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SUMMARY

Developmental coordination disorder (DCD) is a neurodevelopmental disorder that is usually recognized
after the age of five but may have lifelong motor, coordination, and cognition consequences. The criteria
for setting a diagnosis refer to the presence of the following: performance of coordinated motor skills
below that expected for chronological age, a deficit of motor skills that significantly and persistently
interferes with activities of daily living, the onset of symptoms in an early developmental period, and a
lack of motor skills that cannot be explained by intellectual disability or other neurological conditions
that affect movement. This clinical picture is often comorbid with attention deficit hyperactivity disorder,
autism spectrum disorder, and some other neurodevelopmental disorders. Prevailing DCD management
includes task-oriented interventions as well as interventions focused on reducing impairment and improv-
ing physical function. The aim of the paper is to summarize typical DCD features related to diagnostic
criteria, epidemiology, etiology, and comorbidities, as well as to present current management options.
Keywords: developmental coordination disorder; diagnostic criteria; comorbidity; task-oriented inter-
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INTRODUCTION

The criteria for defining developmental coor-
dination disorder (DCD) (ICD-11 code 6A04)
include limitations of motor activities that are
not otherwise caused by cognitive, sensory, or
neurological deficits and are identified in the
early developmental period [1, 2]. DCD is a
neurodevelopmental disorder characterized
by deficit in performing fine (e.g. handwriting
and tying shoelaces) and gross motor skills (e.g.
playing sports and dressing) at a level appropri-
ate for calendar age, but clinical presentation
can be very heterogeneous [3]. Within the clini-
cal picture of DCD there is also a motor and
neurodevelopmental component of the diag-
nosis [4]. In the past, the terms “clumsy child
syndrome” and “developmental dyspraxia” were
associated with this clinical picture [5].

In some cases, it can be challenging to de-
termine the extent to which typical difficulties
seen in DCD affect child’s daily activities and

participation and meet criteria for diagnosis.
Notably, the common DCD description seems
to include a large group of children who have a
variety of impairments. Structured observation
and examination of movement specificity can
help in deciding on the diagnosis of DCD in
children who have difficulties in coordination,
generalization, learning and transfer within
motor skills [6].

The aim of this paper is to fuse the speci-
ficities of DCD related to diagnostic criteria,
epidemiology, etiology, and comorbidities, as
well as to present current options for manage-
ment of this condition.

DIAGNOSTIC CRITERIA

Current diagnostic parameters for determin-
ing DCD described in ICD-11 [1] and DSM-
5 [4] refer to four mandatory criteria that are
detailed in Table 1.

Table 1. Diagnostic criteria for developmental coordination disorder*

October 2, 2024 Criterion | Description of criteria

Accepted « MpuxsaheHo: Acquiring and performing coordinated motor skills, as well as the possibility for motor learning, are
October 12,2024 significantly below expectations considering the chronological age of the individual. Difficulties are
Online first: October 24, 2024 A manifested as clumsiness (e.g., dropping objects, tripping over or hitting objects), as well as slowness

and inaccuracy in performing motor skills (e.g., grasping objects, using scissors or cutlery, riding a
bicycle or rollerblade, writing with a pencil).

The motor skill deficit described in the previous criterion significantly and persistently interferes with
B activities of daily living that correspond chronological age (e.g., self-care and self-aid) and affects
productivity during academic learning, leisure, and play.

Correspondence to: C The onset of symptoms is in the early period of development.
Aleksandra BURIC-ZDRAVKOVIC Motor skill deficits cannot be explained by intellectual disability or visual impairment and cannot be
Visokog Stevana 2 D attributed to a neurological condition that affects movement (e.g., cerebral palsy, muscular dystrophy
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and degenerative disorder).

*Adapted from World Health Organization [1] and Cunningham et al. [2]
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Table 2. Symptoms and signs suggesting possible developmental coordination disorder in different age groups*

Age

Symptoms and signs indicating possible developmental coordination disorder

Preschool children

- Persistent delay in motor developmental milestones: sitting, standing, walking, toilet training, speaking
- Difficulties with running, hopping and jumping

- Difficulties with catching or kicking a ball

«Trouble walking up and down stairs

« Poor coordination and balance

- Frequently tripping and/or falling over things, bumping into objects

- Lack of interest in construction toys (e.g. building blocks, Lego®)

« Poor at getting dressed, buttoning up clothes, combing hair

« Clumsy when picking up small things, tends to break small toys

« Poor pencil skills - drawing, holding a pencil (drawings seem very immature compared to those of other children)
- Poor at using scissors, fork and other utensils

