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Abstract

Objective: This study aimed to observe the clinical efficacy of long-term spinal nerve posterior ramus pulsed radiofrequency (PRF) in
treating subacute herpes zoster neuralgia (HZN).Methods: A total of 120 patients with subacute HZN in the thoracolumbar region and
back were equally randomized to the conventional PRF group (P group, n = 60), with a pulse of 180 s, or to the long-term PRF group
(LP group, n = 60), with a pulse of 600 s. The patients’ baseline characteristics, the incidence rate of postherpetic neuralgia (PHN),
and the dose of analgesics were compared between the two groups. Results: Based on the pain-rating index (PRI), the PRI-sensory,
PRI-affective, visual analogue scale, and present pain intensity scores in the two groups were lower at T2, T3, and T4 time points than at
the T1 time point after treatment (p < 0.05). After 2 months, the dose of analgesics was significantly lower in the LP group than in the
P group (p < 0.05), and the incidence of PHN was considerably lower. Conclusions: Long-term spinal nerve posterior ramus PRF is a
more effective treatment strategy for subacute HZN than conventional PRF. It can effectively prevent the occurrence of PHN.
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1. Introduction
Postherpetic neuralgia (PHN) is a chronic neuropathic

pain persistent after the onset of herpes zoster but residual
after recovery from herpes [1,2]. Its incidence and preva-
lence gradually increase with age. About 65% of patients
aged 60 years and older with herpes zoster develop neural-
gia [3]. This severe neuralgia usually lasts for more than a
few months and manifests as spontaneous pain in the dam-
aged skin area. According to its duration, the pain is divided
into acute herpes zoster neuralgia (HZN; pain lasts for less
than 1 month), subacute HZN (pain lasts for 1–3 months),
and PHN (pain lasts for more than 3 months). Studies
showed that oral medication, nerve block, and pulsed ra-
diofrequency (PRF) treatment had much better effects on
acute HZN than on subacute HZN and PHN [4,5]. No exact
explanation exists for this phenomenon. Studies revealed
that 15–30 days is the key conversion period of HZN, and
during this period the changes in the function and plastic-
ity of subcutaneous nerve fibers reach a peak and the pain
changes from acute inflammatory pain to nerve injury pain
[6–9]. Therefore, controlling pain by adjusting the nerves
through PRF during this period is more desirable. After a
certain duration, the patient’s subcutaneous nerve fibers at-
rophy significantly, and plasticity changes in nerve fibers
persist, which may lead to the poor analgesic effect of stan-
dard PRF.

The spinal nerve posterior ramus is a mixed nerve
originating from the lumbar spinal nerve. It is located below
the anterior branch, on the upper edge of the transverse pro-
cess of the lower vertebral body, and about 60 degrees back-
ward from the lateral side of the superior articular process.
It is divided into medial and lateral branches. The lateral
branch mainly controls the paravertebral muscles and the
skin on the back of the body [10]. After the medial branch
encircles the outer side of the superior articular process, it
passes through the bony fiber tube formed by the accessory
process of the upper joint and the intermastoid groove liga-
ment of the lower joint to descend the three vertebral bod-
ies. It then sends out fine branches to the facet joint and the
nearby muscles. Recent clinical studies found spinal nerve
posterior ramus PRF effective for treating lower-back PHN,
thereby reducing the patient’s dose of morphine and unto-
ward reactions [11].

