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Introduction
Dystonia is one of the most common movement disorders in which 

abnormal, repetitive muscle contractions occur, frequently causing 
twisting movements or incorrect body posture [1]. The pathogenesis 
of primary dystonia is not fully understood. Although neuropathologic 
studies did not reveal consistent abnormalities, electrophysiologic 
and neuroimaging findings point towards disinhibition and 
overactivity of the frontal motor cortical areas caused by an altered 
basal ganglia outflow [2,3]. The probable cause is the dysfunction 
within neuronal circuits involving subcortical nuclei, thalamus, motor 
cortex and cerebellum [4-7]. The relative contribution of specific 
neurotransmitters and pathways is intensively studied but has not 
been established yet [8-11]. One of the proposed pathomechanisms 
is the deficiency or dysfunction of ATP-dependent Menkes protein 
responsible for the extracellular transport of copper within subcortical 
nuclei, the lack of which could lead to increased accumulation of 
copper in the lenticular nucleus [12-14]. Accordingly, decreased levels 
of mRNA for Menkes protein and reduced copper concentrations 
were found in peripheral blood lymphocytes of patients with cervical 
dystonia [15]. Other hypotheses emphasize the effect of concomitant 
moderate accumulation of manganese [13,16].

Primary dystonia is diagnosed based on medical history, 
neurological examination and lack of observable brain abnormalities 
on neuroimaging [17]. Specificity of diagnosis is impeded, however, 
by the lack of biological marker.  The usefulness of transcranial 
sonography (TCS) in the detection of structural abnormalities within 
basal ganglia was shown for the first time in 1995, when Becker et 
al. [18] reported on specific abnormalities within substantia nigra of 
patients with Parkinson disease (PD). Neuman [4] was the first to 
report ultrasonographic changes of lenticular nucleus in idiopathic 
dystonia in 1996. Since then, TCS of subcortical nuclei has become an 
active field of research. Based on previous literature and present results 
we now hypothesize that LN hyperechogenicity may be an ultrasound 
feature of all cervical dystonia.
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The objective of our study was therefore to evaluate the prevalence 
of hyperechogenic changes in lenticular nucleus of the brain in patients 
with cervical dystonia.

Research Methodology
The case-control study included patients with primary cervical 

dystonia and a control group of healthy volunteers. Patients were 
recruited from subjects treated between 2012 and 2017 in the 
Department of Neurology. All patients were diagnosed with primary 
cervical dystonia in accordance with the guidelines of European 
Federation of Neurological Society (EFNS) [17]. Healthy volunteers 
were recruited from inpatients and outpatients of our clinic and 
included neurologically normal persons, without signs and symptoms 
of movements or postural abnormalities, and without a history of 
neurological disease.

We excluded all individuals with a history of vascular, metabolic or 
traumatic injuries of central nervous system, patients with the history 
of perinatal health problems, those with abnormal neuroimaging 
results, patients with suspected drug-induced dyskinesia and those 
with opacity of temporal windows. One-hundred and eight patients 
were considered eligible for inclusion; 42 of them were subsequently 
excluded due to above-mentioned reasons. Thus, the study involved 
66 patients and 71 controls. The study was conducted in accordance 
with the Helsinki Declaration and the study protocol was approved 
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Analyses were performed using the statistical software package, 
STATISTICA 13 Dell Inc. Results with P value < 0.05 were considered 
statistically significant. Pearson’s correlation coefficient was 
calculated to determine potential correlations between region of LN 
hyperechogenicity and duration of the disease, TWSTRS scale, the 
duration of treatment or the age of patients and between the width of 
third ventricle and the age of patients. Test Z was used for 2 population 
proportions.

Results
Finally, from among the 108 patients, after excluding patients who 

did not meet the inclusion criteria, 66 patients with primary cervical 
dystonia were admitted to the study. The control group consisted of 
71 people. The average age of patients was 52,84 ± 14,45, in the control 
group: 53,52 ± 14,35; range: 20-80. The duration of the disease was 
10,71 ± 10,45 years; women dominated in the material: 2,1:1 in the 
dystonia group and 1.6:1 in the control group (Table 1). No statistical 
differences were found between both groups (p=0.88). The clinical 
image of movement disorders assessed by means of the TWSTRS scale 
in the group of patients was on average 28.21 (SD ± 13.59) and for 
individual components of the TWSTRS was as follows: Part I: 14.08 
(SD ± 5.93), Part II: 10.10 (SD ± 6.71), Part III: 4.08 (SD ± 3.86). In the 
case of all patients, dystonia was stationary in nature and the observed 
fluctuations of severity of symptoms accounted for the effect of BTX 
treatment. The patients were treated with BTX for 5.8 years on average 
(SD ± 4.9; range: 1–20 years) and most of them showed significant 
improvement after BTX treatment.

