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Comparison of the efficacy of 
spinal cord stimulation and dorsal 
root ganglion stimulation in the 
treatment of painful diabetic 
peripheral neuropathy: a 
prospective, cohort-controlled 
study
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Department of Neurosurgery, Shengjing Hospital of China Medical University, Shenyang, Liaoning, 
China

Objective: The aim of this study was to compare the clinical outcomes of spinal 
cord stimulation (SCS) and dorsal root ganglion stimulation (DRG-S) in the 
treatment of painful diabetic peripheral neuropathy (PDPN).

Methods: In this prospective cohort study, 55 patients received dorsal column 
spinal cord stimulation (SCS group) and 51 patients received dorsal root spinal 
cord stimulation (DRG-S group). The primary outcome was a Numerical Rating 
Scale (NRS) remission rate of ≥50%, and secondary outcomes included the 
effects of SCS and DRG-S on quality of life scores (EQ-5D-3L), nerve conduction 
velocity, and HbA1c, respectively.

Results: The percentage of NRS remission rate ≥  50% at 6  months was 80.43 
vs. 79.55%, OR (95% CI): 1.06 (0.38–2.97) in the SCS and DRG-S groups, 
respectively, and the percentage of VAS remission rate ≥  50% at 12  months 
was 79.07 vs. 80.95%, OR (95% CI): 0.89 (0.31–2.58). Compared with baseline, 
there were significant improvements in EQ-5D and EQ-VAS at 6 and 12  months 
(p  <  0.05), but there was no difference in improvement between the SCS and 
DRG-S groups (p  >  0.05). Nerve conduction velocities of the common peroneal, 
peroneal, superficial peroneal, and tibial nerves were significantly improved at 
6 and 12  months compared with the preoperative period in both the SCS and 
PND groups (p <  0.05). However, at 6 and 12  months, there was no difference in 
HbA1c between the two groups (p  >  0.05).

Conclusion: Both SCS and DRG-S significantly improved pain, quality of life, and 
lower extremity nerve conduction velocity in patients with PDPN, and there was 
no difference between the two treatments at 12  months.

KEYWORDS

dorsal root ganglion stimulation, neuropathic pain, diabetic peripheral neuropathy, 
spinal cord stimulation, PDPN

OPEN ACCESS

EDITED BY

Hui Lu,  
Zhejiang University, China

REVIEWED BY

Salahadin Abdi,  
University of Texas MD Anderson Cancer 
Centre, United States
Roberta Bonomo,  
Kore University of Enna, Italy

*CORRESPONDENCE

Xi Cong  
 congxi0125@126.com

RECEIVED 07 January 2024
ACCEPTED 02 April 2024
PUBLISHED 10 April 2024

CITATION

Han Y-F and Cong X (2024) Comparison of 
the efficacy of spinal cord stimulation and 
dorsal root ganglion stimulation in the 
treatment of painful diabetic peripheral 
neuropathy: a prospective, cohort-controlled 
study.
Front. Neurol. 15:1366796.
doi: 10.3389/fneur.2024.1366796

COPYRIGHT

© 2024 Han and Cong. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication 
in this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE Original Research
PUBLISHED 10 April 2024
DOI 10.3389/fneur.2024.1366796

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2024.1366796﻿&domain=pdf&date_stamp=2024-04-10
https://www.frontiersin.org/articles/10.3389/fneur.2024.1366796/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1366796/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1366796/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1366796/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1366796/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1366796/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1366796/full
mailto:congxi0125@126.com
https://doi.org/10.3389/fneur.2024.1366796
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2024.1366796


Han and Cong 10.3389/fneur.2024.1366796

Frontiers in Neurology 02 frontiersin.org

Introduction

As the world’s population ages, the latest data for 2021 estimate 
that 536.6 million people worldwide will have diabetes (a prevalence 
of 10.5 percent) (1). Painful diabetic peripheral neuropathy (PDPN) 
occurs in 25 percent of people with diabetes and is a progressive 
neurological disorder with neuropathic pain symptoms; PDPN 
manifests as pain and other sensory dysfunctions, including 
numbness, burning, or tingling. It often leads to insomnia, poor 
quality of life, mood disorders, and even falls, with an increased risk 
of foot ulcers and lower limb amputation, with far-reaching health-
related quality of life implications and potentially life-threatening 
consequences (2). International guidelines recommend 
amitriptyline, duloxetine, pregabalin, or gabapentin as first-line 
symptomatic analgesics for patients with DPNP. According to a 
Cochrane review, the best outcome of any single-agent treatment is 
50% pain relief in less than half of patients, with medication 
restrictions and serious adverse effects (3). This makes the treatment 
of DPNP difficult.

