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IntroductIon

Dystonia is the third most common movement disorder 
and is characterized by sustained or intermittent muscle 
contractions causing twisting or repetitive movements 
and postural abnormalities.[1‑4] It is classified according to 
etiology as primary or secondary dystonia. Focal dystonia 
is the most common form of primary dystonia, which 
includes blepharospasm, cervical, focal hand, laryngeal, and 
oromandibular dystonias, among other forms.[1,5]

The specific pathophysiology of primary dystonia remains 
unclear, and conventional imaging using computed 
tomography and magnetic resonance imaging (MRI) has 
failed to demonstrate any neuroanatomic abnormalities in 
most cases of idiopathic dystonia.[6,7] In 1995, Naumann et al. 

performed transcranial sonography (TCS) on patients with 
dystonia for the first time.[6] Hyperechogenicity, primarily 
in the medial lenticular nucleus (LN), was detected in more 
than 75% of patients with spontaneous cervical or upper limb 
dystonia. While similar studies have been published since 
then,[8,9] few address whether abnormalities in the LN are 
characteristic echo features in patients with primary dystonia. 
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In this study, we investigated alterations in the basal ganglia 
in patients with different forms of primary focal dystonia.

Methods

Subjects
A cross‑sectional observational study was performed between 
December 2013 and December 2014 in 80 patients with 
primary focal dystonia and 55 neurologically normal control 
subjects after obtaining informed consent. The study protocol 
was approved by the Local Ethics Committee.

Patients were recruited by two experienced movement 
disorders specialists with over 20 years of practitioner 
experience. Diagnosis of primary dystonia was confirmed 
according to the European Federation of Neurological 
Societies Consensus Statement of the Movement Disorders 
Society, based mainly on clinical evidence.[10‑12] All subjects 
were carefully screened for medical history and received a 
full physical examination and cranial MRI to exclude: (i) 
secondary dystonia (the causes of which may include 
perinatal brain injury, infection, drug administration/
use, toxin exposure, vascular lesions, neoplastic disease, 
brain injury, or causes of a psychogenic nature), 
(ii) heredodegenerative disease with dystonia (including 
spinocerebellar ataxia, Huntington’s disease, Parkinson’s 
disease, and Wilson’s disease), and (iii) pseudodystonia. 
Control subjects were recruited from inpatients and 
outpatients of our hospital and included neurologically 
normal persons, without signs and symptoms of repetitive 
movements or postural abnormalities, and without a history 
of neurological disease.

Transcranial sonography
A regular TCS team with more than 5 years of practitioner 
experience and fixed ultrasonic diagnostic equipment were 
utilized to ensure reliability. TCS was performed according 
to standardized procedures established at the Ninth Meeting 
of the European Society of Neurosonology and Cerebral 
Hemodynamics.[13] A phase‑array ultrasound system 
equipped with a 2.5‑MHz transducer (Sequoia 512, 4V1C 
transducer, Siemens Medical Solutions USA, Inc., USA) 
was used, with a penetration depth of 14–16 cm, dynamic 
range of 45–55 dB, and time gain compensation and image 
brightness adjusted automatically.[14]

One sonologist blinded to subject diagnosis carried out 
all TCS examinations. Regions of interest were evaluated 
on standardized axial mesencephalic and diencephalic 
planes. The mesencephalic plane was identified as having 
a butterfly‑shaped hyperechogenic area, surrounded by the 
hyperechogenic signal of the basal cisterns [Figure 1a]. In 
healthy adults, the substantia nigra (SN) is usually displayed 
as a weakly echogenic structure within the anterior parts 
of the midbrain.[15] An area of ≥0.20 cm² was used as the 
cut‑off value for SN hyperechogenicity [Figure 1b].[13] 
SN hyperechogenic regions were calculated automatically 
after manual selection. Tilting the probe approximately 
10° enabled visualization of the diencephalic plane. The 

hyperechogenic regions of the pineal gland and third ventricle 
served as orientation landmarks.[13] Echogenicity of the LN 
was classified as hyperechogenic if it was more intense than 
that of the surrounding white matter [Figure 2].[16,17] LN 
hyperechogenic regions were measured planimetrically, in a 
manner similar to measurements of SN hyperechogenicity.[13] 
Evaluations were performed by two experienced sonologists 
blinded to subject diagnosis. Subjects over whom there was 
disagreement between the two sonologists were excluded.

