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ABSTRACT

Trigeminal neuralgia (TN) is a severe neuropathic pain disorder characterized by recurrent unilateral, electric shock—like facial
pain. The firstly chosen treatments are usually pharmacological therapies. Although, the usage of botulinum toxin (BTX)
injections are investigated due to its high levels of safety and effectiveness and low rates of side effects at the same time. This
systematic review is focused on an analysis of different studies to confirm the advantages of BTX in the case of TN.

In this study there were taken into consideration some randomized controlled trials, prospective studies, open-label studies,
and case reports. In total 25 studies were analyzed. The research was focused on the reduction of pain intensity, frequency
of recurrence, contentment of patients and rate of side effects.

The results showed that BTX-A treatment in TN can be an effective and safe option for the patients. The reduction of pain
intensity and frequency of attacks was reported. The findings were supported by some placebo controlled groups. In some
cases there was even achieved a complete remission of symptoms. The adverse effects were rare and generally mild and
transient.

The BTX treatment gave promising results but the long term efficiency should be still investigated. There is also a high need
to perform some enlarged studies with standardized procedures of BTX injections which would include the placebo control
groups.

In conclusion the usage of BTX-A in NT treatment appears to be an effective and safe option and a great alternative to
traditional pharmacological therapy.
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Introduction

Neuralgia is a very common condition in the population. It can be defined as a severe intermittent pain
arising along the course of a nerve. Typically it is intermittent and occurs without any objective neurological
deficit. Patients describe the pain as sharp, shooting or electric shock-like feeling triggered even by a minimal
stimulus (Bendtsen i in., 2019). One of the most representative forms of neuropathic pain is trigeminal
neuralgia (TN) (Burchiel, 2003).

TN is defined as a chronic pain affecting one or more divisions of the trigeminal nerve (cranial nerve
V). Usually affected branches are maxillary and mandibular. According to the International Classification of
Headache Disorders, it is characterized as recurrent unilateral, brief, electric shock-like pain which is abrupt
in onset and termination and triggered by even minimal stimuli. The TN is also limited to the distribution of
the trigeminal nerve (Cruccu i in., 2016). The types of TN are divided into classical (often associated with
neurovascular compression), secondary (usually connected to some neurological disease like multiple sclerosis)
and idiopathic (Zakrzewska & Linskey, 2014). The occurrence rate is estimated between 4 and 13 per 100,000
persons, with higher prevalence in women and individuals over 50 years of age (Burchiel, 2003, Simpson,
2004). The pathophysiology of TN is multifactorial and connected with its type. The treatment is firstly a
pharmacological therapy. Sodium channel blockers such as carbamazepine or oxcarbazepine are commonly
used (Simpson, 2004). However, many patients report some side effects such as dizziness, drowsiness, ataxia,
and hematologic abnormalities (Burchiel, 2003, Simpson, 2004). The resistance to medicines is also a common
situation. Other options are surgical ones. That is why there is a need for alternative, minimal invasive therapy.

Botulinum toxin (BTX) is a neurotoxin produced by the bacterium Clostridium botulinum. 1t is divided
into 7 serotypes A-G. The most frequently used in medicine is botulinum toxin type A (BTX-A). The
advantages are prolonged duration of action and favorable safety profile (Dolly & Aoki, 2006, Aoki, 2005).
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BTX-A is used not only in esthetic medicine but also as a therapeutic option for various neurological and pain
disorders like dystonia, spasticity, migraine or neuropathic pain (Cui i in., 2004, Zhang i in., 2014). The
mechanism is based on inhibition of acetylcholine release at the neuromuscular junction. After internalization
into presynaptic terminals, BTX-A cleaves synaptosomal-associated protein 25 (SNAP-25), a component of
the SNARE complex required for vesicle fusion and neurotransmitter release (Dolly & Aoki, 2006, Aoki,
2005). In result, there is observed temporary chemodenervation and muscle relaxation. The research shows
that using BTX-A can result in a reduction of sensory neurons, supporting its potential role in TN management
(Matak & Lackovi¢, 2014).

In the following systematic review there analysed different studies to confirm the effectiveness of BT X-
A in case of trigeminal neuralgia. The side effects, tolerance of treatment and comparison to pharmacological
treatment will be analyzed.

