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Cervical dystonia is a disease of the nervous system characterized by forcible discoordinated abnormal postures
of the head and neck. There are several approaches to the treatment of dystonia: conservative drug treatment,
botulinum therapy and neurosurgery. The latter includes deep brain stimulation, radiofrequency ablation, fo-
cused ultrasound, gamma knife. Literature data on this problem from open statistical and information databases
such as Web of Science, PUBMED, Movement Disorders Society; International Association of Parkinsonism and
Related Disorders were analyzed. Through a comparative approach, the advantages and disadvantages of mod-
ern approaches and interventions used in the treatment of cervical dystonia are noted. Among the modern
methods of treating cervical dystonia, there are a large number of approaches that improve the methods of
managing such patients. This review allowed us to summarize the experience of their application. A significant
growth of abilities of stereotactic techniques used in the treatment of cervical dystonia was also noted.
Keywords. Cervical muscular dystonia, focused ultrasound, deep brain stimulation, radiofrequency ablation,
gamma-knife, botulinum therapy.
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llepBuKanbHad UCTOHUA — 3200/IEBAHUE HEPBHON CUCTEMBI, XaPAKTEPU3YEMOE HACUIbCTBEHHBIMU JHCKO-
OP/IMHAPOBAHHBIMH, MATOJOTUYECKAMHU TI03AMHU TOJIOBBI U mer. TTopakas MpeuMyIecTBEHHO TPYA0CIOCco6-
HOE HACENEHHUE, 3300JIEBAHUE NIPUBOAUT K COLIUAIBHO-OBITOBOM JC3a/JalITALIIY, YTO ABJIIET COOOM aKTyalb-
HyI0 Ipo6eMy. Ha cerogHAmHuMii AeHb CyIecTByeT HECKOIBKO IIOXO/0B K JICYEHHIO IUCTOHNU — KOHCEPBa-
THUBHAA (PAPMAKOTEPATIHNA, GOTYIUHOTEPANHA U HEPOXUPYPTUYECKIE BMENIATEBCTBA, TAKAE KAK ITyOHHHAA
CTUMYJIALIUA T'OIOBHOI'O MO3I'4, PAAMOYACTOTHAA A6JALMSA, (POKYCUPOBAHHBII Y/IBTPA3BYK, FAMMa-HOX. Cpefu
UCIIOB3YEMbIX TIO/IXO/I0B CIEAYET BBIEAUTD Hauboee 3(h(PEeKTUBHbIE TEHACHIMH, TTOAXOAAIIME K YCIOBUAM
COBPEMEHHOIO JIEUEHU AUCTOHUH.

OCYILIECTBIEH aHAIU3 UMEIOLIEHCS IUTEPATYPBI [0 UCCIIEAYEMOI TEMATUKE U3 OTKPBITBIX CTATHCTUYECKUX U
uH(popMaMoHHBIX 6a3 AaHHBIX Web of Science, PUBMED, Movement Disorders Society; International Asso-
ciation of Parkinsonism and Related Disorders. [TocpeacTBoM KOMIApaTUBUCTCKOTO MOAXO/A OTMEUEHBI TIPE-
UMYIIECTBA U HENOCTATKU COBPEMEHHBIX IIOJAXOAOB U BMEUIATEILCTB, UCIIONB3YEMBIX IIPU JIEYEHNUH LIEPBU-
KAJIbHBIX IUCTOHUNA. Cped COBPEMEHHBIX METOJIOB JICUEHNUA 1[EPBUKATIBHBIX JUCTOHUI CYIIECTBYET 3HAYU-
TEJbHOE KOMMYECTBO MOJIXO/I0B, COBEPIIEHCTBYIOMMX METO/IBI MOMOIM TAKUM HAIMEHTaM. [IpUBEICHHbIN
00630p NO3BOMWI OOOOMIUTb ONBIT UX PUMEHEHHUA. TaK K€ Mbl OTMETHIM CYIIECTBEHHBIH POCT BO3MOKHO-
CTEl CTEPEOTAKCUYECKUX METOMK, CIIOMb3YEMbIX IPY JIEYUEHNH 1IEPBUKATBHON IUCTOHUU.

