researchers are responsible for recording and reporting adverse events (AEs), regardless of their potential
association with the clinical intervention. Each AE report will include the time of occurrence, clinical manifestations,
severity, management, outcome, trial discontinuation status (if applicable), and follow-up details. All data must be
accurately documented in the original case report forms to ensure traceability and data integrity. Investigators will
evaluate the causal relationship between each AE and the intervention. Special attention will be paid to treatment-related
reactions such as worsening pain, syncope during acupotomy, or subcutaneous bleeding. In emergency situations,
immediate medical intervention will be provided to stabilize the participant’s condition. Follow-up will be completed
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within one month, with the method—hospitalization, outpatient review, home visit, or telephone follow-up—determined
according to the severity and nature of the event. All AEs will be systematically documented and categorized. Serious
AEs will undergo evaluation using a standardized severity assessment form. The causal relationship between each AE
and the treatment will be classified according to the following five-point scale:1. Definitely related; I1. Very likely related;
III. Possibly related; IV. Possibly unrelated; V. Definitely unrelated. The total number of adverse events will be calculated
as the sum of categories I + II + III.

Sample Size Calculation

This study was designed as a randomized controlled trial to evaluate the therapeutic efficacy of acupotomy decompression,
with the VAS designated as the primary outcome measure. Based on a comprehensive review of the literature and findings
from a preliminary pilot study,*® the mean VAS score in the extraspinal acupotomy decompression group at 8 weeks was
3.49 + 1.59 (mean =+ standard deviation). It was hypothesized that participants receiving combined extraspinal and
intraspinal acupotomy decompression would achieve an additional 1.5-point reduction in VAS scores compared with
those receiving extraspinal decompression alone. This magnitude of change was selected because a 1.5-point reduction in
VAS has been commonly applied in previous clinical studies of lumbar disc herniation and related low back pain conditions
and is generally regarded as representing a clinically meaningful improvement in pain intensity.>**'~**

The sample size was determined using a two-tailed significance level (o =( 0.05 a?zd statistical power (1-f = 0.90).

2 Z(,+Z/j X
52

a minimum of 60 participants per group was required to detect a statistically significant difference. With a 1:1:1

The required sample size was calculated using the following formula: n = . This calculation indicated that
randomization ratio, 60 participants were assigned to each of the three treatment arms. To compensate for an anticipated
15% dropout rate, the final sample size was increased to 70 participants per group, resulting in a total planned enrollment
of 210 participants.

Adherence Management in the Trial

In this trial, adherence refers not only to participants’ timely engagement in acupotomy therapy but also to their
confidence in treatment efficacy, understanding of the recovery process, and psychological preparedness. For participants
exhibiting poor adherence, the underlying causes will be thoroughly documented, and potential confounding factors will
be minimized to the extent possible. Inadequate symptom improvement is one of the most common reasons for non-
adherence, often leading to doubts regarding the effectiveness of the treatment. To improve participant adherence, the
following strategies will be implemented:

Development of a Treatment Manual

A comprehensive treatment manual will be prepared and distributed to all participants. The manual will provide detailed
information on acupotomy procedures, treatment goals, and expected therapeutic benefits. Trained clinical staff will
explain the content either in person or by telephone to ensure that participants fully understand the treatment rationale,
process, and anticipated outcomes. This measure aims to strengthen participants’ confidence and promote active
engagement in the intervention.

Regular Follow-Ups

During the recovery period, participants will receive regular follow-ups via telephone or online communication
platforms. These follow-ups will assess changes in key symptoms, monitor treatment efficacy, and evaluate adherence
levels. Continuous communication will enable the timely identification and resolution of concerns, provide reassur-
ance, and reinforce participants’ trust in the treatment process, thereby sustaining adherence throughout the interven-
tion period.

Building Trust
To foster long-term trust and engagement, continuous communication channels will be established between the research
team and participants. Comprehensive treatment information will be provided to enhance participants’ understanding of

8 htps: Journal of Pain Research 2026:19



Yang et al

the therapy and its potential benefits. When necessary, personalized consultations will be arranged to address specific
concerns, clarify treatment expectations, and encourage ongoing adherence to the therapeutic regimen.

