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Chapter 7
Botulinum Toxin Treatment in Multiple 
Sclerosis

Abstract  According to the latest data from the National Multiple Sclerosis Society 
(2019) nearly one million people live in US with this disease annually. The disease 
process destroys the nerve fibers in the spinal cord and brain myelin substance 
resulting in motor and sensory problems. Injection of botulinum toxins into the stiff 
muscles of patients with multiple sclerosis reduces the muscle tone and improves 
muscle function. In patients with bladder dysfunction, injection of botulinum toxins 
into the wall of the bladder decreases abnormal urges to urinate and regulates blad-
der function. Involuntary and painful muscle spasms in MS patients, can be subdued 
by injection of botulinum toxin into the affected muscles.

Keywords  Multiple sclerosis · Botulinum toxin · Overactive bladder · Neurogenic 
bladder · Spasticity · Muscle spasms

�Introduction

World-wide, multiple sclerosis affects over three million people and is considered 
the most common cause of disability in the young [1]. In 2019, a study funded by 
National Multiple Sclerosis Society reported that approximately one million people 
affected by multiple sclerosis live in US [2]. The people in the north of US living in 
colder climates, women and whites are more affected than others. The estimated 
total economic burden of MS in US was $85.4 billion in 2019, with a direct medical 
cost of $63.3 billion and indirect and nonmedical costs of $22.1 billion. The average 
per-person annual medical costs was $65,612 [3].

In the late nineteenth century, a famous French neurologist by the name of 
Charcot was the first to describe, in detail, the symptoms and the pathology of mul-
tiple sclerosis. Multiple sclerosis damages both motor and sensory nerve fibers. 
Motor fibers originate from brain cells and go to the muscles while the sensory 
fibers convey sensations from skin to the brain. These nerve fibers normally have a 
protective sheath on their surface that enhances the conduction of electrical signals 
flowing in them both away and towards the brain. This sheath of tissue that covers 
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the nerves is composed of a specific fat called myelin. Multiple sclerosis is, there-
fore, considered one of the diseases that specifically destroys myelin and, hence, 
called a demyelinating disease. Loss of myelin leaves scars in the brain and/or spi-
nal cord and slows the nerve conduction. These scars (plaques) are easily detectable 
by modern imaging techniques such as Magnetic Resonance Imaging (MRI). 
Currently, MRI is the most useful diagnostic device used to confirm or support the 
diagnosis of multiple sclerosis (Fig. 7.1). The scars or plaques (areas of lost myelin) 
of MS are often multiple and occur at different levels of the central nervous system 
within the brain and/or spinal cord (multiple sclerosis). One can also use the changes 
that takes place in the composition of the cerebrospinal fluid (CSF) to confirm the 
diagnosis of MS. Cerebrospinal fluid is produced in the brain and flows inside the 

Fig. 7.1  Multiple brain lesions in a patient with multiple sclerosis. The lesions, white patches, 
marked by arrows in the brain slices on MRI, represent abnormal areas of the brain devoid of 
myelin. (From Trip and Miller 2005, reproduced with permission from publisher (BMJ group) [4])
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spinal canal, all the way from the upper neck to the low back area. To test CSF, a 
small amount of this fluid is removed for examination by a procedure called spinal 
tap. For spinal tap, after numbing the skin, a needle is placed at midline between two 
low backbones (vertebral bodies) in the lumbar area. In most patients with MS, 
examination of CSF shows an elevation of certain specific proteins 
(immunoglobulins).

Multiple sclerosis can cause a variety of symptoms depending on the location of 
the lesions [5]. A large number of patients complain of motor symptoms, such as 
sudden weakness or even total paralysis of one limb. Others may have sensory 
symptoms, often described as tingling and numbness affecting some part of the 
body. Sudden onset of diminished or even total loss of vision in one eye is also a 
frequent complaint. Symptoms of MS fluctuate in intensity, disappear and reappear 
over time. In chronic cases, plaques accumulate in the brain or/and spinal cord and 
lead to permanent loss of function.

The cause of multiple sclerosis is still not fully understood. In current scientific 
thinking, multiple sclerosis is defined as an “autoimmune disease”. Our immune 
system normally protects us against germs like viruses or bacteria. When body is 
exposed to foreign invaders, immune system sends a group of fighter cells to attack 
and destroy the invaders. Usually, the immune system can differentiate between 
one’s own cells and foreign cells. In an autoimmune disease, the immune system 
mistakenly attacks the cells and organs of one’s body. The damage to nervous sys-
tem in multiple sclerosis is believed to be due to an immune disorder which is asso-
ciated with an abnormal reaction of lymphocytes (certain blood cells).

In the past two decades, significant strides have been taken to find drugs that 
work against these immune reactions while aiming to arrest progression of MS and 
prevent appearance of new lesions in the brain and/or spinal cord. Several newly 
discovered drugs have succeeded to slow the course of multiple sclerosis and pre-
vent appearance of new lesions in the central nervous system. The most successful 
of these are drugs known as disease modifying antibodies (DMA). Several of these 
drugs are now FDA approved; Alemtuzumab, Ofatuzumab and Ublitucimab seems 
to be the most effective among DMAs. These drugs can slowdown progression of 
MS and, in many cases, prevent appearance of new lesions in the brain and spinal 
cord. Unfortunately, DMAs are very expensive costing a sum of $ 34,000 per person 
per year [3]. Furthermore, despite their effectiveness, still a large number of patients 
with MS are left with permanent disabilities due to multiple damages sustained 
within brain and spinal cord over years. Among these disabilities, stiffness of mus-
cles (spasticity) and/or dysfunction of bladder can significantly impair the patients’ 
quality of life. As discussed in Chaps. 6 (stroke and spasticity) and 10 (botulinum 
toxin therapy in bladder dysfunction), botulinum toxin injections have a significant 
potential to improve spasticity and bladder dysfunction regardless of the cause.

