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ABSTRACT

Cervical dystonia (CD) is a focal dystonia characterized by involuntary 
contractions of neck muscles that result in patterned movements and abnormal 
postures of the head and neck that have a directional quality. CD is the most 
common form of dystonia presenting to the movement disorders clinic. 
Botulinum toxin is an effective treatment for cervical dystonia. It has become the 
first-line treatment for cervical dystonia with a satisfactory relief of symptoms 
reported in more than 80% of the cases. Multiple small and large scale studies 
proven that fact and provided Class-A evidence for the benefit. However, 20% of 
the patients discontinue treatment due to adverse effects, treatment failure and 
other reasons. With the proper knowledge of toxins and the anatomy of the neck, 
much better results can be achieved with fewer and self-limiting adverse effects as 
compared to other modalities. However, the expert consensus recommendations 
are lacking to guide clinicians for optimal use of botulinum toxin for cervical 
dystonias. This paper discusses the different available treatments, botulinum 
injection techniques and the adverse effects involved with the procedure.

KEY WORDS:  Cerv ica l  Dyston ia  (MeSH) ;  Tort ico l l i s  (MeSH) ; 
Chemodenervation (MeSH); Nerve Block (MeSH); Botulinum Toxins (MeSH); 
Movement Disorders (MeSH).
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an excellent familiarity of the functional 
anatomy of the neck, knowledge of the 
brands and serotypes of BoNT, an 
understanding of the technical issues 
related to injection, and an awareness of 
the potential adverse effects. This 
article provides a brief review of the 
available evidence and effectiveness of 
the therapy as well as providing some 
practical information for adapting this 
therapy in practice.

METHODS

A comprehensive search of databases 
and search engines, including PubMed, 
Google Scholar and Medline was 
performed using keywords cervical 
dystonia, BoNT, botulinum toxin, and 
chemodenervation. Interventional and 
review articles with the potential of 
contributing to chemodenervation of 
cervical dystonia were included in the 
review. The information gathered from 
the literature search was integrated 
with clinical expertise and presented as 
a comprehensive guideline to assist the 
c l i n i c a l  p r a c t i c e  i n v o l v i n g 
chemodenervation of CD.

DISCUSSION

Overview of Cervical Dystonia: 
Cervical dystonia (CD) is a focal 
dystonia characterized by involuntary 
contractions of neck muscles that result 
in patterned movements and abnormal 
postures of the head and neck that have 

6a directional quality.  There may be 
overlying spasms of the muscles that 
cause overlying jerky movements or 

7tremors in over half the patients.

INTRODUCTION

ystonia is a syndrome in which Dsustained involuntary muscle 
contraction occurs, which frequently 
causes  tw i s t i ng  and  repet i t i ve 
movements along with abnormal 
posturing. It can affect any part of the 
body and is thus named based on the 
region involved, such as cervical 
dystonia involving the muscles of the 
neck. The involvement of one area of 
the body is called focal dystonia, while 
the involvement of few areas as 
segmental (continuing areas) or 
multifocal (non-continuing areas). The 
involvement of one side is termed hemi-
dystonia, and of more than 3 areas 
involved is termed as generalized 
dystonia. 

The treatment of dystonia is usually 
symptomatic unless a secondary 
underlying cause is identified, which can 
be treated. Symptomatic treatment 
regime includes pharmacotherapies 

( a n t i c h o l i n e r g i c  m e d i c a t i o n s , 
dopaminergic depleting agents and 
muscle relaxants), physical therapy, 
support ive therapy,  deep bra in 
s t i m u l a t i o n  s u r g e r y  ( D B S )  o r 
chemodenervation using botulinum 
toxin (BoNT).

Chemodenervation with BoNT is 
considered the treatment of choice for 
most focal dystonia. BoNT provides its 
beneficial effect by inhibiting the release 
of acetylcholine into the neuromuscular 
junction and consequently weakens the 
muscle over the per iod.  BoNT 
injections were initiated as a treatment 

1for CD in the mid-1980s  and multiple 
large, controlled studies have provided 

2-5Class A evidence for the benefit.  Deep 
brain stimulation surgery (DBS) is an 
invasive procedure and usually reserved 
for patients who fail the medical 
treatments.