Age and sex ratios of 66 patients and 71 controls, as well as clinical 
characteristics of dystonia (duration of the disease and severity of 
dystonia assessed with TWSTRS scale) are provided in Table 2. It was 
unilateral in majority of patients (75.76%). Hyperechogenicity of the 
right lenticular nucleus was more often seen in patients with head 
rotation to the left (p>0.01) but no other association between the 
direction of dystonic movement and location of changes was observed, 
although the hyperechogenicity contralateral to the direction of 
rotational dystonic movement was more common in absolute values. 
Hyperechogenic changes in lenticular nucleus were found in 8 controls 
(11.27%); they were unilateral in all cases.

Average SN surface area in cervical dystonia was 0.10 ± 0.08 cm² on 
the right side and 0.09 ± 0.05 cm² on the left side, and average SN surface 
area in control group was 0.08 ± 0.03 cm² on both side (p>0.005). The 
surface area of the hyperechogenic changes was respectively 0.10 ± 0.12 
cm² on the right side and 0.05 ± 0.10 cm² on the left side and they were 
significantly different from the changes observed in the control group 
with 0.004 ± 0.02 cm² on the right side and 0.005 ± 0.025 cm² on the 
left side (Table 3).

by the Local Ethics Committee. Each participant signed a consent 
form to participate in the study. The severity of dystonia was assessed 
clinically with the Toronto Western Spasmodic Torticollis Rating Scale 
(TWSTRS). Each patient had performed complete blood count, blood 
chemistry, as well as serum concentration of ceruloplasmin, ferritin, 
copper and iron. Either magnetic resonance imaging or computed 
tomography was also performed in each patient.

Ultrasound examinations were conducted during routine visits of 
patients who were treated with botulinum toxin within the treatment 
programme of the National Health Fund. Ultrasound assessment 
of subcortical brain structures was performed by a neurologist 
holding 10 years of experience in the field of transcranial ultrasound 
examinations and blinded to the relevant clinical data. The ultrasound 
examination was performed in a separate room with the use of Aloca 
Alpha Prosound 6 and according to the procedure recommended by 
the European Society of Neurosonology and Cerebral Hemodynamics 
of May 2004 [19,20].

The examination was carried out bilaterally through the parotid 
temporal windows determined by connecting the top of the orbit 
and the upper end of the auricle. A 2.3 MHz probe was used, with  
a maximum penetration depth of 14-16 cm from the temporal bone 
window, so as to obtain the midbrain cross section (butterfly-shaped 
image) and the cross section of hyperechogenic adjacent structures of 
the basal cisterns. The obtained scan was enlarged twice and then, after 
manual selection, automatic ipsilateral measurement of the surface area 
of substantia nigra was performed. Hyperechogenicity of substantia 
nigra was defined as an area equal to or larger than 0.20 cm2 [20].

Similarly, in the horizontal projection of the third ventricle, a 
contralateral surface area measurement of hyperechogenic changes 
in the structures of the lenticular nucleus was made. Hyperechogenic 
changes were defined as areas of echogenicity which was similar or 
increased in comparison with the perimesencephalic cisterns [20]. 
Measurement of obtained hyperechogenic structures in the lenticular 
nucleus, as in the case of the substantia nigra, was selected manually, 
while surface area measurement was performed automatically.

Statistical Analysis
In order to select an adequate statistical test for the comparison of 

the studied groups, the Kolomogorov-Smirnov test will be performed. 
In cases where the test results indicated deviations from the normal 
distribution, the Mann-Whitney U test was used and a nonparametric 
alternative to the analysis of variance in the form of Kruskal-Wallis 
test with the Dunn post-hoc test was used. In cases when the test 
results indicate that the tested sample meets the conditions for normal 
distribution and homogeneity of variance, the student’s t-test and 
ANOVA analysis were used, and also post-hoc type comparisons, if 
necessary: NIR test. The correlation strength was assessed using the R 
Sperman coefficient. The highest reliability credibility chi- square was 
also used. 

Variables Patient with cervical dystonia (n=66) Control group  (n=71)
Age (years); mean (SD) 52.84 (14.45) 53.52 (14.04)*

Sex women/men (n) 45/21 60/11*
Disease duration (years); mean (SD) 10.71 (10.45) -

Severity of dystonia (TWSTRS score); mean (SD) Total 28.21 (13.58) -
Part I 14.08 (5.9) -
Part II 10.10 (6.71) -
Part III 4.08 (3.86) -

SD: Standard Deviation; TWSTRS: Toronto Western Spasmodic Torticollis Rating Scale p>0.005.