Introduction
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�Botulinum Toxin Treatment of Spasticity in Multiple Sclerosis

In multiple sclerosis, similar to other disease conditions that damage the brain and 
spinal cord (stroke, trauma), muscles gradually weaken and show increased tone, 
become stiff and spastic. In many patients with MS, this spasticity can be quite 
severe and can interfere with the activities of daily living. The spastic muscle often 
remains contracted resulting in impaired timing and precision of movements. Using 
fingers and hands for eating, washing, shaving, dressing and any other fine move-
ments becomes exceedingly difficult. In the lower limbs, spasticity adds to weak-
ness and impairs balance. Adductor muscles of the thigh (muscles that bring the 
thighs together) often show marked spasticity in multiple sclerosis [5]. As a result, 
sustained contraction of these muscles keeps the thighs stiffly together, a position 
that impairs normal leg movements and disrupts ambulation. The affected patients 
complain of poor balance and frequent falls. In women, severe adductor spasticity 
can lock the thighs together, interfere with sex and disrupt urination.

As time goes by, the spastic muscles become painful to move. The ensuing 
immobility leads to replacement of muscle fibers by non-elastic tissue, a condition 
that is termed contracture. Muscles affected by contracture are often shortened and 
non-functional.

The drugs that treat spasticity including baclofen, tizanidine and valium often 
have undesirable side effects such a confusion and sedation. In severe cases of spas-
ticity, especially if it predominantly involves the legs, baclofen can be delivered to 
the body through a baclofen pump. Use of baclofen pump is an involved procedure 
requiring insertion of a catheter into the spinal canal through which baclofen is 
continuously delivered into the spinal fluid. The procedure requires collaboration 
between an expert neurosurgeon, neurologist and a trained nurse who could do care-
ful titration of the drug. Miscalculations can lead to overdosing, leading to serious 
complications such as suppressed level of consciousness and seizures. Other severe 
cases of spasticity can be treated by injection of phenol into the nerve that supplies 
the tight and spastic muscles. Phenol injections are effective but reserved for very 
severe cases when all other means fail since such injections destroy the nerve per-
manently. Pharmacological treatments of spasticity are usually combined with 
physical therapy that includes passive and active exercises. It is believed that 80% 
of the patients with multiple sclerosis will experience spasticity of muscles some 
time during their lifetime. In a large US registry of patients with multiple sclerosis, 
72% of the patients demonstrated moderate to severe spasticity on examination [6].

Currently, four globally marketed botulinum toxins are approved by FDA for use 
in the US. Three of these toxins are type A (Botox, Xeomin and Dysport) and one 
toxin is type B (Myobloc-called Neurobloc in Europe). For detailed description of 
toxin types and information on toxin characteristics, the reader is referred to Chaps. 
2 and 3 of this book. Although the units of these four toxins are not exactly compa-
rable, the following approximations are used in clinical practice and clinical 
research: 1 unit of Botox = 1 unit of Xeomin=2.5 to 3 units of Dysport = 40–50 units 
of Myobloc.
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Botulinum toxin treatment (with Botox and other toxin brands) provides a rea-
sonable alternative to pharmacotherapy for moderate to severe spasticity of multiple 
sclerosis. In general, botulinum toxins have less side effects than anti-spasticity 
drugs. As described in more details in Chaps. 2 and 3 of this book, botulinum toxins 
decrease the tone of the muscle and relax it via blocking the release of acetylcholine 
at the junction of nerve to muscle. Acetylcholine is a chemical that upon reaching 
the muscles allows the electrical nerve signal enter to the muscle and activate it.

In 1990, Dr. Snow, a Canadian investigator and his colleagues reported that 
injection of Botox into the adductor muscles of the thigh (muscles that bring the 
thighs together) significantly reduced the spasticity and improved hygiene in seven 
out of nine patients with multiple sclerosis [7, 8]. A total of 400 units of Botox was 
divided among three thigh adductor muscles. Following this pioneering observa-
tion, several subsequent high quality studies with much larger number of patients 
(some in hundreds) have supported the value of intramuscular injection of botuli-
num toxins in reducing spasticity of muscles in multiple sclerosis [9–14]. 
Furthermore, long-term observations over several years have shown that repeated 
injections at every 3–4 months are well tolerated and the satisfactory effects contin-
ues over months and years of treatment. These studies have also shown the safety of 
botulinum toxin therapy for treating of MS-related spasticity. Comparative observa-
tions have shown that MS-related spasticity is as responsive as any other form of 
spasticity to the botulinum therapy and the effective dose per muscle in multiple 
sclerosis is comparable to that used for spasticity caused by medical conditions 
other than MS such as stroke, spasticity after brain and spinal cord trauma. For this 
reason, botulinum toxin therapy is now among the first lines of treatment for spas-
ticity in multiple sclerosis.

�Technique of Injection

The injection technique for spastic muscles in multiple sclerosis is very similar to 
what has been described in Chap. 5 for spasticity in stroke. The size of the muscle 
and the degree of tightness of the muscle determine the dose. The dose is delivered 
in units. In the upper limbs, for small muscles of the forearm and hand, the dose 
varies from 5 to 20  units per muscle, whereas, larger muscles (i.e. biceps) may 
require up to 100 units (for Botox or Xeomin, multiply by 2.5–3 for Dysport and by 
40–50 for Myobloc.) Large muscles of lower limb (s) may require larger doses. For 
instance, severe spasticity of hamstring (the large muscle in the back of the thigh 
that flexes the knee) may require 150–200 units (Botox). The injecting needle is thin 
and short for upper limb muscles but longer needles may be required for larger 
muscles of the lower limb. Injections are delivered at two or three sites into the 
larger muscles, using anatomical landmarks for identifying nerve-muscle junctions 
where injections are most effective. For small muscles of the forearm (flexors of 
fingers or wrist) the muscle may need to be identified by electromyography (record-
ing electrical activity of muscle), nerve stimulation or ultrasound.

Botulinum Toxin Treatment of Spasticity in Multiple Sclerosis
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Recent studies have shown that larger doses of Botox or Xeomin of up to 
800 units, can be injected in one session (into 3–5 muscles), without any serious 
side effects [15, 16]. Side effects include local pain at the site of injection for a few 
minutes, minor transient bleeding, and a mild, transient flu like reaction experienced 
in 5–10% of the patients. It should be remembered that toxin preparation needs to 
be done by trained personnel and injections should be carried out by experienced 
injectors familiar with the muscle anatomy and proper technique of injection. Dose 
miscalculations can lead to serious side effects such as total paralysis and may 
endanger patient’s life. The effect of botulinum toxin injection into spastic muscles 
becomes evident in 2–5 days and peaks at 2–3 weeks. The muscle relaxing effect of 
the toxin can last 3–4 months, and then, needs to be repeated for sustainability. This 
effect is to a large degree, dose dependent considering the size of the muscle and 
degree of muscle tightness. Long-term data, up to 15 injection cycles (every 
3–4 months) are now available and attest to the safety of botulinum toxin therapy in 
multiple sclerosis [11, 14].