Risk Control and Management Procedures

Given the specific characteristics of acupotomy therapy for LDH, this study will incorporate comprehensive risk control
measures throughout the trial process—including study design, participant selection, procedural standardization, and
outcome assessment—to minimize potential biases and systematic errors.

Control of Study-Related Risk Factors
To minimize selection and performance bias, this study will adopt a randomized controlled design and adhere to the
principle of procedural separation, ensuring that researchers, clinical evaluators, and statisticians perform their roles
independently. Outcome assessments will be conducted by evaluators blinded to treatment allocation, and subjective
measures will be assessed using blinded observation methods to maintain objectivity in statistical analyses.
Participants will be rigorously screened according to the inclusion and exclusion criteria. To avoid confounding
influences, all participants will be instructed to refrain from using medications specifically targeting lumbar disc
herniation during the study period.

Control of Participant Inclusion Risks
All participants will be diagnosed by pain specialists from the Department of Pain Medicine at the First Affiliated Hospital of
Shandong First Medical University & Shandong Provincial Qianfoshan Hospital. Screening will be conducted in strict
accordance with the eligibility criteria. During the baseline assessment, participants will be evaluated for prior lumbar trauma,
ankylosing spondylitis, and other relevant comorbidities, as well as for anxiety and depression levels.

Individuals with significant medical histories or severe anxiety or depression will be excluded to minimize baseline
variability and prevent confounding effects on clinical outcomes.

Control of Acupotomy Procedural Risks
The research team has established standardized clinical operating procedures (SOPs) to ensure consistent implementation
of acupotomy techniques across all treatment sites. Each acupotomy operator will undergo professional training and will
strictly adhere to the established protocols. All procedures will be performed by physicians with an attending or higher
professional title from the Department of Pain Medicine at the First Affiliated Hospital of Shandong First Medical
University.

These measures are designed to ensure procedural uniformity, optimize patient comfort, and minimize adverse
procedural variations, thereby enhancing the reliability and reproducibility of clinical outcomes.

Statistical Analysis

All statistical analyses will be performed using SPSS version 23.0 (IBM Corp., Armonk, NY, USA). Data visualization
will be conducted using GraphPad Prism version 8.0.1 (GraphPad Software, San Diego, CA, USA). Continuous
variables will be expressed as mean + standard deviation (SD). The primary analyses for comparing outcomes across
the three intervention groups will be conducted using one-way analysis of variance (ANOVA) for data obtained at
a single time point, or two-way repeated-measures ANOVA for assessments across multiple time points (baseline,
4 weeks, 8 weeks). If a significant overall difference is found, Tukey’s post hoc test will be used for pairwise
comparisons between groups. For data that do not meet the assumptions of normality, the non-parametric Kruskal—-
Wallis test will be employed, followed by appropriate post-hoc tests. A p-value of less than 0.05 will be considered
statistically significant.

Discussion

This study examined the therapeutic efficacy of intraspinal and extraspinal acupotomy decompression in alleviating pain
and improving lumbar function among patients with LDH. The growing prevalence of sedentary lifestyles and prolonged
sitting associated with modern occupations has contributed significantly to the increasing global incidence of LDH.**
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Acupotomy, a minimally invasive intervention rooted in Traditional Chinese Medicine meridian theory, integrates
mechanical incision, soft-tissue stimulation, and targeted release of pathological adhesions to relieve pain and restore
spinal mobility.*>*” Because of its rapid onset, limited tissue trauma, and low complication rate, acupotomy has become
a widely adopted clinical treatment for LDH. However, its effectiveness in relieving radicular pain and improving
neurological deficits remains limited.”> >’ To optimize outcomes, some clinicians have proposed combining nerve root
decompression at the external intervertebral foramen with peripheral pain-point release to enhance nerve root mobility
and reduce intraspinal compression.*® Nonetheless, this combined approach lacks consistent clinical validation.
Intraoperative endoscopic findings during foraminal decompression frequently reveal persistent nerve root compression
and adhesions, even after adequate enlargement of the foraminal openings, suggesting that isolated foraminal expansion
may not fully resolve neural entrapment.**->

