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Abstract
Introduction Angelman syndrome (AS) is a neurodevelopmental disorder characterized by cognitive disability, speech 
impairment, hyperactivity and seizures. Movement disorders have been reported in almost all AS subjects and they are 
described as “tremulous movements of limbs, unsteadiness, clumsiness or quick, jerky motions”. The presence of dystonia 
has barely been mentioned in subjects with AS and has never been studied in detail. The purpose of this study is to evaluate 
the prevalence, clinical features and severity of dystonia in a series of adolescents and adults with AS.
Methods Whole body video recordings of patients with genetically confirmed AS were evaluated. Dystonia was evaluated 
by mean of the movement subscale of Burke–Fahn–Marsden Dystonia Rating Scale (BFM).
Results Forty-four subjects with AS were evaluated. Fourteen recordings were excluded due to poor cooperation. We finally 
analyzed data of 30 subjects (15 F) with a median age of 28 years (range 15–51). Dystonia was present in 28/30 (93.3%) 
subjects. Among these, dystonia involved the upper limbs in 28/28 (100%), lower limbs in 8/28 (28.5%), mouth in 7/28 
(25%), neck in 3/28 (10.7%), trunk in 1/28 (3.6%). Severity of dystonia ranged from slight to moderate. There was a linear 
correlation between severity of dystonia and increasing age. There was no difference in terms of severity of dystonia among 
genetic subgroups.
Conclusions Dystonia is a common and previously underrecognized clinical feature of adults and adolescents with AS.
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Introduction

Angelman syndrome (AS) is a genetic condition charac-
terized by intellectual disability, absent speech, facial dys-
morphisms, ataxia, sleep disorders, epilepsy and movement 
disorders [1]. These features are associated with an unusual 

posture of the arms (raised, with elbows flexed and hands 
facing down) during walking and with an apparently joyful 
attitude, so AS is also known as “happy-puppet syndrome”. 
AS is caused by loss of function of the maternal copy of 
the ubiquitin–protein ligase E3A (UBE3A) gene, located on 
chromosome 15q11-q13, which encodes an ubiquitin protein 
ligase. Several mechanisms can support the deficient expres-
sion of the UBE3A gene: deletion in the critical region 
15q11.2-q13 (60–75% of cases), point mutations (10%), 
paternal uniparental disomy (2–5%) and imprinting defects 
(2–5%). There is a well-known clinical variability among the 
different genetic subgroups, as patients with deletion gener-
ally show a more severe phenotype [2, 3]. Movement disor-
ders have been reported in almost all AS subjects and they 
are described as “tremulous movements of limbs, unsteadi-
ness, clumsiness or quick, jerky motions” [1]. Among move-
ment disorders, myoclonus has been widely described [4–6], 
but the presence of dystonia has barely been mentioned in 
subjects with AS and has not been studied in detail [7]. The 
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purpose of this study is to evaluate the prevalence, clinical 
features and severity of dystonia in a series of adolescents 
and adults with AS.

Subjects and methods

Subjects

We evaluated video recordings of 44 consecutive subjects 
with genetically confirmed AS, followed at the Regional 
Epilepsy Centre of Reggio Calabria (Italy) or participating 
to the annual national meetings of the Italian Organization 
for AS from 2014 to 2017. Informed consent to the study 
was obtained from all caregivers. We collected and tabulated 
demographic, clinical, neurophysiologic and genetic data.

Methods

Dystonia was defined as a sustained muscle contraction that 
causes torsion of a body segment with abnormal postures 
[8]. We assessed the presence, distribution and severity of 
dystonia through the movement subscore (range, 0–120) of 
Burke–Fahn–Marsden Dystonia Rating Scale (BFM) [9]. 
The presence of other disabling symptoms such as intellec-
tual disability, ataxia and speech impairment did not allow 
us to evaluate the disability subscale of BFM.

Three independent observers (E.F., F.A. and U.A.) 
reviewed the whole-body video recordings of a series of AS 
patients. We assessed dystonia at rest (when possible, due to 
the poor patients’ cooperation), during voluntary movements 
and activation manoeuvres (grasping of an object). For each 
district (eyes, mouth, speech/swallowing, neck, arms, trunk, 
legs) we measured the severity of dystonia. The severity 
scores were obtained from individual assessments of each 
district in terms of severity and provoking factors such as 
writing and walking. Both severity and provoking factors 
were rated from 0 to 4, with higher scores denoting more 
severe dystonia. The individual score for each region was 
the product of the two factors (provoking factor and severity 
factor) multiplied for a “weight” factor (0.5 or 1) according 
to the involved district [9]. The total BFM score ranged from 
0 to 120 [9].