Over the years, neuromodulation has achieved remarkable results 
in the treatment of chronic pain. According to the ‘gate control theory’ 
proposed by Melzack and Wall (4), which proposed that epidural 
electrodes placed on the dorsal side of the spinal cord could disrupt 
the transmission of nociceptive signals by reversing the stimulation of 
inhibitory interneurons through Aβ fibres in the spinal cord, thereby 
attenuating the transmission of nociceptive signals from the spinal 
cord to the brain. Randomised controlled trials have shown that SCS 
can result in pain relief of more than 50% on the Numeric Rating Scale 
(NRS) in approximately 70% of patients with PDPN and can 
significantly improve quality of life (EQOL-5D) (5–10). Dorsal root 
ganglion stimulation (DRG-S) is a novel neuromodulation therapy 
that targets the dorsal root ganglion (DRG) before the afferent spinal 
sensory neurons. This is very different from SCS, which targets dorsal 
column fibres. DRG-S is therefore also a valuable neuromodulation 
intervention for chronic neuropathic pain. In a number of mixed 
aetiology cohorts, DRG-S has been shown to provide relief of 
neurogenic pain in complex regional pain syndrome (CRPS), complex 
regional pain syndrome of the lower extremities, and chronic post-
operative pain within 12 months (11–15). Recent studies have shown 
that the mechanism of pain relief by DRG-S is not dependent on 
GABA release and it is hypothesised that it may be  due to the 
induction of conduction block via the C-type T junction located in the 
DRG itself, which acts as a low-pass filter for the conduction of action 
potentials (nociceptive signals) from the periphery to the spinal cord 
(16, 17).

Unfortunately, most previous clinical trials of SCS and DRG-S 
have focused only on the effect of implanted electrodes on the level of 
pain relief in patients with PDPN, neglecting improvements in quality 
of life, lower limb nerve conduction, and HbA1c. Therefore, 
we prospectively conducted this study of SCS and DRG-S for the 
treatment of PDPN, and our primary endpoint was to compare the 
proportion of NRS remission ≥50% at 6 and 12 months postoperatively 
between the two groups, and the secondary endpoints were to analyse 
the quality of life scores (EQOL-5D-3L), HbA1c, and nerve 
conduction velocity in the peripheral nerves of the lower limbs. This 
clinical trial comparing SCS and DRG-S for the treatment of PDPN 
provides the latest research on the use of different neuromodulation 
techniques in the treatment of lower limb pathologic pain and 

provides clinicians with more clinical decision support when 
individualising treatment for patients with PDPN.

Materials and methods

Research design

This is a prospective, cohort-controlled study. The study was 
conducted from January 2020 to January 2023 at the Neurosurgery 
Outpatient Clinic of Shengjing Hospital, China Medical University. 
The study was approved by the medical ethics committee of the 
hospital (2019PS869J), and the Declaration of Helsinki was adhered 
to in all procedures. All patients signed an informed consent form 
before participating in the study. To reduce data bias, two physicians 
used a blinding method to collect patient information and repeated 
the measurements multiple times to reduce random errors.

Patients’ pain levels were assessed preoperatively and at 6 and 
12 months postoperatively using the Numerical Rating Scale (NRS), 
the most widely used scale for the assessment of chronic pain. The 
European 5-Dimensional Quality of Survival Scale (EQ-5D-3L) is the 
most widely used scale for measuring health-related quality of life and 
consists of the EQ-5D descriptive system (five dimensions of mobility, 
self-care, activities of daily living, pain, anxiety, and depression, each 
with three levels) and a visual scale (EQ-VAS). The EQ-VAS is a visual 
analogue scoring tool used to assess a patient’s overall subjective 
perception of their health. 0 represents the worst health and 100 
represents the best health. Lower limb nerve conduction velocity is 
measured using electrodes placed at fixed locations on the patient’s 
lower limbs to detect bioelectrical signals in the muscles at rest or 
during contraction. Lower limb nerve conduction velocity is measured 
in metres per second (m/s), with slower velocities indicating more 
severe lower limb neuropathy.

Participants

Inclusion criteria were (1) age 18–80 years. (2) Diagnosis of painful 
diabetic peripheral neuropathy and stable glycaemic control with 
glycaemic haemoglobin (HbA1c) below 10% in the previous 3 months. 
(3) Unsatisfactory pain relief with conventional medications with an NRS 
score ≥ 5 (NRS: 0 means ‘no pain’ and 10 means ‘worst pain imaginable’). 
(4) Consent to participate in the study and actively participate in the 
postoperative follow-up. The exclusion criteria were: (1) Diagnosis of 
other painful peripheral neuropathies based on clinical history and review 
of medical records. (2) Contraindications to surgery or inability to tolerate 
surgical treatment, such as cardiopulmonary dysfunction. (3) Pregnancy, 
lactation and severe systemic disease.