« Poor at puzzles, jigsaws or shape-sorting games

- Difficulties with brushing teeth, getting dressed, tying shoelaces and other self-care
- Difficulties with oral motor coordination, such as closing lips to blow bubbles or blowing out birthday candles

- Problems from preschool period may persist

- Difficulties with math and writing
« Appearing disorganized
- Seeming unable to follow instructions

Schoolchildren and
adolescents

« Driving difficulties

« Problems with copying text or drawings from the school board

+ Avoiding physical education, sports and games
« Slow and poor handwriting with higher percentage of errors compared to neurotypical children

*Adapted from Harris et al. [9], Morgan et al. [10], and Smits-Engelsman et al. [11]

Preschool children with DCD master key developmen-
tal motor milestones (crawling, standing, walking, climb-
ing stairs, buttoning clothes) at a later age compared to
children with neurotypical development [1]. For example,
it has been reported that 23% of children with DCD as-
sessed between the ages of seven and 10 have never learned
to crawl [7]. Children with DCD also have limited mobil-
ity, but generally the limitations are less pronounced than
in children with cerebral palsy [8]. During middle child-
hood, the symptoms of DCD can become evident in ac-
tivities such as handwriting, playing with a ball or in tasks
of visuo-constructive abilities such as jigsaw puzzles or
constructing various models [9, 10, 11]. Deficits in motor
coordination in adolescence and adulthood can manifest
when trying to master new motor skills (e.g., driving a
car, using various tools, or taking notes), but even when
motor skills are acquired, movement performance in all
developmental stages is generally imprecise and clumsy
compared to peers with neurotypical development [1, 9].
Clinical symptoms and signs suggestive but not specific for
DCD in different age groups are shown in Table 2.

The diagnosis of DCD is usually made after the fifth
birthday when all diagnostic criteria can be met. Due to
major changes occurring in the developing brain during
the first postnatal years, a certain time must elapse before
symptoms and signs become unequivocally noticeable [12].
Although DSM-5 [4] included a new diagnostic criterion
for DCD related to the onset of symptoms in an early de-
velopmental period, the evidence supporting this criterion
is limited since DCD is generally not diagnosed before the
age of five, as young children with motor delays can show
spontaneous developmental catch-up. Likewise, the diffi-
culty of a young child’s cooperation and motivation to carry
out assessment tests in this domain can lead to problems
in the interpretation and straightforward diagnosis [13].

Children with DCD show a various spectrum of dif-
ficulties in controlling, coordinating and planning motor
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responses, as well as sensory and perceptual processing,
which affects their quality of performing gross and fine
motor activities [14]. Given highly heterogeneous presen-
tation of DCD, diagnosis may be particularly challenging,
and the experts in this field have made efforts to categorize
DCD in distinct subtypes. Three subtypes of DCD have
been proposed [15]: ideomotor DCD, presenting with a
difficulty in the perception, praxia, and imitation of ges-
tures; visual-spatial/constructional DCD, characterized
by serious difficulties in visual-motor integration and
visual-spatial structuring, while the third subtype refers
to a mixed presentation which is comprised of the first two
subtypes. However, other authors suggest perceiving the
categorization of DCD according to cognitive specificities,
and point out six subtypes:

1. children at risk - difficulty with jumping, as well as
minor problems with manual dexterity and simulta-
neous coding,

2. children with average values of all cognitive-motor
assessments,

3. children with values of all cognitive-motor assess-
ments above the average,

4. children with detected manual dexterity, planning
and simultaneous coding problems,

5. children with detected manual dexterity, planning
and dynamic balance problems,

6. children with values of all cognitive-motor assess-
ments below the average [16].

Despite the existence of different categorizations
of DCD, it could not be claimed that the subtypes are
clearly related to specific interventions within the treat-
ment framework. However, in most scientific sources it
is considered that children who score below the fifth per-
centile on standardized tests for the assessment of motor
abilities (for example Movement Assessment Battery for
Children Second Edition - MABC-2) can be described as
children with significant movement difficulties and with
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the probable presence of DCD. Children who score in the
fifth to 15th percentile are at risk for DCD [17]. The results
of this assessment do not provide a diagnosis of DCD, but
contribute to the fulfillment of diagnostic criterion A.

