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Abstract
Neuropathic pain is caused by an injury or a disease of the somatosensory system, including peripheral nerve 

fibres and central neurons. Botulinum toxin (BTX) is a neurotoxic protein produced by the bacterium Clostridi-
um botulinum. BTX interferes with the release of the neurotransmitter acetylcholine from neuroaxon terminals 
at the neuromuscular synapse and thus causes flaccid paralysis. This literature review investigates the recent 
data regarding the efficacy of BTX in the treatment of various forms of neuropathic pain. A total of 18 original 
clinical trials published after 2010 were selected, 12 of which were randomized controlled studies, one was a 
non-randomized controlled study and the remaining 5 were case series. A total of 1,131 patients were enrolled. 
BTX represents an effective treatment for neuropathic pain. Further randomised controlled trials are needed to 
demonstrate treatment efficacy, provide guidelines in relation to its application protocols and establish possible 
treatment variations at different sub-groups of patients.
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Introduction
Neuropathic pain is mediated through the soma-

tosensory system, including peripheral nerve fibers 
(Aβ, Aδ, and C) and central neurons, and affects 7–10% 
of the general population (1). Its frequency is more 
likely to increase due to population’ aging, increased 
number of diabetes mellitus and post-chemotherapy 
cancer patients. There are several pathophysiologic 
mechanisms that are involved in the development of 

neuropathic pain, including imbalance between excita-
tory and inhibitory somatosensory signalling, changes 
in ion channels and variability pain signals’ modula-
tion in the central nervous system.

Patient burden due to chronic neuropathic pain ap-
pears to be related to the: (a) complexity of neuropath-
ic symptoms, (b) poor outcome of applied therapeutic 
interventions, and (c) difficulty in choosing the opti-
mal therapeutic method. Progress of understanding 
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the pathophysiology of neuropathic pain prompts the 
development of new diagnostic methods and person-
alized therapeutic interventions, which highlight the 
need for a multi-level and multidisciplinary approach 
to the management of neuropathic pain (1).

Botulinum toxin (BTX) is a neurotoxic protein pro-
duced by the bacterium Clostridium botulinum. It pre-
vents the release of the neurotransmitter acetylcholine 
from the axonal endings at the neuromuscular synapse 
and thus causes flaccid paralysis. BTX is one of the 
most poisonous biological agents known. Eight anti-
genically distinct exotoxins (A, B, C1, C2, D, E, F and 
G) are produced by C. botulinum. All serotypes inter-
fere with nerve transmission by blocking the release 
of acetylcholine causing muscle paralysis. The muscle 
weakness caused by the BTX-A injection usually lasts 
for three months. BTX play an important role in the 
management of a wide variety of pathological condi-
tions, such as strabismus and focal dystonias, hemifa-
cial spasm and various spastic movement disorders, 
headaches, hyperalgesia, hyperhidrosis, and some 
chronic conditions that are only partially responsive in 
conventional medical treatment in fact, the list of po-
tential new indications is expanding rapidly (2).

The aim of this review was to investigate the data 
of the recent literature in relation to the effectiveness 
of BTX in the treatment of the various forms of neu-
ropathic pain. To achieve the above-mentioned aim 
of the present diploma thesis, the tool of the system-
atic literature review was chosen (3). The databases 
searched for relevant published clinical studies were 
PubMed/NCBI, Google Scholar and Cochrane Li-
brary of Systematic Reviews. The key words (mesh 
terms) entered into the search engines of the specific 
databases were Botulinum, Toxin, Neuropathic, Pain, 
Treatment, in various combinations and with the use 
of AND and OR disjunctive terms. For the study en-
try we used the following criteria: (i) randomized and 
non-randomized clinical studies with a control group 
as well as series studies, (ii) date of publication later 
than year 2010, (iii) publication language English and 
possibility to study the full text, or at least an extended 
summary of the study, (iv) clinical studies conducted 
on humans. On the other hand, the review did not in-
clude single case reports as well as reviews / system-
atic reviews / meta-analyses of the literature, animal 

studies as well as experimental – in vitro studies. Fig-
ure 3 shows the flow diagram of the review, according 
to the PRISMA principles (4).

