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Background: Among the various pain-related diseases that can be encountered at the clinic, thete is a neuropathic
pain that is difficult to treat. Numerous methods have been proposed to treat neuropathic pain, such as taking
medication, nerve block with lidocaine, or neurolysis with alcohol or phenol. Recently, a method of perineural
injection using dextrose instead of lidocaine was proposed. This study was designed to compare the effects
of perineural injection therapy (PIT) with buffered 5% dextrose or 0.5% lidocaine on neuropathic pain.
Methods: The data were collected from the database of pain clinic from August 1st, 2019 to December 31st,
2022 without any personal information. The inclusion critetia were patients diagnosed with postherpetic neuralgia
(PHN), trigeminal neuralgia (IN), complex regional pain syndrome (CRPS), or peripheral neuropathy (PN),
and patients who had undergone PIT with buffered 5% dextrose (Dextrose group) or 0.5% lidocaine (Lidocaine
group) for pain control. The data of patients, namely sex, age, and pain score (numerical rating scale, NRS)
were collected before PIT. The data of NRS, side effects, and satisfaction grade (excellent, good, fair, or poor)
were collected one week after each of the four PIT, and two weeks after the last PIT.

Results: Overall, 112 subjects were enrolled. The Dextrose group included 89 and Lidocaine group included
23 patients. Because the number of patients in the Lidocaine group was too small to allow statistical analysis,
the trend in Lidocaine group was just observed in each disease. There were no significant side effects except
for a few bruise cases on the site of injection in all groups. The NRS in most Dextrose groups except CRPS
were reduced significantly; however, the Lidocaine group showed a trend of pain reduction only in PHN. The
Dextrose group except CRPS showed increased satisfaction two weeks after the final PIT.

Conclusion: From the results, it is suggested that PIT with buffered 5% dextrose may have a good effect
for neuropathic pain without any side effect except for patients with CRPS. This may offer a window into
a new tool that practitioners can employ in their quest to help patients with neuropathic pain.
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INTRODUCTION

Among the pain that occurs in the facial area managed
in the dental field, neuropathic pain, which is classified

as incurable, is included. Neuropathic pain refers to

chronic pain that persists due to nerve damage or
abnormal nerve function, and representative examples
(PHN),
neuralgia (TN), complex regional pain syndrome (CRPS),

include post-herpetic neuralgia trigeminal
peripheral neuropathy (PN), failed spine surgery

syndrome, and pain due to cancer [1]. Unlike tissue
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damage, such as muscle or ligament injury, which is
commonly experienced when we twist our back,
neuropathic pain, in which the nerve itself is damaged,
becomes chronic and is prone to hypersensitivity, making
mild pain feel more severe or even normal stimulation
painful. There are cases where even everyday activities,
such as eating, drinking, or brushing teeth, can cause
extreme pain, making it impossible to lead a normal life.

Drugs, such as antiepileptics, tricyclic antidepressants,
selective serotonin reuptake inhibitors, and norepi-
nephrine reuptake inhibitors are used for intractable
chronic pain diseases. These drugs are known to have
slightly greater side effects than acetaminophen or
non-steroidal anti-inflammatory drugs, which are known
as common painkillers [2,3]. Such side effects should be
monitored when taken for a long time. If these drug
treatments are not satisfied, nerve blocks and even
narcotic painkillers may be used as a second line. Several
clinicians may observe some side effects with these
second line treatments too.

Perineural injection therapy (PIT) is one of the latest
advances in regenerative medicine. PIT targets neurogenic
inflammation of the subcutaneous nerves, which
potentially causes pain [4,5]. It was further improved by
Lyftogt [6] using dextrose injections, which provided
significant pain control in a series of 300 cases of Achilles
tendinopathy.

Since the introduction of PIT, there have been no
reports comparing its effectiveness in patients with
neuropathic pain. Therefore, it is sought to evaluate the
effectiveness of PIT compared to that of the commonly
used lidocaine injection method for representative
neuropathic pain diseases, such as TN, PHN, CRPS, and
PN.

METHODS

The subject of the study was a retrospective data review
of patients who were diagnosed with neuropathic pain

in the outpatient pain clinic. This study was conducted
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with approval from the Pusan National University
Hospital Research Ethics (IRB  No.
2212-006-122) and the informed consent was waived.

Committee

The inclusion criteria for the study subjects were patients
who were older than 18 years of age, patients who visited
the outpatient pain clinic at Pusan National University
Hospital from August 1, 2019 to December 31, 2022, and
had pain due to PHN, TN, CRPS, and PN, and who
received a PIT with buffered 5% dextrose or 0.5%
lidocaine for pain control. Their medical data, excluding
sensitive personal information, were analyzed.

