
Journal of Behavioral and Brain Science, 2021, 11, 49-57 
https://www.scirp.org/journal/jbbs 

ISSN Online: 2160-5874 
ISSN Print: 2160-5866 

 

DOI: 10.4236/jbbs.2021.112004  Feb. 22, 2021 49 Journal of Behavioral and Brain Science 
 

 
 
 

Ultrasound and Electromyography as Guidance 
Tools for the Botulinum Toxin Therapy in 
Cervical Dystonia 

G. Salazar*, S. Ferreiro, M. Fragoso, J. Codas, H. Cruz 

Department of Neurology, Consorci Sanitari de Terrassa CST, Terrassa, Barcelona, Spain 

           
 
 

Abstract 
Cervical Dystonia (CD) is the most common type of focal dystonia in the 
movement disorders units of any specialized hospital around the world. Botu-
linum Toxin (BT) infiltration is the treatment of choice for CD, according to 
most of the experts around the world, however the efficacy and tolerance of 
BT therapy in CD depend on the accuracy when BT is released into the mus-
cles. We reviewed the medical literature in regard to the use of guiding tools 
for the BT infiltration in CD patients. Results: The use of guiding tools such 
as Ultrasound or EMG definitely improves the accuracy for releasing the BT 
into the muscles involved according to some authors. Conclusion: the use of 
Ultrasound and EMG improves the efficacy and reduce the adverse effects in 
the BT therapy in CD patients. 
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1. Introduction 

Cervical Dystonia (CD) is the most common type of dystonia attended in the 
movement disorders units around the world [1] [2]. Botulinum Toxin (BT) in-
filtrations have shown to improve the abnormal posture and also reduce the 
pain related to the CD [3] [4] [5]. The efficacy and the adverse effects of the BT 
therapy in CD depend on the accuracy when the BT is released in the muscles 
involved in the abnormal movements [6] [7] [8] [9]. According to some au-
thors, the efficacy of BT infiltration also depends on the use of guiding tools 
such as Ultrasound, EMG or electrical stimulation in order to improve the accu-
racy in the muscles involved [9] [10] [11] [12]; Nevertheless, there is few infor-
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mation published in the medical literature in regard to this issue. We review in 
this article some of these techniques used nowadays as guiding tools in the BT 
infiltration in CD patients and describe the advantages and disadvantages of all 
of them. 

2. The Concepts of Caput and Collis and How These Concepts  
Suggest the Use of Any Guiding Tool in the Botulinum  
Toxin Infiltrations for Cervical Dystonia Patients 

The common classification of CD, according to the phenomenology of the abnor-
mal movements, states four types of CD (Torticollis, Laterocollis, Anterocol-
lis, Retrocollis) [13]. However, this CD classification could be inadequate ac-
cording to more recent publications of the same authors [14] [15] [16]. When 
the concepts of Caput and Collis were introduced in the neck muscles phe-
nomenology of cervical dystonia, the understanding of the muscles involved in 
the abnormal postures in CD patients clearly changed for the majority of au-
thors. Despite the fact, the direction of the head is similar in both conditions, the 
muscles involved are partially different and these differences can determine the 
muscles targets to be infiltrated changing the efficacy and the adverse effects de-
pending on the muscles target chosen. 

The concept of Caput is referred to the movement of the head with few or not 
neck compromise, whereas the concept of Collis is referred to both, neck and 
head movement simultaneously, for this reason, the muscles involved in Caput 
and Collis are partially different and the rationale before deciding what muscles 
targets must be infiltrated change depending on Caput or Collis dystonic post-
ure.  

