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ABSTRACT: Background: Parkinsonism in infancy is
rare and is highly correlated with the presence of dysto-
nia. Advances in treating and characterizing developmen-
tal and infantile degenerative parkinsonism have
highlighted the need for a specialized assessment scale.
Objective: The aim of this study was to design and vali-
date a scale that effectively assesses parkinsonism-
dystonia in early life.

Methods: The Infantile Parkinsonism-Dystonia Rating Scale
(IPDRS) was designed to capture the key clinical features of
parkinsonism-dystonia in early life. It consists of 28 items
across three subscales: Non-motor symptoms, Motor
symptoms, and Dyskinesias. Thirty-two patients with
hypokinetic movement disorder were scored following a
standardized protocol. Filmed motor examinations were
analyzed independently by three pediatric movement disor-
ders specialists to evaluate interrater reliability. Twenty addi-
tional patients with primary neurotransmitter disorders were
scored, and nine of them were evaluated at baseline and
after treatment. Psychometric validation was conducted.
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Results: A total of 52 patients were scored using the IPDRS.
Mean age was 3.1 years (standard deviation [SD]: 2.0), and
the mean IPDRS score was 40.8 (SD: 13.17). Internal consis-
tency analysis demonstrated a Cronbach’s a of 0.21 for
Non-motor symptoms subscale, 0.84 for Motor symptoms
subscale, and 0.95 for Dyskinesia subscale. Kappa indexes
exceeded 0.70 in seven items. Correlation coefficients for
dystonia items with the Barry-Albright-Dystonia Scale
ranged from 0.46 to 0.64. After treatment, all IPDRS scores
changed significantly, with an effect size of 2.42.
Conclusions: The IPDRS appears to be a reliable and
valid tool for assessing parkinsonism in early life. Further
validation studies with a larger sample size are needed to
confirm these findings and complete the validation pro-
cess. © 2025 The Author(s). Movement Disorders publi-
shed by Wiley Periodicals LLC on behalf of International
Parkinson and Movement Disorder Society.
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Parkinsonism represents a hypokinetic movement
disorder characterized by the cardinal motor features
observed in adult Parkinson’s disease, which are due to
degeneration of dopaminergic neurons in the substantia
nigra.! According to the Movement Disorder Society
(MDS), parkinsonism is defined by the presence of
bradykinesia in combination with tremor, rigidity, or
both.? Juvenile parkinsonism is defined as parkinsonism
with onset before 21 years of age. Further sub-
categorization by age of onset has clinical utility given
the differences in etiology in infants (birth to 2 years),
childhood (>2 years), and adolescence (>12 years).>**

Infantile and pediatric parkinsonism is rare, and its
underlying pathophysiological mechanisms differ from
those observed in adult-onset cases. It can emerge as a
symptom of various genetic diseases and, in rare
instances, as a result of acquired conditions. Parkinson-
ism in this age group encompasses a spectrum of vari-
able manifestations and outcomes, where parkinsonism
may be the predominant symptom or may present in
combination with other neurological signs.** It is not
only the underlying disease processes that differ
between children and adults; in addition, the motor
manifestations of parkinsonism differ in several
respects, particularly in infants and young children:
hypokinesia is commonly associated with hypotonia
rather than rigidity, rest tremor is infrequent, and dys-
tonia often coexists. Due to the frequent association
with dystonia, parkinsonism in infancy is often referred
to as infantile parkinsonism-dystonia.” In addition,
postnatal brain development can result in the evolution
of the phenotype over time or age-dependent pheno-
typic expression in some disorders, adding further com-
plexity to the diagnosis.” These particularities pose
challenges in both the recognition and the assessment
of parkinsonism in early life.'***°

In recent years, there has been a notable surge in the
diagnosis and understanding of monoamine neurotrans-
mitter disorders associated with deficiency in the syn-
thesis of dopamine.” Patients often manifest infantile
parkinsonism together with developmental delay, axial
hypotonia, dystonia, oculogyric crises (OGCs), and fea-
tures of autonomic and endocrine dysfunction. In this
group of disorders, parkinsonism is referred to as devel-
opmental parkinsonism because of the hypothesized
nondegenerative disruption of dopaminergic connectiv-
ity during a critical period of neuromotor development
in infancy and early childhood. Patients are treated
with dopaminergic medications and show variable but
persistent response to treatment.”

Recent advancements in next-generation sequencing
technology have enabled the identification of a number
of disorders emerging in early life that selectively
involve the nigrostriatal pathway and result in a pro-
gressive degenerative course that mimics that of
Parkinson’s disease. These conditions are collectively

termed infantile degenerative parkinsonism, with some
of them demonstrating evidence of nigrostriatal degen-
eration on dopamine transporter scan.* In these
patients, parkinsonism is often accompanied by various
neurological manifestations, such as dystonia, myoclo-
nus, OGCs, or dysautonomia. Response to dopaminer-
gic drugs varies, with some patients experiencing an
initial dramatic response followed by deterioration and
motor fluctuations.”

The characterization of developmental parkinsonism
and infantile degenerative parkinsonism as outlined ear-
lier has spurred interest in the development of a tailored
scale to assess parkinsonism and the highly prevalent
dystonia in infants and young children. Such a scale
needs to accommodate the unique characteristics of this
hypokinetic movement disorder during early life and to
permit the assessment of motor symptoms without
requiring a child to follow instructions to perform spe-
cific voluntary movements, as is required by scales
designed for adults, such as the Movement Disorders
Society-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS).®> We aimed to create a standardized
method for evaluating disease severity, disease progres-
sion, and treatment response. This scale would have
clinical value and, moreover, could support clinical
research activities by facilitating the evaluation of novel
treatments and fostering communication among
researchers.

In this study, we have developed a rating scale specifi-
cally tailored for infants and young children with
hypokinetic movement disorders. The objective of this
study was to describe the development of a tool for
quantifying the severity of parkinsonism and other
associated features, monitoring disease progression,
and evaluating treatment responses in clinical settings,
as well as to perform pilot testing of the scale and con-
duct a preliminary analysis of its main psychometric
attributes.