Kirouessie c1oBa. 1IepBUKUTbHASA MBITIEYHAS JUCTOHUS, (POKYCUPOBAHHBIN YABTPA3BYK, [TYOMHHASA CTUMY-

JIALA MO3I'4, PAJUOYACTOTHAS a0JIALIMA, TAMMA-HOX, O0TYIUHOTEPAIIHAL

INTRODUCTION

Cervical dystonia (CD) - this is a
common neurological syndrome character-
ized by involuntary contractions of the neck
muscles, leading to violent, uncoordinated,
twisting and repetitive movements with an
unnatural pathological position of the head
and neck, which is up to 50 % of all cases of
focal dystonia (according to Mark S. LeDoux,
S. Fahn [1]). Its prevalence in the population
is up to 30-60 cases per 100,000 people
[2]. The true pathogenetic mechanisms of
the disease have not yet been clarified.
A number of authors attribute a role to
anomalies in the processes of inhibition,
sensomotor integration, neural plasticity,
and disorders in the functioning of calcium
channels [3].

Clinically, cervical dystonia is classi-
fied according to the EFNS-MDS recom-
mendations using the Western Toronto
Spasmodic Torticollis Scale (TWISTRS)

depending on the presence of exogenous
or hereditary-degenerative genesis into
acquired and idiopathic forms, respec-
tively (the latter are associated with muta-
tions in the loci of the DYT family of
genes) [4]. Among the motor signs, pos-
tural and action patterns stand out, in-
cluding dystonic positioning of the head
and neck (torticollis, laterocollis, antero-
collis, retrocollis, anterocaput, retrocaput,
laterocaput, torticaput), dystonic tremor
(usually action tremor that does not stop
at the “zero point”). Among non-motor
symptoms, anxiety-depressive disorders
(48-53 % of patients, more among
women), muscle pain syndrome (97.5 %
of patients) were statistically significantly
distinguished [5; 6]. Some authors also dis-
tinguish dyssomnia, cognitive and emo-
tional disorders, emphasizing their pri-
mary implementation in the pathogenesis
of dystonia [7]. Pathognomonic specific
corrective gestures and movements (in-
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cluding when imagining them) are a result
of the inclusion of a sensory component
in the pathogenesis [8; 9].

Treatment of dystonia initially con-
sisted of physiotherapy and drug therapy,
including central anticholinergic drug,
muscle relaxants, benzodiazepines and
levodopa. Oral medications are usually in-
effective and have significant side effects,
so today the gold standard of treatment is
injections of chemodenervating botulinum
toxins type A (BTA), classic examples of
which are abobotulinumtoxin, inco-
botulinumtoxin and onabotulinumtoxin.
The use of BTA medications showed a sig-
nificant decrease in TWISTRS scores on
average from —12.9 to -3.2 (at the 4th week
and at the end of the cycle, respectively)
with an injection frequency of 3—4 months
[10; 11]. Their use in the treatment of spas-
ticity, depression, headaches, and other
conditions has also been described [12; 13].
According to the Cochrane review (17 = 1144),
when using botulinum toxins, the proven
improvement in the baseline TWISTRS
level (43.5 on average) ranges from 184
to 56 % (by the 4th week and by the end
of use, respectively). It is summarized that
the frequency of unsatisfactory results
largely depends on the anatomical verifi-
cation of the muscles affected by the
dystonic pattern, the starting dose of the
drug, the level of compliance, and the
presence or absence of the titer of neu-
tralizing antibodies.