BoNT injections are a very effective 
treatment for CD if administered by a 
clinician with expertise in the disorder, 

DOI: 10.35845/kmuj.2020.20478

https://crossmark.crossref.org/dialog/?doi=10.35845/kmuj.2020.20478&domain=pdf&date_stamp=2017-01-14


254 KMUJ 2020, Vol. 12  No. 3

Overview of Botulinum Toxin: 
BoNT is approximately 150 kDa, 
produced as inactive single chain 
polypept ides  and enzymat ica l ly 
activated to a double-chain molecule, 
consisting of a heavy and light chain; 
linked by a disulfide bond and a loop 
from the heavy chain that wraps around 

15the light chain.  The carboxy-terminal 
of the heavy chain (Hcc) mediates 
binding to the presynaptic cholinergic 
nerve terminals and internalization of 

16the toxin into the cell.  The amino 
terminal of the heavy chain (Hcn) 
mediates translocation of the light chain 
into the cytosol through a process of 
unfolding of the l ight chain and 
chaperoning the light chain through a 

17membrane channel into the cytosol.  
The light chain is responsible for the 
tox ic  e f fects ,  act ing  as  a  z inc-
endopeptidase, cleaving specif ic 
proteins responsible for membrane 
fusion (SNARE complex).  

Mechanism of Actions: There are 
seven distinct antigenic serotypes of 
botulinum toxin, A-G. The serotypes 
most associated with human disease are 

18BoNT types A, B, and E.  BoNT A, C, 
and E cleave SNAP-25 (synaptosomal-
associated protein 25), a membrane-
associated protein. Serotypes B, D, F, 
and G cleave Vesicular Associated 
Membrane Protein (VAMP), also called 
synaptobrevin. Type C additionally 
c l eaves  Syn tax in ,  a  membrane 

19,20protein.

Ultimately, the action of BoNT is to 
i n t e r r u p t  t r a n s m i s s i o n  a t  t h e 
neuromuscular junction and, in effect, 

21,22to denervate muscle.  The onset of 
action is typically 5-7 days after the 
injections, and the effect persists for 
weeks to months (typically 2-3 months) 
with peak benefits around one month. 

The duration of the effect may be 
23-26somewhat dependent on serotype.  

The mechanism for this extended 
d u r a t i o n  o f  a c t i o n  h a s  b e e n 
hypothesized to arise from either 
continued protease activity within the 
cell or persistent interference by 
c leaved  substra te  wi th  norma l 

24membrane fusion.  Currently, there is 
no known way to reverse the paralytic 
effects of BoNT after it has been 
internal ized. Active and passive 
immunization can inactivate toxins only 
prior to internalization into the cell.   

Commercial Preparations: BoNT is 
available in the United States as 2 
serotypes (A and B) and 4 brands (Table 
I). The toxin is biologically active and 
cannot be measured in weight like mg. It 
is measured in mouse units: 1 mouse 
unit equals the LD 50 median dose for 
peritoneal injection for a particular size, 
sex, and breed of the mouse, e.g., 30 g 
females Webster mouse. Therefore, the 
potency and recommended dose unit 
for each serotype in a commercially 
available dose are unique. There are no 
established dosing equivalencies. An 
evidence-based review of the efficacy 
and safety of these available botulinum 
toxins in neurological disorders was 

2published in 2008 , and updated in 2016 
27with newer evidence.

Chemodenervation for Cervical 
Dystonia: Although not a degenerative 
disease, the CD is a chronic neurological 
cond i t ion  that  has  no  curat ive 
t r e a t m e n t .  T h e r e  a r e  s e v e r a l 
approaches to reduce symptoms. 
Physiotherapy may be useful as an 
adjunct treatment, with some reports of 
benefit, although adequate controlled 

28trials are lacking.  There are no oral 
medications that are approved by the 
Food and Drug Administration for use in 
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The majority of the patients of cervical 
dystonia presents with the combination 
of neck rotation (Torticollis), extension 
(Reterocolis), flexion (Anetrocolis), or 
head tilt (Laterocolis) with or without 

8sagittal shift.  Patients with primary 
ce rv i c a l  dy s ton i a  have  u sua l l y 
unremarkable history, and the majority 
of the patients have no secondary cause 
of dystonia except for the primary 

9dystonic gene.  Secondary cervical 
dystonia is caused by an alternate 
etiology such as central or peripheral 
trauma, neurodegenerative diseases 
(such as Parkinson's Disease), or 
exposure to dopamine receptor 
antagonists (Tardive dystonia). 

CD is the most common focal dystonia 
seen in an office setting. Despite this, it 
may take 4 years from symptom onset 

10before diagnosis.  Patients see a mean 
of 3.5 physicians, including neurologists, 
before diagnosis in the United States. 
From 65% -75% of CD patients 
experience pain associated with their 
dystonia. In those patients with isolated 
CD at the onset, approximately 23% 
will have spread of dystonia, most 

11frequently to the arm.  Although 
approximately10% - 20% of patients 
may experience a partial or complete 
remission of symptoms, the condition 
often recurs within 5 years. It is 
estimated that less than 1% will have 

12permanent remission.

