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ABSTRACT

INTRODUCTION: During early childhood, typical human motor behavior reveals 
a gradual transition from automatic motor patterns to acquired motor skills, by the 
continuous interplay between nature and nurture. During the wiring and shaping 
of the underlying motor networks, insight in the neurologic phenotype of devel-
opmental motor patterns is incomplete. In healthy, typically developing children 
(0-3 years of age), we therefore aimed to investigate the neurologic phenotype of 
developmental motor patterns. 

METHODS: In 32 healthy, typically developing children (0-3 years), we video-
recorded spontaneous motor behaviour, general movements (GMs) and standard-
ized motor tasks. We classified the motor patterns by: 1. the traditional neuro-
developmental approach, by Gestalt perception and 2. the classical neurological 
approach, by the clinical phenotypic determination of movement disorder features. 
We associated outcomes by Cramer’s V.

RESULTS: Developmental motor patterns revealed 1. choreatic-like features 
(≤3 months; associated with fidgety GMs (r=0.732) and startles (r=0.687)), 2. 
myoclonic-like features (≤3 months; associated with fidgety GMs (r=0.878) and 
startles (r=0.808)), 3. dystonic-like features (0-3 years; associated with asym-
metrical tonic neck reflex (r=0.641) and voluntary movements (r=0.517)) and 4. 
ataxic-like features (>3 months; associated with voluntary movements (r=0.928)).

CONCLUSIONS: In healthy infants and toddlers (0-3 years), typical developmen-
tal motor patterns reveal choreatic-, myoclonic-, dystonic- and ataxic-like features. 
The transient character of these neurologic phenotypes is placed in perspective of 
the physiologic shaping of the underlying motor centers. Neurologic phenotypic 
insight in developmental motor patterns can contribute to adequate discrimination 
between ontogenetic and initiating pathologic movement features and to adequate 
interpretation of therapeutic interactions.
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INTRODUCTION

During the first three years of life, typically developing infants and toddlers show 
a gradual transition from innate motor patterns to acquired motor skills by the 
continuous interplay between nature and nurture.1 Especially the first year of 
life marks an important transition period, during which innate neonatal motor 
patterns are gradually replaced by voluntary, goal-directed movements.2 Until 
now, clinical insight in the neurologic phenotype of these developmental motor 
patterns is still incomplete. We reasoned that neurologic data on the phenotypic 
expression of the underlying developmental motor patterns would contribute to 
(1) insight in the functional developmental condition of the underlying developing 
motor centers and networks, (2) clinical neuro-pediatric discrimination between 
physiologic and pathologic movement disorder features, (3) adequate phenotypic 
interpretation of therapeutic effects. In the present study, we therefore aimed to 
elucidate the neurologic phenotype of developmental motor patterns by associat-
ing two different approaches: (1) the traditional neurodevelopmental approach, by 
the technique and theory of Gestalt Perception3 and (2) the classical neurological 
approach, by the clinical phenotypic determination of movement disorder features. 

