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for a multi-center randomized
controlled clinical trial
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Qing Shi1,2, An-Xiang Liu1,2, Wen-Hui Liu1,2, Yi Zhang2,
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1Graduate School, Beijing University of Chinese Medicine, Beijing, China, 2Department of Pain

Medicine, China-Japan Friendship Hospital, Beijing, China

Background: Diabetic peripheral neuropathic pain (DPNP), a�ecting ∼50% of

diabetes patients, imposes major burdens on quality of life and healthcare

systems, while current therapies including pharmacotherapy and conventional

spinal cord stimulation remain limited by insu�cient e�cacy and adverse

e�ects. Our study aims to evaluate the clinical e�cacy and safety of 10 kHz

high-frequency spinal cord stimulation (HF-SCS) compared to traditional low-

frequency SCS (T-SCS) in alleviating DPNP.

Methods: This prospective, randomized, controlled, multicenter trial will enroll

100 participants with DPNP. Patients aged 18–80 with chronic (≥6-month)

lower limb pain will be randomly assigned to HF-SCS (10 kHz) vs. T-SCS

(40–60Hz). The primary outcome is the treatment e�cacy rate, defined as≥50%

reduction in numeric rating scale (NRS) scores at 3 months post-intervention.

Secondary outcomes include improvements in quality of life (Short Form 12),

sleep quality (Athens Insomnia Scale), psychological status (Beck Depression

Inventory), neuropathy severity (Michigan Neuropathy Screening Instrument),

and microcirculatory parameters assessed via infrared thermography. Safety

evaluations encompass adverse events, laboratory tests, and imaging findings.

Discussion: This study seeks to provide robust evidence on the superiority of

HF-SCS in pain relief, functional improvement, and microcirculatory benefits,

potentially establishing it as a preferred neuromodulation strategy for DPNP.

Findings may advance clinical practice by addressing unmet needs in chronic

pain management through targeted, mechanism-driven interventions.

Clinical trial registration: https://www.chictr.org.cn/indexEN.html,

identifier: ChiCTR2300078291.
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1 Introduction

Global diabetes prevalence is projected to increase from 9.3% in

2019 to 10.2% by 2030 and further to 10.9% by 2045 (1). Diabetic

peripheral neuropathic pain (DPNP) is a common complication

affecting ∼50% of individuals with diabetes (2). This condition

not only severely impacts patients’ quality of life, causing sleep

disturbances, depression, and anxiety, but also increases the overall

healthcare burden due to high treatment costs (3).

Currently, there is no definitive and effective treatment

for DPNP. Conventional therapeutic modalities—including

pharmacotherapy, lumbar sympathetic nerve block, and

alternative therapies—are typically associated with limited

efficacy and frequent side effects (4–6). Furthermore, the complex

pathophysiological changes induced by primary diabetes, including

oxidative stress, vascular ischemia and hypoxia, and neurotrophic

factor deficiency, pose significant challenges for both basic and

clinical research on DPNP (7, 8). As a result, targeted treatments

for DPNP have yet to achieve significant breakthroughs, making it

one of the most pressing clinical challenges.

Spinal cord stimulation (SCS) is an internationally recognized

and widely used method for treating chronic refractory pain (9).

Traditional SCS (T-SCS) therapy involves implanting stimulating

electrodes in the epidural space and delivering low-frequency

electrical stimulation at 40–60Hz to the spinal cord segments

corresponding to the pain region. This stimulation produces a

tingling sensation, which effectively masks the pain and provides

analgesic relief. Numerous clinical studies have demonstrated the

efficacy of T-SCS in treating DPNP, confirming its potential as

a treatment option (10–12). T-SCS operates based on the Gate

Control Theory, which activates amyloid β (Aβ) fibers in the

dorsal horn through electrical pulses (13). This activation promotes

inhibitory interneuron activity and increases the release of the

inhibitory neurotransmitter γ-aminobutyric acid (GABA), which

helps block nociceptive signal transmission (14). However, over

time, T-SCS often leads to paresthesia and a diminished analgesic

effect, limiting its long-term effectiveness (15).

Recent advances in SCS have facilitated the development

of high-frequency spinal cord stimulation (HF-SCS). Basic

experimental results demonstrate that HF-SCS can reduce

mechanical sensitivity with long-lasting analgesic effects after

cessation in peripheral nerve injury animal models (16).

Additionally, HF-SCS significantly increases vasodilation

compared to normal-frequency SCS, potentially through

the retrograde stimulation of unmyelinated C fibers and the

induced release of calcitonin gene-related peptides (17). HF-SCS

mechanisms directly target DPNP pathogenesis, establishing a

pathophysiological rationale for clinical use. Based on this, our

study aims to evaluate HF-SCS vs. T-SCS for DPNP, providing

evidence to support HF-SCS clinical application.