In regards to this classification, we have to consider the alignment of some 
anatomical points of reference such as the nose, the chin, the larynx and the cer-
vical/thoracic spine angle, therefore, we can observe 4 possibilities in the caput 
sub-group: (Torticaput, Laterocaput, Anterocaput y Retrocaput); Torticaput 
(head rotation) implies the non-alignment of the nose with the middle of the la-
rynx, observing the larynx at the middle of the neck whereas the nose is observed 
in another lateral plane towards the side where the head is rotated, in the case of 
Laterocaput (lateral head deviation) which implies also the non-nose and larynx 
alignment observing the larynx at the middle of the neck whereas the nose is 
observed in a lateral side where the head is lateralized. In the case Anteroca-
put/Retrocaput there is no angle in the cervical and thoracic spine line as you 
can observe in the picture (Figure 1). 

On the other hand, in the Collis sub-group, we can also observe 4 other possi-
bilities, the first one: Torticollis which is the head and neck rotation with the 
alignment of the nose and larynx; Laterocollis: the head and neck lateral devia-
tion with the nose and larynx alignment; in the cases of Retro/Anterocollis 
there is an angle in the cervical and thoracic spine line, look at the Figures 
(Figure 1). 
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Figure 1. Cervical dystonia classification: caput and collis concepts. 
 

CD patients can also show more complex abnormal postures, 60% of CD 
patients show only Collis or Caput isolated dystonic postures, however the other 
40% of patients show combination of both, Caput and Collis or many other 
combinations of the aforementioned abnormal cervical postures. Having said 
that, it is easy to understand that the experts around the world have been using 
different guiding methods in the past two decades, in order to achieve adequate-
ly the muscles involved in the CD in order to release accurately the BT in the 
appropriate muscles involved in the dystonic posture, improving the efficacy and 
avoiding the adverse effects associated to the inadequate BT placement in cervic-
al dystonia patients. 

3. Guidance for Botulinum Toxin Infiltration in Cervical  
Dystonia Patients. Why Should We Use One of Them? 

Manual Needle Placement (MNP) has been traditionally the most commonly 
used guiding method to infiltrate BT in CD patients [17] [18]. This technique 
consists in the muscle palpation, recognizing the possible muscles involved in 
the phenomenology of the dystonic posture, also taking into account some ana-
tomical landmarks to identify the muscles targets ensuring the BT is released in 
the adequate muscle; nevertheless, according to some authors, this technique 
requires a deep knowledge of the neck anatomy and it’s logically affected for the 
physical characteristics of every patient, therefore, the accuracy and the adverse 
effects change substantially depend on the experience of the evaluator and due to 
the patient´s neck particular anatomy. Probably this technique has the advantage 
of saving time in the procedure, however there is an enormous limitation to 
identify adequately the muscles targets in the case of complex CD and even more 
when patients show short and fatty necks representing a challenge for the physi-
cian to infiltrate BT accurately and safety. 

Other guiding methods such as Electrical Stimulation (ES), Electromyo-
graphy (EMG) and Ultrasound (US) have also been reported successful for BT 
infiltration in spastic patients as well as in CD patients according to some au-
thors [19] [20] [21] [22]. 

The efficacy of BT infiltrations in CD has been reported from 60% to 70% de-
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pending on the series published [8] [9] and the adverse effects associated to BT 
infiltrations such as dysphagia, neck weakness and pain in the infiltration points 
are also commonly reported and such adverse effects have been traditionally re-
lated to more complex cervical dystonia sub-types [10] [11], because in such 
cases a bigger variety of muscles are simultaneously involved in the abnormal 
posture, therefore, the evaluator frequently faces serious difficulties to decide 
what muscles must be infiltrated and also avoiding other anatomical structures 
(nerves and vessels) then after ameliorating the side effects. The spreading of BT 
to other undesirable muscles (pharyngeals), near to the lateral cervical muscles 
(sternocleidomastoids and scalenus), is the cause of dysphagia in most of the CD 
patients; on the other hand, the cervical weakness after BT infiltration has also 
been related to the spreading of BT to deeper neck flexors muscles mainly in the 
posterior cervical region such as in multifidus muscles group. As we can see, the 
lack of accuracy of the BT infiltration is the most important point to take into 
account in regard to the efficacy and adverse effects in CD dystonia patients after 
BT infiltration as aforementioned, therefore there is a consensus between the 
authors, in the use of any kind of guiding tool, in the BT infiltration of CD dys-
tonia patients in which the physician feels comfortable and familiarized. 