Case Report  A 32 years-old female with multiple sclerosis was referred to the 
Yale Botulinum Toxin Clinic for treatment of severe spasticity of the thigh muscles. 
For several years, she had suffered from severe tightness of her thigh muscles, the 
overactivity of which pulled her thighs constantly together. This issue worsened 
during walking, and impaired her balance. Over years, she had also noticed more 
difficulty in urination. Oral medications provided modest relief.

On examination, the adductor muscles of the thigh, close to the groin (Fig. 7.2a) 
very very tight. She was injected with Botox into adductors—150 units/side at two 
points (Fig.  7.2b). After a week, she reported marked relaxation of her thigh 

Fig. 7.2  (a) Three adductor muscles of the thigh that bring the thighs together; short (brevis), long 
(longus) and large (magnus) (From Drake Anatomy for students reproduced with permission from 
Elsevier). (b) Common sites of botulinum toxin injection for adductor muscle spasticity
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muscles allowing her to stand and walk better with less fear of falling. Moving in 
bed became easier and she slept better. Movement of the thighs was no longer pain-
ful. Hygiene related tasks were carried out with more ease and comfort and her 
urination improved. The satisfactory effects of Botox lasted for 3 months. Repeated 
injection 3–4 months sustained relaxation of thigh muscles over a follow up period 
of 5 years.

�Botulinum Toxin Therapy for Bladder Problems 
in Multiple Sclerosis

Many patients with multiple sclerosis develop a variety of bladder problems as the 
disease progresses. Bladder, as the organ of urine storage and emptying, functions 
mainly with three muscles. The major bladder muscle that controls storage and 
emptying functions of the bladder is called detrusor muscle. This muscle that 
spreads over nearly all of the bladder wall can expand during urine storage. When 
the volume of urine in the bladder reaches a certain level, sensory nerves of the 
bladder signal the bladder centers located in different parts of the brain (there are 
more than one) to tell the detrusor muscle to contract. Detrusor muscle contraction 
propels the urine against the hole in the lower part of the bladder through which the 
urine leaves the bladder. Two circular muscles, called sphincters, control the open-
ing and closing of this hole. The one closer to the inside of the bladder is called 
inner and the one further out is called outer sphincter. Inner sphincter automatically 
relaxes after contraction of detrusor muscle. This relaxation is not under conscious 
control. The outer sphincter is under conscious control and can be relaxed by will, 
letting the urine out in an appropriate setting. A complex network of nerve cells 
located in the brain and spinal cord control the bladder function. As spinal cord 
nerve cells and nerve fibers are major contributors to the innervation of bladder, 
damage to the spinal cord in multiple sclerosis (with lesions similar to those seen in 
the brain), (Fig. 7.1) results in erratic and poorly timed contractions of the detrusor 
muscle with subsequent development of bladder symptoms. These symptoms 
include frequent urge to urinate and frequent urination as well as bed-wetting at 
night and urinary incontinence during the day. Poor emptying of the bladder predis-
poses the patient to development of bladder infections. In more severe cases, the 
urine can back up toward the kidney and cause kidney damage. This type of bladder 
dysfunction in MS is called neurogenic bladder i.e. a bladder problem that is related 
to damage to the nerve supply of the bladder.

According to National Multiple Sclerosis Society, bladder dysfunction occurs in 
at least 80% of patients with multiple sclerosis during the course of illness [17]. The 
symptoms of bladder dysfunction in MS include leakage of urine, urinary urgency, 
frequent urinations at night and urinary incontinence. What happens to the bladder 
muscle in MS is somewhat similar to what happens to the neuromuscular junction 
leading to muscle spasticity as described earlier in this chapter. The muscle (in this 
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case detrusor muscle of the bladder), after being weakened by damage to its nerve 
supply, gradually develops increased tone, and becomes overactive as in other mus-
cles of body with spasticity. Since acetylcholine is also the chemical transmitter 
(from nerve ending) to the muscular layer of the bladder, injection of botulinum 
toxins into the bladder wall will subdue the bladder overactivity by reducing the 
effect of acetylcholine (see Chaps. 2 and 3 on mechanism of botulinum toxins func-
tion). The drugs that are used for control of bladder symptoms in MS are anticholin-
ergics—Ditropan, Detrol—also work by reducing or blocking the effects of 
acetylcholine. The frequent side effects of these drugs such as blurring of vision, 
impaired memory and dryness of the mouth make them hard to tolerate especially 
when used for a long period of time.

In 2013, FDA approved the use of Botox for treatment of neurogenic, overactive 
bladder in multiple sclerosis based on the positive results of two large high quality, 
multicenter studies (DINGY studies) that investigated close to 700 patients with MS 
and spinal cord injury [18, 19]. A majority of the patients in these studies had mul-
tiple sclerosis. These studies have shown that injection of 200 units of Botox at 
multiple points into the bladder wall significantly improves the patients’ urgency 
and incontinence as well as their quality of life. Patients also scored highly on a 
post-treatment satisfaction questionnaire confirming their satisfaction with the 
treatment.

The main side effect of botulinum toxin injections for bladder symptoms in MS 
is retention of urine which occurs in 25% of treated patients and may require daily, 
clean self-catheterization. For many patients with advanced MS, however, this is not 
problematic since they already have chronic urinary retention and have learned to 
catheterize themselves for months or years. Nevertheless, patients need to be alerted 
and trained for this side effect. However, some studies have found that with repeated 
injections of Botox (every 4–6 months) the incidence of urinary retention improves 
as time goes by. An analysis of 18 studies on 1553 MS patients in whom bladder 
dysfunction was treated with Botox injection into the detrusor muscle found suste-
nance of positive results after repeated injections and a low incidence of side 
effects [20].

More recently, high quality studies (double-blind and placebo-controlled) with 
other type A botulinum toxins (Dysport and Xeomin) have also shown efficacy in 
management of bladder dysfunction due to multiple sclerosis and traumatic spinal 
cord injury [21, 22]. It is likely that Dysport will soon receive FDA approval for 
treatment of the type of bladder dysfunction (neurogenic bladder) that occurs in 
patients with multiple sclerosis.