Subjects and Methods

Development of a Parkinsonism-Dystonia
Rating Scale for Infants and Early Childhood

To design the scale, two of the authors (R.P. and
T.S.P.) first selected the main clinical features of parkin-
sonism in infants and young children based on litera-
ture review>"’ and clinical experience. Established and
validated scales and assessment tools served as refer-
ences, including the MDS-UPDRS,® Hypertonia Assess-
ment Tool,” Hammersmith Infant Neurological
Examination,'® and Gross Motor Function Classifica-
tion System.'!

Recognizing the frequent presence of dystonia in
developmental and infantile degenerative parkinsonism,
it was deemed essential to incorporate this movement
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disorder as a key component of the scale. Consequently,
the scale was designated as the “Infantile Parkinsonism-
Dystonia Rating Scale” (IPDRS) (Supporting Information
Data S1).

The IPDRS was constructed as a scale of 28 items
grouped into three subscales: (1) Non-motor symptoms,
(2) Motor symptoms, and (3) Dyskinesia. The scale
incorporates a combination of clinician-reported out-
come and observer-reported outcome elements. Instruc-
tions for raters on how to assess and score the three
subscales are provided in Supporting Information
Data S2.

1. Non-motor symptoms subscale: This subscale evalu-
ates the presence and frequency of manifestations
suggestive of autonomic dysfunction and emotional
lability. It consists of five items addressing groups of
autonomic dysfunction manifestations including:
(1) sudomotor function and thermoregulation;
(2) respiratory secretomotor function; (3) gastrointes-
tinal motor function; (4) sleep; and (5) other symp-
toms, which include a miscellaneous group of
manifestations such as myosis and ptosis, blood
pressure or heart rhythm irregularities, among
others. The sixth item of this subscale evaluates
emotional lability.

2. Motor symptoms subscale: This subscale evaluates

the presence of the cardinal features of parkinson-
ism, as defined by the MDS, including bradykinesia,
tremor, and rigidity, as well as OGCs, dystonia,
axial hypotonia, and motor development. It consists
of 19 items, divided into two categories:
Cardinal features of parkinsonism: nine items
assessing bradykinesia (spontaneous movements
across global, facial, lower limbs, and upper limbs,
as well as voluntary movements of the upper
limbs), tremor (distribution and severity), and
rigidity (distribution and severity). Additional
motor symptoms: 10 items evaluating OGCs
(severity, duration, frequency), dystonia severity
(facial, axial, upper limbs, and lower limbs), axial
hypotonia (cervical and truncal), and motor
development

3. Dyskinesia subscale: This subscale evaluates invol-
untary hyperkinetic movements, including chorea,
athetosis, ballism, myoclonus, and hyperekplexia. It
consists of three items: severity, duration, and distri-
bution of the hyperkinetic movement disorder. Dys-
tonia is not included because this movement
disorder is assessed under the Motor symptom sub-
scale. Stereotypies and tics are also excluded,
because they are exceptionally reported in patients
with infantile parkinsonism.

The Non-motor symptoms subscale and the OGCs
from the Motor symptoms subscale are based on care-
giver reports under clinician supervision. A set of

PARKINSONISM-DYSTONIA

RATING SCALE
structured questions to address these items is provided
in the Instructions for Raters (Supporting Information
Data S2).

Each item employs a five-level response format,
where a score of 0 indicates the absence of a manifesta-
tion and a score of 4 represents its maximum severity
(Supporting Information Data S1).

To evaluate the clarity, relevance, and intelligibility
of the scale for the target population of users, we con-
ducted focus group discussions with members of the
European Reference Network for rare neurological dis-
orders and the International Working Group on Neuro-
transmitter Related Disorders. In addition, a
questionnaire was administered to several international
experts in pediatric movement disorders to rate the
scale’s ability to capture relevant clinical features of
dopamine deficiency in infants and young children,
comprehensiveness, and clinical utility. The question-
naire and a summary of the expert responses are
described in Supporting Information Data S3.

Assessment and Procedure

Thirty-two consecutive patients underwent assess-
ment with the IPDRS during regular follow-up visits
at the Pediatric Neurology Unit of the First
Department of Pediatrics at Agia Sofia hospital from
2020 to 2024.

Inclusion criteria comprised patients of preschool age
(<6 years) with evidence of slowness or paucity of vol-
untary and spontaneous movements. Patients older
than 6 years and those demonstrating muscle weakness
in the setting of neuromuscular disorders were
excluded. Dystonia was scored using the Barry—
Albright Dystonia (BAD) Scale,'* and spasticity was
scored using the Modified Tardieu scale (muscle reac-
tion quality component).'?

All patients were recorded on video following a stan-
dardized protocol that included several positions and
tasks: lying supine and prone, sitting with or without
support, and undergoing axial tone examination.
Whenever feasible, more advanced motor tasks, includ-
ing reaching, grasping, standing, or walking, were also
recorded. In addition, when applicable, spontaneous
play or object manipulation was filmed, either while the
patient was in the caregiver’s arms, sitting with or with-
out support, or moving freely in the office.

The study was approved by the Ethics Committee of
Agia Sofia hospital (AP 24067/19-10-16). All parents/
legal guardians signed consent for video recording.

Using the videotaped material, three senior specialists
in pediatric movement disorders (R.P., T.S.P., and
B.P.-D.) analyzed the first 30 patients independently to
assess interrater reliability. Nonmotor manifestations,
OGCs, and rigidity were excluded from this analysis.
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Thirty-two patients from Agia Sofia hospital who ful-
filled the earlier criteria were scored following the study
protocol and included patients with the following
conditions: 4 with mitochondrial disorders with basal
ganglia lesions, 3 with developmental epileptic encepha-
lopathy, 3 with primary neurotransmitter disorder,
2 with Aicardi-Goutiéres syndrome, 1 with acute necro-
tizing encephalitis, 1 with urea cycle disorder, 1 with
Lesch-Nyhan disease, 1 with Canavan disease, and
16 with acquired ischemic lesions (9 neonatal hypoxic
ischemic encephalopathy, 5 periventricular leukomalacia,
1 venous sinus thrombosis, and 1 Moyamoya disease).