Statistical analysis

We evaluated the relationship between the severity of dys-
tonia and the type of genetic mutation through one-way 
analysis of variance (ANOVA). The relationship between 
severity of dystonia and age was assessed using Pearson’s 
correlation coefficient.

Results

We evaluated the video recordings of 44 subjects with AS. 
Fourteen recordings were excluded due to poor coopera-
tion (patients’ hands kept by parents or caregivers to allow 
the execution of video recordings). We finally analysed 
data of 30 subjects (15 F) with a median age of 28 years 
(range 15–51). The main clinical features of patients with 
AS are reported in Table 1. All patients a typical AS phe-
notype including impairment of adaptive behaviour with a 
very low mental age, absent speech, facial dysmorphisms 
and ataxia.

Dystonia was present in 28/30 (93.3%) subjects, involv-
ing the upper limbs in 28/28 (100%), the lower limbs in 
8/28 (28.5%), the mouth in 7/28 (25%), the neck in 3/28 
(10.7%), the trunk in 1/28 (3.6%) (Fig. 1a, b) (video, as 
supplementary material).

The severity of dystonia ranged from slight to moderate 
in all involved body districts. The total scores ranged from 
0 to 30 in single patients. There were no differences in 
dystonia severity scores among the different genetic sub-
types (p = 0.678). Conversely, there was a linear correla-
tion between increasing patients’ age and dystonia severity 
scores (r correlation coefficient = 0.41, p = 0.02). A scatter 
diagram is reported in Fig. 2.

Discussion

Dystonia is a common, unrecognized clinical finding in 
AS. Ninety-three percent of our subjects had dystonia. 
International Parkinson and Movement Disorder Society 
Task Force did not report dystonia as a neurological fea-
ture of AS [6]. No study evaluated in detail the presence 
of dystonia in subjects with AS. Guerrini et al. described 
cortical myoclonus in AS patients [4]; in some, myoclonus 
was reported as associated with “dystonic postures” whose 
features (site, severity, etc.) were not detailed [4]. In our 
series, dystonia mainly affected the upper limbs or, more 
rarely, lower limbs or mouth. In all subjects, intensity of 
dystonia ranged from slight to moderate.

The severity of dystonia did not appear to correlate with 
genotype, differently from literature data suggesting a more 
severe phenotype in patients with UBE3A deletion [2, 3]. 
Conversely, we demonstrated a linear correlation between 
age and the severity of dystonia. The cross-sectional nature 
of the present study does not allow to establish whether dys-
tonia worsens with age or it is simply a late manifestation 
of AS. The notion that most clinical features of AS improve 
with age may support the latter hypothesis. Longitudinal 
studies are needed to validate this hypothesis.
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The poor attention to this clinical feature in literature 
may be due to the habitually mild intensity of dystonia 
and the prominence of other more disabling neurological 
disorders (cognitive disability, myoclonus, epilepsy, sleep 
disturbances, etc.) in AS subjects. Moreover, as dystonia 
appears to be a more prominent feature with advancing 
age, many studies focusing on paediatric patients may 
have missed this phenomenon. Finally, dystonia might 
have been misidentified with atypical stereotyped postures 
commonly observed in neurodevelopmental disorders such 
as Rett syndrome. Dystonia in our AS subjects, usually 
occurred in the context of immature and poorly organized 
movements [10].

Convergent evidences from clinical investigation 
and experimental models supports the view that dysto-
nia is due to basal ganglia–thalamo–cortical and cere-
bello–thalamo–cortical pathways disorders [11]. UBE3A 
is involved in targeting proteins for degradation within 
cells and is highly expressed in different brain areas 
including basal ganglia and cerebellum. Notably, loss of 
UBE3A appears to have a definite impact on neurons lead-
ing to intrinsic changes in membrane properties, includ-
ing increased length of the axon initial segment [12]. We 
hypothesize that neuronal changes of the above-mentioned 
circuits could be involved in the pathogenesis of dystonia 
in AS subjects.