Nowadays, most of the authors propose the use of EMG or US as guiding tools 
to infiltrate BT in CD patients; Electrical stimulation is still used for some groups 
in patients with spasticity in upper and lower limbs however it is not used in 
cervical dystonia. We will specifically describe the useful of EMG and US in CD 
patients as the most common techniques used as guidance tools in the BT ther-
apy in CP patients 

4. EMG as Guidance in the Botulinum Toxin Infiltration in  
Cervical Dystonia 

Studies using electromyographic needle in the evaluation of CD patients have 
revealed that clinical examination alone is insufficient for determining which 
muscles contribute to the dystonic movement [21]. When compared to needle 
Electromyography (EMG), movement disorders specialists correctly identified 
only 59% of active muscles. The selection of incorrect muscles for injection of 
Botulinum toxin may explain why some patients have a sub-optimal response 
and show adverse effects [21] [22]. 

The significance of electromyography guidance in BT treatment has been much 
debated for so many years, however some authors have shown that patients treated 
guided by EMG, clinical outcome, was better than in patients treated based on 
clinical judgement alone (p = 0.05), concluding that treatment with BT guided 
by EMG results in better clinical outcome than treatment without EMG and re-
duces the amount of BT used [21]. On the other hand, it is well-known that 
EMG activity commonly changes and is reduced as a result of the BT activity on 
the motor ending and the reduction of the EMG overactivity usually represents a 
problem for future infiltrations because the overactivity helps us to decide the 

https://doi.org/10.4236/jbbs.2021.112004


G. Salazar et al. 
 

 

DOI: 10.4236/jbbs.2021.112004 53 Journal of Behavioral and Brain Science 
 

best place where botulinum toxin should be infiltrated, therefore it represents a 
limitation for the EMG as a guidance in patients who need continuous botuli-
num toxin infiltrations [22]. As long as EMG can guide us to infiltrate the most 
overactive muscles, it cannot help us to avoid important anatomical cervical 
structures such as blood vessels (vertebral artery, carotid artery or jugular veins) 
or common nerves such as cervical plexus or vagal nerve or C2 nerves when up-
per cervical muscles are involved in the abnormal posture. Therefore, it´s im-
possible to visualize this anatomical structure and there is a high risk of injure 
them representing another important limitation of EMG as a guiding tool for 
botulinum toxin infiltration mainly in complex cervical dystonia [23] [24]. 

5. Ultrasound as a Guidance Tool in Cervical Dystonia 

Ultrasonography (US) allows non-invasive, real-time imaging of muscular and 
glandular tissues and their surrounding structures. It can visualize, guide, and 
standardize the entire procedure of Botulinum toxin application. Small, rando-
mized studies suggest that US-guidance can improve therapeutic efficacy and re-
duce adverse effects of Botulinum therapy when compared to conventional place-
ment [8] [9] [10] [19] [20]. US-guidance should be used in forearm muscles 
when functionality is important, and in selected cervical muscles in complex 
cervical dystonia.  

In regard to ultrasound as a guidance to infiltrate muscles in cervical dystonia, 
we want to mention three important aspects to take into account when the mus-
cles targets are analyzed:  

1) The phenology of the dystonic movements; 2) The muscle hypertrophy and 
3) The echo-hyperintensity of the muscles involved in the dystonia. 