Materials and methods

In this systematic review there were analyzed 25 studies including randomized controlled trials,
prospective or retrospective clinical studies, cohort studies, and case reports published in English that evaluated
the efficacy or safety of BTX-A in patients diagnosed with TN.

The effects of using BTX-A on TN, myofascial temporomandibular disorders (TMD) and
oromandibular dystonia (OMD) were examined in a narrative review (Yoshida, 2021). The results were
promising. The improvement in TN was 86,8 % at the end of the study. The study lasted 12 months. The
authors noticed that the group of patients with TN included the oldest patients from all study groups and
included only 4 patients with psychiatric disease. In the group of TN, they treated 28 cases - 16 by
submucosally or subcutaneously into the trigger zone and 12 by sphenopalatine block using a customized
needle guide. The authors showed that the effectiveness of treatment was higher in a group of patients without
psychiatric treatment. At the baseline TN had higher VAS and pain frequency than OMD and TMD.

The clinical study of using BTX-A in treatment of TN examined 87 patients with unilateral one-branch
neuralgia (Xia i in., 2016). The treatment led to decreased pain in VAS, anxiety and depression and improved
the quality of life. Moreover, these results were statistically significant. Also, the treatment decreased sleep
disorders (statistically significant). The authors observed patients for only 8 weeks. During this time there were
only a few side effects. All of them were mild, like local swelling or muscle relaxation in the injection site.
The authors conclude that this therapy has a high level of security and it can be useful in treatment of TN.

An article about using BTX-A in treatment of TN (maxillary and mandibular nerves) (Tiirk Borii i in.,
2017). The study included 27 patients (27-77 years). The observation lasted 6 months. After toxin injection,
the patients were observed in the first week, second month and sixth month. The results were satisfying. 15/27
patients reported decrease of pain in 1st week, 21 in 2nd month and 23 in 6th month. The recurrence was
observed in 15 cases and this group needed more injection of BTX. Only 1 patient did not benefit from 3 doses
of treatment. The authors consider that this therapy is a good, non-surgical option in treatment of this disease.

Another early clinical report examined 8 patients with TN during BTX-A therapy (Tiirk i in., 2005). The
examination proved that this treatment led to a decreased level of pain and frequency of recurrence.
Unfortunately, the authors examined only a small group of people. The observation lasted 6 months.

The pilot study which examined 100 patients with TN compared the efficiency of using single dose
versus repeated doses of BTX-A (Zhang i in., 2017). The examination was finished by 81 patients. The results
showed that these two ways had similar effectiveness and risk of side effects. However, the single-dose therapy
showed significantly longer duration of effects. The authors suggested selection of therapy adapted to the
patients’ needs.

The review of using BTX-A in treatment of different kinds of neuropathic pain including TN
summarizes its clinical evidence, mechanism and practical considerations (Mittal i in., 2016). In one of the
case reports, authors presented 41 old women who were successfully treated with BTX for trigeminal
neuropathy. What is more, the authors researched 20 articles about using BTX in TN, where 3 of them were
highly reliable. The authors suggest that this therapy is effective, with low risk of severe side effects.

Another research was published as a double blind, randomized, controlled-placebo study of treatment
TN by BTX-A (Zuiiiga i in., 2013). The researchers observed a group of 36 which contain 20 patients treated
by BTX and 16 patients treated by placebo. They used 50 U of BTX. The results showed a decreased average
VAS which was statistically significant. In the first month they observed only a decrease in the number of
paroxysm per day, followed by the second and third month of observation. After 3 months the authors reported
differences in VAS score which was statistically significant. There were no serious side effects. 24/36 patients
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reported a recurrence of symptoms. The probability of nonrelapse in the BTX group was higher than in the
placebo group.

A clinical study about treatment of TN by BTX-A was conducted on a group of 13 patients (Piovesan i
in., 2005). The observation lasted 60 days. This study had a small group of patients and a short time of
observation. Hovewer, the authors showed decreased surface and intensity of pain. The treatment led to
reduction of drug dose. There were no side effects observed in this study.