EPIDEMIOLOGY AND ETIOLOGY

The reported prevalence of DCD ranges 2-20% of children
[18], the most frequently assessed to be 5-6% in school-
aged children [13]. Male predominance is a constant find-
ing in studies (two to three times), and the risk of devel-
oping DCD increases with lower gestational age at birth
[13]. However, despite such a high prevalence, DCD is
considered one of the most unrecognized neurodevelop-
mental disorders, with the least organized support in terms
of treatment [18]. Although DCD has been traditionally
considered a childhood neurodevelopmental condition, it
is estimated that it occurs in about 5% of the general adult
population [13].

There is very little data on the cause of DCD and its
pathogenetic mechanisms, making it difficult to under-
stand core pathological problems in motor skill learning in
order to determine the optimal therapeutic interventions.
Yet, the evidence indicates the etiology is multifactorial,
with both environmental and genetic factors contributing
[19]. In most children with DCD, no obvious brain lesion
can be seen. However, neuroimaging studies suggest that
the brains of the affected children may show minor struc-
tural and functional changes [20]. For example, there is
evidence of altered white matter development, indicated by
reduced axial diffusivity in motor and sensory tracts [21].
Dysfunction in several brain regions has been implied: the
cerebellum, basal ganglia, parietal lobe, frontal lobe areas,
and possibly the corpus callosum [22, 23]. Considering the
influence of the cerebellum on movement, coordination,
balance, learning and cognitive functions, it is expected
that its atypical developmental may be noted [19]. Poorer
quality of visuospatial processing is most often associated
with dysfunction of the parietal lobe, the impairment of
motor planning, memory and executive functions indicates
problems originating from the frontal lobe, and dysfunc-
tion of eye-hand movements implies problems within the
corpus callosum [23, 24]. Nevertheless, undoubtedly the
neural substrates of DCD have yet to be fully described.

COMORBIDITIES

The heterogeneity of the DCD presentation, in addition to
subtypes, also includes the occurrence of comorbidities.
There is frequently an overlap with other neurodevelop-
mental disorders, especially attention deficit hyperactivity
disorder (ADHD) and autism spectrum disorder (ASD) [2,
25]. Motor impairments are an integral part of the clini-
cal picture of numerous neurodevelopmental disorders
[12, 26], and it is believed that over 50% of children with
ADHD (primarily the inattentive type) or ASD may have
a simultaneous diagnosis of DCD [19]. The possibility of
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a genetic etiology linking DCD and ADHD or ASD has
been indicated [27].

When considering a dual diagnosis of DCD and ADHD,
it is important to emphasize that the diagnostic criteria for
each disorder must be met to officially establish diagnosis
of comorbidity. For example, some people with ADHD
may appear clumsy (e.g., tripping over obstacles, knocking
over objects, dropping things) due to inattention, hyperac-
tivity, and/or impulsivity [28]. DCD in such cases should
not be diagnosed [1].

It is important to note that criterion D complicates the
diagnosis of DCD in children with ASD because it implies
that the motor difficulties must be greater or minimally
different from what is expected in children with ASD. In
the literature, one comes across a very small number of
recommendations on how to determine with certainty
whether criterion D for the DCD has been met. It is nec-
essary to establish whether the motor difficulties detected
in children with ASD are an integral part of the clinical
picture [29] or are a consequence of the simultaneous oc-
currence of DCD, because each diagnosis, or comorbid-
ity, affects the type of treatment offered to children and
families. The authors of this paper did not find any studies
that provide clear guidelines on when to diagnose DCD
in children with ASD, although the literature suggests
that this should be done when criteria for DCD are met.
However, no formal recommendations can be found to
help clinicians interpret when motor difficulties exceed
those typically expected in children with ASD [14].

Specific language impairment (SLI) is a comorbid con-
dition that can occur in DCD. It is thought that about a
third of children diagnosed with SLI also have DCD [30].
Children with a dual diagnosis of SLI and DCD have an
evident decline in the quality of abilities in several domains
of quality of life, which is not so pronounced in children
with SLI [31].

Children with DCD are also facing two to four times in-
creased risk of mental health issues, with anxiety detected
in 16.7-33.8% and depression in 9.1-11.8% of cases [9, 32].

Recent researches indicate that secondary psychological
problems (lower quality of life, low self-esteem, poor social
relations, abuse, self-isolation) can also be classified as ad-
ditional difficulties experienced by children with DCD [33,
34]. Hence, DCD can hinder social inclusion of children,
potentially leading to emotional and behavioral problems,
especially internalizing ones. Research from Korea proves
that eight and nine-year-old children with DCD struggle
with initiating and maintaining friendships, not only at
school, but also at home with their parents. A lack of positive
self-regard and low confidence in personal decision-mak-
ing are common. However, it is promising that emotional
behavioral issues in these children were found to decrease
when the quality of their motor coordination is improved
[35], so it is important to monitor negative psychological
and social manifestations into adulthood [34]. Given all of
the above, psychological support is considered to be crucial
for individuals with DCD as other types of treatment [33].