The first traditional neurodevelopmental approach involves the assessment of the 
developmental motor patterns by Gestalt perception.3 This method describes the 
quality (i.e. variability in amplitude, speed, fluency and symmetry) of spontaneous 
motor behavior, including general movements (GMs3). GMs are complex, spon-
taneous movements, involving the whole body, characterized by variability in in-
tensity, force, speed and amplitude.4 During the early neonatal period, GMs are of 
writhing character (i.e. small-to-moderate amplitude and slow-to-moderate speed), 
transforming into fidgety quality (i.e. continuous small movements of moderate 
speed and variable acceleration of trunk, neck and limbs in all directions) around 
6 to 9 weeks post term.2,4 At about 20 weeks of age, fidgety GMs are gradually 
being displaced by intentional movements, involving grasping, rolling, sitting and 
walking. During the acquisition of new motor patterns, the healthy motor system 
explores different strategies, resulting in variable motor output of optimal com-
plexity.5 In this period, the nervous system is being shaped and organized by innate 
activation of neural circuitry and environmental interaction. These processes will 
result in the elimination of inefficient synaptic connections, preserving the most 
efficient neural networks.6,7 This organization concurs with a gradual change in the 
quality of motor behavior, changing from a clumsy pattern with co-contractions, 
into fluent, precise and well-coordinated motor performances.6,8-11
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The second, classical neurological approach is based on the identification of move-
ment disorder features by the examination of reflexes, postures and movements. 
Historically speaking, this method is generally extrapolated from adult neurology. 
However, in early childhood it is important to realize that healthy immature motor 
networks could physiologically express movement disorder-like features as part 
of normal neurological development. For instance, in healthy children older than 
4 years of age, we have indicated that physiologically immature motor behav-
ior can reveal features that resemble ataxia and dystonia.12,13 These physiologic, 
developmental features are inversely related with age, implicating the highest 
expression by the most immature motor centers, and the gradual disappearance 
until adolescence. Analogous to movement quality features (as described by the 
neurodevelopmental approach), this implicates that neurologic movement disorder 
phenotypes express the physiologic maturation and fine-tuning of neural motor 
networks between the basal ganglia, cerebral cortex and cerebellum.6,7,14,15 In in-
fants and toddlers (0-3 years of age), we reasoned that the occurrence of physi-
ologic developmental movement disorder features may clinically complicate the 
early quantitative distinction between ontogenetic and pathologic motor features 
and the neurologic interpretation of treatment strategies. 

In healthy, typically developing children (0-3 years of age), we aimed to investigate 
the neurologic phenotype of developmental motor patterns. We hypothesized that 
developmental motor patterns in the neonate and toddler would consistently reveal 
movement disorder features (such as chorea, myoclonus, dystonia and ataxia). If 
so, these developmental motor patterns could be neurologically attributed to the 
physiological shaping and maturation of the underlying motor centers. 

METHODS

PARTICIPANTS
The medical ethical committee of the University Medical Center Groningen, the 
Netherlands, approved the present study. In the absence of pre-existing data, the 
present study is explorative in character. Analogous to previous studies determin-
ing age-related influences on quantitative ataxia and dystonia rating scale scores, 
we included 4 children per age subgroup. 

After informed consent by the parents, we recruited 32 healthy, typically de-
veloping children, consisting of 4 children (2 male, 2 female) per age subgroup 
(i.e. 0, 3, 6, 9, 12, 18, 24 and 36 months of age). Inclusion criteria were: healthy 
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children, a-term, uneventful delivery, normal development and achievement of 
age-adequate motor milestones (Appendix A). Exclusion criteria were: perinatal 
asphyxia, neurological or skeletal disorders and medication with known side ef-
fects on motor behavior. We recruited the children by open advertisement. We 
collected physiognomic data on length, weight and head circumference. Parents 
completed a questionnaire regarding their educational level, see supplementary 
Table I. 

PROCEDURE
We videotaped pediatric motor behavior in a quiet and alert behavioral state (state 
4). For the children’s comfort, parents were present during the recordings. In 
children of 0 to 24 months of age, we videotaped 5 minutes of spontaneous motor 
behavior, including at least two GMs (0–3 months of age), spontaneous posturing 
and/or voluntary movements (6–24 months of age). In 3-year old children, we 
videotaped spontaneous motor behavior and standardized motor tasks (such as 
reaching, sitting, walking etc.), see supplementary Table II.

NEURODEVELOPMENTAL ASSESSMENT OF MOTOR BEHAVIOR 
In children between 0 – 3 months of age, AFB, neonatologist and co-founder of 
the General Movements Trust, scored and analyzed the GMs according to Prechtl’s 
method of Gestalt perception.16

PHENOTYPIC ASSESSMENT OF PHYSIOLOGIC IMMATURE MOTOR 
PATTERNS
Five investigators (three pediatric neurologists and two MD PhD students in pe-
diatric movement disorders) independently assessed the motor patterns for the 
neurologic phenotypic appearance. For this task, the assessors applied the defini-
tions of movement disorder features as the gold standard (see Appendix B). For 
the assessment form, see Appendix C.