Discussion
According to the above-mentioned method of col-

lecting the scientific data, 18 original clinical studies 
were isolated and studied, of which 12 were rand-
omized controlled studies, one was a non-randomized 
controlled study, and the remaining 5 were series stud-
ies. A total of 1,131 patients participated. Table 1 sum-
marizes the findings of the specific studies. Their find-
ings will then be presented in more detail, grouped 
according to the specific pathological condition to 
which the studies referred.

Treatment of trigeminal neuralgia
Trigeminal neuralgia is a chronic painful patholog-

ical condition with repeated episodes of neuropathic 
pain in the distribution of the fifth cerebral conjuga-
tion (trigeminal nerve), which innervates the area 
of the forehead, cheek, and lower jaw. In most cases 
the condition occurs contralaterally and affects one 
or more of the three main branches of the trigeminal 
nerve (ophthalmic - V1, maxillary - V2 and mandibular 
- V3 nerve). Several pharmaceutical agents have been 
used in the attempt to treat trigeminal neuralgia, such 
as carbamazepine, oxcarbazepine, baclofen, gabapen-
tin and valproic acid (5). Τhe use of BTX has been pro-
posed as a therapeutic intervention in specific groups 
of patients ( especially middle-aged and older) who 
have failed drug therapy, or do not tolerate its adverse 
effects (6).

In 2013 Zuniga et al. (7), published the results of 
a double-blind randomized controlled trial to inves-
tigate the efficacy of ΒΤΧ - A injection in 36 patients 
with trigeminal neuralgia. In a study group 20 patients 
50 IU were administered subcutaneously in the affect-
ed area. The primary outcome measure was VAS pain 
scale. The results of the study showed the statistically 
significant superiority of the BTX group compared to 
the control group (infusion of 0.95 saline), at a period 
of 2 months (VAS 4.9 vs. 6.63, p = 0.07), and 3 months 
follow-up (VAS 4.75 vs. 6.94, p = 0.01). According to 
the authors, botulinum toxin is an effective, very well 
tolerated and without clinically significant side effects, 

treatment for trigeminal neuralgia.
One year later, the results of a new randomized 

double-blind controlled study (8) in 84 patients with 
trigeminal neuralgia were published. Two topical 
BTX-A regimens, 25 IU and 75 IU, were studied with 
control patients receiving placebo (saline). The results 
of the study showed, a statistically significant supe-
riority of both treatment regimens compared to the 
control group8 weeks after the injections. On the other 
hand, no statistically significant difference was found 
between the two dosages of BTX-A, while at the same 
time, all side effects of the drug were rated by patients 
as “mild” or “moderate”. In 2016, Xia et al.(9), pub-
lished the results of a prospective study of 87 patients 
with bilateral trigeminal neuralgia who received topi-
cal BTX-A. With a follow-up time of 8 weeks, a gradu-
al improvement in pain was recorded (from 48.28% in 
the first week to 80.46% in the eighth week), while at 
the same time a reduction in anxiety and depression 
levels was found (90.32% and 96.77% respectively). 
At the same time, a series of parameters of patients’ 
quality of life improved significantly (p < 0.01) after 
the therapeutic intervention, while patients’ physical 
activity showed no impronement (p = 0.317). In 2017, 
Zhang et al. (10), in a pilot randomized controlled trial, 
investigated the efficacy of two different regimens in 
87 patients with trigeminal neuralgia. Patients in the 
first group received one injection of BTX-A 70-100 IU 
in the affected area, while those in group B received 
two doses, 50-70 IU, over a period of two weeks. The 
results of the study showed a no significant remission 
of patients’ symptoms, between the two study groups, 
in terms of their effectiveness and safety, at the 6th 
month’s follow-up. Wu et al., (2019) (6), in a retrospec-
tive study investigated the efficacy of local infusion 
of 100 U BTX-A in 104 elderly patients (mean age 59.2 
years) with persistent trigeminal neuralgia. The re-
sults of the study, with a total patient follow-up time 
of 12 months, showed that 1) 83.7% successful treat-
ment. The age group > 50 years had the best results (p 
= 0.033) at the 12 mont’s follow-up. Crespi et al. (11) 
investigated the efficacy of 25 IU BTX-A injection into 
the sphenoid ganglion in 10 patients with persistent 
trigeminal neuralgia. Although the treatment proved 
to be safe and well tolerated by the patients, the main 
outcome criterion of the study (reduction of the fre-