Pain signals can be transmitted to the central dorsal
horn of the spinal cord through the peripheral end of dorsal
root ganglion nociceptor neurons [12]. Moreover, the dor-
sal horn of the spinal cord uploads the received pain infor-
mation to the thalamus and brain through the corresponding
interneurons, finally producing pain. Studies have revealed
that the closer the dorsal root ganglion is treated, the bet-
ter the effect [13–16]. PRF is an improved version of ra-
diofrequency thermocoagulation, which has been used for
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Table 1. Comparison of general data variables in the two groups of patients.
Variables P group (n = 60) LP group (n = 60) p value
Age (year, x̄ ± s) 64 ± 9.62 65 ± 9.84 0.361
Sex ratio (male/female) 32/28 30/30 0.452
VAS score (points, x̄ ± s) 6.2 ± 0.77 6.3 ± 0.74 0.674
Underlying disease (n) 0.426
Diabetes mellitus (n) 14 16
Hypertension (n) 18 20
Diabetes mellitus & hypertension (n) 10 8
None (n) 18 16
Involved dermatome (n) 0.126
Thoracic (n) 22 24
Lumbosacral (n) 38 36
Analgesics at pre-PRF treatment stage (n) 0.422
Tramadol only (n) 8 6
Tramadol with pregabalin (n) 10 10
Opioid only (n) 6 6
Opioid with pregabalin (n) 8 14
Opioid with gabapentin (n) 12 10

treating chronic pain [17]. PRF mainly emits pulses to act
around the nerve tissue through the radiofrequency instru-
ment and creates a high voltage so that the heat generated
by the pulse current near the affected tissue can be diffused.
The local temperature does not exceed 42 °C, avoiding the
damage caused by high temperature to the nerve, and the
nerve tissue does not degenerate and can play a protective
role in integrating nerve functions to avoid postoperative
sensory and motor nerve abnormalities caused by nerve in-
jury [18,19]. Kagan et al. [20] reported that the ultrastruc-
tural assessment of PRF lesions in rat lower extremity nerve
showed that PRF treatment did not cause the unmyelinated
nerve fibers to ultrastructurally impair. The efficacy of PRF
treatment does not depend on the thermal injury to neuro-
logic tissues [21]. PRF is widely used in various neuro-
pathic pains, and clinicians have confirmed its effective-
ness. A large number of researchers have confirmed that
the conventional PRF mode adopts a temperature of 42 °C,
a voltage of 40 V, and a time of 120 s, and its intensity
is limited; thus, the patient does not get optimal treatment.
Therefore, this study prolonged the duration of PRF to ob-
serve its long-term analgesic effect on subacute HZN and
analyzed its possiblemechanism to provide a theoretical ba-
sis for the clinical treatment of subacute HZN.

2. Materials and Methods
2.1 General Data

This study was approved by the Medical Ethics Com-
mittee of the Guizhou Provincial People’s Hospital (ap-
proval No. KY2022-78), and all patients signed the in-
formed consent form. A total of 120 patients with subacute
HZN (men and women, aged 45–70 years, with disease du-
ration ranging from 1 to 3 months) were hospitalized. They
were equally randomized to the conventional PRF group (P
group, n = 60), with a pulse of 180 s, and the long-term PRF

group (LP group, n = 60), with a pulse of 600 s.
The inclusion criteria were as follows. (1) The pain

of the patients was located in the chest, waist, and back,
and the number of damaged segments was between 1 and
3, which met the diagnostic standard of the International
Association for the Study of Pain. (2) All patients also had
pigmentation or scars after local skin rashes, local scars had
fallen off, no active exudation and bleeding were observed,
and tenderness or hyperalgesia was noted. (3) The visual
analogue scale (VAS) score was from 4 to 7. (4) No other
acute or chronic pain, history of mental illness, and history
of severe cardiovascular and cerebrovascular diseases were
present.

The exclusion criteria were as follows. (1) VAS score
was ≤3. (2) Patients had contraindications for surgery and
mental disorders. (3) Patients could not tolerate the drugs
used in this study (if they had a history of peptic ulcer). (4)
Patients had neuropathic pain, including intercostal neural-
gia, pain syndrome after incision, intervertebral disk hernia-
tion with neuralgia, and neuralgia caused by new vertebral
fracture or metastasis. (5) Space occupying of the spinal
cord. (6) The dose of oxycodone exceeded 20 mg/day, tra-
madol hydrochloride exceeded 200 mg/day, and paraceta-
mol dihydrocodeine exceeded 2 tablets/day as analgesics.