Among the modern possible ways to
improve the results of botulinum therapy,
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it is possible to note the use of a combined
synergy of two methods — EMG assistance
and ultrasound navigation (the so-called
“double control” method), since up to 37 %
of unsuccesstul treatment cases depend on
inaccurate verification of target muscles
[14]. The technique allows to significantly
reduce the frequency of trauma to the vas-
cular-nervous bundles and increase the
frequency of precise injections, which sig-
nificantly increases the effectiveness of
therapy [15; 16]. It has been established
that the combination of the two tech-
niques is more effective than each taken
separately [17]. Also, experience of botu-
linum therapy using F18-FDG PET/CT
navigation data (n = 78) with a positive
response in 50 % of patients, a reduction in
symptoms assessed using the TWISTRS
Scale by more than 30 % (by 15.0 points,
respectively) has been declared. The ad-
vantages of PET navigation have made it
possible to predict the response to therapy
by assessing the degree of hypermetabo-
lism in muscles and visualize the deep
muscles of the neck [18]. “Functional iso-
tope navigation” has opened up prospects
for performing targeted surgical interven-
tions for selective denervation with
myotomy in cases of dystonia refractory to
botulinum therapy [19]. In a double-blind
randomized trial (n = 122), the use of
Tc99m-sestamibi SPECT also allowed iden-
tification of affected muscles with a sensi-
tivity and specificity of 93.2 % and 88.5 %,
respectively. It was shown that in the long-
term period, visualization improved the
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effectiveness with an assessment on the
TWISTRS Scale to —4.86 (95 % CI from —9.40
to —0.32; R = 0.036) in patients, compared
with the group where botulinum therapy
was carried out in the classical way. The
first documented experience of CT-assis-
tance with improvement of long-term
treatment results was given by Russian au-
thors [20]. The problem of the absence of a
pronounced effect in 20 % of patients is
explained by W. Poewe et al. by the un-
equal effectiveness of different dosages
(using placebo as an example), confirming
the best results of high starting doses at the
beginning of therapy, however, it is worth
remembering the precedents of general
reactions [21; 22]. In addition, methods of
combining therapy with BTA drugs with
venlafaxine are proposed, which correct
pain syndrome and compliance to a
greater extent and show positive treatment
dynamics [23]. O.R. Orlova et al. noted that,
in addition to the local synaptotropic ef-
fect of botulinum toxin, the reduction of
non-motor symptoms, in particular pain
syndrome, is associated with additional
central afferent mechanisms mediated by
retrograde axonal transport, which deter-
mines the effect on the sensomotor patho-
genetic component at the segmental and
suprasegmental level, which is confirmed
by the data of Z.A. Zaljalova et al. [7; 24].
The use of venlafaxine appears to enhance
these effects to a certain level, but the case
of its induction of dystonic symptoms
should be kept in mind [25]. It is known
that from 39 to 83 % of patients during the

treatment cycle experience a decrease in
the effect of BTA and a return of symptoms
on average at 10.5 weeks (with a 12-week
cycle), which leads to a decrease in satis-
faction with the results, low compliance
and, as a consequence, refusal to continue
therapy [26]. Thus, over time, control over
the severity of the disease is lost, worsen-
ing its form. Works with a small number of
observations on the different duration of
the effect of different forms of BTA drugs
have been published, which is important
for choosing the time of the subsequent
injection [27]. Several studies have noted
that additional injections into the inferior
oblique muscle may increase the subjective
improvement in patients' quality of life
[28]. It should be taken into account that
non-motor symptoms such as chronic pain
syndrome and anxiety-depressive disorders
(aggravated by alcohol consumption), of-
ten accompanying CD, significantly affect
the subjective perception of the effective-
ness of botulinum therapy, for example,
pessimistically assessing its results [4; 29].
Despite the effectiveness of botulinum
therapy and significant experience in its
use, some patients do not achieve stable
control of the disease symptoms or develop
individual refractoriness [30]. In addition,
the treatment is not without significant
drawbacks. These include the need for peri-
odic injections (every 3-4 months), and
unequal effectiveness in various forms of
CD, such as anterocollis, retrocollis, and
shift. Up to 46.5 % of patients refuse therapy
due to the development of muscle weak-
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ness, dysphagia, dry mouth and headache
[31]. This leads to the consideration of neu-
rosurgical interventions in the maintenance
of patients with CD.