2 Methods and analysis

2.1 Study design

This prospective randomized controlled multicenter study

will enroll 100 participants recruited competitively from multiple

centers, with equal randomization (n = 50/group) to either HF-

SCS (H-group) or SCS (C-group) therapy. The trial comprises

three phases: baseline evaluation, 10–14-day intervention period,

and 3-month post-operation follow-up. The flow chart is shown

in Figure 1 by Figdraw. All participant characteristics and clinical

outcomes will be documented using case report forms (CRFs). Data

collection procedures are outlined in Table 1.

2.2 Sample size

According to the results of RCT studies comparing HF-SCS

with traditional SCS for the treatment of PDPN, the efficacy rate

of HF-SCS for PDPN is ∼86%. Based on the statistical sample

size calculation method for superiority trials, with a one-sided

significance level (α) of 0.025, a test power (1-β) of 0.8, and an

equal sample size ratio between the treatment group and the control

group, the required sample size for each group was calculated using

PASS 17.0 to be 45 cases. Considering a 10% loss to follow-up and

refusal rate, at least 50 cases are needed in the treatment group and

50 cases in the control group, resulting in a total sample size of

100 cases.

2.3 Inclusion criteria

Participants who meet all the following requirements will

be enrolled:

(1) Diagnosed with diabetes mellitus, aged between 18 and

80 years.

(2) Symmetrical distal pain in the lower limbs, with or

without dysesthesia.

(3) PDPN duration >6 months.

(4) Pain characterized as prickling, electric shock-like, and/or

burning sensations.

(5) Abnormal results in Quantitative Sensory Testing (QST).

(6) Presence of hyperalgesia and/or allodynia.

(7) No abnormality in lower limb reflexes and muscle strength.

(8) No spinal canal abnormalities (e.g., stenosis) on MRI or

CT imaging.

2.4 Exclusion criteria

Participants who meet one of the following requirements will

be excluded:

(1) Concomitant severe cardiovascular or cerebrovascular

diseases.

(2) History of lumbar spine surgery or traumatic spinal

canal stenosis within the past 6 months, or prior lumbar

surgery/traumatic spinal canal stenosis that may interfere

with spinal cord stimulation (SCS) procedures or pain

assessment in this study.

(3) Presence of radicular symptoms.
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FIGURE 1

Flowchart of the study.

(4) Other spinal abnormalities (e.g., benign/malignant tumors,

congenital spinal anomalies, spondylolisthesis).

(5) Coagulation disorders, malignancy, active infection, or

psychiatric disorders.

(6) Pregnancy.

2.5 Criteria for discontinuation

During this trial, subjects experiencing the following conditions

will be considered as dropout cases, and the reason and date of

dropout will be recorded in a case report form.

(1) Violation of inclusion/exclusion criteria at enrollment,

with the investigator determining compromised

participant safety.

(2) Participant intolerance to the treatment regimen.

(3) Adverse event (AE) occurrence leading to investigator-

determined unsuitability for continued study treatment.

(4) Major protocol deviations (e.g., non-compliance with study

procedures) affecting safety or efficacy assessments.

(5) Pregnancy.

(6) Withdrawal of informed consent: if a participant withdraws

consent; the investigator must document the scope of

withdrawal (e.g., discontinuation of treatment only vs.

withdrawal from all study procedures/follow-ups) in

medical records.

(7) Loss to follow-up: defined as failure to attend visits and

inability to contact the participant despite ≥2 documented

contact attempts at ≥1-week intervals.

(8) Early termination of study treatment: discontinuation of

treatment while continuing study procedures/follow-ups

(if applicable).

(9) Early study withdrawal: complete discontinuation of all

study-related activities, including treatment and follow-ups

(e.g., due to consent withdrawal or loss to follow-up).

(10) Follow-up for AE/SAE-related withdrawals: participants

withdrawing due to treatment-emergent adverse events

(TEAEs) or serious adverse events (SAEs) must be followed

until resolution (return to baseline/stable status) or until

the AE is deemed clinically insignificant by the investigator.

2.6 Randomization and blinding

Competitive enrollment will be conducted across centers. An

independent statistician at each center will perform centralized

randomization using a validated centralized randomization system.

Participants will be randomly assigned to either the HF-SCS group

or the T-SCS group at a 1:1 allocation ratio, based on a computer-

generated random number.

Due to the distinct sensory profiles betweenHF-SCS and T-SCS,

effective blinding of participants and outcome assessors was not

feasible; therefore, only data statisticians were maintained under

blinded conditions throughout the study.