quency of seizures by at least 50% during the 5-8 week 
period after the intervention) did not prove the effec-
tiveness. Conclusively, botulinum toxin for trigeminal 
neuralgia was found to be a safe and well-tolerated 
treatment with non-significant clinical side effects. 
The local injection of BTX-A in the affected area was 
particularly effective in reducing the frequency of sei-
zures as well as the intensity of pain. The single-dose 
regimen appears to be non-inferior to re-dosing after 
two weeks. Patients of an older age group (> 50 years 
old) seem to have a better response to the therapeutic 
intervention.

Treatment of postherpetic neuralgia and atypical 
dental pain

Post-herpetic neuralgia (PHN) is the common com-
plication, causing long-term and excruciating neu-
ropathic pain. In addition, over 50% of patients with 
PHN report significant profound sleep disturbances, 
limitations in their daily activity and  significant bur-
den of their social life (12). Apalla et al. (2013) (13), in 
a randomized, double-blind, controlled study, inves-
tigated the efficacy of a 100 IU dose of BTX-A subcu-
taneously, in the affected area, in 30 patients suffering 
from PHN. The study outcome criteria were patients’ 
pain level (VAS scale), sleep quality and clinical im-
provement > 50%. The results showed that 13 patients 
in the intervention group experienced at least a 50% 
reduction in the VAS scale, compared to none in the 
control group (p < 0.001), an improvement that was 
maintained for a mean time of 16 weeks. According to 
the authors, this is a particularly effective therapeutic 
option in the treatment of PHN. Hu et al., (2020) (14), 
published the results of a randomized control trial in 
33 patients with persistent PHN. The 13 patients re-
ceived a subcutaneous injection of BTX-A (50-100 IU) 
in the affected area while the remaining 20 were treat-
ed with 0.3 g gabapentin orally, three times a day. The 
primary outcome measure was pain (VAS scale) at 1, 
2, 4-, 8-, 12- and 16-weeks post-intervention. The main 
findings of the study were that patients in the interven-
tion group had a statistically significant improvement 
in pain level as early as week 2, both compared to their 
status before BTX-A infusion and compared to patients 
in gabapentin group. In one of the most recently pub-
lished randomized controlled trials, Chen et al. (2022) 
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ology, for the treatment of which a series of local and 
systemic pharmaceutical treatments have been used, 
with unsatisfactory results in most cases (16). Cuadra-
do et al. (2016) (17) showed that local injections of On-
abotulinum toxin A (5-30 IU, from two to five infusion 
cycles), resulted in almost complete elimination of the 
pain, with the analgesic effect of the method appear-
ing as early as the 3rd-14th day of the intervention and 
lasting for a period of 2-6 months.

Treatment of neuropathic pain after spinal cord in-
jury

Pain is one of the most common complications fol-
lowing spinal cord injury (SCI), it has the characteris-
tics of classic neuropathic pain and causes a significant 
burden on patient’s quality of life, affecting his phys-
ical, cognitive, and emotional functions (18). Its inci-
dence in patients with SCI is estimated to be 75%-81% 
of the cases (19). Han et al. (2016) (20) investigated the 
efficacy of subcutaneously injecting 200 IU of BTX-A 
into the affected area. The results showed a statistically 
significant reduction in pain at both 4th and 8th week 
post-injection, with simultaneous maintenance of pa-
tient’s motor and sensory function peripheral to the 
level of neurological damage.