In recent years, intraspinal acupotomy decompression through the Huatuo Jiaji (EX-B2) acupoint has been introduced
as a promising alternative. In this approach, the acupotomy is inserted between the laminae along the medial margin of
the facet joint until a characteristic “breakthrough sensation”is perceived, followed by controlled cutting and sweeping
maneuvers. This method aims to release the ligamentum flavum and adjacent posterior spinal canal structures, thereby
achieving dorsal decompression and creating an “escape space” for the affected nerve root.’'>? Theoretically, this
technique mitigates mechanical irritation and compression of neural tissues. Despite its solid biomechanical rationale,
clinical outcomes remain variable—some patients experience substantial symptom improvement, while others achieve
only partial or transient relief. Such inconsistency may stem from the multifactorial nature of nerve root compression, as
the ligamentum flavum is not always the primary compressive element. For example, in posterior lumbar endoscopic
surgery, even after complete resection of the ligamentum flavum, ventrally herniated disc material may continue to exert
pressure on the nerve root, indicating that decompression confined to posterior structures may be inadequate for
achieving full neural release.”*>*

Parallel to these clinical advances, recent anatomical research has significantly enhanced the understanding of LDH
pathogenesis. Through detailed anatomical dissections and comprehensive literature analyses, researchers specializing in
acupotomy have identified the MVL as a critical structure involved in LDH development.”®> The MVL, first described in 1817
as a connective tissue linking the dura mater to the inner wall of the vertebral canal, is an intrinsic ligament within the spinal
canal. Following over a century of anatomical investigation, Gray’s Anatomy formally recognized and defined this structure as
the meningovertebral ligament.”®>® Anatomically, the anterior portion of the MVL connects the dura mater to the posterior
longitudinal ligament or vertebral body, whereas the posterior portion attaches to the lamina or ligamentum flavum.
Functionally, the MVL stabilizes the spinal nerve roots within the canal, preventing excessive traction or displacement during
spinal motion, thereby minimizing mechanical compression that can contribute to low back and leg pain. However, under
pathological conditions such as disc herniation or chronic abnormal mechanical loading, the MVL—similar to the ligamentum
flavum and facet joint capsules—may undergo fibrotic thickening, hyperplasia, or degenerative remodeling. These changes
can lead to adhesion or entrapment between the nerve root and adjacent structures, restricting nerve root mobility and
exacerbating radicular pain and neurological dysfunction.”°' Building upon these anatomical and pathological insights,
acupotomy practitioners have developed an innovative intraspinal needle-knife release technique. This procedure precisely
targets and releases the MVL and associated adhesive tissues through an interlaminar approach, thereby relieving nerve root
restriction and improving lumbar and leg symptoms. By addressing both the mechanical compression and biological
mechanisms underlying neural entrapment, this technique provides a novel, evidence-based, and minimally invasive ther-
apeutic strategy for the management of LDH.

Although intraspinal acupotomy demonstrates notable advantages — including minimal invasiveness, procedural
simplicity, and cost-effectiveness — it is not without potential risks. Deviations in the puncture trajectory can lead to
complications such as dural tears, nerve root injury, or intraspinal hemorrhage. To mitigate these risks, all procedures in
this study were conducted under X-ray fluoroscopy, CT, or ultrasound guidance guidance using a specially designed
blunt-tipped acupotomy. This design allows tactile precision during decompression, thereby minimizing the likelihood of
iatrogenic injury and improving procedural safety. Collectively, these characteristics make intraspinal acupotomy