Twenty additional patients outside the study protocol
were also scored with the IPDRS and included:

* Eight patients with disorders of monoamine neuro-
transmitter synthesis, followed at Agia Sofia hospital
(R.P.): These patients were retrospectively scored
based on clinical notes and available video record-
ings. Three of these patients were scored multiple
times during treatment titration:
¢ One patient was scored at baseline and at 1, 6, and
15 months after initiation of levodopa (1-dopa)/decar-
boxylase inhibitor (DCI) treatment on 2.2, 4.8, and
10 mg/kg/day, respectively.

¢ One patient was scored at baseline and at 1, 5,
and 25 months after gene therapy.

¢ One patient was scored at baseline and at 3 and
10 months after initiation of 1L-dopa/DCI treat-
ment on 1.1 and 7.1 mg/kg/day, respectively.

e Six patients with disorders of monoamine neuro-
transmitter synthesis followed at the Department of
Neurology in Great Ormond Street Hospital
(London, UK): These patients underwent on-site

TABLE 1 Data quality, acceptability, and internal consistency of IPDRS

scoring, as part of routine clinical assessment, by
pediatric neurologists with expertise in movement
disorders (M.A.K., R.S., and D.B.D.S.).

¢ Six patients with L-aromatic amino acid decarboxyl-
ase (AADC) deficiency treated with direct midbrain
delivery of AAV2-AADC gene therapy in the Depart-
ments of Pediatrics and Neurology, Nationwide Chil-
dren’s Hospital (Columbus, OH, USA; T.S.P.). These
patients were scored at baseline and 6 and
12 months after gene therapy. These patients were
scored based on review of anonymized video record-
ings during neurological examination and gross
motor function measure assessments.

Data Analysis

Descriptive statistics were applied to all variables: fre-
quencies and percentages for categorical data, and
means and standard deviations (SDs) for continuous
data. The IPDRS total score did not follow a normal
distribution. For the psychometric validation of the
IPDRS, the following parameters were analyzed:

¢ Data quality and acceptability (the extent to which the
scale can be used in an acceptable way)'* were assessed
through the percentage of missing data (criterion: <5%),
fully computable data (criterion: 295%), floor and ceil-
ing effects (criterion: <15%), skewness (criterion values,
—1 to +1), and range of observed versus theoretical
scores for items (criterion: coincident).'*

¢ Reliability was analyzed through internal consistency
(the extent to which all the items are measuring the
same construct) and interrater reliability (the extent
to which two raters agree in the scoring).'*

Non-motor Motor symptoms Dyskinesia IPDRS
symptoms subscale subscale subscale total
Data quality and acceptability
Mean (SD) 7.90 (4.14) 31.62 (11.10) 1.62 (2.88) 40.8 (13.17)
Median 7.5 33.0 0 425
Observed range 0-18 2-54 0-9 4-74
Skewness 0.59 —0.74 1.50 —0.15
Floor eftect, % 1.9 2.0 73.1 2.0
Ceiling effect, % 3.8 2.0 3.8 2.0
Reliability: internal consistency
Cronbach’s a 0.21 0.84 0.95 -
Corrected item-total correlation —0.15 to 0.26 0.01-0.81 0.90-0.97 =
Interitem correlation coefficient —0.26 to 0.35 —0.28 to 0.94 0.83-0.94 =
Item homogeneity index 0.05 0.22 0.90 =

Abbreviations: IPDRS, Infantile Parkinsonism-Dystonia Rating Scale; SD, standard deviation.
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¢ For internal consistency, Cronbach’s a (criterion: o
> 0.70), item-total corrected correlation coefficients
(criterion: >0.20), interitem correlation coefficient
(criterion: 0.20-0.75), and item homogeneity index
(criterion: 20.30) for each subscale were calculated.
Interrater reliability was assessed using the percent-
age of agreement and weighted kappa with quadratic
weights index (criterion: >0.60) for items.'®

¢ For convergent validity, a moderate Spearman’s rank
correlation coefficient (0.30-0.49) of the IPDRS
items and subscales scores with BAD scale was
hypothesized.'” For known-groups validity, because
of the diverse pathophysiology and clinical presenta-
tion among patients in relation to their conditions,
significant differences in IPDRS by type of disease
was hypothesized. Internal validity, that is, the asso-
ciation between subscales composing the scale, was
calculated using Spearman’s rank correlation coeffi-
cient, with coefficients between 0.30 and 0.70
deemed as satisfactory.'®

¢ Nine children were assessed again at follow-up after
treatment (the three patients from Agia Sofia Hospital
on dopaminergic treatment and the six patients from
Nationwide Children’s Hospital after gene therapy).
The Mann—Whitney test for comparing baseline and
follow-up scores and effect size was calculated using
Cohen’s formula'®!: (mean, - mean,)/SDy. A
change in IPDRS scores was considered large if the ES
was >0.80. Only the baseline IPDRS scores of these
nine patients were used for psychometric analysis.

TABLE 2 Interrater reliability of the IPDRS motor items

PARKINSONISM-DYSTONIA

RATING SCALE

Data Availability

Anonymized data not published within this article
will be made available by request from any qualified
investigator.

IBM SPSS statistical software was used for calcula-
tions, and statistical significance was set at P < 0.05.

Results

A total of 52 patients were scored with the IPDRS;
55.8% were male patients, and the mean age was
3.1 years (SD: 2.0). The BAD scale showed a mean
score of 11.7 (SD: 6.0), and the Tardieu scale had a
median value of 1.8 (interquartile range: 1-2.25).

The mean total IPDRS score for all patients was 40.8
and the median 42.5 (SD: 13.17, range: 4-74). Missing
data were minimal (only two missing data items in the
Motor symptoms subscale), and floor and ceiling effects
were absent (2.0% for both). Only the Dyskinesia sub-
scale showed a floor effect (73.1%) (Table 1).