One year later, Li et al., (2017) (21) showed that lo-
cal subcutaneous injection of 200 IU BTX-A resulted in 
statistically significant improvement in patients’ pain, 

at both 4 and 8 weeks post-intervention. At the same 
time, statistically significant improvements were also 
recorded in patients ‘quality of life, according WΗΟ 
Quality of Life questionnaire (WHOQOL-BREF). Fi-
nally, Chun et al., (2019) (22) showed that local subcu-
taneous injection of 400 ΙU BTX-A had no significant 
improvement in the level of pain, compared to pa-
tients in the control group. According to the authors, 
this method may prove to be effective in the control of 
neuropathic pain following SCI and should be further 
studied with high-quality clinical studies that include 
many participating patients.

Treatment of various forms of neuropathic pain
Diabetic polyneuropathy is a serious complication 

that affects more than 25% of patients with type II di-
abetes, relapsing their sleep and quality of life (23). 
Chen et al., (2013) (24) showed that treatment with a 
local injection of BTX-A 50 IU in each leg (two injec-
tions with an interval 12 weeks), led to a statistically 
significant reduction in both tactile and mechanical 
pain of patients in the intervention group, up to the 
24th week of follow-up.

The sciatic muscle syndrome is a neuromuscular 
disorder caused by the pressure of the sciatic nerve 
by the sciatic muscle as it exits the sciatic foramen. 
Its etiology is not yet fully understood, its diagno-
sis is difficult and even more difficult may prove to 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
table 1: The flow chart of the systematic literature review. 
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(15) compared the efficacy of a 100 IU m BTX-A infu-
sion and a pulsed radiofrequency treatment session 
in 100 patients with postherpetic neuralgia. With the 
primary outcome measure of pain and a follow-up du-
ration of 24 weeks, it was found that patients in both 
study groups had a statistically significant reduction 
of pain (p < 0.05) compared to the state before the in-

tervention. In addition, botulinum toxin injection was 
an easy and a less expensive treatment, compared to 
pulsed radiofrequency therapy.

 Atypical ododalgia (AO) is a subcategory of persis-
tent idiopathic facial pain, defined as persistent dental 
pain for which thorough examination does not reveal 
any dental pathology. It is a pain of neuropathic eti-

Table 2: The IASP guidelines for the pharmacological management of neuropathic pain.
Source: Finnerup et al., (2015) (10).
Drug guideline Medical drugs

First-line SNRI* duloxetine, venlafaxine 
Tricyclic antidepressants 
Gabapentin, pregabalin

Second Line Capsaicin Patches 8% 
Lidocaine (lignocaine) patches 
Tramadol

Third-line Strong opioid pain relievers

*SNRI: Serotonin noradrenaline reuptake inhibitors.
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be its definitive treatment (25). Mitchel et al., 
(2013) (26) in a non-randomized study with a 
local injections of 50-100 IU BTX-A in the opi-
oid muscle, found that 77% of patients reported 
very good symptom relief, 7.4% moderate and 
the remaining 15.6% poor. In 2016 Attal et al., 
(27) in a double-blind randomized controlled 
trial in 66 patients with peripheral neuropathic 
pain due to a peripheral nerve injury, showed 
that local injection of BTX-A resulted in a sta-
tistically significant reduction of pain in the 
intervention group. The dose of BTX-A was 
not higher than 300 IU, and the beneficial ef-
fect lasted for at least for 24 weeks. Eitner et al., 
(28) in a randomized controlled trial, showed 
a statistically significant improvement in neu-
ropathic pain symptomatology in 46 patients 
with peripheral nerve injury following subcu-
taneous injection of BTX-A. This improvement 
was maintained for period of at least 24 weeks. 
Finally, in 2019 Meyer-Friebem et al., (29) pub-
lished the results of a prospective series study 
in 60 patients with painful peripheral nerve 
injury, who were treated with perineural in-
jection, under ultrasound guidance, with 25-
100 IU BTX-A, to treat single peripheral nerve 
damage. The results of the study showed that 
the rate of pain reduction was 24.8% (p<0.0001). 
As the specific findings are promising, the au-
thors of the study suggested that in the future, 
randomized controlled trials with at least 84 pa-
tients will be conducted to draw clearer conclu-
sions regarding the effectiveness of the method.