3 Procedure

3.1 Surgical procedure

Participants will undergo the following standardized

surgical protocol in the operating room: multiparameter

physiological monitoring will be initiated, and intravenous

access will be established. The participant will be positioned

prone, followed by standard antiseptic preparation and draping.

Under C-arm fluoroscopic guidance, the target intervertebral
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TABLE 1 Schedule of data collection.

Procedure Screening
period

Intervention Follow-up
period

Visit1 Visit2 Vist3

Day−7
to 0

Day 0 Day
14 ± 5

Day
90 ± 7

Informed

consent

X

Demographic

information

X

Physical

examination

X X X

Vital signs X X X

Vertebral

X-ray

X X

ECG X X

NRS X X X

MNSI X X X

SF-12 X X X

AIS X X X

BDI X X X

Glycosylated

hemoglobin

X

Insulin and

C-peptide

X

Routine blood

test

X X

Liver and

kidney

function

X X

Lower limb

infrared

thermography

X X X

Randomization X

Surgical

operation

X

Adverse event X X X

Combined

medication

X X X

Treatment

records

X X X

ECG, Electrocardiogram; NRS, Numerical Rating Scale; MNSI, Michigan Neuropathy

Screening Instrument; SF-12, 12-Item Short Form Health Survey; AIS, Athens Insomnia

Scale; Beck, Beck Depression Inventory.

space corresponding to the spinal nerve innervating the

painful area will be identified. After achieving satisfactory

local anesthesia, an epidural puncture will be performed via

a lateral approach. The needle will be advanced through the

interlaminar space into the epidural space. A spinal cord

stimulation (SCS) electrode will be implanted, followed by

intraoperative external SCS testing to confirm paresthesia coverage

overlapping the painful area. The electrode lead will be secured at

the puncture site with sutures and covered with sterile dressing.

The electrode extension cable will be connected to an external

pulse generator.

3.2 Postoperative management

Participants will return to the ward for stimulation parameter

adjustment (HF-SCS group: 10 kHz; T-SCS group: 40–60Hz).

Postoperative instructions will include avoidance of movements

that may lead to electrode displacement (e.g., heavy lifting,

overhead arm motions, hyperextension). The electrode will remain

in place for 10–14 days under the therapeutic stimulation mode

before removal, marking the end of the treatment phase.

4 Outcome

4.1 Primary outcome

The treatment efficacy rate, defined as a reduction of ≥50%

in the numeric rating scale (NRS) score at 3 months post-

treatment compared to the pre-treatment score, will be evaluated

as primary outcomes.

4.2 Secondary outcome

4.2.1 Clinical symptom assessment indicators
Short Form 12 (SF-12): evaluates the patient’s quality of life.

Athens Insomnia Scale (AIS): assesses the patient’s

sleep condition.

Beck Depression Inventory (BDI): evaluates the patient’s

psychological improvement.

Michigan Neuropathy Screening Instrument (MNSI): assesses

the improvement of diabetic peripheral neuropathy.

4.2.2 Clinical examination assessment indicators
Before enrollment, assessments of glycated hemoglobin

(HbA1c), insulin levels, and C-peptide levels are conducted to

evaluate changes in the primary disease, diabetes. Additionally,

bilateral lower limb infrared thermography will be performed

preoperatively, at 2 weeks postoperatively, and at 3-month

follow-up to assess microcirculatory function. All scans will be

conducted in a dedicated temperature-controlled examination

room, with the device maintained at ∼1 meter from the subject

and the temperature range set at 25◦C−40◦C to ensure optimal

thermal imaging quality. Patients are also instructed to record their

concurrent use of analgesic medications.

5 Safety evaluation

Routine blood tests, liver and kidney function tests,

electrocardiograms (ECG), and X-ray imaging are performed

at screening period (visit 1) and at the 2-week follow-up post-

operation (visit 2). At the 3-month follow-up post-operation
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(visit 3), the patient’s vital signs (blood pressure, heart rate,

body temperature, and respiration) and physical examination

are assessed. If abnormalities are detected during follow-up, the

patient’s clinical manifestations should be evaluated by a relevant

specialist. If confirmed to be caused by the study, it should be

documented as an adverse event, and appropriate treatment

should be provided. Additionally, any complications related to

the study (e.g., infection, cerebrospinal fluid leak, pneumothorax,

electrode fracture) should be documented as adverse events,

and appropriate treatment should be administered. During the

trial, any serious adverse events will be promptly reported to

both the medical device clinical trial administration department

and the ethics committee. The study will be suspended if the

trial places participants at immediate risk of life-threatening

conditions or if the incidence of serious adverse events significantly

exceeds expectations.

6 Statistical analysis

Primary evaluation indicator, the treatment efficacy rate is

expressed as the percentage of patients with effective treatment.