In each child, we calculated the percentage of observers who phenotypically rec-
ognized the same movement disorder features (i.e. the % movement disorder 
recognition). If the same movement disorder feature was indicated by the majority 
of observers (≥3/5 observers), we considered the indicated movement disorder fea-
ture as “reproducible”. Subsequently, we analyzed the occurrence of reproducible 
movement disorder features per age subgroup (0, 3, 6, 9, 12, 18, 24 and 36 months 
of age, n=4/age subgroup). When the majority of children per age subgroup (≥ 
2/4) revealed the same reproducible movement disorder features, the indicated 
features were processed as “main” movement disorder features for that particular 
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age subgroup. This implicates that main movement disorder features are indicated 
by the majority of the observers in the majority of children per age subgroup. 

We determined inter-observer agreement for the obtained main movement disorder 
features (between 5 assessors). Furthermore, we associated the percentage of main 
movement disorder features with the age of the subgroups and also with the iden-
tified developmental motor patterns, involving GM characteristics using Gestalt 
Perception (by AFB, expert and co-founder of the GM trust) and the identification 
of primitive reflexes (startles and ATNR) and voluntary motor patterns (such as 
sitting, standing, walking, reaching and voluntary grasping). 

STATISTICAL ANALYSIS
We performed statistical analyses using PASW Statistics 20 for Windows (SPSS 
Inc, Chicago IL, USA). We assessed normality of the distribution of the phenotypic 
outcomes (i.e. percentage of recognition), both graphically and with the Shapiro-
Wilk test. We determined inter-observer agreement between observers by Gwet’s 
agreement coefficient (Gwet’s AC1) and interpreted the outcomes by criteria of 
Landis and Koch: AC1 < 0.20: slight; 0.21 to 0.40: fair; 0.41 to 0.60: moderate; 
0.61 to 0.80: substantial; >0.81: almost perfect.17 We correlated the percentage of 
the main movement disorder features with age by Pearson’s r or by Spearman’s 
rho (when outcomes were not normally distributed). Finally, we correlated the 
developmental motor patterns with the percentage of the main movement disor-
der features with Cramer’s V. P-values of < 0.05 (two-sided) were considered to 
indicate statistical significance.

RESULTS

PHENOTYPIC ASSESSMENT OF THE IMMATURE MOTOR PATTERNS
In healthy children between 0 – 3 years of age, neurologic phenotypic assessment 
revealed: choreatic, myoclonic, dystonic and ataxic features as main movement 
disorder characteristics (for illustration see video examples). Features resembling 
tremor, tics and hypotonia were only incidentally observed in the minority of the 
children per age subgroup. We therefore excluded these features from further 
analysis. The inter-observer agreement (Gwet’s AC1) regarding the phenotypic 
identification of main movement disorder features revealed statistically signifi-
cant coefficients (p<0.001) of 0.459 for choreatic features (“moderate”), 0.771 for 
myoclonic features (“substantial”), 0.755 for dystonic features (“substantial”) and 
0.682 for ataxic features (“substantial”).
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Figure 1. The recognition of movement disorder features per age subgroup

The recognition of movement disorder features per age subgroup. Boxes represent the minimum, 
mean and maximum number of assessors who recognized the movement disorder feature per age 
group. Choreatic and myoclonic features coincide with startles and fidgety, dystonic features 
coincide with ATNR and voluntary movements and ataxic features coincide with voluntary move-
ments (>6 months of age). 

ASSOCIATION BETWEEN MAIN MOVEMENT DISORDER FEATURES 
AND AGE 
In healthy children between 0 – 3 months of age, choreatic, myoclonic and dys-
tonic features were present in respectively 50%, 63% and 100% of the children. 
In healthy children between 6 – 36 months of age, dystonic features persisted in 
96% of the children, and ataxic features were indicated in 88% of the children, 
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see figure 1. The observed choreatic, myoclonic, dystonic and ataxic features 
correlated significantly (p < 0.01) with age (r = -0.526, r = -0.708, r = -0.632 and 
r = 0.727, respectively). 