Surgical procedures

SCS group
A paddle-like SCS surgical lead (SPECIFY 5-6-5, Medtronic, Inc.) 

was inserted into the epidural space through an intervertebral midline 
approach while the patient was under local anaesthesia and in the 
prone position. The Specify 5-6-5 lead was placed over the spinal cord 
segment receiving the dorsal root fibres (T10-T12) corresponding to 
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the area of pain. The stimulation protocol was individualised for each 
patient in order to provide maximum relief from neurogenic pain. 
One week after the stimulation trial, the previous incision was 
reopened and the implanted leads were connected to the implantable 
pulse generator (IPG) using a lead connector.

DRG-S group
Under general anaesthesia, two wires (SPECIFY 2 × 8, Medtronic, 

Inc.) were advanced into the epidural space under fluoroscopic 
guidance until they entered the intervertebral foramina near the 
lumbar ganglion at L4-L5 bilaterally. As part of intraoperative device 
programming, the appropriate location of the lead was determined by 
overlapping areas of paresthesia and pain. If overlap of pain and 
paresthesia was not achieved, the lead was repositioned and 
reprogrammed under fluoroscopy, and the IPG was implanted 1 week 
after the trial.

Device programming
Pre-programming of the devices was performed by a clinical 

device technician employed by the device manufacturer according to 
an established protocol. Individual reprogramming (40–60 Hz, 
180–240 μs, 0.5–2.0 V) was performed in both groups of patients using 
a programming controller (Medtronic, model 97745) under remote 
control of the technician.

Statistical methods

Based on the results of a previous study in which the proportion 
of SCS relieving NRS ≥50% was 60% (5–7), with a two-sided test level 
of α = 0.05 and a power of 1−β = 0.8, a minimum of 90 participants 
would be required to determine the superiority or inferiority of the 
DRG-S, taking into account a 20% loss to follow-up rate, as calculated 
by SPSS.

Data were analysed using SPSS 22.0 software and plotted using 
GraphPad Prism. Continuous variables are expressed as mean 
(standard deviation). Categorical variables are expressed as 
percentages. Changes in between- and within-group variables were 
compared between the SCS and DRG-S groups at pre-treatment, 6 and 
12 months post-treatment using paired-samples t-tests. Differences of 
p < 0.05 were statistically significant. Differences in primary endpoints 
were compared between groups using paired t-test analyses based on 
the minimum clinically important difference (MCID).

Results

Follow-up and baseline characteristics

Of the 191 screened patients, 106 with PDPN who met the 
inclusion criteria participated in this study: SCS group (n = 55), 
DRG-S group (n = 51). After the final stimulation trial, the SCS group 
(n = 51) and the DRG-S group (n = 49) underwent permanent 
implantation of IPGs (Figure  1). The baseline characteristics and 
PDPN-related medical history of patients in the 6- and 12-month 
follow-up groups, including age, sex, body mass index (BMI), duration 
of diabetes, duration of pain symptoms, glycated haemoglobin 
(HbA1c), type of diabetes, NRS score, and quality of life score (EQOL-
5D-3L), were equipotent and comparable at p > 0.05 (Table 1).

Numerical rating scale

Regardless of whether the MCID for consideration of the NRS was 
2 or the recently recommended 0.9–2.7 (18–20). At 6-month 
follow-up, there was a reduction of 5.32 (1.74) and 4.93 (1.65) in the 
SCS group of 2.98 (1.49) and the DRG-S group of 3.16 (1.10) 
compared with baseline, respectively, p < 0.001, however there was no 
difference in the degree of remission between groups, p = 0.325; at 
12-month follow-up, there was a reduction of 5.05 (1.78) and 5.10 
(1.48) in the SCS group 3.24 (1.41) and 3.02 (0.92) in the DRG-S 
group, respectively, p < 0.001, compared to baseline, and again there 
was no difference in the degree of remission between groups, p = 0.890 
(Figure 2; Table 2).

More importantly, we  observed a ≥ 50% reduction in NRS at 
6 months in 37 (80.43%) of SCS group 46 and 35 (79.55%) of DRG-S 
group  44, OR (95% CI): 1.06 (0.38–2.97) for both groups; and at 
12 months in 34 (79. 07%) of SCS group 43 and 34 (80.95%) of DRG-S 
group 42 (Table 3), the NRS was reduced by ≥50%, OR (95% CI): 0.89 
(0.31–2.58), which was not statistically different.

Quality of life score (EQOL-5D-3L)

The MCID based on the EQOL-5D was 0.074 (21), which was a 
significant improvement (p < 0.001) compared to baseline at 6 months 
in the SCS group 0.58 (0.10) and in the DRG-S group 0.61 (0.10) and 
at 12 months in the SCS group  0.61 (0.07) and in the DRG-S 
group 0.59 (0.10). There was no significant difference between the two 
groups in terms of improvement at 6 and 12 months (Figure  3A; 
Table 2). Similarly, EQOL-VAS improved in both groups at 6 and 
12 months postoperatively (Figure 3B), and there was no difference in 
improvement between the two groups (Table 2).