Between-group comparisons are conducted using the χ² test.

Secondary Evaluation Indicators, including the scores of the

various scales mentioned above and the values of clinical test items,

expressed as mean ± standard deviation. For normally distributed

data with equal variance, an independent sample t-test is used. For

data that are not normally distributed or have unequal variance,

the rank-sum test is applied. All data are analyzed using SPSS 26.0

statistical software, with a significance level of P < 0.05 considered

statistically significant.

7 Discussion

To our knowledge, this study represents one of the first

attempts in China to evaluate the clinical efficacy and safety of HF-

SCS in comparison to T-SCS for DPNP treatment in a randomized,

controlled, multicenter clinical trial setting. This research is

expected to provide significant insights into the optimization of

SCS techniques for effective management of DPNP, potentially

enhancing patient outcomes and informing clinical decision-

making.

DPNP is a chronic complication of diabetes mellitus

characterized by persistent neuropathic pain, primarily affecting

the peripheral nervous system in the lower limbs (18). The

pain typically manifests as burning sensations, electric shock-

like sensations, tingling, and stabbing pain, severely impairing

patients’ quality of life and increasing healthcare expenditures

(19). The pathophysiology of DPNP is complex and involves

multiple factors. Persistent high blood glucose levels lead

to metabolic and microvascular alterations that cause nerve

ischemia, oxidative stress, increased nerve excitability, central

sensitization, and diminished inhibitory modulation, ultimately

resulting in chronic pain and sensory dysfunction (20). Due

to its pathophysiology involving vascular, metabolic, and

neuroinflammatory mechanisms, effective, and safe targeted

treatments remain an urgent clinical need.

Animal studies indicated that HF-SCS significantly reduces

neuroinflammation and provides long-lasting pain relief (21).

Previous clinical trials also demonstrated that HF-SCS not only

offers significant pain relief but also proves to be cost-effective

in diverse neuropathic pain conditions, including failed back

surgery syndrome and postherpetic neuralgia (22–24). Moreover,

patient preference for HF-SCS has been reported, predominantly

due to paresthesia-free analgesia, reduced discomfort, and higher

acceptability (25, 26). If our study shows similar efficacy, it

will provide further justification for the broader implementation

of HF-SCS, enhancing patient adherence and satisfaction with

this therapy.

In this study, we adopted rigorous methodological strategies

to enhance the reliability and validity of our findings. First,

randomization and blinding procedures were employed to

minimize potential bias and confounding factors. Second,

comprehensive outcome measures, including primary efficacy

parameters (such as significant reduction in Numeric Rating

Scale pain scores) and multidimensional secondary endpoints—

such as quality of life (SF-12), psychological status (Beck

Depression Inventory), sleep quality (Athens Insomnia Scale), and

neurological function improvement (Michigan Neuropathy

Screening Instrument)—were selected to capture holistic

therapeutic effects on patients with DPNP. Furthermore, the

protocol innovatively integrates infrared thermography as an

objective assessment modality to holistically evaluate physiological

alterations following clinical symptom resolution. Infrared

thermography can assess abnormal thermal distribution and

temperature differences in various medical conditions caused

by alterations in peripheral cutaneous circulation (27). DPNP

is closely associated with microcirculatory alterations. HF-SCS’s

proposed ability to improve microcirculation and nerve health

potentially differentiates it from traditional, symptom-oriented

interventions. If our findings confirm significant improvements in

clinical symptoms, quality of life, and microcirculatory parameters

with HF-SCS, it would strongly support its adoption as a superior

treatment modality for DPNP.

In conclusion, this randomized controlled trial is anticipated to

provide robust clinical evidence regarding the comparative efficacy,

safety, and potential pathophysiological benefits of 10 kHz HF-

SCS relative to traditional low-frequency SCS for patients suffering

from refractory DPNP. Positive outcomes from this trial would

signify an important advancement in chronic pain management,

potentially shifting clinical practice toward a more effective and

patient-preferred neuromodulation strategy.

8 Limitations

This study also has limitations. First, although the study was

rigorously designed, potential biases from patient expectations and

placebo effects remain, particularly due to differing paresthesia

perceptions between HF-SCS and T-SCS. Therefore, infrared

thermography will serve as an objective biomarker to complement

clinical assessments. Second, due to resource constraints, our

follow-up period was set at 3 months. While this duration is

sufficient to assess short-term therapeutic effects, it may not

fully evaluate long-term treatment outcomes. Third, the stringent
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inclusion criteria may restrict the generalizability of our findings

to broader DPNP populations. Therefore, real-world studies with

extended follow-up and expanded patient populations will be

conducted in the future.
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