�Injection Technique

Botox is marketed in a powder form stored in small vials. For all indications, it 
needs to be mixed with normal saline (salt water) before injection. Botox is very 
heat sensitive so it requires refrigeration. Botox vials marketed as 50, 100 and 

7  Botulinum Toxin Treatment in Multiple Sclerosis

https://doi.org/10.1007/978-3-031-54471-2_2
https://doi.org/10.1007/978-3-031-54471-2_3


109

Fig. 7.3  Technique of bladder injection: (A) (top left) 30 injections for patients with severe symp-
toms, (top right) 10 injections for patients with mild symptoms (From Da Silva and coworkers. 
Toxicon 2015. Reproduced with permission from the publisher Elsevier). (B and C) site of injec-
tion just under the mucosa of bladder surface

300 units. A total of 200 units is recommended for treatment of overactive bladder 
in multiple sclerosis. Injections are carried out through a special instrument, cysto-
scope, that after entering the bladder can visualize inside the bladder via a small 
light. A hollow needle is attached to the cystoscope through which the injections are 
performed. The original FDA approved protocol calls for 30 sites of injections spar-
ing the trigone (the lower, triangular par of bladder). Currently, however, different 
protocols are used at different institutions with the number of injection sites ranging 
from 20 to 40, including or not including bladder’s trigone. Some authors, in patients 
with mild symptoms, only 10 sites including the tigone that is right in sensory 
nerves (Fig. 7.3).

�Treatment of MS-associated Pain with Botulinum Toxins

Pain is a common symptom in multiple sclerosis. In one study, 63% of the patients 
with multiple sclerosis complained of chronic pain [13]. Among several types of 
pain in MS, three types are most frequent: neuropathic, pain associated with spastic-
ity and tonic spasms.

Treatment of MS-associated Pain with Botulinum Toxins
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�Neuropathic Pain

Neuropathic pain has a burning, searing and jabbing quality; the most severe form 
of it involves the face in multiple sclerosis. Irritation of damaged nerve fibers that 
provide sensation to the face is believed to be the cause of facial pain in MS. The 
trigeminal nerve, the fifth of 12 nerves that exit the brain, provides sensation for the 
face, inside the mouth, the tongue and the throat. The pain is called trigeminal neu-
ralgia (nerve pain related to the trigeminal nerve). Patients complain of severe bouts 
of pain lasting for seconds but recurring many times during the day. The most com-
mon type of trigeminal neuralgia, however, is seen in older individuals (>50 years 
of age) due to age related degeneration of this nerve. Trigeminal neuralgia is rare in 
young individuals. When it occurs in young individuals, one should think of MS. It 
can be seen in 1–3% of patients with multiple sclerosis [23].

Treatment of trigeminal neuralgia (TN) is difficult. Most patients are not happy 
with taking daily oral medications. High quality studies (double-blind, placebo-
controlled) have shown that injection of Botox and other type A toxin (Chinese type 
A toxin: Prosigne) with a small and thin needle into skin of the face can alleviate the 
pain in classic trigeminal neuralgia that occurs in older patients [24–26]. Although 
no high quality studies are available with botulinum toxins for treatment of TN in 
multiple sclerosis, a retrospective observation in 31 patients with MS treated with 
Botox injections disclosed positive results [27]. In this observation, 52% of patients 
with MS and TN reported relief of facial pain after Botox injections versus 45% of 
the patients with primary TN (older individuals with no known cause).

How injection of botulinum toxin into and under the skin can help neuropathic 
pain (TN as an example) has been the subject of many investigations. It is now com-
mon knowledge based on both animal and human studies, that BoNTs not only 
inhibit the function of acetylcholine (nerve-muscle chemical transmitter), but also 
diminish the effect of a variety of chemicals that are essential for transmission of 
pain signals from skin to the brain [28–35]. Several of these neurotransmitters, such 
as substance P, glutamate, and calcitonin gene related peptide (CGRP) are now well 
known. Though still not approved by FDA for pain disorders (except for chronic 
migraine), botulinum toxin injection into and under the skin is now used by many 
clinicians for a variety of neuropathic pains such as pain associated with shingles, 
pain after limb trauma, heal pain of plantar fasciitis (common among runners) and 
other pain problems based on the published data from high quality studies [36–40].

�Case Report

A 42 year-old women, with history of multiple sclerosis since age 18 with intermit-
tent paralysis, sensory loss and visual symptoms, complained of intermittent severe 
facial pain. The pain involved the left side of the face and recurred many times daily. 
The episodes of pain were brief (lasting only seconds) but “brought tears to her 
eyes.” The pain was described as jabbing and burning. She was treated with several 
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Fig. 7.4  Case report. 
Injections were carried out 
using a thin (gauge30), 
short needle and under the 
skin. (Drawing courtesy of 
Dr. Tahereh Mousavi)

medications including the commonly used drugs for trigeminal neuralgia; tegretol 
and gabapentin—that “did not help much”. On the scale of 0 to 10, most of her pain 
episodes were described as 9 or 10 in severity. The pain occurred as many as 30 
times per day. The MRI of her brain showed no abnormality to explain her facial 
pain. A neurological examination revealed no motor or sensory deficits. The affected 
area of the face was injected with Botox in a grid-like pattern, using a small thin 
needle. Injections were under the skin, 2.5 units per site at 12 sites (Fig. 7.4). She 
reported marked pain relief in a week post injection with the pain intensity dropping 
to 1–3 on a 0–10 scale. Repeated injections every 4 months had the same positive 
effect. No side effects were reported.

�Pain Associated with Spasticity

As discussed earlier, stiff muscles in patients with multiple sclerosis are often pain-
ful. In a study of 1171 adult patients with MS and spasticity, moderate to severe pain 
was reported in 47% of the patients [41]. Muscle pain associated with spasticity can 
interfere with rest and sleep deteriorating the patients’ quality of life. A literature 
review of this issue in 2022 assessed the efficacy of botulinum toxin injections for 
relieving pain associated with spasticity of MS [42]. In this review, seven of eight 
studies that used standard pain scales such as visual analogue scale (VAS), reported 
significant pain relief after botulinum toxin injections.