Regarding internal consistency, Cronbach’s o was
below the threshold only in Non-motor symptoms sub-
scale (a: 0.21), whereas it was 0.84 for Motor symp-
toms and 0.95 for Dyskinesia subscales (Table 1).
Corrected item-total correlation coefficients were lower
than the standard criterion in most items in the Non-
motor symptoms subscale and in six items in the Motor
signs subscale. Interitem correlation coefficients were
within the standard limits for Non-motor symptoms,

Rater 1 vs. 2

Rater 1 vs. 3

% agreement

Kappa index

% agreement

Kappa index

Body hypokinesia 95.19
Face hypokinesia (hypomimia) 95.00
Hypokinesia: spontaneous upper limb movements 95.56
Hypokinesia: voluntary upper limb movements 96.67
Hypokinesia: spontaneous lower limb movements 95.93
Tremor: distribution 96.67
Tremor: severity 98.33
Facial, ocular, and/or oromandibular dystonia 93.75
Cervical, laryngeal, and/or truncal dystonia 82.59
Dystonia of the upper limbs 93.97
Dystonia of the lower limbs 89.51
Head lag 95.91
Truncal hypotonia 94.18
Motor delay 96.67

0.75 95.93 0.79
0.66 93.13 0.55
0.71 92.72 0.62
0.77 95.93 0.77
0.76 93.33 0.66
0.65 93.33 0.45
0.65 98.33 0.79
0.74 90.00 0.60
0.42 88.96 0.52
0.39 94.37 0.38
0.19 87.71 0.16
0.82 97.63 0.89
0.68 95.04 0.72
0.80 97.50 0.74

Abbreviation: IPDRS, Infantile Parkinsonism-Dystonia Rating Scale.
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TABLE 3 IPDRS total scores by type of deficiency (discriminative validity)

Non-motor Motor symptoms Dyskinesia
Total IPDRS symptoms subscale subscale subscale
Mixed neural disorders with 39.23 (8.43) 5.53 (3.07) 31.70 (6.78) 0.60 (1.90)
bradykinesia-hypokinesia
Neurotransmitter patients: treated 28.50 (23.17) 8.33 (4.56) 17.50 (20.53) 2.17 (2.48)
Neurotransmitter patients: untreated 38.63 (13.58) 5.38 (2.39) 30.88 (11.62) 0.38 (1.06)
AADC deficiency patients before 55.00 (13.13) 8.00 (4.50) 39.13 (13.37) 6.25 (3.01)
gene therapy
P 0.013 0.152 0.068 <0.001

Means (SD) are displayed.
Abbreviations: IPDRS, Infantile Parkinsonism-Dystonia Rating Scale; AADC, r-aromatic amino acid decarboxylase; SD, standard deviation.
*Kruskal-Wallis test.

TABLE 4  Convergent and internal validity of the IPDRS

Barry-Albright

IPDRS Non-motor

IPDRS Motor symptoms

IPDRS Items scale subscale subscale
Non-motor subscale 0.06 = 0.14

Body hypokinesia —0.12

Face hypokinesia (hypomimia) —0.25

Hypokinesia: spontaneous upper limb —0.06

movements
Hypokinesia: voluntary upper limb movements —0.12
Hypokinesia: spontaneous lower limb —0.15
movements

Tremor: distribution —0.11

Tremor: severity —0.10

Rigidity: distribution —0.11

Rigidity: severity —0.11

Facial, ocular, and/or oromandibular dystonia 0.47%

Cervical, laryngeal, and/or truncal dystonia 0.64"

Dystonia of the upper limbs 0.46"

Dystonia of the lower limbs 0.58"

Head lag 0.01

Truncal hypotonia —0.35

Motor delay 0.16
Motor symptoms subscale 0.09 = =

Dyskinesia: severity —0.26

Dyskinesia: duration —0.26

Dyskinesia: body parts —-0.27
Dyskinesia subscale —0.25 0.15 0.24
IPDRS total 0.06 = =

Spearman’s correlation coefficients.
Abbreviation: IPDRS, Infantile Parkinsonism-Dystonia Rating Scale.

‘P

< 0.05.
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L PARKINSONISM-DYSTONIA RATING SCALE
TABLE 5 Responsiveness of the IPDRS (N = 9)°
Baseline First follow-up Second follow-up P Effect size
Non-motor subscale 7.50 (3.21) 3.67 (3.50) 2.00 (2.28) 0.016 1.71
Motor symptoms subscale 37.00 (15.00) 11.33 (4.32) 9.83 (3.87) 0.013 1.81
Dyskinesia subscale 6.50 (3.51) 10.50 (0.55) 10.33 (1.03) 0.004 1.09
IPDRS total 52.67 (13.23) 26.17 (7.60) 22.50 (5.36) 0.004 2.28

Means (SD) are displayed for scores.

Abbreviations: IPDRS, Infantile Parkinsonism-Dystonia Rating Scale; SD, standard deviation.

"Three patients with monoamine neurotransmitter disorders treated with dopaminergic medication and six patients with L-aromatic amino acid decarboxylase deficiency treated

with gene therapy.
bI\/l:mn—\Whitney test for baseline vs. second follow-up comparison.

and for the Motor and Dyskinesia subscales there were
coefficients greater than 0.70. Item homogeneity index
was below the threshold only for the Non-motor symp-
toms subscale (0.05).

Interrater reliability was analyzed with the first
30 patients, and results are displayed in Table 2, includ-
ing the percentage agreement and Kappa index for each
motor item assessed between raters. The items body
hypokinesia, facial expression, voluntary upper limb
movements, and motor delay demonstrated high agree-
ment, with percentages ranging from 90.00% to
98.33%. Body hypokinesia, head lag, and motor delay
showed substantial agreement with Kappa values
greater than 0.75. Dystonia of the lower limbs and of
the upper limbs had the lowest Kappa indices (as low
as 0.16 and 0.19, respectively).

IPDRS scores did not differ by sex or age. Total score
and Dyskinesia subscale values were significantly higher
in patients with disorders of monoamine neurotransmit-
ter synthesis (Table 3).

The correlation coefficients of the IPDRS total and
Motor and Dyskinesia subscales with BAD scales are
depicted in Table 4. Items on dystonia reached values
from 0.46 to 0.64 with the BAD scale. Regarding inter-
nal validity, subscales correlated from 0.14 (Non-motor
with Motor symptoms) to 0.24 (Motor symptoms with
Dyskinesia) (Table 4).

Nine patients with monoamine neurotransmitter dis-
orders were sequentially assessed before and after treat-
ment. After treatment, all IPDRS scores showed
significant changes (Table 5). The effect size for the
total score was 2.28, with subscale effect sizes ranging
from 1.09 to 1.81.