In regard to the phenomenology, US allows us to identify the muscles which 
previously have been clinically identified and related to the abnormal postures 
(Torticaput, Torticillis, Lateraocaput, Laterocollis or some of them in com-
bination) [8] [9] [10] [15] [16]. Concomitantly, the muscle hypertrophy points 
out the most overactive muscles involved in the abnormal posture, whereas the 
muscle hypertrophy is greater the muscle overactivity is also greater; we deter-
mine the thickness of the muscle and compare it with the same contralateral 
muscle in order to determine the muscle trophism (Ex. the right splenium with 
the left splenium muscle). Finally, With US, enhanced echo intensity (EI) represents 
changes caused by increased intramuscular fibrous and adipose tissue for mul-
tiple causes already reported for some authors [25] [26] [27] and the muscle 
echo-hyperintensity also has been related to the hyperactivity that a muscle could 
have been experienced in a dystonic posture. These three points could be helpful 
when we analyze the neck muscles to infiltrate BT in cervical dystonia patients 
using US as a guidance tool. In regard to the adverse effects, US as a real time 
imaging technic visualizes nerves and vessels as we mentioned before avoiding 
important injuries on anatomical structures such as the cervical plexus or the 
jugular vein; as a disadvantage, the muscles functionality is not well-evaluated as 
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it can be done with EMG, nevertheless some indirect signs such as muscle hyper-
trophy and the muscle echo-hyperintensity can be helpful to adequately identify 
the most hyperactive muscles [28] [29]. 

6. Discussion 

Cervical dystonia patients are commonly attended in specialized movement dis-
orders units around the world [14] [17], those patients frequently represent a 
therapeutical challenge because the complexity of the muscles involved in the 
abnormal posture and the anatomical difficulties in many cases of CD. Botuli-
num toxin infiltrations have shown to be effective to reduce the pain and the 
abnormal postures on these patients (5). However, the adverse effects and the ef-
ficacy of BT infiltrations have been reported with important differences de-
pending on the series published in the medical literature. The Guidance tools for 
BT infiltrations in CD patients are not always used in some movements disord-
ers units giving preference to manual needle placement, despite the better results 
showed with the use of guiding tools such as EMG and US [9] [17]-[22]. The 
accuracy of BT infiltrations clearly decreases when the guidance tools are not 
used in the BT therapy for CD patients therefore the efficacy decreases and the 
adverse effects such as dysphagia and cervical weakness clearly increase in most 
of the series published in the medical literature [8] [9] [20]. 

In the case of EMG, the efficacy is directly related to the overactivity of the 
muscle ending plate, giving excellent results in CD patients who also show 
spasms and tremor among the dystonic posture. However, this electric overac-
tivity is progressively reduced due to repetitive BT infiltrations, furthermore the 
EMG usefulness is limited in the case of complex cervical dystonia patients where 
multiple and deeper cervical muscles are involved because the complexity of the 
abnormal posture represents a high risk of injuring noble structures such as cer-
vical vessels and nerves is a real.  

Ultrasound as a guiding tool for Botulinum toxin therapy has been used widely 
in the last 10 years, mainly in spastic patients improving results in efficacy and 
tolerance with an important level of scientific evidence. In CD patients, US al-
lows an exact release of BT in the muscles really involved in the abnormal post-
ures avoiding important anatomical structures and adverse effects among better 
results which have been reported for many experts dedicated to movement dis-
orders [9] [17] [18] [20] [21] [23]. However, randomized, cross over, parallel 
control studies are still needed meanwhile the US devices are technically im-
proved every year, nevertheless this technical improvement must have an impact 
in an easier training for physicians in order to understand and handle better the 
US devices and improving the efficacy and tolerance of BT therapy in CD pa-
tients.  

7. Conclusion 

BT infiltrations for CD patients are performed with or without guidance tools 
depending on the experience of specialist dedicated to movement disorders. 
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Manual Needle placement with muscle localization (no guidance) is probably the 
most common method still performed for BT therapy elsewhere, however other 
guidance methods such as EMG and US have shown more accuracy and less ad-
verse effects and should be performed to improve the results and reduce adverse 
effects according to the majority of experts around the world; the choice of the 
guidance tool depends on the technique in which the physician is familiarized 
and feels comfortable, however the new developments of software and better 
images point out the ultrasound as a preferent choice for the new generations of 
physicians involved in the BT treatment for CD patients. 
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