Pain Associated with Spasticity
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�Tonic Spasms

Tonic spasms are intermittent muscle spasms often affecting wrists, feet, toes and 
fingers. The result is painful twisting of wrists or feet and flexion of toes or fingers. 
The cause of these painful spasms in MS is not clear, but it is generally attributed to 
irritation of damaged nerve fibers that travel from brain to muscles. Dr. Restivo and 
his coworkers reported that these spasms improved significantly when Botox, 
80–120 units, was injected into forearm or leg muscles of five affected patients [43].

�Movement Disorders in Multiple Sclerosis

Multiple sclerosis can cause involuntary movements of the muscle due to the dis-
ruption of muscle control at the brain level. In general, involuntary movements 
respond well to injection of BoNTs into the muscle through inhibition of nerve-
muscle chemical transmitter, acetylcholine (described earlier). Two of these move-
ments are discussed briefly here:

	1.	 Tremor: a special form of tremor, called cerebellar tremor, is sometimes a dis-
abling symptom in multiple sclerosis. Cerebellar tremor, unlike Parkinson 
tremor increases in amplitude during hand and forearm motion and can interfere 
with eating and writing. Cerebellum (called by some the little brain) is located 
below cerebrum—main part of the brain—in the back of the head, and through 
its extensive connections provides muscle coordination. Multiple sclerosis, via 
disruption of cerebellar connections, impairs the normal movements and causes 
a coarse limb tremor. In a double-blind, placebo controlled study of 23 patients 
with multiple sclerosis related forearm tremor, injection of Botox into the fore-
arm muscles improved the tremor as well as witting of the patients significantly 
[44]. The drawback was development of some degree of weakness of forearm 
muscles that ceased within 6 weeks.

	2.	 Facial myokymia (FM): FM is characterized by fine continuous twitching of 
small muscle fibers of the face seen in some patients with multiple sclerosis. It is 
due to disruption and irritation of nerve fibers at the base of the brain (brain 
stem). FM is not painful but a nuisance, esthetically unpleasant and often a cause 
of social embarrassment. Injection of a small amount of Botox (1 to 2) units 
(barely under the skin of the face) and into the twitching muscles can reduce or 
stops the movements for 3–4 months [45, 46].
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�Treatment of Difficulty with Swallowing (Dysphagia) 
and Difficulty in Phonation (Dysphonia)

Muscles of swallowing, like other muscles of the body in MS, develop increased 
tone and stiffness as the disease progresses. This stiffness associated with increased 
muscle reflexes results in difficulty in swallowing. A well-designed study assessed 
the effects of Botox injection into the muscles of esophagus (the tube connecting the 
mouth to the stomach) in 14 patients with MS and difficulty in swallowing. Patients 
were followed carefully at 1, 4, 6, 12, 16, 18 and 24 months. Difficulty in swallow-
ing improved in all patients following injection of Botox into muscles of the back of 
the throat that initially had unusually high tones [47].

Dysphonia or spasmodic dysphonia is impaired phonation due to disturbed func-
tion of the vocal cords. Most of the affected patients have a shrill voice due to over-
activity of the adductor muscles of the vocal cord (muscles that bring the vocal 
cords together during phonation). Spasmodic dysphonia may occur during the 
course of a variety of disease conditions including MS. Injection of small amounts 
of Botox into adductor muscles of vocal cords is an established treatment for man-
agement of persistent spasmodic dysphonia [48]. Observations in small number of 
patients with MS and spasmodic dysphonia have shown that this mode of treatment 
is also effective in MS-related spasmodic dysphonia [49].

�Conclusion

Botulinum toxin therapy is useful for several disturbing symptoms of multiple scle-
rosis. Treatment of tight and stiff muscles (spasticity) and bladder symptoms (inap-
propriate urge to urinate, leaking and urinary incontinence) are the two most widely 
used indications which have shown to improve the patients’ quality of life. Emerging 
data on treatment of facial pain, tonic muscle spasms as well as swallowing and 
phonation difficulties in MS are also encouraging and expand the utility of BoNT 
therapy in multiple sclerosis. The role of botulinum toxin therapy in multiple scle-
rosis is detailed in recent reviews on this subject [50, 51].

References

1.	Baccouche I, Bensmail D, Leblong E, Fraudet B, Aymard C, Quintaine V, Pottier S, Lansaman 
T, Malot C, Gallien P, Levy J. Goal-setting in multiple sclerosis-related spasticity treated with 
botulinum toxin: the GASEPTOX study. Toxins (Basel). 2022 Aug 24;14(9):582. https://doi.
org/10.3390/toxins14090582. PMID: 36136520; PMCID: PMC9504895.

2.	Wallin MT, Culpepper WJ, Campbell JD, Nelson LM, Langer-Gould A, Marrie RA, Cutter 
GR, Kaye WE, Wagner L, Tremlett H, Buka SL, Dilokthornsakul P, Topol B, Chen LH, 
LaRocca NG; US Multiple Sclerosis Prevalence Workgroup. The prevalence of MS in the 

References

https://doi.org/10.3390/toxins14090582
https://doi.org/10.3390/toxins14090582


114

United States: a population-based estimate using health claims data. Neurology. 2019 Mar 
5;92(10):e1029–40. https://doi.org/10.1212/WNL.0000000000007035. Epub 2019 Feb 15.

3.	Bebo B, Cintina I, LaRocca N, Ritter L, Talente B, Hartung D, Ngorsuraches S, Wallin 
M, Yang G.  The economic burden of multiple sclerosis in the United States: estimate of 
direct and indirect costs. Neurology. 2022 May 3;98(18):e1810–7. https://doi.org/10.1212/
WNL.0000000000200150. Epub 2022 Apr 13. PMID: 35418457; PMCID: PMC9109149.

4.	Trip SA, Miller DH.  Imaging in multiple sclerosis. J Neurol Neurosurg Psychiatry. 2005 
Sept;76 (Suppl 3):iii11–8. https://doi.org/10.1136/jnnp.2005.073213. PMID: 16107385; 
PMCID: PMC1765701.

5.	Flachenecker P, Henze T, Zettl UK.  Spasticity in patients with multiple sclerosis—clinical 
characteristics, treatment and quality of life. Acta Neurol Scand. 2014;129(3):154–62.

6.	Rizzo MA, Hadjimichael OC, Preingerova J, Vollmer TL. Prevalence and treatment of spastic-
ity reported by multiple sclerosis patients. Mult Scler. 2004;10:589–95.