ASSOCIATION BETWEEN NEURODEVELOPMENTAL AND MOVEMENT 
DISORDER PHENOTYPES 
In healthy children between 0 – 3 months of age, fidgety GMs and startles cor-
related significantly with choreatic (r = 0.732, p = 0.002 and r = 0.687, p = 0.005, 
respectively) and myoclonic features (r = 0.878, p < 0.001 and r = 0.808, p < 0.001, 
respectively). ATNR correlated significantly with dystonic features (r = 0.641, p 
= 0.004).

In healthy children between 6 – 36 months of age, the presence of voluntary co-
ordinated movements correlated significantly with dystonic and ataxic features 
(r = 0.517, p = 0.036 and r = 0.928, p < 0.001, respectively). The correlation coef-
ficients between voluntary motor patterns and neurologic phenotypes are shown in 
supplementary Table III. An overview of the concurrence between developmental 
motor patterns, the neurologic phenotypic features and physiologic brain matura-
tion is shown in figure 2.

DISCUSSION

In the present study, we aimed to elucidate the neurologic phenotype of devel-
opmental motor patterns. In infants (< 3 months), developmental motor patterns 
(general movements and primitive reflexes) revealed hyperkinetic (choreatic, myo-
clonic and dystonic) movement disorder features. Older children (6 – 36 months) 
were identified with persistent dystonic features and also with ataxic features 
during voluntary movements. In children of four years and older, these physiologic 
developmental dystonic and ataxic features will gradually diminish and disappear 
during adolescence. The present discussion describes the transient occurrence of 
these motor features against the neuro-developmental background of the underly-
ing motor centers. 

0 – 3 MONTHS OF AGE
In healthy children between 0–3 months of age, hyperkinetic (choreatic, myoclonic 
and dystonic) movement disorder features are physiologically present during the 
execution of developmental motor patterns. 
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Figure 2. The time line of developing motor patterns, movement disorder 
features and brain maturation

Green boxes indicate the normal age-related presence of early neonatal movement patterns, primi-
tive reflexes and voluntary motor milestones. Blue boxes indicate the presence of physiological 
movement disorder features. Orange boxes indicate the maturation (determined by a peak in gray 
matter on MRI14) of developing motor centers. During development, normal ontogenetic motor 
behavior may reveal physiologic features resembling movement disorder characteristics.

This is attributed to the development of the underlying motor centers and networks 
connecting the immature basal ganglia, cerebral cortex and cerebellum. During 
the neonatal period, brain maturation involves many neurodevelopmental pro-
cesses, including synaptic organization and myelination.18 Synaptic organization 
involves synaptogenesis and subsequent synaptic pruning, peaking during the 
first 2 years of life.19 This early period coincides with a “switch” in CNS recep-
tors, due to the transition from excitatory to inhibitory GABAA receptors and the 
functional activation of glutamatergic receptors (NMDA and AMPA).19-22 As this 
transition concurs with synaptic organization, these CNS receptors are considered 
to participate in the formation of the neural networks.19,22,23 At 3 months of age, 
these neural networks reveal a significantly increased connectivity of the basal 
ganglia, cerebral cortex and cerebellum.23 This critical period concurs with the 
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replacement of GMs and primitive reflexes by voluntary goal-directed movements, 
social smiling, binocular vision and stable state regulation.18,24 Within this specific 
time frame, we also observed the disappearance of myoclonic and choreatic hy-
perkinetic movement disorder features. From neurodevelopmental perspective, it 
is tempting to speculate that the disappearance of these hyperkinetic features are 
related to enhanced inhibition by increased cortical activity.25 Additionally, one 
could also speculate that increased functional activity of the basal ganglia (via 
the indirect and hyperdirect pathway) is related.26,27 Altogether, our data indicate 
that neonatal myoclonic and choreatic movement disorder features are transiently 
present until the third month of age. 