Statistical analysis
Analyses were performed using the statistical software 
package, SAS 9.2 (SAS Institute Inc., USA). Descriptive 
statistics of areas of SN and LN hyperechogenicity 
are presented as mean ± standard deviation (SD). For 
comparison of means, a Student’s t‑test for two independent 
samples was performed. For categorical data, the Chi‑square 
test was used. Results with P value < 0.05 and/or α’ < 0.0083 
were considered statistically significant. Pearson’s 
correlation coefficient was calculated to determine potential 
correlation(s) between region of LN hyperechogenicity and 
age or disease duration.

results

Clinical characteristics
Thirteen individuals (9.6%, 13/135, including eight patients 
and five controls) were excluded due to poor temporal bone 
windows. Two subjects were excluded due to disagreement 
in evaluation by sonologists. A total of 70 patients (cervical 
dystonia, n = 30; blepharospasm, n = 30; oromandibular 
dystonia, n = 10) and 50 controls were included in the final 
analysis. Patients and controls were aged 49.6 ± 12.7 years 
and 54.6 ± 15.5 years, respectively (t = −1.93, P = 0.056). 
A female predominance was noted among patients with 
cervical dystonia and blepharospasm. Male:female ratios 
were 1:4 and 1:2.75, respectively. Clinical demographic data 
are summarized in Table 1.

Alterations in the lenticular nucleus observed using 
transcranial sonography
LN hyperechogenicity was detected in 51% of patients (36/70) 
and in 12% of controls (6/50, χ2 = 19.931, P < 0.001). 
Among these subjects, bilateral LN hyperechogenicity 

Figure 1: Transcranial sonography images at axial midbrain 
transections. (a) Image from control subject showing the 
raphe (arrow). 1: Normal substantia nigra signal; 2: Normal red 
nucleus signal. (b) Image from patient showing hyperechogenicity of 
substantia nigra (arrow).
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was observed in ten patients and one control subject, while 
unilateral LN hyperechogenicity was observed in the rest. LN 
hyperechogenicity was observed in 73% (22/30) of patients with 
cervical dystonia, a prevalence higher than that of patients with 
blepharospasm (33%, 10/30, P = 0.002) and oromandibular 
dystonia (40%, 4/10, P = 0.126). LN hyperechogenicity 
was more frequently detected in the cervical dystonia 
subgroup (73% vs. 12%, χ2 = 31.004, P < 0.001) compared with 
controls. No significant differences in LN hyperechogenicity 
were detected in patients with blepharospasm (33% vs. 12%, 
χ2 = 5.333, P = 0.021) and oromandibular dystonia (40% vs. 
12%, χ2 = 2.904, P = 0.088) compared with controls.

No correlation between lenticular nucleus 
hyperechogenicity and age or disease duration
The mean area of LN hyperechogenicity was 35.3 ± 13.4 
mm² in the cervical dystonia subgroup, 46.8 ± 9.0 mm² 
in the blepharospasm subgroup, and 33.0 ± 13.0 mm² in 
the oromandibular dystonia subgroup. The area of LN 
hyperechogenicity was not significantly correlated with 
either patient age (r = 0.345, P = 0.161) or disease duration 
(r = −0.141, P = 0.577).

Alterations in the substantia nigra observed using 
transcranial sonography
The prevalence of SN hyperechogenicity was 17% (12/70) 
among patients and 8% (4/50) among control subjects, which 
was not significantly different (χ² =2.110, P = 0.146).

dIscussIon

Previous studies on patients with primary focal dystonia 
utilizing TCS have shown a higher prevalence of LN 
hyperechogenicity in patients compared with controls,[6,8,9] 
which may be the result of moderate copper or manganese 
accumulation.[17,18] The results of the present study regarding 
the prevalence of LN hyperechogenicity are consistent with 
these findings. LN hyperechogenicity was consistently 
observed herein in patients with cervical dystonia, in 
line with past reports,[6] but there were no differences in 
the frequency of LN hyperechogenicity in patients with 
blepharospasm or oromandibular dystonia compared with 
controls.