7.	Snow BJ, Tsui JK, Bhatt MH, et al. Treatment of spasticity with botulinum toxin: a double-
blind study. Ann Neurol. 1990;28:512–5.

8.	Mahajan ST, Patel PB, Marrie RA.  Under treatment of overactive bladder symptoms in 
patients with multiple sclerosis: an ancillary analysis of the NARCOMS patient registry. J 
Urol. 2010;183:1432–7.

9.	Novarella F, Carotenuto A, Cipullo P, Iodice R, Cassano E, Spiezia AL, Capasso N, Petracca 
M, Falco F, Iacovazzo C, Servillo G, Lanzillo R, Brescia Morra V, Moccia M. Persistence 
with botulinum toxin treatment for spasticity symptoms in multiple sclerosis. Toxins (Basel). 
2022 Nov 9;14(11):774. https://doi.org/10.3390/toxins14110774. PMID: 36356024; PMCID: 
PMC9693315.

10.	Schnitzler A, Dince C, Freitag A, Iheanacho I, Fahrbach K, Lavoie L, Loze JY, Forestier A, 
Gasq D. AbobotulinumtoxinA doses in upper and lower limb spasticity: a systematic litera-
ture review. Toxins (Basel). 2022 Oct 26;14(11):734. https://doi.org/10.3390/toxins14110734. 
PMID: 36355984; PMCID: PMC9698883.

11.	Bensmail D, Karam P, Forestier A, Loze JY, Lévy J. Trends in botulinum toxin use among patients 
with multiple sclerosis: a population-based study. Toxins (Basel). 2023 Apr 12;15(4):280. 
https://doi.org/10.3390/toxins15040280. PMID: 37104218; PMCID: PMC10142089.

12.	Ni J, Wang X, Cao N, et  al. Is repeat botulinum toxin A injection valuable for neurogenic 
detrusor overactivity – a systematic review and meta-analysis. Neurourol Urodyn. 2017, July 
26; https://doi.org/10.1002/nau.23354. [Epub ahead of print].

13.	Foley PL, Vesterinen HM, Laird BJ, Sena ES, Colvin LA, Chandran S, MacLeod MR, Fallon 
M. Prevalence and natural history of pain in adults with multiple sclerosis: systematic review 
and meta-analysis. Pain. 2013 May;154:632–42. https://doi.org/10.1016/j.pain.2012.12.002. 
Epub 2012 Dec 14. PMID: 23318126.

14.	Safarpour Y, Jabbari B.  Botulinum toxin treatment of pain syndromes  – an evidence 
based review. Toxicon. 2018, Jan 31; https://doi.org/10.1016/j.toxicon.2018.01.017. pii: 
S0041–0101(18) 30031-X. [Epub ahead of print].

15.	Baricich A, Picelli A, Santamato A, Carda S, de Sire A, Smania N, Cisari C, Invernizzi 
M.  Safety profile of high-dose botulinum toxin type A in post-stroke spasticity treatment. 
Clin Drug Investig. 2018 Nov;38(11):991–1000. https://doi.org/10.1007/s40261-018-0701-x. 
PMID: 30209743.

16.	Wissel J, Bensmail D, Ferreira JJ, Molteni F, Satkunam L, Moraleda S, Rekand T, McGuire J, 
Scheschonka A, Flatau-Baqué B, Simon O, Rochford ET, Dressler D, Simpson DM; TOWER 
Study Investigators. Safety and efficacy of incobotulinumtoxinA doses up to 800 U in limb 
spasticity: The TOWER study. Neurology. 2017 Apr 4;88(14):1321–8. https://doi.org/10.1212/
WNL.0000000000003789. Epub 2017 Mar 10. PMID: 28283596; PMCID: PMC5379931.

17.	Baldder dysfunction in MS: National MS Society. https://www.nationalmssociety.org › 
Bladder-Dysfunction

18.	Ginsberg D, Gousse A, Keppenne V, Sievert KD, Thompson C, Lam W, Brin MF, Jenkins 
B, Haag-Molkenteller C. Phase 3 efficacy and tolerability study of onabotulinumtoxinA for 

7  Botulinum Toxin Treatment in Multiple Sclerosis

https://doi.org/10.1212/WNL.0000000000007035
https://doi.org/10.1212/WNL.0000000000200150
https://doi.org/10.1212/WNL.0000000000200150
https://doi.org/10.1136/jnnp.2005.073213
https://doi.org/10.3390/toxins14110774
https://doi.org/10.3390/toxins14110734
https://doi.org/10.3390/toxins15040280
https://doi.org/10.1002/nau.23354
https://doi.org/10.1016/j.pain.2012.12.002
https://doi.org/10.1016/j.toxicon.2018.01.017
https://doi.org/10.1007/s40261-018-0701-x
https://doi.org/10.1212/WNL.0000000000003789
https://doi.org/10.1212/WNL.0000000000003789
https://www.nationalmssociety.org


115

urinary incontinence from neurogenic detrusor overactivity. J Urol. 2012 June;187(6):2131–9. 
https://doi.org/10.1016/j.juro.2012.01.125. Epub 2012 Apr 12. PMID: 22503020.

19.	Cruz F, Herschorn S, Aliotta P, Brin M, Thompson C, Lam W, Daniell G, Heesakkers J, Haag-
Molkenteller C. Efficacy and safety of onabotulinumtoxinA in patients with urinary inconti-
nence due to neurogenic detrusor overactivity: a randomised, double-blind, placebo-controlled 
trial. Eur Urol. 2011 Oct;60(4):742–50. https://doi.org/10.1016/j.eururo.2011.07.002. Epub 
2011 July 13. PMID: 21798658.

20.	Ni J, Wang X, Cao N, Si J, Gu B. Is repeat botulinum toxin A injection valuable for neuro-
genic detrusor overactivity—a systematic review and meta-analysis. Neurourol Urodyn. 2018 
Feb;37(2):542–53. https://doi.org/10.1002/nau.23354. Epub 2017 July 26. PMID: 28745818.

21.	Giannantoni A, Gubbiotti M, Rubilotta E, Balzarro M, Antonelli A, Bini 
V.  IncobotulinumtoxinA versus onabotulinumtoxinA intradetrusor injections in patients 
with neurogenic detrusor overactivity incontinence: a double-blind, randomized, non-
inferiority trial. Minerva Urol Nephrol. 2022 Oct;74(5):625–35. https://doi.org/10.23736/
S2724-6051.21.04227-2. Epub 2021 Mar 26. PMID: 33769020.