The first surgical operations, dating
back to the 19th century, usually included
posterior rhizotomy according to Foerster,
unilateral or bilateral transection of motor
or sensory roots, or decompression of the
accessory nerve [32]. They were used only to
a limited extent due to such known com-
plications as high mortality and, at the same
time, low efficiency. The experiments of
W. Hess and R. Hassler, who used functional
pallidotomy in the area of Forel's H1 field
and thalamotomy in the projection of the
ventrooral, ventrointermedial nuclei, and
the internal nucleus of the globus pallidus
(GPi), opened the era of stereotactic inter-
ventions in dystonia [33].

DEEP BRAIN STIMULATION (DBS)

This is deep brain stimulation — a cur-
rently widely used invasive implantation
procedure for high-frequency chronic stimu-
lation in focal, segmental, cervical and gene-
ralized dystonias. It involves the presence of
a subcutaneous stimulator installed on the
anterior chest wall, acting on the target of
interest through inhibitory stimulation, as
well as through action on Al-adenosine re-
ceptors, desynchronizing pathological im-
pulses of nuclei, while allowing for correc-
tion of the supplied frequencies and partial
control of the symptoms of the disease. Also,
through the neuromodulatory effect, a local
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change in metabolism occurs, which has a
therapeutic effect due to the influence on
neuroplasticity processes. The main target
for cervical dystonia is the pallidothalamic
tract (PTT), the ventrointermediate nucleus
(Vim) (in dystonic tremor) and ventrooral
nucleus (Vo).

Retrospective studies conducted in
2012 described the analysis of positive re-
sponses after the DBS-GPi procedure for
primary idiopathic segmental dystonia at 6
months, 3 and 5 years, respectively, in 83,
94 and 81 % of adult patients (n = 40) with
a reduction in symptoms according to the
Burke — Fahn - Marsden Dystonia Rating
Scale (BFMDRS or BFM) by 54.5, 49.4 % [34].
The mentioned analysis also included data
from a French multicenter study (Stimula-
tion du Pallidum Interne dans la Dystonie,
SPIDY) (n = 31). These included a corre-
sponding response rate after surgery of 67
and 60 % at comparable 3- and 5-year ex-
amination and a regression of dystonia
symptoms of 44.8 % in the first 6 months
and 67.0 % by the end of long-term exami-
nation. Using the same scales, other authors
obtained improvements in treatment re-
sults, assessed using quantitative scales by
09 and 79 %, respectively [35].

Studies comparing the outcomes of
patients who underwent DBS intervention
(n = 102) reported an improvement of at
least 20 % from baseline in the motor por-
tion of the Toronto Western Spasmodic
Torticollis Rating Scale (TWSTRS) [30].
Studies comparing the outcomes of pa-
tients who underwent DBS intervention
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(n=102) reported an improvement of at
least 20 % from baseline in the motor por-
tion of the Toronto Western Spasmodic
Torticollis Rating Scale (TWSTRS) [36]. In
combination with the indicators of pain
syndrome severity and the relative de-
crease in the severity of CD according to
other subscales and the comparative evi-
dence of effectiveness with DBS imitation,
the results allow us to present this study as
clinically successful. The complications
from bilateral implantation reported by the
authors include a smaller proportion of
affected patients from the total number
(36 %), but, among other things, are sup-
plemented by postoperative stroke and
hemiparesis. When comparatively analyz-
ing the results of 24 non-conforming stud-
ies (n = 532) with patients of comparable
age and duration of observation, it is pos-
sible to conclude that the intervention is
effective, since a decrease in the median on
the BFMDRS Scale by 58.6 % was noted af-
ter 6 months (with the greatest effect of
51.8 % in those operated on with primarily
generalized and focal cervical forms) and
05.2 % after 3 years, respectively (40 and
70 % are similar for the TWSTRS Scale)
[37]. The complications listed in the cited
works included both correctable (elec-
trode fracture, technical malfunctions) and
other complications in the form of bleed-
ing; however, it is necessary to take into
account the comparatively smaller propor-
tion of dysarthria and dysphagia when ex-
trapolating their frequencies to the spec-
trum of pallidotomy complications. As in