A randomized, double-blind, placebo-controlled examination of treatment TN by BTX-A used 75 U of
BTX (C.-J. Wu i in., 2012). The examination contained 42 patients (22 treated toxin and 20 treated placebo).
The observation lasted 12 weeks. First statistically significant differences were observed in the second week
after injection. The authors observed decreased VAS score and less number of attacks. The BTX group had
better responded to treatment than the placebo group. There were no serious side effects of this treatment.
What is more, the BTX group revealed improvement in PGIC score which is considered as the gold standard
of clinically significant change.

Another clinical examination of using BTX-A in a group of 15 patients with TN used 50 U of BTX in
one injection (Bohluliiin., 2011). They evaluated the results after 1 week, 1 month and 6 months from injection.
The results showed that this therapy led to improvement of pain intensity and frequency of pain episodes. 7
patients reported total resolution of symptoms. 3 patients observed transient paresthesias of the facial nerve,
one of them requiring physiotherapy and it resolved after 3 months. The author suggests that it can be a good,
non-surgical option in treatment of drug refractory TN.

The examination of 12 patients with TN treated by BTX-A used 20-50 U of BTX and received a decrease
of pain in 10 patients (Zudiga i in., 2008). The group of patients was evaluated every week by 8 weeks. There
was only one side effect - temporary facial asymmetry. Also authors observed a decrease in the number of
paroxysm. Firstly, the average number of paroxysms was 23,43 per day and after the treatment it was 8,67.
Unfortunately, they observed recurrence of pain after 60 days in some patients. However, the authors suggested
that it can be useful therapy but it will need more examinations.

Different doses of BTX-A in treatment of TN were examined in a research with a group of 88 patients
(Liiin., 2014). The results showed 100% response rate to treatment after 2 months. After 3 months the number
of treatments classified as effective decreased to 76 cases. After 3 months, the authors showed gradual decrease
in the effect of therapy. At the end of examination (14 months) 38,6 % introduced effective therapy and 22/88
cases showed total resolution of symptoms. What is more, more than 90% of patients reported that this
treatment led to improvement in every month of the examination. The authors did not observe a difference in
treatment effectiveness depending on the dose. But they observed that the greater VAS score decreases at the
beginning, the longer the effect lasts. Also they suggested that this therapy lead to improvement of quality of
life for these patients. There were only a few side effects. All of them were mild and went away on their own.

A randomized, double-blind, placebo-controlled trial examined 20 patients with intractable TN and
assessed the efficiency of using BTX-A (Shehata i in., 2013). The results showed decreased VAS about 6,5 in
a group of BTX patients (10) and 0,3 in a group of placebo patients (10). The decrease of pain after BTX
therapy was statistically significant. At the beginning, the differences between these 2 groups of patients were
insignificant. The authors showed that this therapy led to a decreased number of paroxysms and improvement
of QoL score, additionally. The side effects were mild and disappeared spontaneously.

An open study of injection of BTX-A into sphenopalatine ganglion for the treatment of TN included a
group of 10 patients (Crespi i in., 2019). The 25U of BTX were injected toward the sphenopalatine ganglion
ipsilateral to the pain by using a navigation device (MultiGuide). The previous type of therapy was ineffective
in this group of patients. The results showed a decrease of intensity of attacks from baseline. The statistically
significant decrease of persistent concomitant pain. Also 8/10 patients recommended this therapy.
Unfortunately, the main endpoint was negative. The decrease in the number of attacks was statistically
insignificant. 6/10 patients presented side effects. More of them were mild. Only 1 patient presented diplopia.
Every side effect disappeared. There were 1 recurrence of symptoms, 4 good responses to treatment and 2 full
remission of symptoms. The authors concluded that this study provides no indication for therapy and there are
needed more examinations.

A review of using BTX-A in different types of neuropathic pain provides an overview of experimental
and clinical evidence of analgesic effect (Brown i in., 2014). The treatment of TN by BTX was classified as
an effective treatment. It was classified on level B of evidence. The authors conclude that more high quality
examinations are needed.
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A randomized double-blind, placebo-controlled trial about the impact of BTX-A on capsaicin-induced
trigeminal pain contained a group of patients of 14 men with an average age 26,3 years old (Gazerani i in.,
2009). The BTX dose was 20-100 U. There were no side effects observed. The results showed that BTX led
to decrease of intensity and time of capsaicin-induced pain. Also it decreased pain area, secondary hyperalgesia,
superficial blood flow and skin temperature caused by capsaicin. The BTX had no influence on cutaneous
electrical pain threshold and pressure pain threshold. This examination showed that BTX probably had some
extra mechanism of working which is integrally unknown. Whatsmore, the BTX is effective in decreasing
symptoms caused by capsaicin but BTX does not reduce it completely.