Table 1: Comparison of age and sex between patients with cervical dystonia and controls as well as clinical characteristics of dystonia in studied patients.
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Table 3 provides data on surface areas of lenticular nuclei and 
substantia nigra, as well as on third ventricle width among patients 
with cervical dystonia (including subgroups of men and women) and 
in control group. Surface area of the lenticular nuclei, either left or 
right, was greater in patients with dystonia than in controls. The surface 
area of the substantia nigra in one control subject was a boderline 
value (0.20 cm²). This person appeared to have a positive family 
history of neurodegenerative diseases. Measurements of the width 
of the third ventricle showed no significant difference between the 
groups (p=0.48). No correlation was found between hyperechogenicity 
of lenticular nucleus and the duration of the disease, the severity of 
dystonia measured with the TWSTRS scale, the duration of treatment 
or the age of patients. The width of third ventricle correlated with the 
age of patients (r=0.39; p<0.01).

Discussion
We have shown that hyperechogenic changes in the lenticular 

nucleus are more prevalent in patients with primary cervical 
dystonia than in healthy controls. The change was not related with 
severity, duration of dystonia and any correlation was between 
hyperechogenicity of LN and duration of botulinum toxin treatment. 
Similar results were also reported by other investigators [4,21,22]. This 
observation has important diagnostic implications because, as in PD, 
the performance of a simple and widely available TCS test might be 
useful adjunct to clinical diagnosis, which so far has been based on 
clinical observations and negative results of additional tests [23,24]. 
Recent technological progress in the quality of the ultrasound image 
allows for the more precise measurement of abnormalities deep 
within the brain structure. In 2010, Gaenslen described unspecified 
hyperechogenicity of the lenticular nuclei in more than 75% of 
patients with cervical dystonia, in more than half of patients with 
other focal dystonias and very rarely in patients with facial dystonia 
and genetically determined dystonia [21]. Other researchers confirmed 
more frequent occurrence of ultrasound TCS changes of subcortical 
structures also in other neurodegenerative diseases: multi-system 
atrophy, essential tremor, progressive supranuclear palsy, corticobasal 
degeneration, neurodegeneration associated with accumulation of 
iron, Huntington disease, Wilson disease, dementia with Lewy bodies, 

some spinocerebellar ataxias and restless legs syndrome [23,25-28]. 
We did not find a correlation between the size of the observed changes 
and dystonia severity or duration of the disease. The only correlation 
was the association between the width of the third ventricle and age 
of patients, which may correspond to the progression of regressive 
changes of the brain associated with aging.

Recent studies with the use of magnetic resonance imaging (MRI), 
specifically with diffusion tensor imaging, revealed the presence of 
changes in the basal ganglia, thalamus, motor and premotor cortex, 
cerebellum, frontal cortex, temporal cortex and parietal region, 
which may be related to the hyperechogenic changes observed in 
TCS examination in cervical dystonia [6]. Volumetric MRI scans 
(voxel-based morphometry) revealed the presence of structural 
changes in dystonia: volume increase of the gray matter of the inner 
part of the globus pallidus, thalamus, cerebellum, primary motor 
cortex, and supplementary motor cortex [29,30]. Reported findings 
are inconsistent, however, because the reduction of the gray matter 
volume was also noted in the putamen, supplementary motor cortex, 
right primary visual cortex and right dorsolateral premotor cortex 
[31-33]. Diffusion tensor imaging delineates pathology of white 
matter fibres, showing both macrostructural changes (diffusivity, 
as shown in apparent diffusion coefficient [ADC]) and alterations 
of fibres organisation (fractional anisotropy [FA]). In patients with 
inherited forms of dystonia, some studies showed reduction of FA in 
sensorimotor cortex, corpus callosum and increase in the putamen. 
Another study showed reinforcement of diffusivity (ADC) within the 
striatum, globus pallidus and caudate nucleus in dystonia. 

Magnetisation transfer imaging detects relative proportions of free 
protons and protons associated with macromolecules, showing changes 
in the myelin and neuronal loss. These multifocal changes in structural 
neuroimaging support the hypothesis that dystonia is one of the circuits 
disorders of the basal ganglia resulting from pathologic disturbances 
in neuronal activity throughout specific cortico-subcortical loops [7] 
but cannot show any marker specific for the diagnosis. The cause of 
lenticular nucleus hyperechogenicity in primary dystonia is unclear. 
However, post-mortem measurements of trace metals and calcium 
were performed in brain tissue of 3 patients with adult-onset idiopathic 

Hyperechogenicity Dystonic patient with head 
rotation to right  (n=23)

Dystonic patient with head 
rotation to the left  (n=43)

p- value 
(test Z)

All patient with cervical 
dystonia  (n=66)

Control group
 (n=71)

p-value 
(test Z)

Right lenticular nucleus 12 (52.17) 24 (55.81) 0.77 36 (54.55) 4 (5.63) <0.0001
Left lenticular nucleus 9 (39.13) 13 (30.23) 0.46 22 (33.33) 4 (5.63) <0.0001
Both lenticular nuclei 5 (21.73) 3 (6.97) 0.079 8 (12.12) 0 <0.0001

Any location 17 (73.91) 33 (76.74) 0.79 50 (75.76) 8 (11.27) <0.0001
None 6 (26.09) 10 (23.25) 0.79 16 (24.24) 63 (88.73) <0.0001

Test Z for 2 population proportions.
*Data shown as number (%).