With the present systematic review of the lit-
erature, recent research data were investigated in 
relation to the effectiveness of the action of botu-
linum toxin in the treatment of neuropathic pain. 
The main conclusions drawn from this review can 
be summarized as follows:

Statistically significant efficacy versus placebo 
was found in the treatment of neuropathic pain 
for trigeminal neuralgia (6), postherpetic neu-
ralgia (13)), atypical ododalgia (17), neuropathic 
pain after spinal cord injury (20), diabetic neurop-
athy (24), piriformis syndrome (26) and  peripher-
al nerve injury (27-29).

Even though there is no specific protocol for the 
administration of the botulinum toxin (both in admin-
istration dose and repetitions) in the various cases of 
the above-mentioned pathological conditions, all re-
searchers agree that t side / adverse effects are mini-
mal and clinically insignificant.

Further research is needed with high-quality ran-
domized control group studies as well as their me-
ta-analyses, to accurately establish the effectiveness, 
indications, and protocols of use of the method.

Conclusion
This literature review reached the conclusion that 

the use of botulinum toxin is an effective treatment 
for neuropathic pain arising from a range of patholog-
ical conditions. Complications and side effects of the 
method are not clinically significant. Additional rand-
omized controlled clinical studies with many patients 
are needed to further demonstrate the effectiveness of 
the method, to provide guidelines regarding its appli-
cation protocols, and to identify possible differences 
in the effectiveness of the method in the various sub-
groups of patients. A
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Applications, effectiveness and limitations of robotic 
physiotherapy in patients with spinal cord injury
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Spinal cord injury (SCI) is a particularly serious pathological condition which puts a great strain on the health 
and functional status of the affected patient, while at the same time is accompanied by a very high morbidity and 
mortality rate. Among the various rehabilitation methods that have been used for the treatment of SCIs, since 
the 1990’s, robotic physiotherapy has been an innovative alternative option. Robotic physiotherapy involves the 
application of a series of robotic devices the use of which is intended to assist and enhance the level of a number 
of the patient’s functions that have been severely affected form the SCI, including their motor and sensory 
performance. This paper will attempt a brief narrative review of the literature in relation to the most recent 
research data regarding the applications, the effectiveness and the limitations of the use of robotic physiotherapy 
in patients suffering from spinal cord injury.

A total of 73 published papers since 2010 were isolated and studied, including 49 original research studies 
and 24 reviews / systematic reviews / meta-analyses. The main conclusion of the review is that with the use of 
these devices, patients with SCI have the possibility of a satisfactory level of safe walking, combined with the 
improvement of their activities of daily living and their quality of living. Ongoing research in this field will most 
probably enable the further improvement of the applications of the method in the coming years.

Key words: Spinal cord injury, Robotic, Rehabilitationw

Abstract

Introduction
Spinal cord injury (SCI) is a particularly serious patho-

logical condition which puts a great strain on the health 
and functional status of the affected patient, while at the 
same time it is accompanied by a very high morbidity 
and mortality rate. According to the recent epidemiolog-
ic data, it is estimated that for the year 2019, an incidence 
of 900.000 new cases were recorded globally, while at the 

same time, the total number of patients suffering from 
this injury during this period of time (prevalence) was 
estimated at 20.6 million [1]. At the same time, the highly 
significant epidemiological indicator of years in which 
patients lived with severe functional impairment (years 
lived with disability - YLD) was estimated at 6.2 million 
years; during the same period of time, the incidence of 
the injury was increasing, while the age of the affected 
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