Nerve conduction velocity

Compared to baseline, nerve conduction velocities of the common 
peroneal, peroneal, superficial peroneal and tibial nerves in the lower 
limbs of patients in the SCS and DRG-S groups were significantly 
improved at 6 and 12 months postoperatively, respectively, p < 0.05. 
However, there was no significant difference in the changes between 
6 and 12 months (Figures 4A,B).

Glycaemic haemoglobin

At 6 months, HbA1c was 7.86 (0.75) in the SCS group and 7.92 
(0.66) in the DRG-S group. At 12 months, HbA1c was 7.90 (0.71) in 
the SCS group and 7.95 (0.77) in the DRG-S group. There was no 
significant difference in HbA1c between the two groups at either 6 or 
12 months (Table 4).

Discussion

This prospective study showed that patients in both the SCS 
and DRG-S groups had significantly lower NRS scores at both the 
6- and 12-month follow-up compared to baseline. There was no 
significant difference between the SCS and DRG-S groups at 
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12 months compared to 6 months. Importantly, the proportion of 
patients with NRS remission ≥50 in the SCS group was 80.43 and 
79.07% at 6 and 12 months, respectively, whereas the proportion 
of patients with NRS remission ≥50 in the DRG-S group was 79.55 
and 80.95%, respectively, and there was no difference between the 
two groups. In addition, EQ-5D, EQ-VAS and lower limb nerve 
conduction velocities were significantly improved in all patients 
who attended follow-up. There was no significant difference in 
HbA1c between the two groups Thus, we compared that both SCS 

and DRG-S could improve lower limb nerve conduction function, 
reduce pain levels and improve quality of life in patients 
with PDPN.

In a prospective RCT long-term study of SCS, 13 of 22 
patients (59%) had ≥50% NRS remission at 6 months; 11 of 17 
(65%) had ≥50% NRS remission at 24 months, with 9 (53%) 
reporting a significant improvement in quality of life; and 7 of 22 
(32%) had ≥50% NRS remission at 5 years. 80% of patients with 
permanent implants were still using their SCS device at 5 years 

FIGURE 1

Flowchart of the study process. *In this study, 46 people in the SCS group completed the 6-month follow-up and 43 people completed the 12-month 
follow-up; 44 people in the DRG group completed the 6-month follow-up and 42 people completed the 12-month follow-up.
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(5–7). A recent RCT showed that when 10 kHz SCS was combined 
with conventional medical management (CMM), 75 of 95 patients 
(79%) had >50% pain relief on the Visual Analogue Score (VAS) 
at 6 months and 121 of 142 patients (85%) had >50% pain relief 
at 12 months (8–10). In another prospective multicentre RCT 
comparing DRG-S and SCS in the treatment of complex regional 
pain syndrome (CRPS), the proportion of DRG-S and SCS groups 
achieving treatment success (>50% pain relief ) at 3 months was 
81.2% (56/69) vs. 55.7% (39/70). Percentage of success (74.2%; 
49/66 vs. 53.0%; 35/66) (15). These results are consistent with our 
findings that both SCS and DRG-S are important tools in the 
treatment of PDPN in terms of neuromodulation and can achieve 
significant therapeutic results. However, in contrast to other 
studies, our study did not only compare the improvement in NRS 
between the two groups as a whole, but also individualised the 
improvement in each patient (Figure 2). In terms of quality of 
life, we used the internationally recognised EQ-5D-3L scoring 
system in our study design. These are the strengths of this study 
over the existing literature. In addition, our study also showed 
that the SCS and DPG-S techniques have an effect on HbA1c in 
diabetic patients.

TABLE 1 Patient demographics and baseline characteristics.

Participation in 6-month follow-up Participation in 12-month follow-up

SCS (n  =  46) DRG-S (n  =  44) p value SCS (n  =  43) DRG-S (n  =  42) p value

Age (years), mean (SD) 65.35(11.38) 66.23 (10.01) 0.527 65.89 (11.55) 66.53 (10.48) 0.495

Men, n (%) 29 (63.04) 29 (65.91) - 28 (65.12) 28 (66.67) -

BMI (kg/m2), mean (SD) 24.27 (1.45) 23.82 (1.77) 0.486 24.34 (1.32) 24.03 (1.27) 0.548

Duration of diabetes 

(years), mean (SD)

16.16 (10.09) 18.84 (13.09) 0.127 16.23 (10.01) 18.05 (12.85) 0.408

Duration of pain 

(months), mean (SD)