previous studies, the need for careful selec-
tion of patients was indicated, since there
is a strong relationship between young age,
onset and severity of the condition accord-
ing to the analyzed scales. Recent analytical
reviews on cervical dystonias highlight ar-
ticles comparing the use of GPi and effects
on the subthalamic (STN) nuclei. But if we
compare the effectiveness of the opera-
tions (while extrapolating metadata to
2020) with the reduction of symptoms ac-
cording to the Western Toronto Scale, then
based on the data obtained in 59 and 60 %,
we can conclude that they are equally ef-
fective. DBS has proven itself as a method
that provides the ability to modify adjust-
able parameters individually for each pa-
tient with subsequent regulation of clinical
symptoms over time. As a rule, the clinical
phenotypes of laterocollis and torticollis
are the most favorable in terms of response
to stimulation, while retcollis and shift
forms have a very controversial prognosis,
since the above-mentioned works contain
indications of complications occurring
with a fairly high frequency.

The main disadvantages of DBS are the
need for periodic replacement or recharging
of the electrostimulator batteries depending
on the value of the frequencies set, the need
to select a stimulation program, the inva-
siveness of the procedure, the high cost of
the necessary equipment and the installation
of foreign implants, which do not exclude
complications such as 04 % mortality. This
causes a mixed attitude towards the results
of this method among a number of authors.
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RADIOFREQUENCY ABLATION (RFA)

This is a medical procedure that is a
minimally invasive technique based on the
transmission of radiofrequency alternating
current using a needle probe into various
anatomical structures with subsequent ir-
reversible destruction. The essence of the
method is to create a lesion by means of
heat through an intracranial insulated elec-
trode (except for the tip). The electric field
between the two electrode contacts oscil-
lates and causes nearby ions in the electro-
lyte medium to move back and forth in
space with the same frequency. The tissues
are heated by friction generated by the
radiofrequency oscillations of the ions,
which results in tissue heating and induces
damage to the area of interest. The target
structures for RFA operations are the ven-
troral, ventrointermediate nucleus, palli-
dothalamic tract and GPi. The results of
treatment of patients with primary dysto-
nia using RFA after unilateral pallidotomy
and contralateral pallidothalamic tracto-
tomy are presented, where the presented
results in 6-month dynamics, assessed us-
ing the BFMDRS Scale, showed a reduction
in symptoms by 88.6 % [38]. The authors
summarized the decisive role of bilateral
ablation, with a few exceptions such as
laryngeal symptoms, citing the experience
of previous studies with achieved results of
reduction in BFMDRS scores after 6
months, 5 and 10 years by 70.5; 45.7 and
31.1 %, respectively. Cases of cervical
dystonia have been described, the symp-
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toms of which regressed along with pain
syndrome in up to 90 %, while the need for
other supportive therapy was completely
eliminated [39]. Recently, several relevant
CT-guided studies have been reported, one
of which was cited as a successful treat-
ment option with a symptom reduction
assessed by the BEMDRS of 77.4 % [40].
However, when analyzing data from a
few interventions, episodes of facial paresis
are reported due to local impact on adja-
cent targets. Common complications of
RFA include intracerebral hemorrhage,
damage to nearby structures directly dut-
ing the procedure, and a high risk of surgi-
cal infection. The RFA technique is an al-
ternative for the treatment of cervical
dystonia when DBS is contraindicated.

GAMMA KNIFE ABLATION (GKA)

[t is a radiosurgical procedure using
the isotope cobalt-60, which emits a
known number of gamma radiation
beams that converge on the target of in-
terest with high precision. The technique
uses ionizing radiation without the need
for invasive electrodes, thereby reducing
the risk of infectious complications. At
the isocenter, the beams create a high
total radiation dose, which is corrected
by collimators and sectors of different
sizes, ensuring high targeting accuracy
using the Elekta system. The mechanism
of ablation action consists of damaging
the DNA of the target cell and creating a
focus of radiation necrosis. This allowed
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the method to be successfully applied in
neuro-oncology. A relatively small num-
ber of cases of dystonia treatment using
this approach have been published.
However, a pooled review of the use of
GKA in 16 patients was reported, of
which only 30 % achieved significant im-
provement [41]. These results are not suf-
ficient to recommend gamma knife the-
rapy, but it may be an option in certain
patient groups, particularly those with
coagulopathies, cardiovascular disease,
and the elderly.