6 – 36 MONTHS OF AGE
In children of 6 months and older, the process of synaptic organization continues 
to peak until the second year of life.19,23 During this period, the child achieves and 
subsequently refines voluntary functional motor performances, such as reaching, 
grasping, manipulation, sitting, standing and walking.8,28,29 In contrast with the 
disappearing choreatic and myoclonic features, dystonic features are persistent. 
These data confirm our previous study data in older children of 4-16 years of age, 
revealing the existence of dystonic features. In this study group (4-16 years of age), 
dystonic features were inversely related with age (i.e. the strongest expression in 
the youngest children), and disappeared around adolescence.13 Although specula-
tive, the early presence of dystonic features, the prolonged continuation and the 
gradual disappearance (before adulthood), could be attributed to the continuous 
development and maturation of the basal ganglia and the connecting networks. 
Due to the redundancy of neurons and synaptic connections in early childhood, 
inefficient activation of muscles may induce co-contractions and dystonic overflow 
movements.6,9,13,30,31 By the interaction between somatosensory and visual input 
and by selective synaptic elimination of inefficient synapses, basal ganglia neural 
networks will become more effective,6,7,14,23 eventually resulting in the gradual 
disappearance of dystonic features.13

Analogous to the dystonic movement features at 6 months of age, we also ob-
served that voluntary movements reveal ataxic features. In a previous study, we 
have also shown that these physiologic ataxic features are persistent after 36 
months, revealing an inverse relationship with age (i.e. the strongest expression 
in the youngest children) to disappear around adolescence.12 The execution and 
learning of coordinated movement patterns is generally regarded as a cerebellar 
function.32 Cerebellar development starts by 9 weeks gestational age, with ongoing 
neuronal proliferation and migration throughout the first year of life.33,34 From the 
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24th week of gestation onwards, cerebellar circuits are being formed between the 
brainstem, thalamus, cerebral cortex and the spinal cord.34,35These cerebellar net-
works receive, process and adapt information for balance and for decision-making 
regarding speed, force, and direction of intended movements. Throughout child-
hood, selective synaptic elimination and subsequent myelination of the persistent 
connections will continuously shape the cerebellar network activity, resulting in a 
relatively protracted development and achievement of functional optimality.15,36,37

Altogether, in early childhood, typical developmental motor patterns may reveal 
physiologic movement disorder features as an expression of ongoing neurodevelop-
ment.15,23,36,38 In healthy children, it is important to realize that these physiologic 
developmental movement disorder features should not be confused with the ex-
istence of a pathologic movement disorder. In contrary, the observation of these 
developmental movement disorder features during the execution of otherwise 
complex, fluent and variable developmental motor patterns should be regarded as 
an integrative part of normal neuro-development. We hope that neurologic aware-
ness of these physiologically occurring neurologic phenotypes can contribute to: 
(1) insight in the functional expression of the underlying developing CNS, (2) 
adequate differentiation between normal ontogenetic and initiating pathologic 
motor behavior, and (3) phenotypic interpretation of treatment interventions. 

We recognize some limitations to this study. First, the included number of chil-
dren is relatively small. However, the reported movement disorder features were 
consistent and statistically significant, despite the small numbers. Second, we are 
aware that we only processed the outcome parameters of the “main” movement 
disorder features, as we strived to illuminate the consistent expression of the 
developing motor networks. This implicates that other, less dominant, movement 
disorder features could still incidentally be observed as a physiologic expression 
of the developing motor centers during early childhood. 

In conclusion, in typically developing infants and toddlers, transient movement 
disorder phenotypes are attributed to physiologic neurodevelopment. Neurologic 
phenotypic insight in developmental motor patterns may hopefully contribute to 
adequate discrimination between ontogenetic and initiating pathologic movement 
features and to adequate interpretation of therapeutic interactions. 
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Supplementary Table I. Population characteristics
Girls (n = 16) Boys (n = 16) Total (n = 32) Dutch pop. (%)

Gestational age (weeks)
range
mean

37+0 – 41+0
38+5 (1+2)

38+0 – 41+3
39+5 (1+0)

37+0 – 41+3
39+2 (1+2)

Age at video recording 
(months)
range
mean (SD)

0 – 36
14 (12)

0 – 36
14 (12)

0 – 36
14 (11)

Highest education achieve-
ment mother
higher education
vocational education
secondary school
missing value

8 (50%)
4 (25%)
0 (0.0%)
4 (25%)