The information for analysis, such as age, sex, disease,
pain score (NRS), side effects, and satisfaction, were
measured in the group using buffered 5% dextrose
(Dextrose group) or the group using 0.5% lidocaine
(Lidocaine group).

The PIT involved injecting 0.5 to 3 mL of buffered
5% dextrose (by mixing 0.25 cc of sodium bicarbonate
with 50 cc of 5% dextrose) or 0.5% lidocaine (by diluting
2% lidocaine with saline) into the subcutaneous tissue
with a 27G needle into the distal nerve branch or the
relevant pain area. The goal was to inject four times at
intervals of one week depending on the intensity of pain.
The pain score was expressed using the Numerical Rating
Score (NRS), with 0 indicating no pain at all and 10
indicating the most severe pain. The satisfaction was
graded from 1 to 4. Grade 1 was poor, grade 2 was fair,
grade 3 was good, and grade 4 was excellent. The changes
in each set of data were retrospectively assessed by
examining the recorded information from several time
points: before the first PIT, one week after the first,
second, third, and fourth PIT sessions, and two weeks
following the fourth PIT session. The data of sex, age,
and pain score (numerical rating scale, NRS) were
collected before PIT. The data of NRS, side effects, and
satisfaction grade (excellent, good, fair, poor) were
collected one week after each of the four PIT procedures,
and two weeks after the last PIT by reviewing the
recorded data.

All values were described as mean + standard error.

For analysis and comparison of the results in each group
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Table 1. NRS and satisfaction grade before and after PIT in each group

Dextrose group

Lidocaine group

NRS Satisfaction NRS Satisfaction
PO Follow-up P1 Follow-up PO Follow-up P1 Follow-up
PHN 53 + 0.6 35 + 077 21 + 03 29 + 0.3% 72 = 0.6 50 = 0.6 18 = 0.7 23 + 03
N 59 + 0.6 37 = 0.7% 21 + 03 29 + 0.3% 75 + 25 2.0 N/A N/A
CRPS 73 = 04 69 + 0.7 08 + 0.2 09 + 03 6.8 + 0.8 6.8 + 0.7 09 + 03 03 + 03
PN 57 + 04 38 = 037 15 + 02 27 02" 68 + 05 73 = 05 11 + 03 17 + 06

CRPS, complex regional pain syndrome; N/A, not available; NRS, numerical rating scale;

PN, peripheral neuropathy; TN, trigeminal neuralgia.
PO, before PIT; P1, one week after the first PIT; Follow-up, two weeks
*P < 0.05, TP < 0.01 compared to PO in NRS

*P < 0.05, TP < 0.01 compared to P1 in Satisfaction
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Fig. 1. The changes of pain intensity (NRS) after PIT with buffered 5% dextrose (Dextrose) or 0.5% lidocaine (Lidocaine). (A) Post-herpetic neuralgia,
(B) Trigeminal neuralgia, (C) Complex regional pain syndrome, (D) Peripheral neuropathy. NRS, numerical rating scale; PIT, perineural injection therapy.
PO: before PIT, P1: one week after the first PIT, P2: one week after the second PIT, P3: one week after the third PIT, P4: one week after the fourth
PIT, Follow-up: two weeks after the fourth PIT. *P < 0.05, TP < 0.01 vs. the change of pain intensity before PIT in the Dextrose group.

the StatView™ program (version 5.0, SAS Institute INC,
Cary, NC, USA) was used to perform the students t-test,
and a P value of less than 0.05 was considered as

statistically significant.

RESULTS

The data of 112 subjects who met the inclusion criteria
were obtained from the medical records room and were
analyzed. Notably, PHN (n = 26), TN (n = 18), CRPS
(n = 28), and PN (n = 40) were included. The average
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Fig. 2. The percent changes of pain intensity (NRS) after PIT with buffered 5% dextrose (Dextrose) or 0.5% lidocaine (Lidocaine). (A) Post-herpetic
neuralgia, (B) Trigeminal neuralgia, (C) Complex regional pain syndrome, (D) Peripheral neuropathy. NRS, numerical rating scale; PIT, perineural injection
therapy. P1: one week after the first PIT, P2: one week after the second PIT, P3: one week after the third PIT, P4: one week after the fourth PIT,
Follow-up: two weeks after the fourth PIT. *P < 0.05, TP < 0.01 vs. the percent change of pain intensity after the first PIT in the Dextrose group.