FOCUSED ULTRASOUND UNDER MAGNETIC
RESONANCE GUIDANCE (MRGFUS)

The greatest emphasis today is placed
on the use of focused ultrasound under
magnetic resonance guidance (MRgFUS) —
a technology for non-invasive ultrasound
surgical intervention without the use of ion-
izing radiation and foreign implants. It al-
lows the creation of a thermal ablation focus
with a precision of up to 1 mm by focusing
beams of high-intensity ultrasound energy
under MR guidance through bone tissue,
reaching deep-lying nuclei and structures,
creating a thermal ablation and cavitation
effect. This method involves a step-by-step
effect on the selected area with subtherapeu-
tic and therapeutic temperatures (45° and
55-60 °C, respectively, under the control of
MR thermometry), the result of which is a
formed zone of coagulation necrosis. An-
other feature of the method is the constant
monitoring of the patient’s symptoms, while

the patient remains conscious throughout
the entire operation.

Despite the small number of studies
devoted to high-intensity ultrasound, a ret-
rospective analysis of the treatment results
of 13 patients with cervical dystonia was
presented. The study reported a decrease
in TWSTRS scores from 22 before treat-
ment to 6 points after. In 4 patients, bilat-
eral Vo-thalamotomy with PTT-tomy was
used, while in the rest, depending on the
dominant symptoms, one target or a com-
bination was selected. Overall, 70.6 % im-
provement was achieved [42]). No serious
complications related to the surgery were
noted, except for one case of logorrhea
and micrographia that regressed after three
weeks. In 2017, a 6-month observance of
three cured patients with cervical dystonia
and dystonic tremor was reported [43]. The
use of ultrasonic thermocoagulation of the
Vim nucleus with Morel mapping resulted
in a decrease in scores on the BFMDRS
Scale from an average of 150 + 3.0 to
8.0 = 2.0 against the background of minor
paresthesia of the lip, which regressed be-
fore the end of the study.

In addition to such contraindications to
the operation as excessive thickness of the
skull bones due to aberration of the rays and
excessive heating of the tissues, there is a
significant attachment mainly to the deep
structures of the brain, since this reduces the
accuracy of focusing. Another disadvantage
worth mentioning is the small number of
authorized centers involved in MRgFUS, due
to the high cost of their initial establishment.
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CONCLUSIONS

Dystonia remains a current problem
that requires various treatment methods.
The effectiveness of botulinum therapy
undoubtedly depends on the accuracy of
intramuscular injection, which has been
greatly improved by various navigation and
monitoring methods. Individual selection
of dosages and injection cycles with cor-
rection of pain syndrome and emotional
background of the patient allows to in-
crease the level of compliance and, possi-
bly, slow down the progression of cervical
dystonia. The presence of a course of this
form of dystonia that is refractory to
botulinum therapy forces us to resort to a
surgical array — from radiofrequency and
gamma knife ablation, deep brain stimula-
tion to the use of focused ultrasound.
Among modern interventions, DBS occu-
pies a strong position as the most studied
invasive method with additional effects
from the stimulation therapy produced
with comparable results in the reduction
of dystonic patterns. When comparing
non-invasive techniques, the best results
were achieved using MRgFUS, which was
confirmed in studies showing greater effi-
ciency and less positioning error than
when using RFA. Imagine the small number
of documented cases of treatment of cervi-
cal dystonia by the MRgFUS method, which
is rather associated with a short period of
clinical use due to the novelty of the tech-
nique. It is worth considering that, if there
are indications, the use of GKA and RFA,
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which can be effective in certain groups of
patients, is not excluded.
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