22.	Kennelly M, Cruz F, Herschorn S, Abrams P, Onem K, Solomonov VK, Del Rosario Figueroa 
Coz E, Manu-Marin A, Giannantoni A, Thompson C, Vilain C, Volteau M, Denys P, Dysport 
CONTENT Program Group. Efficacy and safety of abobotulinumtoxinA in patients with 
neurogenic detrusor overactivity incontinence performing regular clean intermittent catheter-
ization: pooled results from two phase 3 randomized studies (CONTENT1 and CONTENT2). 
Eur Urol. 2022 Aug;82(2):223–32. https://doi.org/10.1016/j.eururo.2022.03.010. Epub 2022 
Apr 7. PMID: 35400537.

23.	Gupta K, Burchiel KJ. Atypical facial pain in multiple sclerosis caused by spinal cord seizures: 
a case report and review of the literature. J Med Case Rep. 2016 Apr 20;10:101. https://doi.
org/10.1186/s13256-016-0891-x. PMID: 27095098; PMCID: PMC4837532.

24.	Wu CJ, Lian YJ, Zheng YK, et  al. Botulinum toxin type A for the treatment of trigeminal 
neuralgia: results from a randomized, double-blind, placebo-controlled trial. Cephalalgia. 
2012;32:443–50.

25.	Zhang H, Lian Y, Ma Y, Chen Y, He C, Xie N, Wu C. Two doses of botulinum toxin type A 
for the treatment of trigeminal neuralgia: observation of therapeutic effect from a randomized, 
double-blind, placebo-controlled trial. J Headache Pain. 2014 Sept 27;15(1):65. https://doi.
org/10.1186/1129-2377-15-65. PMID: 25263254; PMCID: PMC4194456.

26.	Zúñiga C, Piedimonte F, Díaz S, Micheli F.  Acute treatment of trigeminal neuralgia with 
onabotulinum toxin A.  Clin Neuropharmacol 2013 Sept–Oct;36(5):146–50. https://doi.
org/10.1097/WNF.0b013e31829cb60e. PMID: 24045604.

27.	Asan F, Gündüz A, Tütüncü M, Uygunoğlu U, Savrun FK, Saip S, Siva A.  Treatment of 
multiple sclerosis-related trigeminal neuralgia with onabotulinumtoxinA.  Headache. 2022 
Nov;62(10):1322–8. https://doi.org/10.1111/head.14414. Epub 2022 Nov 27. PMID: 
36437599.

28.	Cui M, Khanijou S, Rubino J, et al. Subcutaneous administration of botulinum toxin A reduces 
formalin-induced pain. Pain. 2004;107:125–33.

29.	Marino MJ, Terashima T, Steinauer JJ, et al. Botulinum toxin B in the sensory afferent: trans-
mitter release, spinal activation, and pain behavior. Pain. 2014;155:674–84.

30.	Hou YP, Zhang YP, Song YF, Zhu CM, Wang YC, Xie GL. Botulinum toxin type A inhibits rat 
pyloric myoelectrical activity and substance P release in vivo. Can J Physiol Pharmacol. 2007 
Feb;85(2):209–14. https://doi.org/10.1139/y07-018. PMID: 17487262.

31.	Lucioni A, Bales GT, Lotan TL, McGehee DS, Cook SP, Rapp DE. Botulinum toxin type A 
inhibits sensory neuropeptide release in rat bladder models of acute injury and chronic inflam-
mation. BJU Int. 2008;101:366–70.

32.	Meng J, Wang J, Lawrence G, Dolly JO. Synaptobrevin I mediates exocytosis of CGRP from 
sensory neurons and inhibition by botulinum toxins reflects their anti-nociceptive potential. J 
Cell Sci. 2007;120:2864–74.

References

https://doi.org/10.1016/j.juro.2012.01.125
https://doi.org/10.1016/j.eururo.2011.07.002
https://doi.org/10.1002/nau.23354
https://doi.org/10.23736/S2724-6051.21.04227-2
https://doi.org/10.23736/S2724-6051.21.04227-2
https://doi.org/10.1016/j.eururo.2022.03.010
https://doi.org/10.1186/s13256-016-0891-x
https://doi.org/10.1186/s13256-016-0891-x
https://doi.org/10.1186/1129-2377-15-65
https://doi.org/10.1186/1129-2377-15-65
https://doi.org/10.1097/WNF.0b013e31829cb60e
https://doi.org/10.1097/WNF.0b013e31829cb60e
https://doi.org/10.1111/head.14414
https://doi.org/10.1139/y07-018


116

33.	Meng J, Ovsepian SV, Wang J, Pickering M, Sasse A, Aoki KR, Lawrence GW, Dolly 
JO.  Activation of TRPV1 mediates calcitonin gene-related peptide release, which excites 
trigeminal sensory neurons and is attenuated by a retargeted botulinum toxin with anti-
nociceptive potential. J Neurosci. 2009;29:4981–92.

34.	Matak I, Tékus V, Bölcskei K, Lacković Z, Helyes Z. Involvement of substance P in the anti-
nociceptive effect of botulinum toxin type A: evidence from knockout mice. Neuroscience. 
2017 Sept 1;358:137–45. https://doi.org/10.1016/j.neuroscience.2017.06.040. Epub 2017 July 
1. PMID: 28673722.

35.	Tang M, Meng J, Wang J. New engineered-botulinum toxins inhibit the release of pain-related 
mediators. Int J Mol Sci. 2019. Dec 30;21(1):262. https://doi.org/10.3390/ijms21010262. 
PMID: 31906003; PMCID: PMC6981458.

36.	Yuan RY, Sheu JJ, Yu JM, Chen WT, Tseng IJ, Chang HH, Hu CJ. Botulinum toxin for diabetic 
neuropathic pain: a randomized double-blind crossover trial. Neurology. 2009;72:1473–8.

37.	Li XL, Zeng X, Zeng S, He HP, Zeng Z, Peng LL, Chen LG. Botulinum toxin A treatment 
for post-herpetic neuralgia: a systematic review and meta-analysis. Exp Ther Med. 2020 
Feb;19(2):1058–64. https://doi.org/10.3892/etm.2019.8301. Epub 2019 Dec 9. PMID: 
32010269; PMCID: PMC6966161.