age was 72 + 2 years old in PHN, 64 £ 3 years old in
TN, 43 + 2 years old in CRPS, 50 + 2 years old in PN.
Overall, 13 males and 13 females in the PHN group, five
males and 13 females in the TN group, 14 males and
14 females in the CRPS group, and 22 males and 18
females in the PN group were included. The sample size
of the Lidocaine group, consisting of only 23 participants,
was insufficient to permit statistical analysis. The trend
in the Lidocaine group was just in each disease. There
was no significant side effect in most cases except a few

bruises.
1. PHN

The number of patients in each group was 20 in the
Dextrose group and 6 in the Lidocaine group. The NRS
before treatment was 5.3 + 0.6 in the Dextrose group and
7.2 £ 0.6 in the Lidocaine group. The NRS at the final
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follow-up was 3.5 = 0.7 in the Dextrose group and 5.0
+ 0.6 in the Lidocaine group (Table 1).

The NRS after each treatment was significantly
decreased in the Dextrose group compared to before
treatment (PO) (P < 0.01), but not in the Lidocaine group
(Fig. 1A). The percent change of NRS after each
treatment was from -27.4 + 8.6% to -38.6 = 8.2% in the
Dextrose group and from -17.2 + 9.1% to -23.9 = 7.0%
in the Lidocaine group (Fig. 2A).

The satisfaction was increased as the number of
treatments increased from 2.1 + 0.3 to 2.9 = 0.3 in the
Dextrose group and from 1.8 £ 0.7 to 2.3 + 0.3 in the
Lidocaine group (Fig. 3A).

2. TN

The number of each group was 16 in the Dextrose

group and 2 in the Lidocaine group. Therefore, the
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Fig. 3. The changes of satisfaction after perineural injection therapy (PIT) with buffered 5% dextrose (Dextrose) or 0.5% lidocaine (Lidocaine). (A)
Post-herpetic neuralgia, (B) Trigeminal neuralgia, (C) Complex regional pain syndrome, (D) Peripheral neuropathy. P1: one week after the first PIT, P2:
one week after the second PIT, P3: one week after the third PIT, P4: one week after the fourth PIT, Follow-up: two weeks after the fourth PIT.
*P < 0.05, TP < 0.01 vs. the satisfaction after the first PIT in Dextrose group.

Lidocaine group could not be analyzed due to the small
number. The NRS before treatment was 5.9 + 0.6 in the
Dextrose group and 7.5 £ 2.5 in the Lidocaine group.
The NRS at final follow-up was 3.7 + 0.7 in the Dextrose
group and 2.0 in the Lidocaine group (Table 1).

The NRS after each treatment was significantly
decreased in the Dextrose group compared to that before
treatment (PO) (Figure 1B, P < 0.05). The percent change
of NRS after each treatment in the Dextrose group was
not significantly different (Fig. 2B).

The satisfaction in the Dextrose group was increased
as the number of treatments increased from 2.1 £+ 0.3 to
2.9 = 0.3 (Fig. 3B).

3. CRPS

The number of each group was 22 in the Dextrose
group and 6 in the Lidocaine group. The NRS before
treatment was 7.3 £ 0.4 in the Dextrose group and 6.8

+ 0.8 in the Lidocaine group. The NRS at the final
follow-up was 6.9 £ 0.7 in the Dextrose group and 6.8
+ 0.7 in the Lidocaine group (Table 1). The NRS after
each treatment was not significantly changed in both
groups (Fig. 1C). The percent change after each treatment
was from -2.2 + 5.1% to -3.2 £ 12.9% in the Dextrose
group and from -0.0 + 0.0% to 5.6 + 6.3% in the
Lidocaine group (Fig. 2C). The variation in each result
was so pronounced that it rendered the statistical analysis
inconclusive.

The satisfaction was increased as the number of
treatments increased from 0.8 + 0.2 to 0.9 = 0.3 in the
Dextrose group and from 0.9 £ 0.3 to 0.3 = 0.3 in the
Lidocaine group (Fig. 3C).

4. PN

The number in each group was 31 in the Dextrose

group and 9 in the Lidocaine group. The NRS before
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treatment was 5.7 £ 0.4 in the Dextrose group and 6.8
+ 0.5 in the Lidocaine group. The NRS at the final
follow-up was 3.8 = 0.3 in the Dextrose group and 7.3
+ 0.5 in the Lidocaine group (Table 1).