Discussion

We have developed the IPDRS, the first rating scale
designed to measure the severity of parkinsonism-
dystonia in infancy and early childhood. The IPDRS
has been constructed based primarily on the clinical

features of parkinsonism-dystonia in this age group™*®

and on the structure of the MDS-UPDRS for
Parkinson’s disease.® These elements guided the devel-
opment of its three subscales: (1) Non-Motor, reflecting
autonomic and emotional symptoms; (2) Motor, cap-
turing the cardinal features of parkinsonism along with
dystonia and associated motor abnormalities; and
(3) Dyskinesia, assessing hyperkinetic movements as
part of the underlying condition or as a treatment
effect. Preliminary results from this pilot study demon-
strate that the psychometric properties of the scale are
promising, with reliability and validity indicating its
potential usefulness in clinical practice. The IPDRS can
quantify the severity of parkinsonian and dystonic fea-
tures in early life and can serve as a tool to establish
baseline status and monitor response to treatment
over time. @

The Cardinal Features of Parkinsonism
(Bradykinesia, Tremor, and Rigidity) in the
IPDRS

Bradykinesia is a cardinal motor symptom of parkin-
sonism that refers to reduced velocity of movements.
Recently, the concept of “bradykinesia complex” has
been proposed that encompasses a range of features
associated with bradykinesia and includes related
abnormalities, such as hypokinesia (reduced movement
amplitude), sequence effect (progressive reduction in
speed and amplitude of movements during repetitive
tasks), hesitations/halts, akinesia (absence of move-
ment), and oligokinesia (reduction or lack of
spontaneous/automatic movements).”’ Kinematic and
neurophysiological studies in adult patients with mono-
amine neurotransmitter disorders have shown signifi-
cantly reduced velocity, diminished movement
amplitude, and irregular rhythm during repetitive
finger-tapping tasks.”! Assessing these features in
infants and young children is challenging due to their
early stage of neuromotor development. In addition,
patients often have accompanying motor developmental
delay and may be unable to follow instructions, further
complicating the assessment process. A third challenge
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is that parkinsonism in early life is often associated with
additional neurological manifestations that can also
influence movement velocity and amplitude. Conse-
quently, four of the five bradykinesia items in the
IPDRS focused on the assessment of spontaneous move-
ments (of the entire body, face, upper limbs, and lower
limbs, respectively). Recognizing that infants may have
developed the ability to reach and grasp, one item rat-
ing voluntary movements of the upper limbs was also
incorporated into the assessment.

Bradykinesia is not exclusive to parkinsonism and
can be seen in patients with dystonia’? and with dis-
eases primarily involving the corticospinal system and
the cerebellum, as well as those with cognitive distur-
bances and psychiatric disorders.”> As stated earlier in
the Subjects and Methods section, the main inclusion
criterion for our study was the presence of a
hypokinetic movement disorder in the absence of mus-
cle weakness attributable to a neuromuscular disorder,
regardless of whether the patient met the criteria of par-
kinsonism according to the MDS. This enabled us to
assess a wide array of different conditions ranging from
mitochondrial disorders with basal ganglia lesions to
acquired ischemic lesions in early life. Notably, all
patients in our cohort exhibited varying degrees of dys-
tonia, whereas only two patients exhibited prominent
corticospinal tract dysfunction (scoring >3 on the Mod-
ified Tardieu Scale), which was identified as the main
cause of their reduced motor activity.

The manifestation of tremor in infancy and early
childhood parkinsonism diverges from that seen in
adults with Parkinson’s disease and varies depending
on the underlying disease.®***%° In infants with mono-
amine neurotransmitter disorders, tremor is observed in
75% of cases, although only around a quarter of them
exhibit rest tremor.> Moreover, within this group of
disorders, tremor can emerge in the first months of life
as a paroxysmal or continuous rest and action coarse
tremor with high amplitude and low frequency that
involves the upper limbs and eventually generalizes.
The tremor vanishes after 2-6 months either spontane-
ously or promptly with 1-dopa treatment.” In this group
of diseases, tremor can also be dystonic in nature (per-
sonal observations R.P.). Consequently, in the IPDRS,
the presence, severity, and distribution of all types of
tremor are included.

In infantile degenerative parkinsonism, rigidity is a
predominant feature.>* Conversely, in developmental
parkinsonism related to monoamine neurotransmitter
disorders, patients typically exhibit axial hypotonia,
whereas appendicular tone varies widely, including
hypotonia, hypertonia, fluctuating tone, rigidity, and
even spasticity.?® It is thought that the presence of dys-
tonia could explain some of these tone abnormalities,
because dystonia may cause hypertonia when it is pre-
sent at rest (dystonic hypertonia), and also because

dystonia fluctuates in presence and severity depending
on factors such as body position, emotional state, or
level of consciousness.”” Assessment of axial tone has
been incorporated into the IPDRS, given its clinical rele-
vance in developmental parkinsonism. Some authors
have proposed that this prevalent feature may represent

the earliest expression of postural derangement in early
life.*

Analysis of the IPDRS

The pilot testing demonstrates good data quality and
acceptability. The only floor effect we observed was in
the Dyskinesia subscale. Dyskinesias are commonly
associated with patients with parkinsonism syndromes
who are receiving dopaminergic treatment. Because
only a minority of our study participants were receiving
dopaminergic therapy, it is plausible that this contrib-
uted to the relative absence of dyskinesia in our cohort.

Internal consistency of the Motor symptoms subscale
was generally adequate. For the Non-motor symptoms
subscale, which evaluates features of autonomic dys-
function and emotional lability, internal consistency
was lower. This was not unexpected because the Non-
motor symptoms subscale contains a heterogeneous
selection of symptoms, and patients with developmental
parkinsonism as a result of neurotransmitter disorders
typically exhibit a variable subset of these manifesta-
tions. For instance, although emotional lability is very
characteristic of some neurotransmitter disorders such
as AADC deficiency, it is not prevalent in others. In
addition, because this subscale relies on caregiver
reports with clinician assistance, variability in the ques-
tions and their interpretation by caregivers and clini-
cians may have contributed to the lower internal
consistency. To address this, we developed a set of stan-
dardized questions, included in the “Instructions for
Raters” (Supporting Information Data S2), to enhance
consistency. These questions will be used in future stud-
ies with larger patient cohorts to further advance the
validation of the scale.