Several studies using specialized imaging techniques classify 
primary dystonia as a neurodevelopmental circuit disorder, 
involving the cortico‑striato‑pallido‑thalamo‑cortical 
and cerebello‑thalamo‑cortical pathways.[19,20] Certain 
abnormalities have been detected in specific forms of focal 
dystonia,[21] providing potential insight into the pathogenic 
mechanisms of these dystonias. Based on our present 
results and previous literature,[5,6,8,9] we now hypothesize 
that primary defects associated with different focal dystonia 
subtypes may localize to different regions of the brain. 
Therefore, LN hyperechogenicity may not necessarily be a 
universal sonographic feature of all primary dystonias. It is 
thus imperative to characterize different patient sonographic 
features in future TCS studies.

We report herein a marked female predominance among 
patients with cervical dystonia and blepharospasm. This 
finding is consistent with data from western countries,[22‑24] 
and these gender differences may reflect the effects of 
hormones.[25] For example, estrogen has been reported 
to act as either a neurotrophic factor (preventing or 
modulating insults to the dopaminergic system) or an 
antagonist (suppressing and blocking central dopaminergic 
activity).[26] Differences in LN hyperechogenicity between 
dystonia subtypes could not be explained by the effects of 
hormones in the present study.

LN hyperechogenicity was found in 12% of controls in the 
present study while SN hyperechogenicity has been reported 
in approximately 10% of healthy subjects.[27] At present, 
it is accepted that the frequency of SN hyperechogenicity 
in patients with primary focal dystonia is comparable to 
that of healthy controls; our present findings support these 
observations. As with the SN hyperechogenicity observed 
in healthy subjects,[28] one may reasonably speculate that 
the LN hyperechogenicity reported herein could indicate 
subclinical impairment of sensory‑motor circuits. Functional 
neuroimaging techniques, visualization of basal ganglia 
circuits, and follow‑up studies with these subjects may 
provide further insight on this hypothesis.

Our data show no correlation between quantification of 
LN hyperechogenicity and the age or duration of disease, 
consistent with findings in previous studies.[8,9,29] Considering 
the relatively short disease duration of the subjects included 

Table 1: Clinical demographic data of patients with 
different forms of primary focal dystonia and normal 
controls

Variables Primary focal dystonia subtypes Controls 
(n = 50)Cervical 

dystonia 
(n = 30)

Blepharospasm 
(n = 30)

Oromandibular 
dystonia 
(n = 10)

Age 
(years)

41.1 ± 11.0 54.4 ± 10.8 41.1 ± 7.8 54.6 ± 15.5

Gender 
(female/
male, n)

24/6 22/8 4/6 26/24

Disease 
duration 
(years)

2.5 ± 1.6 3.0 ± 2.8 1.9 ± 1.1 Not 
applicable

Values are n or mean ± standard deviation.

Figure 2: Transcranial sonography images at axial thalamus 
transections. (a) Image from control subject. (b) Image from patient with 
cervical dystonia; medial lenticular nucleus is depicted (arrow). Δ: Pineal 
gland; Th: Thalamus; L: Lenticular nucleus; *frontal horn of lateral ventricle.
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in this study and the small sample sizes of previous reports, 
more follow‑up studies using larger sample sizes should be 
conducted to further assess these correlations.

The main limitation of our study was the relatively small 
sample size used. In addition, the control group was not 
gender‑matched with the patient group, and we were obliged 
to exclude some subjects due to poor temporal bone windows.

In conclusion, there is a greater prevalence of LN 
hyperechogenicity, as detected by TCS, in patients with 
primary focal dystonia than in neurologically normal 
populations. LN hyperechogenicity may not necessarily 
be a universal echo feature in patients with blepharospasm 
or oromandibular dystonia. Further studies utilizing larger 
sample sizes and other subtypes of primary focal dystonia 
should be conducted.
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