The NRS after each treatment was significantly
decreased in the Dextrose group compared to before
treatment (PO) (Fig. 1D, P < 0.01), but not in the
Lidocaine group. The percent change after each treatment
was from -7.8 + 7.0% to -30.0 £ 5.5% in the Dextrose
group and from -6.2 = 6.0% to -2.4 £ 2.4% in the
Lidocaine group (Fig. 2D).

The satisfaction was increased as the number of
treatments increased from 1.5 + 0.2 to 2.7 = 0.2 in the
Dextrose group and from 1.1 £ 0.3 to 1.7 + 0.6 in the
Lidocaine group (Fig. 3D).

DISCUSSION

Chronic pain is a complex and multifaceted problem
that is difficult to treat. This frustration is often
compounded by patients who are suffering, but cannot
receive any relief, and despite their best efforts, the
treatment does not seem to help in the long term.

The perineural injection of glucose is a new treatment
for peripheral entrapment neuropathy. Additionally, 5%
glucose (D5W) has been commonly used in these cases
because DSW has an osmolarity like that of normal saline
and no harmful effects have been reported in animals and
humans [7-10]. At 10%, dextrose induces thickening of
the transverse carpal ligament in rabbits, and there is a
cumulative effect of successive injections because
hypertonic dextrose can stimulate inflammation [11,12].
In contrast, D5SW can reduce neurogenic inflammation.
Nonetheless, there are a few case studies and small
clinical trials investigating perineural injections of DSW
for pain relief [13-15].

Despite the increasing popularity of D5SW injections,
no evidence-based studies had been reported until the trial
reported in 2017 by Wu et al. [16]. Although the exact

mechanism for the effects of D5W is not clear, it is
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hypothesized that glucose may reduce neurogenic
inflammation by inhibiting transient receptor potential
vanilloid receptor-1 (TRPV1). The inhibition of TRPV1
can limit neurogenic inflammation by blocking
neurotransmitters,

peptide and substance P [17-22].

including calcitonin  gene-related

Soft tissues are innervated by peptidergic sensory
nerves with TRPV1. TRPV1 is a receptor found on
sensory nerve endings, particularly in pain-sensing
neurons called nociceptors. It plays a crucial role in the
perception of pain and the body's response to various
painful stimuli. The mechanism of TRPV1 on pain
involves its sensitivity to multiple stimuli, particularly
heat, capsaicin, acidic pH, and certain endogenous
substances, such as anandamide. When activated by these
stimuli, the TRPV1 channels open and allow the influx
of calcium and sodium ions into the nerve cell. This influx
of ions triggers a series of events that lead to the
generation and propagation of nerve impulses, resulting
in the sensation of pain. The activation of TRPVI
receptors leads to the release of neurotransmitters like
substance P and CGRP (calcitonin gene-related peptide)
from the nerve endings [23-25]. These neurotransmitters
contribute to the transmission of pain signals to the central
nervous system, where they are perceived as pain. The
upregulation of TRPVI receptors in response to the
pro-inflammatory signals from damaged tissues leads to
the production of substance P and calcitonin gene-related
peptide (CGRP) by peptidergic neurons [4]. Substance P
causes pain, while CGRP causes the destruction of soft
tissue  structures, neurogenic inflammation, and
inflammation of the surrounding tissues. The nervi
nervorum, which are the nerves that supply other nerves,
can release neurodegenerative peptides into C-fibers
under pathological conditions [26].

Nerve irritation can occur through repetitive muscle
contractions and rapid changes in the direction of sensory
nerves traveling between the muscles and fascia. TRPV-1
makes nerves vulnerable to irritation or trauma. Irritation
of the superficial nerves, which supply cutaneous

sensation to the joint, can cause the transmission of
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ectopic impulses in the anterior and retrograde directions.
Bulbar transmission leads to pain perception through the
somatosensory cortex and generation of reflex muscle
twitches through the spinal ventral horn cells. Reverse
propagation towards blood vessels releases substance P
[27]. Damage to the superficial nerves can affect deeper
structures according to Hilton's law, which states that the
nerves supplying a joint supply both the muscles that
move the joint and the skin that covers the joint insertions
of these muscles because of embryonic development [28].
Cutaneous nerve trauma can cause nerve swelling both
proximal and distal to the injury. Swelling along a
traumatized cutaneous nerve can reach the fascial
penetration point of the nerve and suffocate the affected
nerve as it passes through the fascial transition zone,
creating a CCI point. This constriction inhibits the flow
of nerve growth factors, which are essential for nerve
health and repair [29].