2.2 Treatment Methods

The corresponding posterior branch of the spinal nerve
PRF was selected based on different pain sites. All pa-
tients with chest, waist, and back pain underwent surgery
in the prone position with the help of digital x-ray to en-
sure safety and efficacy. Patients underwent the follow-
ing treatment procedures: (1) Punch surgery. This surgi-
cal method involved routine electrocardiogram monitoring,
adopting an appropriate position, using digital x-ray to lo-
cate the puncture position according to the nerve distribu-
tion position, routine disinfection, draping, and choosing
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a radiofrequency needle of appropriate length for puncture
based on the puncture site. (2) Radiofrequency pulse treat-
ment: After the puncture needle was put in place, the core of
the radiofrequency needle was pulled out, and an electrode
was inserted. The treatment device showed an impedance
of 100–500 Ω. In this case, 50 Hz, 0.3–0.6 V stimula-
tion was used to induce radiative pain in the corresponding
innervated area, perfectly covering the original pain area.
Then, a low-frequency (8 Hz) current (0.5–2 mA) was used
to test the motor nerve, and the corresponding parts showed
muscle trembling, confirming the positions of the needle tip
and electrode as correct. (3) PRF parameters: The PRF pa-
rameters for both P and LP groupswere as follows. P group:
frequency = 8 Hz, pulse width = 40ms, voltage = 40 V, tem-
perature = 42 °C, time = 120 s; LP group: frequency = 8 Hz,
pulse width = 40 ms, voltage = 40 V, temperature = 42 °C,
time = 600 s.

2.3 Observation Index
The short form of the McGill Pain Questionnaire (SF-

MPQ) consists of a pain-rating index (PRI) having 15 de-
scriptors of pain: 11 sensory (PRI-sensory, PRI-S) and 4
affective pains (PRI-affective, PRI-A). The SF-MPQ also
includes VAS and present pain intensity (PPI) of the stan-
dard MPQ. In the PRI-S and PRI-A categories of PRI, all
descriptors are assigned scores of 0–3 to represent “none”,
“light”, “medium”, and “heavy”, respectively. The total
PRI was calculated based on these scores. VAS scores al-
lowed the patients to quantify the pain sensation between
0–10 points, with 0 representing no pain and 10 the max-
imum pain. In PPI, 0 represents no pain, 1 light pain, 2
discomfort, 3 pain, 4 terrible pain, and 5 extreme pain.

2.4 Incidence Rate of PHN
The incidence rate (IR) of PHN was calculated based

on the number of cases (N1) with persistent pain after treat-
ment, the VAS score greater than 4, and the number of cases
(n) before PRF treatment: IR = (n – N1)/n × 100%.

2.5 Follow-Up
Patients with subacute HZN were followed up for 2

months after PRF treatment, and the postoperative VAS
scores were calculated based on the patient data. The treat-
ment condition of patients was assessed during their visit
to the clinic and on telephonic follow-up; the VAS scores
and the dose of analgesics were recorded, and the efficacy
2 months after treatment was evaluated.

2.6 Statistical Analysis
2.6.1 Sample Size

The effective rate of treatment of the posterior branch
of the spinal cord in the long-term PRF group was 87%
during the preliminary observation by our study group,
whereas in the conventional PRF group it was 65%. We
used the R software package to analyze the sample size.

Fig. 1. Proportion of clinically significant PHN 2 months after
PRF treatment in the two patient groups. Gray and black bars
show the incident rate of PHN in the LP and P groups, respectively.
*p < 0.05 indicates the comparison with the pretreatment value.

The statistical test power (1 – β) was 0.8 and the statisti-
cal significance level (α) was 0.05. The results showed that
at least 58 patients were required in each group.

2.6.2 Data Analysis

The SPSS 26.0 statistical (SPSS IBM Corporation,
NY, USA) was used for data analysis. The data were ex-
pressed asmean± standard deviation (x̄± SD). The paired-
sample t test was performed to compare the data, and the
two-sample t test for independent samples was performed
to compare between groups. The chi-square test was con-
ducted to compare the count variables between groups. The
p value < 0.05 indicated a statistically significant differ-
ence.