Interrater reliability was demonstrated for most items
of the scale, although it was relatively low for axial and
limb dystonia. Notably, interrater reliability for all
bradykinesia items demonstrated high agreement,
which is noteworthy given the challenges in developing
anchor descriptions for use in the young age group for
which this scale was designed. In general, further clarifi-
cation of the instructions and the future development of
a teaching video may help to facilitate scoring and
reduce inconsistency in rating for these items.

Regarding convergent validity, low correlation coeffi-
cients were observed between the BAD scale and the
IPDRS. This outcome was anticipated, given the lack of
scales specifically designed to evaluate hypokinetic
movement disorders during early development, which
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would have been more suitable for assessing this
clinimetric measure. Conversely, and also consistent
with our expectations, dystonia exhibited strong corre-
lation coefficients with the BAD scale.

Weak-to-moderate  positive  correlations ~ were
observed between the IPDRS subscales. This is likely
attributable to the complex and heterogeneous nature
of parkinsonism in early life. These findings underscore
the necessity of reporting subscales separately, because
each subscale captures distinct aspects of the condition,
similar to the structure of the MDS-UPDRS, where dif-
ferent parts of the scale address specific elements of
Parkinson’s disease. This separation allows for a more
comprehensive and accurate reflection of the complex
nature of infantile parkinsonism-dystonia, providing
better insight into the various manifestations and their
progression.

Known-groups validity analysis demonstrated that
the total IPDRS score, along with the Dyskinesia and
Motor signs subscales, were significantly higher in
patients with monoamine neurotransmitter disorders.
These findings indicate that the IPDRS could be useful
in clinical settings for effectively identifying and
assessing individuals with such disorders. This finding
is of particular interest because, in developmental par-
kinsonism caused by neurotransmitter disorders, dyski-
nesias induced by dopaminergic treatment occur early
in the treatment course and are a reflection of response
to treatment, whereas lower dyskinesia scores may
reflect the eventual restoration of a more physiological
dopamine state in these patients.”®*’ In contrast, in
infantile degenerative parkinsonism, patients are more
likely to exhibit patterns similar to Parkinson’s disease,
where high dyskinesia scores may represent disease pro-
gression and are viewed as a treatment complication.

Three patients with monoamine neurotransmitter dis-
orders were scored retrospectively at baseline and dur-
ing titration of dopaminergic treatment, and six
patients with AADC deficiency were scored at baseline
and 6 and 12 months after gene therapy. In all of these
patients, clinical improvements were accurately
reflected by the reduction in Motor and Non-motor
subscale scores, as well as the total IPDRS score. These
results are relevant for clinical practice because they
suggest that the scale is useful to measure severity of
parkinsonism and for monitoring the response to treat-
ment over time.

The main limitation of this study is the inclusion of a
highly heterogeneous set of pediatric conditions, with
a small number of cases of developmental parkinsonism
and no cases of infantile degenerative parkinsonism—
an exceptionally rare condition with only a few identi-
fied genetic causes.”” In addition, acquired causes of
parkinsonism are exceedingly rare in early childhood.”
These factors collectively posed a significant challenge
in assembling a patient cohort for validating the IPDRS.

PARKINSONISM-DYSTONIA

RATING SCALE
However, through retrospective reviews and interna-
tional collaborations, we were able to evaluate a total
of 23 patients with disorders of monoamine neuro-
transmitter synthesis typically associated with develop-
mental parkinsonism.

Another limitation is the lack of anchor descriptions
for bradykinesia severity ratings from mild to severe.
Although the UPDRS-MDS scale includes upper and
lower limb repetitive tasks with well-defined anchors,
these are not suitable for infants and young children due
to developmental limitations. Even in children capable of
performing these tasks, attention and cooperation may
be inconsistent. However, interrater reliability for
bradykinesia items remained high, with consistency per-
centages ranging from 93.33% to 96.67%, indicating
that despite the absence of anchors, raters could reliably
differentiate between mild and severe bradykinesia,
thereby reducing the impact of this limitation.

Assessing movement disorders in very young patients
is particularly complex due to age-dependent pheno-
typic variations influenced by ongoing brain develop-
ment.>® This variability is evident in monoamine
neurotransmitter disorders linked to developmental
parkinsonism, where tremor may manifest in an
age-specific manner, potentially linked to the matura-
tion of descending motor pathways and oscillatory
thalamocortical activity.>*** Similarly, Segawa disease,
caused by autosomal dominant GTP-cyclohydrolase
deficiency,?'~** demonstrates age-dependent phenotypic
expression, with dystonia predominating in pediatric
patients and parkinsonism features emerging later in
life. Moreover, these patients can manifest diurnal vari-
ation of their motor symptoms, further complicating
their assessment. The changes observed in the IPDRS
scores of patients with neurotransmitter disorders rated
longitudinally during treatment suggest that this scale
could be a valuable tool for tracking the developmental
progression of motor manifestations in these patients.
In addition, our experience with the IPDRS in a diverse
group of infants and young children with severe neuro-
logical disorders underscores its versatility and broader
applicability as a rating scale. Although patients with
cerebral palsy and significant spasticity typically
undergo evaluation using validated spasticity scales and
motor classification systems, the IPDRS appears partic-
ularly effective for assessing hypokinesia and dystonia
in this age group. Further analysis with larger cohorts
will be necessary to validate these observations.

In conclusion, our pilot study suggests that the IPDRS
could be useful for assessing parkinsonism in children
in clinical practice. The results of this pilot study should
be confirmed in larger samples and with patients from
other settings and origins using refined and improved
instructions to raters and further optimizing the scale.
Further analysis, such as exploratory and confirmatory
factor analyses, and the use of analytical methods, such
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as those derived from item response theory (Rasch
analysis), could contribute to refining and improving
the scale. International collaboration is of the utmost
importance to achieve this.

Author Roles: R.P. and T.S.P. contributed to the design of the study;
R.P.,, T.S.P,, B.P.-D., A.G.-C., M.AK,, Z.D., V.Z, C.O., EK., M.S.-B,,
A.D., M.O,, RS, D.B.D.S., E.S., M.].F., and C.R.-B. contributed to the
execution of the study; R.P., T.S.P., ML].F., and C.R.-B. analyzed the data;
R.P., T.S.P., M.]J.F., and C.R.-B. wrote the first draft of the manuscript;
and all authors edited and approved of the final version of the manuscript.