4.52 (2.45) 4.03 (2.13) 0.513 4.48 (2.34) 4.07 (2.17) 0.486

HbA1c (%), mean (SD) 8.19 (0.64) 8.42(0.62) 0.223 8.23(0.69) 8.51 (057) 0.314

Types of diabetes

  Type 1, n (%) 8 (19.39) 6 (13.64) 6 (13.95) 5 (11.90)

  Type 2, n (%) 38 (80.61) 38(86.36) 37 (86.05) 37 (88.10)

  Opioid, n (%) 44 (95.65) 41 (93.18) 42 (97.67) 41 (97.62)

  NRS (score), mean 

(SD)

8.30 (0.98) 8.09 (1.29) 0.399 8.29 (1.00) 8.12 (1.27) 0.505

EQOL-5D-3L

  EQ-5D (score), mean 

(SD)

0.31 (0.13) 0.30 (0.11) 0.455 0.32 (0.13) 0.30 (0.11) 0.470

  EQ-VAS (score), mean 

(SD)

57.59 (7.80) 56.09 (9.82) 0.438 57.50 (7.97) 56.36 (9.97) 0.569

Nerve conduction velocity

  Common peroneal 

nerve, m/s

34.44 (4.02) 36.51 (3.82) 0.108 34.62 (4.02) 36.25 (3.71) 0.055

  Peroneal nerve, m/s 38.83 (3.44) 38.34 (1.80) 0.396 38.83 (3.52) 38.32 (1.75) 0.392

  Superficial peroneal 

nerve, m/s

37.93 (4.85) 38.36 (2.97) 0.654 37.76 (4.86) 38.43 (3.02) 0.494

  Tibial nerve, m/s 35.75 (3.37) 36.40 (3.67) 0.423 35.86 (3.39) 36.36 (3.74) 0.543

ABI, Ankle brachial index; BMI, Body mass index; HbA1c, Glycated haemoglobin; SD, Standard deviation; and NRS, Numerical rating scale.

FIGURE 2

Changes in NRS in the SCS and DRG-S groups at baseline, 6 and 
12  months. *p  <  0.05; **p  <  0.01; ***p  <  0.001; NS, p  >  0.05.
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TABLE 3 Comparison of primary endpoints in the SCS and DRG-S groups.

SCS group DRG-S group OR (95%CI)

6-month follow-up NRS ≥ 50%, n (%) 37 (80.43%) 35 (79.55%) 1.06 (0.38–2.97)

NRS<50%, n (%) 9 (19.57%) 9 (20.45%) -

12-month follow-up NRS ≥ 50%, n (%) 34 (79.07%) 34 (80.95%) 0.89 (0.31–2.58)

NRS < 50%, n (%) 9 (20.93%) 8 (19.05%) -

NRS, Numerical rating scale; OR, Odds ratio.

FIGURE 3

SCS and DRG-S group changes in EQ-5D and EQ-VAS at baseline, 6 and 12  months. *p  <  0.05; **p  <  0.01; ***p  <  0.001; NS, p  >  0.05. (A) Changes in 
EQ-5D at baseline, 6 and 12  months in the SCS and DRG-S groups; (B) Changes in EQ-VAS at baseline, 6 and 12  months in the SCS and DRG-S groups.

TABLE 2 Changes in pain and quality of life at different time points in SCS and DRG-S groups.