38.	Babcock MS, Foster L, Pasquina P, Jabbari B. Treatment of pain attributed to plantar fasciitis 
with botulinum toxin A: a short-term, randomized, placebo-controlled, double-blind study. Am 
J Phys Med Rehabil. 2005;84:649–54.

39.	Foster L, Clapp L, Erickson M, Jabbari B. Botulinum toxin A and chronic low back pain: a 
randomized, double-blind study. Neurology. 2001;56:1290–3.

40.	Ranoux D, Attal N, Morain F, Bouhassira D.  Botulinum toxin type A induces direct anal-
gesic effects in chronic neuropathic pain. Ann Neurol. 2008 Sept;64(3):274–83. https://doi.
org/10.1002/ana.21427. Erratum in: Ann Neurol 2009 Mar;65(3):359. PMID: 18546285.

41.	Newsome SD, Thrower B, Hendin B, Danese S, Patterson J, Chinnapongse R. Symptom bur-
den, management and treatment goals of people with MS spasticity: results from SEEN-MSS, 
a large-scale, self-reported survey. Mult Scler Relat Disord. 2022 Dec;68:104376. https://doi.
org/10.1016/j.msard.2022.104376. Epub 2022 Oct 26. PMID: 36544321.

42.	Jabbari B. Botulinum toxin treatment of pain disorders. 2nd ed. New York: Springer; 2022.
43.	Restivo DA, Tinazzi M, Patti F, Palmeri A, Maimone D. Botulinum toxin treatment of pain-

ful tonic spasms in multiple sclerosis. Neurology. 2003 Sept 9;61(5):719–20. https://doi.
org/10.1212/01.wnl.0000080081.74117.e4. PMID: 12963779.

44.	Van Der Walt A, Sung S, Spelman T, Marriott M, Kolbe S, Mitchell P, Evans A, Butzkueven 
H.  A double-blind, randomized, controlled study of botulinum toxin type A in MS-related 
tremor. Neurology. 2012 July 3;79(1):92–9. https://doi.org/10.1212/WNL.0b013e31825dcdd9. 
PMID: 22753445.

45.	Sedano MJ, Trejo JM, Macarrón JL, Polo JM, Berciano J, Calleja J. Continuous facial myo-
kymia in multiple sclerosis: treatment with botulinum toxin. Eur Neurol. 2000;43(3):137–40. 
https://doi.org/10.1159/000008152. PMID: 10765052.

46.	Habek M, Adamec I, Gabelić T, Brinar VV. Treatment of facial myokymia in multiple sclero-
sis with botulinum toxin. Acta Neurol Belg. 2012 Dec;112(4):423–4. https://doi.org/10.1007/
s13760-012-0092-3. Epub 2012 Jun 5. PMID: 22669610.

47.	Restivo DA, Marchese-Ragona R, Patti F, Solaro C, Maimone D, Zappalá G, Pavone 
A. Botulinum toxin improves dysphagia associated with multiple sclerosis. Eur J Neurol. 2011 
Mar;18(3):486–90. https://doi.org/10.1111/j.1468-1331.2010.03189.x. Epub 2010 Aug 22. 
PMID: 20731706.

48.	Blitzer A.  Spasmodic dysphonia and botulinum toxin: experience from the largest treat-
ment series. Eur J Neurol. 2010 July;17(Suppl 1):28–30. https://doi.org/10.1111/
j.1468-1331.2010.03047.x. PMID: 20590805.

49.	Di Stadio A, Bernitsas E, Restivo DA, Alfonsi E, Marchese-Ragona R. Spasmodic dysphonia in 
multiple sclerosis treatment with botulin toxin A: a pilot study. J Voice 2019 July;33(4):550–3. 
https://doi.org/10.1016/j.jvoice.2018.01.002. Epub 2018 Apr 9. PMID: 29650331.

7  Botulinum Toxin Treatment in Multiple Sclerosis

https://doi.org/10.1016/j.neuroscience.2017.06.040
https://doi.org/10.3390/ijms21010262
https://doi.org/10.3892/etm.2019.8301
https://doi.org/10.1002/ana.21427
https://doi.org/10.1002/ana.21427
https://doi.org/10.1016/j.msard.2022.104376
https://doi.org/10.1016/j.msard.2022.104376
https://doi.org/10.1212/01.wnl.0000080081.74117.e4
https://doi.org/10.1212/01.wnl.0000080081.74117.e4
https://doi.org/10.1212/WNL.0b013e31825dcdd9
https://doi.org/10.1159/000008152
https://doi.org/10.1007/s13760-012-0092-3
https://doi.org/10.1007/s13760-012-0092-3
https://doi.org/10.1111/j.1468-1331.2010.03189.x
https://doi.org/10.1111/j.1468-1331.2010.03047.x
https://doi.org/10.1111/j.1468-1331.2010.03047.x
https://doi.org/10.1016/j.jvoice.2018.01.002


117

50.	Safarpour Y, Mousavi T, Jabbari B.  Botulinum toxin treatment in multiple sclerosis  – a 
review. Curr Treat Options Neurol. 2017 Aug 17;19(10):33. https://doi.org/10.1007/
s11940-017-0470-5. PMID: 28819801.

51.	Safarpour Y, Jabbari B. Botulinum toxin treatment in multiple sclerosis. In: Jabbari B, editor. 
Botulinum toxin treatment in clinical medicine. Cham: Springer; 2018.

References

https://doi.org/10.1007/s11940-017-0470-5
https://doi.org/10.1007/s11940-017-0470-5

	Chapter 7: Botulinum Toxin Treatment in Multiple Sclerosis
	Introduction
	Botulinum Toxin Treatment of Spasticity in Multiple Sclerosis
	Technique of Injection

	Botulinum Toxin Therapy for Bladder Problems in Multiple Sclerosis
	Injection Technique

	Treatment of MS-associated Pain with Botulinum Toxins
	Neuropathic Pain
	Case Report


	Pain Associated with Spasticity
	Tonic Spasms
	Movement Disorders in Multiple Sclerosis
	Treatment of Difficulty with Swallowing (Dysphagia) and Difficulty in Phonation (Dysphonia)
	Conclusion
	References