Acknowledgments: We thank the patients and their families. We also
thank E. Fernandez-Alvarez, V. Leuzzi, S. Galosi, P. Martinez-Martin, A.
Macaya, J. Mink, and members of the International Working Group on
Neurotransmitter-related Disorders for their participation in evaluating
the clarity, relevance, and intelligibility of the scale for the target popula-
tion and for their involvement in focus group discussion.

Financial Disclosures of All Authors (for the Preceding
12 Months): R.P. consults for Neurocrine; has been paid by Genesis
Pharma, Ardius, and AstraZeneca to participate in national and interna-
tional congresses; and has participated in advisory boards organized by
Novartis, Ardius, Biomarin, Genesis Pharma, and Roche. A.G.-C. has
received honoraria for research support and lectures from PTC Therapeu-
tics and Immedica; has received honoraria for lectures from Biomarin,
Immedica, Eisai, Orchard Therapeutics, and Recordati Rare Diseases
Foundation; and is a cofounder of the Hospital Sant Joan de Déu start-up
‘Neuroprotect Life Sciences.” M.AK. is cofounder and consultant to
Bloomsbury Genetic Therapies and has received compensation as speaker
and consultant for PTC. A.D. has participated in advisory boards orga-
nized by Orchard Therapeutics and Biogen. The above funders had no
role in the design of the study; the collection, analysis, or interpretation of
data; the writing of the manuscript; or the decision to publish the results.
T.S.P. acknowledges research support from the NINDS/NIH (NS094242).
B.P.-D. is supported by the Instituto de Salud Carlos II (grants
PI121/00248 and FORT23/00034). A.G.-C. is supported by the
FI21/00073 “Instituto de Salud Carlos III (ISCIII)” and “Fondo Europeo
de Desarrollo Regional (FEDER).” V.Z. was supported by the AADC
Research trust for 1 year during the duration of this study.

Data Availability Statement

The data that support the findings of this study are
available on request from the corresponding author.
The data are not publicly available due to privacy or
ethical restrictions.

References

1. Tolosa E, Garrido A, Scholz SW, Poewe W. Challenges in the diag-
nosis of Parkinson’s disease. Lancet Neurol 2021;20(5):385-397.

2. Postuma RB, Berg D, Stern M, et al. MDS clinical diagnostic criteria
for Parkinson’s disease. Mov Disord 2015;30(12):1591-1601.
https://doi.org/10.1002/mds.26424

3. Morales-Briceio H, Mohammad SS, Post B, Fois AF, Dale RC,
Tchan M, Fung VSC. Clinical and neuroimaging phenotypes of
genetic parkinsonism from infancy to adolescence. Brain 2020;
143(3):751-770.

4. Leuzzi V, Nardecchia F, Pons R, Galosi S. Parkinsonism in children:
clinical classification and etiological spectrum. Parkinsonism Relat
Disord 2021;82:150-157.

5. DPérez-Duenas B, Gorman K, Marcé-Grau A, et al. The genetic land-
scape of complex childhood-onset hyperkinetic movement disorders.
Mov Disord 2022;37(11):2197-2209.

6. Garcia-Cazorla A, Duarte ST. Parkinsonism and inborn errors of
metabolism. J Inherit Metab Dis 2014;37(4):627-642. https://doi.
org/10.1007/s10545-014-9723-6

7. Kuseyri Hibschmann O, Horvath G, Cortés-Saladelafont E, et al.
Insights into the expanding phenotypic spectrum of inherited disor-
ders of biogenic amines. Nat Commun 2021;12(1):5529.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Goetz CG, Tilley BC, Shaftman SR, et al. Movement Disorder Soci-
ety UPDRS revision task force. Movement Disorder Society-
sponsored revision of the unified Parkinson’s disease rating scale
(MDS-UPDRS): scale presentation and clinimetric testing results.
Mov Disord 2008;23(15):2129-2170.

Jethwa A, Mink ], Macarthur C, Knights S, Fehlings T, Fehlings D.
Development of the hypertonia assessment tool (HAT): a discrimina-
tive tool for hypertonia in children. Dev Med Child Neurol 2010;
52(5):e83-€87.

Haataja L, Mercuri E, Regev R, Cowan F, Rutherford M,
Dubowitz V, Dubowitz L. Optimality score for the neurologic exam-
ination of the infant at 12 and 18 months of age. ] Pediat 1999;
135(2 Pt 1):153-161.

Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B.
Development and reliability of a system to classify gross motor func-
tion in children with cerebral palsy. Dev Med Child Neurol 1997;
39(4):214-223.

Barry M]J, VanSwearingen JM, Albright AL. Reliability and respon-
siveness of the Barry-Albright dystonia scale. Dev Med Child Neurol
1999;41(6):404—411.

Haugh AB, Pandyan AD, Johnson GR. A systematic review of the
Tardieu scale for the measurement of spasticity. Disabil Rehabil
2006;28(15):899-907. https://doi.org/10.1080/09638280500404305

Martinez-Martin P, Forjaz M]. How to evaluate validation data. In:
Goetz CG, Schrag A, Sampaio C, eds. Rating Scales in Parkinson’s
Disease. Clinical Practice and Research. Oxford: Oxford University
Press; 2012.

Streiner DL, Norman GR. Health Measurement Scales: A Practical
Guide to their Development and Use. Oxford: Oxford University
Press; 2003.

van der Linden FA, Kragt JJ, Klein M, van der Ploeg HM,
Polman CH, Uitdehaag BM. Psychometric evaluation of the multiple
sclerosis impact scale (MSIS-29) for proxy use. ] Neurol Neurosurg
Psychiatry 2005;76(12):1677-1681. https://doi.org/10.1136/jnnp.
2005.065227

Fisk JD, Brown MG, Sketris IS, Metz LM, Murray TJ, Stadnyk KJ.
A comparison of health utility measures for the evaluation of multi-
ple sclerosis treatments. ] Neurol Neurosurg Psychiatry 2005;76(1):
58-63. https://doi.org/10.1136/jnnp.2003.017897

Terwee CB, Dekker FW, Wiersinga WM, Prummel MF,
Bossuyt PM. On assessing responsiveness of health-related qual-
ity of life instruments: guidelines for instrument evaluation. Qual
Life Res 2003;12(4):349-362. https://doi.org/10.1023/a:10234993
22593

Cobhen J. Statistical Power Analysis for the Behavioral Sciences. New
York: Academic Press; 1977.