a potentially valuable and safe interventional approach for the treatment of LDH.
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However, this study has certain limitations that warrant consideration. The follow-up duration was restricted to eight
weeks, which may not adequately reflect long-term outcomes, recurrence rates, or delayed complications. Incorporating
longer follow-up periods, such as 6 months, in future studies would help assess the durability of the results and provide
more comprehensive insights into recurrence rates and potential long-term complications. Additionally, the relatively
small sample size and single-center design may limit the external validity and generalizability of the findings. Future
research should consider multicenter randomized controlled trials with larger cohorts and extended follow-up periods to
further validate the long-term efficacy, safety, and reproducibility of intraspinal acupotomy decompression. Furthermore,
cost-effectiveness analyses should be conducted to compare the clinical benefits of intraspinal acupotomy with traditional
surgical approaches, as well as its integration with global treatment guidelines for LDH management. Lastly, subgroup
analyses, such as by herniation type or baseline severity, could provide more granular insights into the efficacy of
intraspinal acupotomy across different patient populations.

Nonetheless, this study has certain limitations that warrant consideration. The follow-up duration was restricted to
eight weeks, which may not adequately reflect long-term outcomes, recurrence rates, or delayed complications.
Incorporating longer follow-up periods, such as 6 months, in future studies would help assess the durability of the
results and provide more comprehensive insights into recurrence rates and potential long-term complications.
Additionally, the relatively small sample size and single-center design may limit the external validity and generalizability
of the findings. Future research should consider multicenter randomized controlled trials with larger cohorts and extended
follow-up periods to further validate the long-term efficacy, safety, and reproducibility of intraspinal acupotomy
decompression. Furthermore, cost-effectiveness analyses should be conducted to compare the clinical benefits of
intraspinal acupotomy with traditional surgical approaches, as well as its integration with global treatment guidelines
for LDH management. Lastly, subgroup analyses, such as by herniation type or baseline severity, could provide more
granular insights into the efficacy of intraspinal acupotomy across different patient populations.

Conclusion

This study provides the first systematic evaluation of the feasibility and clinical efficacy of intraspinal acupotomy
decompression in the management of LDH. By clarifying the role of the MVL in nerve root entrapment from both
anatomical and pathophysiological perspectives, the present research establishes a comprehensive theoretical and
procedural framework for the intracanalar application of acupotomy in spinal decompression therapy. This framework
not only deepens the mechanistic understanding of LDH pathology but also offers a new minimally invasive treatment
paradigm. The findings of this study have significant implications for clinical guidelines, particularly in incorporating
intraspinal acupotomy decompression as a valuable, minimally invasive treatment option for managing lumbar disc
herniation (LDH).

This trial will evaluate whether intraspinal acupotomy decompression can meaningfully reduce pain and improve
lumbar function in patients with lumbar disc herniation (LDH), and in doing so, clarify its potential position among
contemporary minimally invasive spinal interventions. By targeting intracanalar restrictive structures, the study addresses
a practical clinical question—whether a more precisely directed decompression strategy can help close the gap between
conservative care and conventional surgery for patients whose symptoms are driven by nerve-root involvement. Beyond
clinical outcomes, the protocol is structured to support subsequent mechanistic work on MVL release, including imaging
assessments before and after the procedure and investigations into MVL-related physiological and pathological altera-
tions in LDH. Together, these components are expected to strengthen the biological rationale for the intervention and to
inform future studies on durability and longer-term outcomes. Ultimately, this work may broaden the therapeutic
landscape for LDH and provide a clearer basis for further evaluation of intraspinal acupotomy decompression as
a targeted, minimally invasive option.

Trial Status

This clinical trial is currently ongoing and actively recruiting participants. The finalized study protocol (version 1.0)
received ethical approval from the institutional review board on 28 August 2023. Participant enrollment began on
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1 October 2025, and full recruitment is anticipated by January 2026. As of 1 November 2025, a total of 30 participants
have been enrolled, with 24 having completed their first or second treatment session.
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LDH, Lumbar Disc Herniation; CT, computed tomography; VAS, Visual Analog Scale; MVL, meningovertebral
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Survey; AEss, adverse events; RCT, randomized controlled trial; SOPs, standardized clinical operating procedures.
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