9 (56.3%)
5 (31.3%)
0 (0.0%)
2 (12.5%)

17 (53.1%)
9 (28.1%)
0 (0.0%)
6 (18.8%)

25.9%
56.9%
16.9%
0.3%

Highest education achieve-
ment father
higher education
vocational education
secondary school
missing value

7 (43.8%)
5 (31.3%)
0 (0.0%)
4 (25%)

8 (50%)
6 (37.5%)
0 (0.0%)
2 (12.5%)

15 (46.9%)
11 (34.4%)
0 (0.0%)
6 (18.8%)

29.6%
54.8%
14.7%
0.9%

pop. = population; Dutch population numbers were determined from Central Statistical Office 
of the Netherlands (CBS 2007); Parents of the included children had achieved academic grades 
more often (47 – 53%) compared to the average Dutch population (26 – 30%).

Supplementary Table II. Video protocol 3-year old children
Position Task View

General view Walking F – general view

Sitting Sitting at rest F – general view & 
P – general view

Eyes tracking movements F – close-up

Eyes blinking (10x) F – close-up

Opening and closing mouth F – close-up

Tongue protrusion F – close-up

Speech (counting 1-10 and normal conversation) F – close-up

Head movements (rotation, lateroflexion and flexion/
extension) F – close-up

Elevate arms side wards (5x) F – general view

Finger to nose, right and left (5x) F – general view

Drawing F – general view

Lying position Lying in rest F – general view

Rolling F – general view

Standing position Stand upright F – general view

Duration of recording for each task is 30 seconds. F = frontal view; P = profile view.

2



Supplementary Table III. Association between voluntary movements and 
movement disorder features

Dystonic features Ataxic features

Correlation 
coefficient Observed features Correlation coef-

ficient Observed features

Sitting indepen-
dently 0.641* Posturing of feet, 

arms, tongue 0.943** Trunk oscillations

Standing indepen-
dently 0.516* Posturing of feet, 

arms, tongue 0.649* Broad base, trunk 
oscillations

Walking (toddlers 
gait) 0.630* Posturing of feet, 

arms, tongue 0.570* Broad base, vari-
able steps

Reaching 0.478 (ns)# Posturing of feet, 
arms, tongue 0.856** Dysmetria

Voluntary grasping 0.478 (ns)# Posturing of feet, 
arms, tongue 0.856** Dysmetria

The association (Cramer’s V correlation coefficients and the observed features) between various volun-
tary movements and dystonic and ataxic features in healthy children; Ataxic features were observed in the 
involved body region performing the voluntary movement, whereas dystonic features were observed in the 
whole body during all voluntary tasks (e.g. overflow, co-contraction); # Although the association between 
reaching and grasping and dystonic features was not significant, we did observe dystonic features of feet, 
arms and tongue. As the presence of the voluntary reaching and grasping (>4 months) concurs with a de-
crease in % of recognition (figure 1), this observation led to no statistic outcome. * p < 0.05; ** p < 0.001
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Appendix A. Description and age at presence of developmental motor patterns
Developmental motor pattern Description Age

Neonatal movements

Writhing general movements Gross movements involving the whole body in 
a variable and complex sequence, with small-
to-moderate amplitude and slow-to-moderate 
speed.2,4

0 – 9 weeks

Fidgety general movements Restless but smoothly rounded movements of the 
whole body with small amplitude, moderate speed 
and variable acceleration of neck, trunk and limbs 
in all directions. 2,4

6 – 20 weeks

Primitive reflexes

Startle A quick generalized movement, initiated in the 
limbs and spreading to neck and trunk, as a re-
sponse to tactile, auditory and visual stimuli.18,39

0 – 6 months

Asymmetric tonic neck reflex 
(ATNR)

Extension of the upper extremity on the side to 
which the face is rotated and flexion of the upper 
extremity on the side of the occiput. Elicited by 
rotation of the head.18 

0 – 6 months

Voluntary movements

Gross motor skills

Rolling Rolling over from supine into prone position, 
using rotation of the body on the pelvis.40