Meae It time point SCS group DRG-S group p value

Mean SD Mean SD

NRS 

system

6-month follow-up 2.98 1.49 3.16 1.10 0.508

12-month follow-up 3.24 1.41 3.02 0.92 0.352

Change from baseline at 6-month 5.32 1.74 4.93 1.65 0.325

Change from baseline at 12-month 5.05 1.78 5.10 1.48 0.890

Changes at 12-month compared to 6-month 0.29 1.11 0.10 1.08 0.132

EQ-5D 

system

6-month follow-up 0.58 0.10 0.61 0.10 0.116

12-month follow-up 0.61 0.07 0.59 0.10 0.404

Change from baseline at 6-month 0.27 0.14 0.32 0.15 0.077

Change from baseline at 12-month 0.28 0.16 0.27 0.17 0.724

Changes at 12-month compared to 6-month 0.03 0.12 0.04 0.15 0.180

EQ-VAS 

system

6-month follow-up 75.61 4.25 71.91 8.87 0.114

12-month follow-up 74.88 6.50 70.36 6.19 0.086

Change from baseline at 6-month 18.02 6.49 15.82 13.84 0.373

Change from baseline at 12-month 17.38 8.70 14.00 12.75 0.206

Changes at 12-month compared to 6-month −0.64 5.92 −1.31 6.57 0.670
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From an analgesic mechanism perspective, SCS consists of 
epidural electrodes in the dorsal columns of the spinal cord to 
excite inhibitory interneurons to release γ-aminobutyric acid 
(GABA) by retrogradely stimulating Aβ fibres in the spinal cord, 
which interrupts the transmission of nociceptive signals from the 
spinal cord to the brain, thereby attenuating the nociceptive 
signals; dorsal columns of the Aβ fibres can also be positively 
stimulated to produce paresthesia in the areas innervated by the 
fibres, masking the painful sensation and thus achieving pain 
relief (16). With regard to the DRG-S, one study found that there 
is an extensive GABAergic network between the cell bodies of 
DRG neurons, and that sensory neurons in the DRG have the 
ability to express the key proteins required for GABA synthesis 
and release, and can release GABA when DRG neurons receive a 
stimulus (22). It has been suggested that DRG-S, like SCS, relies 
on stimulation of Aβ fibres in the dorsal horn of the spinal cord 
and release of GABA to activate the pain gating mechanism and 
inhibit nociception (23, 24). Interestingly, however, a recent study 
found that the analgesic effect of DRG-S does not depend on the 
release of GABA in the dorsal horn of the spinal cord (25). 

Although the analgesic mechanism of DRG-S is highly 
controversial, it is clear that DRG-S inhibits the excitability of 
slow pain fibres (C-fibres) (26).

This study has some limitations. First, the process of grouping 
patients was not randomised, and therefore there is a possibility of 
selection bias. Fortunately, a comparison of the baseline values of 
patients in the SCS and DRG-S groups who attended our follow-up 
showed that the groups were equivalent at baseline and therefore 
comparable. Second, the follow-up period was only 12 months, the 
number of cases was small, and only the traditional tonic stimulation 
mode (voltage, 0.5 V; pulse width, 180–240 μs; frequency, 40 Hz) was 
used; other stimulation modes or waveforms, such as burst mode and 
high-frequency stimulation, were not evaluated. Nevertheless, the 
current results suggest that both SCS and DRG-S are potentially 
effective treatments for PDPN. In this trial design, we used a single-
blind approach to avoid biassing the results, but there are still some 
potential effects, including rater bias, treatment effect expectation and 
data collection bias. Although single blinding is not as advantageous 
as double or triple blinding designs to completely eliminate these 
potential effects, it is still a commonly used form of blinding that can 
reduce subjective bias to some extent.

To our knowledge, this is the first cohort study comparing SCS 
and DRG-S in the treatment of PDPN in clinical research. Most 
previous SCS studies have focused on the clinical efficacy of lower 
extremity pain and quality of life in patients with PDPN, and most 
DRG-S studies have focused on the treatment efficacy of complex 
regional pain syndrome (CRPS). The design of this study included 
both SCS and DRG-S groups and assessed the percentage of patients 
in both cohorts with Numeric Rating Scale (NRS) relief ≥50% at 6 
and 12 months, as well as postoperative quality of life scores 

FIGURE 4

Changes in lower limb nerve conduction velocities at baseline, 6 and 12  months in the SCS and DRG-S groups. *p  <  0.05; **p  <  0.01; ***p  <  0.001; NS, 
p  >  0.05. (A) Lower limb nerve conduction velocity changes in SCS group at baseline, 6 and 12  months; (B) Lower limb nerve conduction velocity 
changes in DRG-S group at baseline, 6 and 12  months.

TABLE 4 Comparison of HbA1c (%) in the SCS and DRG-S groups.

SCS group DRG-S group p value

Mean SD Mean SD

6-month 

follow-up

7.86 0.75 7.92 0.66 0.382

12-month 

follow-up

7.90 0.71 7.95 0.77 0.461

https://doi.org/10.3389/fneur.2024.1366796
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Han and Cong 10.3389/fneur.2024.1366796

Frontiers in Neurology 08 frontiersin.org

(EQOL-5D) and effects on HbA1c. These results provide clinicians 
with higher quality individualised protocols for the treatment 
of PDPN.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material; further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Medical 
Ethics Committee of Shengjing Hospital. The studies were conducted 
in accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

Y-FH: Conceptualization, Formal analysis, Investigation, 
Methodology, Software, Writing – original draft, Writing – review & 
editing. XC: Data curation, Methodology, Project administration, 
Supervision, Validation, Visualization, Writing – original draft, 
Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors especially thank Min Bao, Doctor of Medicine, 
Shengjing Hospital of China Medical University, for technical 
assistance. The authors thank the patients who participated in 
the study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF 

diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021 
and projections for 2045. Diabetes Res Clin Pract. (2022) 183:109119. doi: 10.1016/j.
diabres.2021.109119

 2. Shillo P, Sloan G, Greig M, Hunt L, Selvarajah D, Elliott J, et al. Painful and painless 
diabetic neuropathies: what is the difference? Curr Diab Rep. (2019) 19:32. doi: 10.1007/
s11892-019-1150-5

 3. Balanaser M, Carley M, Baron R, Finnerup NB, Moore RA, Rowbotham MC, et al. 
Combination pharmacotherapy for the treatment of neuropathic pain in adults: 
systematic review and meta-analysis. Pain. (2023) 164:230–51. doi: 10.1097/j.
pain.0000000000002688