In terms of physical health, children with DCD are often
overweight or obese (OR 1.79-4.23) with compromised
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physical fitness and therefore body mass index should be
part of their general physical exam [9]. In addition, parent-
reported symptoms of DCD are common in childhood
epilepsy, which may be associated with additional stigma-
tization early and later in life [36, 37].

In practice, DCD is usually not considered in people
with intellectual disability, because in that case the motor
deficit must be significantly greater than the deficit that
would be expected in a certain category of intellectual dis-
ability (mild, moderate, severe, profound). Although this
may pose a problem, a formal diagnosis of DCD facilitates
access to appropriate support, interventions and treatment
and may shed light on shared underlying mechanisms
[2]. Procedural learning and motor control deficits in the
DCD may be secondary to several neural network dys-
functions (cortico-striatal and cortico-cerebellar), which
may have relevance in cognitive and motor functioning
later in adulthood [38, 39]. Other comorbid conditions
that occur with DCD include various problems in learn-
ing and behavior, difficult acquisition of academic skills
of reading, writing and following spelling rules, deficit of
social communication and social interaction in the sense
of difficult social reciprocity and problematic non-verbal
communication [40].

TREATMENT

Interventions designed to improve motor performance for
children with DCD have numerous components and differ
in type, intensity, duration and frequency. When planning
the intervention program, it is recommended to take into
account both the “strengths” and “weaknesses” of the child
in order to improve the quality of motor functions and ex-
ecution of activities. Such a protocol improves the chance
for the most pronounced functional independence in self-
care [41]. However, if not all criteria for DCD are met,
but there are motor problems in performing activities,
the child should be included in various developmental
and stimulating activities within his or her environment.
This is especially important for children younger than
five years who show significant motor dysfunctions but
do not meet all the diagnostic criteria needed to diagnose
DCD [13].

Often recommended interventions for children with
DCD include a combination of task-oriented interventions
and interventions focused on reducing impairment and im-
proving body function and structure. Combining these two
types of interventions in the treatment has a greater effect
on improving the quality of motor skills than any of the
prevailing interventions implemented in isolation [42].
Task-oriented interventions are motor activities or motor
programs designed to improve the adoption and perfor-
mance of a specific functional motor task [42, 43]. These
interventions are based on theories of motor control and
motor learning, using the concepts of active participation
and increasing task demands [44]. In the literature, there
are four methods of task-oriented intervention related to
DCD:
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1. Motor Skill Training (exercise and repetition of
voluntary body movements in order to achieve the
correct execution of a motor task, which achieves
functionality and maximum participation within the
environment) [45];

2. Neuromotor Task Training (uses individualized
simplification of fine or gross motor activities into
smaller components, thus enhancing the success of
the individually performed step, until the child gen-
eralizes the motor skills needed to achieve the goal)
[46];

3. Cognitive Orientation to Daily Occupational
Performance (acquiring motor skills through the
formation of problem-solving strategies, using be-
havioral and cognitive learning theories) [47];

4. Motor Imagery (a new cognitive approach by which
the child practices or simulates a targeted motor ac-
tivity) [48].

Among the different treatment approaches, the most
talked about is the importance of cognition for the effect
of intervention in children with DCD. The most effective
part of the intervention is a process that obligatorily in-
cludes cognitive engagement, that is, a process that enables
children to acquire, process, combine, plan and construct
information [49]. New cognitive training methods prove
that appropriate exercise programs are important for the
safe and efficient performance of activities of daily living
in children with DCD. These methods include exercises
related to mental processes such as perception, memory,
attention and planning [50].

Interventions used to reduce impairment and improve
body functions and structures are called process-oriented
approaches. The strategy of these interventions is based
on the fact that improvement in basic motor deficits will
lead to changes in motor performance [45].

In the literature, there is no clearly prescribed dosage
with which the intervention should be carried out. The
dosage of interventions should be based on the ability of
the child with DCD to exercise at home, in kindergarten/
school and in a health facility. Achieving short-term goals
requires a very frequent schedule of exercises, which is
adapted to the complexity of the goal. The exercise sched-
ule should be organized in the range of two to five times a
week, so that the set individualized goal can be achieved
in about nine weeks. The recommended duration of one
intervention in the literature ranges from 10 minutes to six
hours per day [42]. The treatment of fine motor skills is
usually significantly more time-intensive than the training
of gross motor skills [13].