An examination of using BTX-A in treatment of idiopathic TN was conducted in an advanced age group
of patients (Liu i in., 2018). The examination compared 2 groups of patients with TN. One group contained
patients over 80 years of age and the second group of patients contained patients under 60 years of age. The
authors showed that BTX treatment can be effective and safe in elderly groups of patients. Both groups
presented a decrease of VAS score after the injection of BTX. There were 2 cases of adverts effects in both
groups. All of them vanished spontaneously. Results did not show statistically significant differences between
both groups. During this examination, the authors used 30-200 U of BTX. This examination showed that BTX
treatment can be also effectively used in the elderly group of patients.

This case report presented the succesful usage of BTX-A in treatment of refractory idiopathic TN of the
ophthalmic branch (Kandari i in., 2024). A 58-year-old man was previously unresponsive to standard
pharmacological treatment. The patient reported a pain intensity of 10 on VAS. After the treatment of BTX,
the pain decreased to 1 on VAS. After the subsequent treatments, the patient could give up the pharmacological
therapy. The review of 8 articles confirmed the effectiveness of therapy. However, the data is weak and larger
studies are required.

A case report of a 60-years old man with TN unresponsive to pharmacological treatment showed usage
of BTX-A as monotherapy which enabled the reduction of pain (Lunde i in., 2016). The analgesic effect after
1 injection was observed after 15 days. The next series of injections lead to complete resolution of pain. After
28 month therapy, the authors did not observe any recurrence of pain.

A case report of a 79 years old woman with TN in the gingival area described a situation where the
subcutaneous injections of BTX-A were not effective (C. Wu 1 in., 2018). However, after intramuscular
injections into the right masseter, the patient reported improvement. After 2 weeks, the pain subsided.
Unfortunately, the symptoms relapse into 4 months and the patient needed more injections. The author
suggested that in some cases, the intramuscular injection of BTX can be more effective than classical
subcutaneous injection.

In a case report about BTX-A treatment of intractable TN in a 75 years old patient there was used 2U of
BTX in 8 different points (Allam i in., 2005). The results were observed at the beginning, after 7-, 30-, 60- and
90-days after the subcutaneous injection. The results showed VAS score 82mm at the beginning, 54 mm after
7 days, 25 mm after 30- and 60-days and 45 mm after 90 days. 30 days after injection the carbamazepine and
amitriptyline were withdrawn. During treatment there were mild paresthesias of left frontal musculature. The
authors thought that this therapy can be useful in TN.

Another 2 cases presented usage of BTX-A in treatment of TN. In both cases, the BTX injection led to
decrease of pain and number of paroxysm (Herrero Babiloni i in., 2016). The authors used 17-25 U of BTX
on 1 point. The patients in case 2 reported total resolution of symptoms in the external trigger zone. In case 1,
the patient reported resolution of symptoms after a few series of injections. There were a few side effects,
which were dryness and asymmetry of the face. The authors suggested interpreting the results with caution but
these cases showed that BTX can be an effective treatment in TN.

A case report showed a usage BTX in treatment of 44 years old male with history of migraine, greater
occipital neuralgia and TN (Volcy i in., 2006). These symptoms led to painkillers abuse. The patient needed a
few injections of BTX. After using BTX into the occipital neuralgia area, masseter and zygomatic muscles,
the patient reported considerable pain control. The authors provided observations for 10 months with good
results. Unfortunately, this case report showed a patient with few neurological problems and it can be difficult
to compare with other cases. However, the authors showed that this therapy can lead to decrease of symptoms
but the results need more examinations.

Another case report about using BTX-A in treatment of 66-years old women with TN showed a total
resolution of symptoms (Dinan i in., 2020). The authors used 50U of BTX in 6 places submucosally and 4
places subcutaneously. There were no side effects. The patient reported only cosmetic asymmetry of her face.
The injections were repeated every 3-4 months by 1 year. During this time, there were no side effects and the
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effectiveness of the therapy was preserved. However, the authors did not stop medication because of fear of
returning pain.