3. Results
3.1 Patient’s General Information

The two groups of patients were found to have no sta-
tistically significant differences (p> 0.05, Table 1) in terms
of age, sex, course of the disease, VAS score, and rate of co-
morbidities.

3.2 Patient’s SF-MPQ Score

After PRF treatment, the PRI-S, PRI-A, VAS, and PPI
scores were lower at T2, T3, and T4 time points than at T1

time point (p < 0.05) in both P and LP groups of patients.
The PRI-S, PRI-A, VAS, and PPI scores were lower in the
LP group than in the P group at T3 and T4 time points after
PRF treatment (p < 0.05, Table 2).

3.3 Patient’s Incidence of PHN and Use of Analgesics in
Two Groups

After 2 months of treatment, the patients’ analgesic
intake and incidence of PHN were followed up (Figs. 1,2).
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Table 2. Comparison of the PRI-S, PRI-A, VAS, and PPI of the SF-MPQ, and sleep quality scores between the two groups of
patients.

Variable Patient group T1 T2 T3 T4

PRI-S
P 13.1 ± 1.4 6.5 ± 2.5*,# 8.6 ± 3.3*,# 4.6 ± 1.4*,#

LP 13.4 ± 1.2 4.3 ± 1.8 6.9 ± 2.7 3.6 ± 1.4

PRI-A
P 4.0 ± 1.3 3.6 ± 1.3*,# 3.8 ± 0.9*,# 2.7 ± 1.2*,#

LP 4.5 ± 1.0 3.1 ± 1.0* 2.3 ± 1.2* 2.5 ± 1.1*

VAS
P 6.3 ± 0.7 3.2 ± 1.1*,# 4.1 ± 1.0*,# 2.9 ± 0.5*,#

LP 6.2 ± 0.8 3.0 ± 0.7* 2.5 ± 0.9* 2.3 ± 0.6*

PPI
P 3.6 ± 1.0 2.5 ± 1.2*,# 2.1 ± 0.7*,# 1.8 ± 1.2*,#

LP 4.0 ± 0.9 2.5 ± 1.1* 2.0 ± 0.9* 1.3 ± 1.1*
T1, Before treatment; T2, immediately after treatment; T3, 7 days after treatment; T4, 2
months after treatment. Comparison was made with pre-PRF treatment (*p < 0.05); the
LP group was compared with the P group (#p < 0.05).

Fig. 2. Changes in dose of tramadol, morphine hydrochloride, pregabalin, and gabapentin after PRF treatment. The solid curves
and the dotted curves depict the dose changes in the LP group and P group, respectively. The dose of tramadol (A), morphine (B),
pregabalin (C), and gabapentin (D) was generally higher. *p < 0.05 indicates a comparison with the P group.

4. Discussion

The study aimed to explore long-term spinal nerve
posterior ramus PRF efficiency in patients with subacute
HZN, and the results showed that increasing pulse treatment
duration could improve pain relief and sleep quality in pa-
tients. As neuropathic pain, HZN is manifested as sponta-

neous allodynia and hyperalgesia in the damaged skin area,
which persists for a long time. Its incidence is closely re-
lated to aging, and various analgesics (such as antiepilep-
tics, tricyclic antidepressants, and opioids) have varying
degrees of analgesic effects on HZN [22–24]. However,
the neuropathic pain it produces cannot be completely con-
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trolled. Some patients still develop subacute HZN and
PHN. The efficacy of analgesics is much lower in patients
with subacute HZN than in those with acute HZN. Persis-
tent pain can cause anxiety, insomnia, depression, and even
loss of life and working ability in severe cases [25]. Some
scholars believe that inflammation and degeneration of pe-
ripheral nerve fibers and endings are the main causes of
HZN pain [6]. Some other scholars believe that the for-
mation of this type of neuralgia is not only caused by pe-
ripheral nerve lesions but may also be related to pathologi-
cal changes in the central nervous system (spine and brain)
[26]. In persistent pain in HZN, neuronal cells are contin-
uously stimulated by peripheral nerve afferent fibers; this
leads to continuous activation of neuronal cells, release of
some inflammatory factors, and triggering of the activa-
tion of glial cells so that the activation state of neurons is
protected, producing central sensitization [27]. Therefore,
the treatment of this neuropathic pain involves blocking or
weakening of the pain afferent signal and avoiding contin-
uous stimulation of the spinal center [28].