Table 2: Prevalence of hyperechogenic changes among patients with cervical dystonia (including patients with head rotation either to the left or to the right) and control 
subjects. Hyperechogenicity of the lenticular nucleus was found more often in patients with cervical dystonia than in controls.

  Variables 
Patient with cervical dystonia (n=66) Control group  (n=71)

P-value
Mean SD Mean SD

Age (years) 52 .84 14 .44 53 .52 14 .03 0 .88
Left substantia nigra (cm2) 0 .09 0 .05 0 .08 0 .03 0 .10

Right substantia nigra (cm2) 0 .10 0 .08 0 .08 0 .03 0 .43
Third ventricle width (mm) 4 .7 1 .48 4 .1 1 .29 0 .48

Hyperechogenicity of left lenticular nucleus (cm2) 0 .05 0 .10 0 .005 0 .02 0 .008
Hyperechogenicity of right lenticular nucleus (cm2) 0 .10 0 .12 0 .004 0 .019 0 .000029

U-Mann test

Table 3: Measurement of the surface of the substantia nigra . surface of changes in the lenticular nucleus and the width of the third ventricles in patients with cervical 
dystonia and in the control group.
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dystonia and 10 healthy controls and showed increased level of copper 
and manganese in the dystonic patient compared with controls, 
whereas there was no difference in the levels of iron, zinc, or calcium 
[13]. Further analyses revealed that the level of the copper-metabolizing 
Menkes protein was reduced, which could lead to increased levels 
of copper in patients with primary dystonia. A subsequent study 
showed decreased levels of mRNA for Menkes protein and reduced 
copper concentrations in peripheral blood lymphocytes in patients 
with cervical dystonia compared with patients with blepharospasm 
and healthy controls [15]. This study suggests an alteration in copper 
metabolism in some forms of dystonia. 

In 2005, Walter et al. [13] noted the presence of hyperechogenic 
changes in the lenticular nucleus in 19 out of 21 patients with Wilson 
disease, i.e., the condition with proven pathomechanism of copper 
metabolism disorder. This hyperechogenicity of the lenticular nucleus 
appears as a dot and resembles the TCS findings in idiopathic dystonia 
[13]. In patients with Wilson disease associated with neurological 
manifestation, the area of hyperechogenicity within the lenticular 
nucleus is more extensive and correlates with disease severity, which 
enables differential diagnosis of the metabolic disorders [34]. It is 
probable that the hyperechogenic TCS changes in cervical dystonia 
are also associated with excessive accumulation of copper [13-15], 
which might contribute to the pathogenesis of dystonia as a modulator 
of synaptic function and neurotransmission. This early hypothesis 
requires further research, also because some studies do not confirm 
those observations [35]. Our study, along with the previous ones, 
indicates a more frequent occurrence of hyperechogenic changes in 
lenticular nuclei in primary cervical dystonia [22,35]. We still do not 
know whether they differentiate the type of dystonia and if they are 
associated with disease duration or depend on the time and method 
of treatment. Perhaps their presence is a marker for the risk of 
developing dystonia, which may be indicated by the observed presence 
of hyperechogenic TCS changes in one healthy excluded subject with 
a positive medical history towards dystonia. These questions, and the 
observed high prevalence of changes within the basal ganglia, warrant 
continued research. Undoubtedly, a weak point of the study might 
be not a very large group of the patients and the ultrasounds were 
performed by only one physician. 

Conclusion
Beyond the subjective image perception, the impact on results might 

be performance of neuroimaging not at the same time as ultrasound. We 
suggest that the observed ultrasound basal ganglia hyperechogenicity 
in primary dystonia are associated with the pathogenesis of the disease, 
and their location, taking the complex pathophysiological mechanism 
of the disease into account, may be limited not only to the lenticular 
nucleus and substantia nigra. It is likely that they also appear in other 
brain structures; a thorough examination will allow us to determine 
the different characteristic patterns for different types of dystonia. 
In conclusion, we suggest that the hyperechogenic changes within 
the lenticular nuclei are prevalent in patients with primary cervical 
dystonia and are an important diagnostic clue.
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