One more case report showed a case of a 44 years old woman who was treated BTX because of TN
(Ngeow & Nair, 2010). Before injection the patient was treated by injection of alcohol/steroids/painkillers,
pharmacotherapy and 14 peripheral neurectomies. After using 100U of BTX, the symptoms gave away. They
returned after 5 months and the authors decided to use another injection of BTX. After the second injection
the results were worse. The pain relief at the mental region was fragmentary. The patient used peripheral
neurectomy. One year after the second injection, the patient decided on gamma knife treatment. This case
showed that BTX can be useful in decreasing symptoms in TN. Unfortunately, this patient used different kinds
of treatment and it was impossible to further observe the effects of BTX.

Results

In the review there were analysed some randomized controlled trials, open-label, prospective and cohort
studies and some case studies. In total there were 25 researches included. All of them confirm the effectiveness
of using BTX in TN. The pain intensity was significantly reduced and the frequency of pain attacks decreased
after the treatment. In case of studies with controlled groups with placebo treatment the reduction in VAS
scores was significantly higher in groups with BTX treatment. In some cases even complete remission was
observed and some groups of patients were able to discontinue pharmacotherapy after the treatment of BTX
injections. Additionally the adverse side effects were in general mild and included localized swelling, facial
asymmetry, paresthesia or transient muscle weakness. However, the treatment showed a limitation in the form
of the recurrence of symptoms in some patients after different periods of time from completed treatment.

Discussion

The analysed studies clearly suggest that BTX-A injections may be an effective and safe option in TN
treatment. The results show significant reduction of attack frequency and pain intensity. What is more, the
evidence is supported by some research with the placebo groups. The effectiveness was explicitly measured
by using VAS which gives a strong credibility. The studies show also the promising response rates in a short
period of time after the injections which could increase the patients’ contentment. However, it was also shown
that the efficacy may decline over time in some cases. In some cases there was even reported the recurrence
of the symptoms. That shows that some patients could need a repeated treatment of BTX injections.
Nonetheless, it still would be a treatment possibly repeated after a few months instead of everyday
pharmacological medication. What is more, BTX demonstrated a very favorable safety profile. The rate of side
effects was low and the ones reported were rather mild and transient. The examples were facial asymmetry,
localized swelling, paresthesia or muscle weakness. There were no life-threatening serious complications
reported. That shows that the safety profile is promising and may be even higher in comparison to systematic
pharmacotherapy, especially for elderly patients or with multimorbidity. After analyzing advantages and
promising results it should be underlined that the studies showed also some limitations. Plenty of them included
small groups of patients which did not give representative results. The time of follow-up research was also a
little too short in the majority of studies. That gives a lack of knowledge whether the BTX injections were
enough treatment or whether it needs some repetitive series. In some cases, the recurrence of symptoms was
observed which decreases the effectiveness of the treatment. Although, the repeated injections were in general
well tolerated by the patients and maintained the therapeutic benefit. What is more, in the studies there were
used different dosing, injection techniques and outcome measures which does not enable to standardize the
procedure on a base of those studies. In addition, there were analysed some case reports and open-label studies
which did not have any control groups. That creates some suspension about the bias in those studies. Despite
all of this evidence, the whole gathered knowledge supports the effectiveness of BTX-A treatment in TN. The
therapy should be optimized and confirmed by some standardized protocols in multicenter randomized trials.
After that, it could be confirmed that BTX-A could become a viable long-term therapy in TN patients’
treatment.
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Conclusions

All things considered, the BTX-A treatment in the case of TN seems to be a very effective and safe
option. The gathered evidence showed a significant reduction in the frequency of attacks and pain intensity.
At the same time the therapy resulted in minimal rate of side effects and the ones reported were rather mild. In
general, the treatment was well tolerated by the patients. The therapy can be especially recommended for the
patients who are drug resistant or do not tolerate the traditional pharmacotherapy well. Nonetheless, there is
still a high need to perform more research to create a standardized procedure of treatment and establish some
clinical guidelines. What is more, there should be a long- term efficacy investigated. However, the BTX-A
seems to be a great option in a therapy of TN.
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