Cervical dystonia affects approximately 
13200,000 people in the United States.  It 

occurs more frequently in women than 
men, with a usual age of onset in the 
fourth or fifth decade. Estimates of 
incidence in a multiethnic population 
are 0.80 per 100,000 persons per year, 
w i t h  t h e  h i g h e s t  i n c i d e n c e  i n 
Caucasians, and a 2.5 times higher 

14incidence in women than men.

TABLE 1: BOTULINUM TOXINS CURRENTLY APPROVED IN UNITED STATES

Incobotulinumtoxin A
(INCO-BoNTA)

Abobotulinumtoxin A
(ABO-BoNTA)

Rimabotulinumtoxin B
(RIMA-BoNTB)

Onabotulinumtoxin A
(ONA-BoNTA)Toxin Name

Brand Name

Serotype

Vial sizes

Dose range for cervical dystonia

BOTOX ®

A

50

100

200

100-300

MYOBLOC ®

B

2,500

5,000

10,000

2,500-15,000

DYSPORT ®

A

300

500

500-1000

XEOMIN ®

A

50

100

120-240



different brands of serotype A. If a 
patient is currently being treated with 
one brand, the dose of another brand 
cannot be determined from previous 
doses. 

Adverse Effects and Clinical pearls: 
The adverse effects arising from 
botulinum toxin injections for cervical 
dystonia are usually related to the 
spread of toxin from the injected 
muscle. The most common side effects 
noted in the trials include pain at the 
injection site, dysphagia, and neck 
weakness, sometimes associated with 

35pain.

The injection site pain is the most 
common reported adverse effect and is 
seen in up to 30% of the patients in 
clinical practice (similar to some studies 

36reported).  The pain is usually mild, 
localized to the injection site, and not 
associated with any skin reaction or 
abscess. Usually, it does not require any 
treatments, but over the counter 
medications such as acetaminophen can 
be used as well as hot compresses or 
massage. The pain is typically self-
limiting and lasting mostly less than 3 
days; however, prolonged pain for 
weeks can be rarely seen. It is not 
typically associated with the injection 
techniques, but Rima-BoNT-B is more 
likely to cause local pain as the storage 
solution is acidic with a pH of less than 

377.

Dysphagia is one of the most commonly 
reported adverse effects. It has been 
reported in as much as 30% of the 
injected patients in the earlier studies, 
with current rates much lower (10-
15%). Most often, dysphagia is very 
mild to minimal, not affecting a patient's 
oral nutrition intake and more of a 
nuisance and usually last few days to 
around 2 weeks. The most widely cited 
factor is the dosage and placement of 
the BoNT injections into anterior 
m u s c l e s ,  i n c l u d i n g  t h e 
sternocleidomastoid, scalene complex, 
and digastrics muscles located under the 

38,39chin.  There have been very few 
patients with severe dysphagia requiring 
temporary nasogastric feeding.  Some 
in ject ion techniques have been 
proposed by experts to avoid this side 
ef fect (such as higher in ject ion 
placement). Once it starts, only 
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a. A horizontal turn (torticollis)

b. Lateral flexion of the head to the  
shoulder (laterocollis)

c. Forward flexion of the head with the 
c h i n  d e v i a t e d  d o w n w a r d 
(anterocollis)

d. A posterior extension of the head 
(retrocollis)

e. A forward or backward shift of the 
head on the shoulders (sagittal shift) 

f. A lateral shift of the head on the 
shoulders (lateral shift).  

In most patients, the head posture of 
their CD is complicated, combining 
movement along several axes of head 
posture. Each posture is associated with 
dystonic activation of particular 
muscles. The most frequently injected 
m u s c l e s  i n c l u d e  t h e 
sternocleidomastoid, splenius capitis or 
cervices, trapezius, levator scapulae, 
longissimus capitis or cervices, scalene 
complex. BoNT injections begin to have 
effected a few days after injection, with 
peak effect around 4 weeks followed by 
a waning effect at approximately 3 
months. 

There are many unanswered technical 
issues related to the Injection of BoNT. 
These include the number of injection 
sites per individual muscle, dilution of 
each brand of botulinum toxin, and the 
use of electromyography. There are no 
studies available that adequately 
address these issues. The role of 
electromyography is controversial, with 
one study demonstrating an increased 
magnitude of improvement when a 

33muscle is targeted by EMG activity , but 
no confirmatory studies have been 

25,26done.