PRF is an improved radiofrequency treatment. Its
main advantage lies in using low control current and low
control voltage; the temperature can be controlled. Stud-
ies have shown that temperatures lower than 45 °C do not
cause significant nerve fiber damage and have a good effect
on neuropathic pain [29,30]. The mechanism of action of
PRF current on neuropathic pain involves the neuromod-
ulation induced by pulse current. Electric fields can re-
versibly block neurotransmission in unmyelinated C fibers,
resulting in analgesia [31,32]. However, traditional PRF
has a poor analgesic effect on patients with a long course of
acute herpetic neuralgia, especially patients with pain last-
ing more than 3 months. PRF has a short analgesic time and
poor clinical efficacy in treating subacute HZN and PHN
pain. Although PRF avoids the adverse reactions caused
by nerve injury, the effect is not as good as continuous ra-
diofrequency thermocoagulation [33]. This may be related
to factors such as the operator’s skill level, PRF parameter
settings, local tissue resistance, and target neural properties.
At present, no gold standard is in place for PRF parameter
setting. Frequency, voltage, time, and duration are key fac-
tors affecting postoperative efficacy. The same effect can-
not be obtained using uniform parameters due to structural
differences in different individuals and tissues. Therefore,
the effective rate of PRF at this stage is improved, and the
pain relief time of PRF is prolonged.

The results of this study indicated that the SF-MPQ
scores in patients of both P and LP groups were lower af-
ter PRF treatment than before treatment. The SF-MPQ
scores in patients were significantly lower in the long-term
PRF group than in the conventional PRF group. After 2
months of PRF treatment, the dose of analgesics and IR in
patients with PHNwere significantly lower in the long-term
PRF group than in the conventional PRF group. The anal-
gesic effect of long-term PRF for treating subacute HZN

was found to be better than that of the conventional PRF
group. Studies reported that these changes might be related
to the long-term enhancement in inhibition of primary af-
ferent fibers induced by long-term high-frequency electri-
cal stimulation. In recent years, studies on animal mod-
els of neuropathic pain have shown that the microglia are
activated in the spinal cord during the induction period of
neuropathic pain, and the astrocytes are activated during
the transition and maintenance period of neuropathic pain
[34,35]. Sakakiyama et al. [36] reported that tramadol
could reduce pain by inhibiting spinal astrocytes. Hidaka
et al. [37]. reported that long-term PRF treatment in mice
triggered the recovery of resinoid-induced mechanical pain
by inhibiting extracellular signal–regulated kinase (ERK).
Ren Yu et al. [38]. observed that PRF alleviated persistent
neuropathic pain by selectively inhibiting the generation of
long-term depression, inhibiting the activation of ERK in
neurons and astrocytes in the superficial dorsal horn, and
selectively and continuously regulating C fiber–mediated
spinal cord nociceptive hypersensitivity. Lulin et al. [39].
revealed that intravenous lidocaine could alleviate PHN by
inhibiting the activation of microglia and astrocytes in the
spinal dorsal horn. They reported that the analgesic effect
of PRF administered immediately after surgery could be at-
tributed to its inhibition of ERK activation in dorsal horn
cells. Therefore, we hypothesized that prolonging PRF time
might control pain by inhibiting the activation of astrocytes
in the spinal dorsal horn.

5. Conclusions
This study concluded that the analgesic effect of long-

term PRF in treating subacute HZN (continuous pain for
1–3 months) was better than that of conventional PRF, and
the number of cases of PHNwas significantly reduced. This
study recommends long-term PRF in patients with HZN
with pain lasting more than 2 months based on patients’
clinical conditions.
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