Table 1  .

Del deletion, E epilepsy, Imp imprinting defects, L left, M myoclonus, Mut point mutations, P.U.D. paternal uniparental disomy, P pyramidal 
signs, R right, S scoliosis, 0 absent, 1 slight, 2 mild, 3 moderate, 4 severe

Patients Sex, age Genetics Main clinical 
finding

Burke–Fahn–Marsden Movement Scale

Provoking 
factor

Arms Legs Mouth Neck Trunk Score 
(max = 120)

1 M, 50 Del E, S, M 3 0 R:2; L:2 0 0 0 12
2 F, 36 Del E, S, M 3 R:1; L:1 R:2; L:2 2 0 0 19
3 M, 35 P.U.D. E, S, M 3 0 R:3; L:3 0 0 0 18
4 F, 25 Del E, S 0 0 0 0 0 0 0
5 F, 30 Del E, M 3 0 R:2; L:2 0 0 0 12
6 F, 32 P.U.D. E, M 3 0 R:1; L:1 0 0 0 6
7 F, 33 Mut E, S, M 3 R:1; L:1 R:3; L:3 2 0 0 25
8 F, 24 Mut E, S, M 3 0 R:1; L:1 1 0 0 6,5
9 M, 37 Del E, S, M 3 R:1; L:1 R:1; L:0 0 1 0 9,5
10 F, 19 Del E, S, M 3 0 R:0; L:1 2 0 0 4
11 F, 21 Del E, S, M 3 0 R:3; L:3 2 0 0 19
12 M, 51 P.U.D. E, S, M 3 0 R:2; L:2 1 0 0 12,5
13 M, 23 Del S, M 3 0 R:0; L:2 0 0 0 6
14 F, 34 Mut E, M 3 0 R:2; L:2 0 1 1 13,5
15 F, 19 Del E, S, M 3 0 R:1; L:1 1 0 0 6,5
16 F, 24 Del E, S, M 3 0 R:1; L:0 0 0 0 3
17 M, 20 P.U.D. E, S 3 R:1; L:1 R:1; L:0 0 0 0 9
18 F, 22 P.U.D. E, M 3 0 R:0; L:1 0 0 0 3
19 M, 29 Imp E, M, P 3 0 R:3; L:3 0 0 0 18
20 F, 30 Del E, M 0 0 0 0 0 0 0
21 F, 21 Del S, E 3 R:2; L:2 R:3; L:3 0 0 0 30
22 M, 31 Del S, M 3 R:1; L:1 R:3; L:3 0 1 0 24,5
23 M, 25 Del E, S 3 0 R:0; L:1 0 0 0 3
24 M, 43 Del E, S, M 3 0 R:3; L:3 0 0 0 18
25 M, 40 Del E, S, M 3 R:1; L:1 R:3; L:3 0 0 0 24
26 M, 19 Del E, M, P 3 0 R:1; L:0 0 0 0 3
27 M, 37 Del E, S 3 R:2; L:2 R:0; L:1 0 0 0 15
28 M, 23 Del E, S, P 3 0 R:0; L:1 0 0 0 3
29 F, 22 Del E, S 3 0 R:0; L:1 0 0 0 3
30 M, 15 Del E, S. M 3 0 R:1; L:0 0 0 0 3
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Our study has some limits. First, the lack of blindness 
of examiners could have led to an overestimation of the 
presence of dystonia. Secondly, the absence of a control 
group consisting of subjects with Rett syndrome or other 
neurodevelopmental disorders presenting hand stereotyp-
ies could have caused an overestimation of the presence 
of dystonia. Lastly, it was not possible to perform a neu-
rophysiological assessment of dystonia by mean of blink 
reflex recovery cycle, due to the subjects’ lack of coopera-
tion [13].

In conclusion, dystonia is common in movement dis-
order of AS, often involving the upper limbs. The impact 
of dystonia on global motor performances may not be 
assessed due to the presence of ataxia and intellectual dis-
ability in AS subjects.
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Fig. 1  Bilateral upper limb dystonia evident during posture maintenance (a and b)

Fig. 2  The scatter diagram showing linear correlation between 
increasing patients’ age and dystonia severity scores
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