Currently, there is no evidence to 
indicate that one brand or serotype is 
superior to another. In patients who 
have developed secondary, antibody-
mediated resistance to the effects of 
serotype A may benefit from serotype 

34B.  However, it is essential to recognize 
that the dosing of serotype B should be 
based on the starting doses for that 
serotype without the use of any type of 
conversion factor. The lack of a dosing 
equivalency is also recognized for the 

cervical dystonia. However, several 
a g e n t s ,  i n c l u d i n g  l e v o d o p a , 
anticholinergic agents, baclofen, 
clonazepam, tetrabenazine, and a 
variety of muscle relaxants and 
ant iconvulsants have tr ied with 

29,30anecdotal reports of benefit.

The current state of Evidence: Seven 
Level-1 studies have established BoNT 
as an effective and safe treatment for 

27cervical dystonia.

a. A  Leve l -1  s tudy  found  tha t 
IncoBoNT-A in two doses (120 U or 
240 U) improved cervical dystonia 
from baseline to week 4 (p, 0.001) as 
measured by the Toronto Western 
Spasmodic Torticollis Rating Scale 

31(TWSTRS).

b. Two Level-1 studies randomized 
patients with CD to OnaBoNT-A 
(150-250 U) or RimaBoNT-B 
(10,000 U) and noted similar 
durations of effect and no significant 
difference in improved on Toronto 
Western Spasmodic Torticollis 
Rating Scale (TWSTRS) scores at 4 
weeks. Dysphagia occurred more 
frequently in the RimaBoNT-B 
group in both studies (48% vs. 19% 
in the first study and 16% vs. 14.5% 

25,26in the second study).

c. Level-1 study compared the effect 
of OnaBoNT-A 70 U –240 U with 
AboBoNT-A 240 U –720 U and 
observed no difference in the 
impairment of post-treatmentTsui 
(used for the assessment of the 
extent and duration of impairment 
in patients with cervical dystonia) 

32scores at 4 weeks.

d. Three long-term, prospective, 
o p e n - l a b e l  s t u d i e s  ( L e v e l -
IV)evaluated the clinical response of 
repeated injections of OnaBoNT-A 
and found persistent benefit for up 

27to 2 years.

Injection Techniques: Because the 
effect of botulinum toxin is to weaken 
the muscle, the overall principle when 
injecting the toxin is to know the 
functional anatomy of the neck and 
identify the particular muscles that are 
involved in the dystonic posture. Head 
postures associated with cervical 
dystonia include:

CHEMODNERVATION FOR CERVICAL DYSTONIA: A CLINICAL REVIEW
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conservat ive  t reatment  can  be 
provided, and it has to run its course 
without any specific treatment to 
reverse it.

Neck weakness begins around 1-2 
weeks after injection and may present 
as neck pain that differs from the 
dystonic pain. Patients will note that 
they have difficulty lifting their head 
from the pillow, or a sense that the head 
is unstable or will droop when bending 
forward. The risk is reported to be 
10%-20% in the studies but again with a 
wide range of severity, with most 
patients not functionally affected by it 
but few patients requiring supportive 
treatment with neck braces until this 

41wears off.  More severe weakness 
tends to last longer in duration. An 
underlying weakness of the muscles that 
were injected must be ruled out (such as 
myopathy). 

Response to Chemodenervation: 
Because CD is a life-time condition, and 
BoNT effects are transient, CD patients 
will require repeated injections at 
approximately 3-4 month intervals. 
Some patients will never benefit from 
injections and are called primary non-
re sponder s .  Th i s  occur s  mos t 
frequently in patients with structural 
abnormalities, such as contractures, or 
those with predominant anterocollis, in 
which the muscles are not safely 

42,43accessible for injection.  A secondary 
non-response is defined as the loss of 
benefit after a good initial response to a 
series of prior injections. Common 
causes for secondary non-response 
include injection of the wrong muscles, 
inadequate dosing, or unrealistic patient 
expectation. Repeated exposure to a 
foreign protein such as BoNT may give 
rise to the development of neutralizing 

44antibodies.

CONCLUSION

Cervical Dystonia is the most common 
form of focal dystonia and is a very 
disabling and painful condition affecting 
the quality of life. Chemodenervation 
with botulinum toxin injections is the 
most effective and established therapy 
for CD. Their use requires careful 
planning and familiarity with adverse 
effects to avoid complications and to get 
patients successful therapies.
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