 4. Melzack R, Wall PD. Pain mechanisms: a new theory. Science. (1965) 150:971–9. 
doi: 10.1126/science.150.3699.971

 5. Slangen R, Schaper NC, Faber CG, Joosten EA, Dirksen CD, van Dongen RT, et al. 
Spinal cord stimulation and pain relief in painful diabetic peripheral neuropathy: a 
prospective two-center randomized controlled trial. Diabetes Care. (2014) 37:3016–24. 
doi: 10.2337/dc14-0684

 6. van Beek M, Slangen R, Schaper NC, Faber CG, Joosten EA, Dirksen CD, et al. 
Sustained treatment effect of spinal cord stimulation in painful diabetic peripheral 
neuropathy: 24-month follow-up of a prospective two-center randomized controlled 
trial. Diabetes Care. (2015) 38:e132–4. doi: 10.2337/dc15-0740

 7. van Beek M, Geurts JW, Slangen R, Schaper NC, Faber CG, Joosten EA, et al. 
Severity of neuropathy is associated with long-term spinal cord stimulation outcome in 
painful diabetic peripheral neuropathy: five-year follow-up of a prospective two-center 
clinical trial. Diabetes Care. (2018) 41:32–8. doi: 10.2337/dc17-0983

 8. Petersen EA, Stauss TG, Scowcroft JA, Brooks ES, White JL, Sills SM, et al. Effect of 
high-frequency (10-kHz) spinal cord stimulation in patients with painful diabetic 
neuropathy: a randomized clinical trial. JAMA Neurol. (2021) 78:687–98. doi: 10.1001/
jamaneurol.2021.0538

 9. Petersen EA, Stauss TG, Scowcroft JA, Brooks ES, White JL, Sills SM, et al. High-
frequency 10-kHz spinal cord stimulation improves health-related quality of life in 
patients with refractory painful diabetic neuropathy: 12-month results from a 
randomized controlled trial. Mayo Clin Proc Innov Qual Outcomes. (2022) 6:347–60. doi: 
10.1016/j.mayocpiqo.2022.05.003

 10. Petersen EA, Stauss TG, Scowcroft JA, Brooks ES, White JL, Sills SM, et al. 
Durability of high-frequency 10-kHz spinal cord stimulation for patients with painful 
diabetic neuropathy refractory to conventional treatments: 12-month results from a 
randomized controlled trial. Diabetes Care. (2022) 45:e3–6. doi: 10.2337/dc21-1813

 11. Chapman KB, Groenen PS, Patel KV, Vissers KC, van Helmond N. T12 dorsal root 
ganglion stimulation to treat chronic low Back pain: a case series. Neuromodulation. 
(2020) 23:203–12. doi: 10.1111/ner.13047

 12. Chapman KB, Tupper C, Yang A, van Helmond N, Yousef T. Intermittent dorsal 
root ganglion stimulation is as efficacious as standard continuous dosing in treating 
chronic pain: results from a randomized controlled feasibility trial. Neuromodulation. 
(2022) 25:989–97. doi: 10.1016/j.neurom.2021.10.008

 13. Huygen F, Liem L, Cusack W, Kramer J. Stimulation of the L2-L3 dorsal root 
ganglia induces effective pain relief in the low Back. Pain Pract. (2018) 18:205–13. doi: 
10.1111/papr.12591

 14. Piedade GS, Gillner S, McPhillips PS, Vesper J, Slotty PJ. Effect of low-frequency 
dorsal root ganglion stimulation in the treatment of chronic pain. Acta Neurochir. (2023) 
165:947–52. doi: 10.1007/s00701-023-05500-1

 15. Deer TR, Levy RM, Kramer J, Poree L, Amirdelfan K, Grigsby E, et al. Dorsal root 
ganglion stimulation yielded higher treatment success rate for complex regional pain 
syndrome and causalgia at 3 and 12 months: a randomized comparative trial. Pain. 
(2017) 158:669–81. doi: 10.1097/j.pain.0000000000000814

 16. Joosten EA, Franken G. Spinal cord stimulation in chronic neuropathic pain: 
mechanisms of action, new locations, new paradigms. Pain. (2020) 161:S104–13. doi: 
10.1097/j.pain.0000000000001854

 17. Koetsier E, Franken G, Debets J, Heijmans L, van Kuijk SMJ, Linderoth B, et al. 
Mechanism of dorsal root ganglion stimulation for pain relief in painful diabetic 
polyneuropathy is not dependent on GABA release in the dorsal horn of the spinal cord. 
CNS Neurosci Ther. (2020) 26:136–43. doi: 10.1111/cns.13192