PIT may affect mainly to a TRPV1. In 1997, Caterina
et al. [30] announced that the capsaicin receptor is an
ion channel activated by heat in the pain pathway. This
capsaicin receptor can be represented by transient
receptor potential vanilloid 1 (TRPV1), which is known
to be an important element of peripheral nociception. In
addition, Palazzo et al. [31] reported in TRPV1 and pain
development that they are activated by intrinsic inducers
in inflammatory pain conditions and will control
neuropathic pain conditions.

In a study by Bove and Light [32], peripherin-like
immunostaining was observed in the nervi nervorum and
vasa nervorum of the rat sciatic nerve, which was associated
with blood vessels. It was found that it reached the
epineurium and was also associated with the adipose tissue.

TRPV1 receptor is in the nervi-nervorum of the peripheral
nervous system, and it was found that it induces the Na"
& Ca" influx in the nerve cells. When Na' influx occurs,
spike formation and action potential increase electrically,
causing neuropathic pain. Ca™ influx releases
neuropeptides, such as substance P and calcitonin gene
related peptide, resulting in neurogenic inflammation.

Using this mechanism, it will be possible to control the

pain of many current patients with neuropathic pain [23-25].

A nerve cell, like other cells in the body, requires nutrients
to keep it healthy, including glucose. When a nerve is
injured, inflamed, and lacks glucose, it sends continuous
signals that the body interprets as pain. PIT with buffered
5% dextrose is injected near the superficial nerves.
Dextrose, when used in PIT, is believed to work by feeding
and hydrating the injured nerve and reducing the
inflammation around the nerves, thereby alleviating pain
in PHN, TN, and NP. The effectiveness of buffered 5%
dextrose for pain control can vary depending on the
individual and the specific condition being treated. Research
and clinical studies have shown promising results for
dextrose injections in managing certain types of pain, such
as neuropathic pain, chronic joint pain, or musculoskeletal
issues. In 2018, it was reported that significant pain relief
was achieved by the intrathecal administration of buffered
dextrose [33]. After evaluating the effect for six months
in patients with carpal tunnel syndrome, it was said that
a meaningful effect was achieved [16].

In this study, the pain scores of PHN, TN, and PN
were reduced after PIT with dextrose; however, the pain
of CRPS did not show any pain reducing effect after PIT
with dextrose or lidocaine. Neurogenic inflammation
plays an important role in the development of CRPS and
is the basis for managing CRPS with PIT [34]. As a study
targeting patients with neuropathic pain, there was a
report targeting patients with CRPS, showing good effects
[35]. Neuropathic pain, which manifests abnormal
sensations and hypersensitivity to non-painful stimuli,
such as CRPS, goes through a nerve modulation process
called peripheral sensitization and central sensitization.
Among them, central sensitization is mainly achieved
through various mechanisms in the dorsal horn of the
spinal cord. In most cases, it occurs through increased
excitatory synaptic activity due to the excessive excitation
of primary afferent nerves or increased nerve conduction
connectivity, such as sprout growth. Those multimodal
mechanism of CRPS may affect why PIT did not work
in CRPS in this study.

Repetitive muscle dysfunction also changes the
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myofascial tension and creates chronic constriction injury
[36]. Glucose reduces the neurogenic inflammation by
binding to the presynaptic calcium channels and
inhibiting the release of neurodegenerative peptides. The
results are pain reduction, regression of soft tissue edema,
relief of chronic constriction injury, restoration of normal
nerve growth factor flow, acceleration of nerve repair,
and today provide almost immediate analgesic effects that
last for several hours [37,38]. In this study, repeated PIT
resulted in a stepwise decrease in pain, except CRPS like
Figs. 1 and 2.

This study has a limitation. Notably, there were not
enough number of patients in the Lidocaine group for
statistical analysis. Carrying out of a statistical analysis
to discern the differences between the Dextrose group and
the Lidocaine group was also not feasible. However, some
patients in the Lidocaine group experienced a dramatic
reduction in the pain. Thus, its effect could not be
completely ruled out. Therefore, further investigation
with enough number of patients in each group is required.
The other was lack of a long-term follow-up to see the
effectiveness of PIT. Due to a limited study time, there
was only two weeks after the final PIT to evaluate in
this study.

From these results, it is suggested that PIT with
buffered 5% dextrose may be a good method to relieve
a pain without any side effects for PHN, TN, and NP,
and not for CRPS. No side effects occurred, and client
satisfaction of the procedure was good. Further clinical
acceptance and research into this treatment modality will
help advance the understanding of the role of neurogenic
inflammation in neuropathic pain conditions. This
treatment modality may hold promise for more effective

pain management.
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