Bologna M, Espay AJ, Fasano A, Paparella G, Hallett M,
Berardelli A. Redefining bradykinesia. Mov Disord 2023;38(4):
551-557.

Passaretti M, Pollini L, Paparella G, et al. Neurophysiological
assessment of juvenile parkinsonism due to primary monoamine
neurotransmitter disorders. ] Neural Transm 2022;129(8):1011-
1021.

Outsika C, Kostalas V, Papadimitriou I, Kokkinou E, Zouvelou V,
Dalibigka Z, Pons R. Bradykinesia assessment in children with cere-
bral palsy and periventricular leukomalacia. Eur J Paediatr Neurol
2023;42:71-74.

Paparella G, Fasano A, Hallett M, Berardelli A, Bologna M.
Emerging concepts on bradykinesia in non-parkinsonian condi-
tions. Eur J Neurol 2021;28(7):2403-2422. https://doi.org/10.
1111/ene.14851

Galosi S, Pons R, Zouvelou B, Leuzzi V, Friedman J. High ampli-
tude jerky tremor in developmental dopamine deficiency. Mov Dis-

ord 2018;35(suppl 2):33.

Grattan-Smith PJ, Wevers RA, Steenbergen-Spanjers GC, Fung VS,
Earl J, Wilcken B. Tyrosine hydroxylase deficiency: clinical manifes-
tations of catecholamine insufficiency in infancy. Mov Disord 2002;
17(2):354-359.

Kurian MA, Gissen P, Smith M, Heales S Jr, Clayton PT. The mono-
amine neurotransmitter disorders: an expanding range of

10 Movement Disorders, 2025

85UB01 7 SUOWIWIOD 2A 11810 3 qeot dde au Aq peusenob a.e sajolie YO ‘SN JO Sa|nJ 1oy Akeid18U1IUQ A1 UO (SUORIPUOD-PUR-SLLLIBYWI0D" A8 |1 Aeiql Ul |Uo//StY) SUOTIPUOD PUe swie | 8y} 89S *[6202/90/50] U Akeiqiauliuo A8]im ‘(ouleAnde ) aqnopeay Aq 6T20€SPW/Z00T OT/I0P/W0Y A8 | 1M Afe.d [BU [UO'S BPI0S IPUBLLBAOW//SANY Wo1j papeoiumod ‘0 ‘/S28TEST


https://doi.org/10.1002/mds.26424
https://doi.org/10.1007/s10545-014-9723-6
https://doi.org/10.1007/s10545-014-9723-6
https://doi.org/10.1080/09638280500404305
https://doi.org/10.1136/jnnp.2005.065227
https://doi.org/10.1136/jnnp.2005.065227
https://doi.org/10.1136/jnnp.2003.017897
https://doi.org/10.1023/a:1023499322593
https://doi.org/10.1023/a:1023499322593
https://doi.org/10.1111/ene.14851
https://doi.org/10.1111/ene.14851

27.

28.

29.

30.

( INFANTILE

8

neurological syndromes. Lancet Neurol 2011;10(8):721-733.
https://doi.org/10.1016/S1474-4422(11)70141-7

Sanger TD, Chen D, Fehlings DL, et al. Definition and classification
of hyperkinetic movements in childhood. Mov Disord 2010;25(11):
1538-1549.

Pons R, Syrengelas D, Youroukos S, et al. Levodopa-induced dyski-
nesias in tyrosine hydroxylase deficiency. Mov Disord 2013;28(8):
1058-1063.

Pearson TS, Gupta N, San Sebastian W, et al. Gene therapy for aro-
matic L-amino acid decarboxylase deficiency by MR-guided direct
delivery of AAV2-AADC to midbrain dopaminergic neurons. Nat
Commun 2021;12(1):4251.

Mink JW. Special concerns in defining, studying, and treating dysto-
nia in children. Mov Disord 2013;28(7):921-925. https://doi.org/10.
1002/mds.25548

PARKINSONISM-DYSTONIA

31.

32.

RATING SCALE

Segawa M, Nomura Y, Nishiyama N. Autosomal dominant guano-
sine triphosphate cyclohydrolase I deficiency (Segawa disease). Ann
Neurol 2003;54(Suppl 6):S32-545.

Weissbach A, Pauly MG, Herzog R, et al. Relationship of genotype,

phenotype, and treatment in dopa-responsive dystonia: MDSGene
review. Mov Disord 2022;37(2):237-252.

Supporting Data

Additional Supporting Information may be found in

the online version of this article at the publisher’s
web-site.

Movement Disorders, 2025 1

85UB01 7 SUOWIWIOD 2A 11810 3 qeot dde au Aq peusenob a.e sajolie YO ‘SN JO Sa|nJ 1oy Akeid18U1IUQ A1 UO (SUORIPUOD-PUR-SLLLIBYWI0D" A8 |1 Aeiql Ul |Uo//StY) SUOTIPUOD PUe swie | 8y} 89S *[6202/90/50] U Akeiqiauliuo A8]im ‘(ouleAnde ) aqnopeay Aq 6T20€SPW/Z00T OT/I0P/W0Y A8 | 1M Afe.d [BU [UO'S BPI0S IPUBLLBAOW//SANY Wo1j papeoiumod ‘0 ‘/S28TEST


https://doi.org/10.1016/S1474-4422(11)70141-7
https://doi.org/10.1002/mds.25548
https://doi.org/10.1002/mds.25548

	 Development and Preliminary Validation of a Parkinsonism‐Dystonia Scale for Infants and Young Children
	Abstract
	Subjects and Methods
	Development of a Parkinsonism‐Dystonia Rating Scale for Infants and Early Childhood
	Assessment and Procedure
	Data Analysis
	Data Availability

	Results
	Discussion
	The Cardinal Features of Parkinsonism (Bradykinesia, Tremor, and Rigidity) in the IPDRS
	Analysis of the IPDRS

	Author Roles
	Acknowledgments
	Financial Disclosures of All Authors (for the Preceding 12Months)
	Data Availability Statement
	References
	SUPPORTING INFORMATION