 18. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT, et al. 
Interpreting the clinical importance of treatment outcomes in chronic pain clinical 
trials: IMMPACT recommendations. J Pain. (2008) 9:105–21. doi: 10.1016/j.
jpain.2007.09.005

 19. Olsen MF, Bjerre E, Hansen MD, Tendal B, Hilden J, Hróbjartsson A. Minimum 
clinically important differences in chronic pain vary considerably by baseline pain and 

https://doi.org/10.3389/fneur.2024.1366796
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1007/s11892-019-1150-5
https://doi.org/10.1007/s11892-019-1150-5
https://doi.org/10.1097/j.pain.0000000000002688
https://doi.org/10.1097/j.pain.0000000000002688
https://doi.org/10.1126/science.150.3699.971
https://doi.org/10.2337/dc14-0684
https://doi.org/10.2337/dc15-0740
https://doi.org/10.2337/dc17-0983
https://doi.org/10.1001/jamaneurol.2021.0538
https://doi.org/10.1001/jamaneurol.2021.0538
https://doi.org/10.1016/j.mayocpiqo.2022.05.003
https://doi.org/10.2337/dc21-1813
https://doi.org/10.1111/ner.13047
https://doi.org/10.1016/j.neurom.2021.10.008
https://doi.org/10.1111/papr.12591
https://doi.org/10.1007/s00701-023-05500-1
https://doi.org/10.1097/j.pain.0000000000000814
https://doi.org/10.1097/j.pain.0000000000001854
https://doi.org/10.1111/cns.13192
https://doi.org/10.1016/j.jpain.2007.09.005
https://doi.org/10.1016/j.jpain.2007.09.005


Han and Cong 10.3389/fneur.2024.1366796

Frontiers in Neurology 09 frontiersin.org

methodological factors: systematic review of empirical studies. J Clin Epidemiol. (2018) 
101:87–106.e2. doi: 10.1016/j.jclinepi.2018.05.007

 20. Sabourin S, Tram J, Sheldon BL, Pilitsis JG. Defining minimal clinically important 
differences in pain and disability outcomes of patients with chronic pain treated with 
spinal cord stimulation. J Neurosurg Spine. (2021) 1-8:1–8. doi: 10.3171/2020.11.
SPINE201431

 21. Walters SJ, Brazier JE. Comparison of the minimally important difference for two 
health state utility measures: EQ-5D and SF-6D. Qual Life Res. (2005) 14:1523–32. doi: 
10.1007/s11136-004-7713-0

 22. du X, Hao H, Yang Y, Huang S, Wang C, Gigout S, et al. Local GABAergic signaling 
within sensory ganglia controls peripheral nociceptive transmission. J Clin Invest. (2017) 
127:1741–56. doi: 10.1172/JCI86812

 23. Graham RD, Bruns TM, Duan B, Lempka SF. Dorsal root ganglion stimulation for 
chronic pain modulates Aβ-fiber activity but not C-fiber activity: a computational 
modeling study. Clin Neurophysiol. (2019) 130:941–51. doi: 10.1016/j.clinph.2019.02.016

 24. Franken G, Debets J, Joosten E. Nonlinear relation between burst dorsal root ganglion 
stimulation amplitude and behavioral outcome in an experimental model of painful diabetic 
peripheral neuropathy. Neuromodulation. (2020) 23:158–66. doi: 10.1111/ner.13070

 25. Koopmeiners AS, Mueller S, Kramer J, Hogan QH. Effect of electrical field 
stimulation on dorsal root ganglion neuronal function. Neuromodulation. (2013) 
16:304–11. doi: 10.1111/ner.12028

 26. Kent AR, Min X, Hogan QH, Kramer JM. Mechanisms of dorsal root ganglion 
stimulation in pain suppression: a computational modeling analysis. Neuromodulation. 
(2018) 21:234–46. doi: 10.1111/ner.12754

https://doi.org/10.3389/fneur.2024.1366796
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jclinepi.2018.05.007
https://doi.org/10.3171/2020.11.SPINE201431
https://doi.org/10.3171/2020.11.SPINE201431
https://doi.org/10.1007/s11136-004-7713-0
https://doi.org/10.1172/JCI86812
https://doi.org/10.1016/j.clinph.2019.02.016
https://doi.org/10.1111/ner.13070
https://doi.org/10.1111/ner.12028
https://doi.org/10.1111/ner.12754

	Comparison of the efficacy of spinal cord stimulation and dorsal root ganglion stimulation in the treatment of painful diabetic peripheral neuropathy: a prospective, cohort-controlled study
	Introduction
	Materials and methods
	Research design
	Participants
	Surgical procedures
	SCS group
	DRG-S group
	Device programming
	Statistical methods

	Results
	Follow-up and baseline characteristics
	Numerical rating scale
	Quality of life score (EQOL-5D-3L)
	Nerve conduction velocity
	Glycaemic haemoglobin

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