> 4.5 months

Wriggling and pivoting Spatial displacement without use of arms and/or 
legs. Wriggling: forward belly slide movements. 
Pivoting: rotating sliding movements around 
navel axis.40 

5 – 9 months

Crawling Abdominal crawling and/or crawling on four 
limbs.40 

> 9 months

Sitting independently Sitting without support > 1 minute.40 > 8 months

Standing independently Standing up and stand free without support.40 > 12 months

Walking independently Walking without support ≥ 7 paces consecu-
tively40 

> 15 months

Toddling gait Walking pattern with non-fluent, invariable 
movements, monotonous speed, block-like trunk 
movements, abducted shoulders and a broad gait 
width.8 

15 – 42 months
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Developmental motor pattern Description Age

Fine motor skills

Pre-reaching phase Arm extensions towards an object, with or with-
out opening the hand.41 

0 – 4 months 

Reaching Smooth approach of arms and hands towards an 
object and touching or grasping the object.41 

> 4 months

Successful voluntary grasping Grasping objects voluntary (not as a reflex).40 > 3 months

Palmar grasp Grasp the object with whole palmar surface of 
hands and fingers.40 

0 – 4 months

Radial palmar grasp Grasp the object with mainly the radial half of his 
palm, including thumb and index finger.40 

3 – 7 months

Scissoring grasp Grasp the object between the volar surfaces of 
extended thumb and index finger.40 

7 – 10 months

Inferior pincer grasp Grasp the object between the tip of index finger 
and volar side of the thumb.40 

8 – 12 months

Pincer grasp Grasp the object neatly between the tips of index 
finger and thumb.40 

> 11 months

Appendix A. continued
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Appendix B. Description of assessed movement disorders
Movement disorder Description

Ataxia A movement disorders characterized by an impairment of the smooth per-
formance of goal-directed movements, resulting in impaired ‘unconscious’ 
decision making about balance, speed, force and direction of intended move-
ments.32,42,43

Dystonia A movement disorder characterized by sustained or intermittent muscle con-
tractions causing abnormal, often repetitive, movements and/or postures.44 

Chorea A movement disorders characterized by ongoing, random-appearing sequence 
of one or more discrete involuntary movements or movement fragments.45 

Myoclonus A movement disorder characterized by a sequence of repeated, often non-
rhythmic, brief shock-like jerks due to sudden involuntary contraction or 
relaxation of one or more muscles.45 

Tremor A movement disorder characterized by a rhythmic back-and-forth or oscillating 
involuntary movement about a joint axis.45 

Tics A movement disorder characterized by repeated, individually recognizable, 
intermittent movements or movement fragments that are almost always briefly 
suppressible and are usually associated with awareness of an urge to perform 
the movement.45 

Hypotonia A decreased resistance to passive movement in rest, but with the ability to 
generate full force with active movements.45 

Movement disorder 
features

Physiological movement features of healthy children that resemble character-
istics of movement disorders, according to above described definitions. These 
features are not phenotyped as pathologic.

Dystonic features These physiologic movement features may resemble dystonia, such as the 
ATNR, inverse posturing of the feet, manipulation of objects, overflow move-
ments and grimacing movements of the mouth.

Ataxic features These physiologic movement features may resemble ataxia, such as suboptimal 
coordination during sitting, standing, walking and coordinated hand move-
ments.

Choreatic features These physiologic movement features may resemble chorea, such as the rest-
less, smoothly rounded movements of fidgety GMs.

Myoclonic features These physiologic movement features may resemble myoclonus, such as a 
quick, shock-like generalized movement (i.e. startle).
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Appendix C. Assessment form for the phenotypic appearance of movement 
disorder features

Name observer:…………………………………………………………………………
Date:………………………………………………………………………………………
Patient number: …………………………………………………..……………………

*Combined: in task specific, you may perceive different “main” features during 
different tasks, please describe:

A. task………………………………. Main feature…………………………….

B. task………………………………. Main feature…………………………….

If you perceive movement disorder features, please indicate for each:  

1. task relatedness (if so, which); 2. body region; 3. global time indication
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