Within the treatment, it is important to note that mul-
tidisciplinary collaboration with clinicians from different
fields can be extremely beneficial for people with DCD
[51]. A multidisciplinary model could allow experts from
different fields to contribute to the creation of treatments
for each of the different difficulties present in DCD, in
relation to motor, cognitive and secondary symptoms. This
approach would significantly help to better understand
the DCD and finally confirm its extraordinary complex-
ity [52].
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CONCLUSION

DCD is a neurodevelopmental disorder that occurs in
5-6% of children. The exact etiology of DCD is unknown,
but it has been proven that multiple areas of the brain are
affected, with clear genetic and environmental contribu-
tions. To be diagnosed with DCD, all four ICD-11/DSM-5
criteria must be met. The effects of motor dysfunction are
manifested in the poor performance of daily activities and
academic tasks. Comorbid conditions that occur in DCD
are ASD, ADHD, and SLI.

Task-oriented interventions and interventions focused
on reducing impairment and improving body function
and structure are first-choice interventions that should
be implemented with high frequency with children with
DCD. Given that DCD is a very complex condition, it is
necessary to form a multidisciplinary team, which will
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Pa3BojHu nopemehaj KoopauHaLmje — KAMHUYKE KapaKTepPUCTUKE M Tepanujcke

onuuje

Anekcangpa hypuh-3gpaskoBuh', Maja Munosanosuh'?, Hyphuua Ysoposuh?, Anekcangpa Masnosuh'
'YHuBep3uTeT y Beorpagy, OakynTet 3a cneuujanty eaykauujy u pexabunutaunjy, beorpag, Cpbuja;

2MIHCTUTYT 32 MeHTasHo 3apasbe, beorpaa, Cpbuja

CAXETAK

Pa3BojHy nopemehaj KoopanHaumje npefcTaB/ba Heypopa-
3BOjHM Nopemehaj Koju ce yrnaBHOM Npero3Haje HakoH neTe
rofiMHe XMBOTa, ann MOXe 1MaTN LeNoXNBOTHe noceauLie Ha
MOTOPWKY, KOOPANHALMjY 1 KOrH1umjy. Kputepujymm 3a nocta-
B/batbe fMjarHo3e ofHoCe ce Ha 13Bohere KOOPANHNCAHUX
MOTOPUYKMNX BELUTUHA UCMOJ OYEKNBAHOT Y OfHOCY Ha XPOHO-
NOLWKY A06, AedULUT MOTOPUUKIX BELITUHA KOjI 3HAYajHO 1
Nep3KCTEHTHO OMeTa aKTUBHOCTN CBAKOAHEBHOT XMBOTa, Moye-
TaK CMMTOMa Y paHOM Pa3BOjHOM Neproay 1 HeoCTaTak MOTO-
PYYKMX BELUTVHA KOji1 C& HE MOXe 00jaCHUTN NHTENEKTYalHOM
omeTeHoLRY 1K HEKMM APYT M HEYPOSOLKMM CTakbliMa Koja
yTn4y Ha nokpete. OBa KNMHUYKa C/INKa YeCTo je KomopbuaHa

DOI: https://doi.org/10.2298/SARH240730081D

ca nopemehajem naxbe, ca xunepaktmeHoLwhy, nopemehajem
13 CNeKTpa ayTu3ma U HeKMM ApYruM HeypopasBojHIIM MopemMe-
hajuma. MpoTexunpajyhe nHTepBeHLMje 3a pa3BojHy nopemehaj
KOOPAVHaLWje yKibyuyjy MHTEPBEHLMje OpyjeHT1CaHe Ha 3aaa-
TaK, Kao 1 HTepBeHLje GOoKyCrpaHe Ha CMakberse oluTehera
1 nobosbluakbe TenecHe dyHKumje.

Linb papa je ga cymmnpa cneuuduryHocTn pa3sojHor nopemehaja
KOOpAMHaLmje Be3aHe 3a AnjarHoOCTUYKe KpuTepujyme, envge-
MVOJIOTIjy, ETUONOT W]y U KOMOPOMANTETE, Kao 1 fja NpUKaxe
caBpeMeHe Tepanujcke onuuje.

KmyuHe peun: pa3sojHy nopemehaj KoopavHaLyje; anjarHo-
CTUYKM KPUTEPUjYMU; KOMOPOMAMNTET; MHTEPBEHLMjA OPWjeH-
TMCaHa Ha 3afjaTak
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