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HIGHLIGHTS

+ Children with ADHD show lower performance in fundamental
motor skills.

+ ADHD children often classified as poor or very poor in motor
tasks.

+ Motor skill deficits may affect school and daily life activities.

+ Physical activity and adapted practice can improve motor and
executive skills.

+ Inclusion strategies in schools are crucial for motor
development.

ABBREVIATIONS

ADHD Attention-deficit/hyperactivity disorder
CPM Coloured Progressive Matrices

DCD Developmental Coordination Disorder

DLPFC Dorsolateral prefrontal cortex

DSM-5 Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition

DSM-V  Diagnostic and Statistical Manual of Mental Disorders
K-SADS-PL Schedule for Affective Disorders and Schizophrenia
for School-Aged Children—Present and Lifetime Version

MABC Movement Assessment Battery for Children
MABC-2  Movement Assessment Battery for Children 2
NITIDA Nucleus of Investigations in Impulsivity and Attention
OobD Oppositional Defiant Disorder

SNAP-IV  Swanson, Nolan, and Pelham Rating Scale-IV

TDG Typical development group

TGMD-2  Test of Gross Motor Development-2
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ABSTRACT

BACKGROUND: Fundamental motor skills, developed during childhood, are essential
for future participation in sports and physical activities. Children with developmental
disorders tend to exhibit reduced motor performance.

AIM: This study aimed to assess these skills in children with ADHD.

METHODS: Forty-four children of both sex aged between 6 and 10 years-old (6 girls and
38 boys with average age of 8.45 + 1.18 years). The experiment consisted of two groups
(n = 22): children diagnosed with ADHD and children of typical development (TDG).
Motor performance was evaluated by the Test of Gross Motor Development - 2 (TGMD-
2). Descriptive statistics were calculated, and group differences were tested using
Student’s t-tests and the chi-square test, with an alpha level of .05. Effect sizes were
estimated using Cohen’s d.

RESULTS: Results showed better performance of TDG than ADHD in locomotor subtest
as well as in object control subtest. In a qualitative analysis, all children from ADHD
presented low performance as well as 40% of children from TDG.

INTERPRETATION: Discussion reinforces the importance of fundamental motor skills
for children with developmental disorders especially to ADHD children and we raise a
question if motor performance would be related to the sub-type of the disorder.

KEYWORDS: Motor development | Quotient motor | TGMD-2 | ADHD | Children

INTRODUCTION

The attention-deficit/hyperactivity disorder (ADHD) is characterized by inattention, hyperactivity and impulsivity, and by a
heterogeneous clinical behavior. It consists in one of most prevalent and most studied neuropsychiatric disorders in childhood and
adolescence . It is estimated that approximately 5% of children worldwide present ADHD, with a higher frequency of diagnosis in boys
than in girls 2. In adolescence, ADHD persists in about 70% of cases, and prevalence in adulthood ranges from 2.9% to 4.4% 2.

Children with ADHD present difficulties in daily activities, which reflects in impaired academic performance and difficulties in
social participation. ADHD children are more susceptible to exclusion and frequently show low self-esteem 4. These behavioral deficits are
associated with neuropsychological impairments involving attention regulation, working memory, and executive functions 5. Executive
dysfunctions are associated with difficulties in decision-making, impulse control, sustained attention, and sensitivity to behavioral
consequences, which may also compromise motor planning and motor control 6.7.
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Itis estimated that more than 50% of ADHD children present motor deficits 8. Deficits have been reported across multiple domains
of motor control, such as manual dexterity ¢, less force parametrization 10, more reaction time variability ' and less precision 12 when
compared to typical children. In addition, Goulardins et al. 13 observed motor delays in fine and gross motricity, balance, body scheme, and
temporal and spatial organization.

Although Attention-Deficit/Hyperactivity Disorder (ADHD) and Developmental Coordination Disorder (DCD) frequently co-occur,
reaching comorbidity rates of up to approximately 50% of cases, they are distinct neurodevelopmental disorders with specific diagnostic
criteria and clinical manifestations 14. ADHD is primarily characterized by persistent patterns of inattention, hyperactivity, and impulsivity,
whereas DCD involves significant difficulties in the acquisition and execution of motor skills that interfere with functional and academic
performance 4. Distinguishing between these conditions is essential from both clinical and scientific perspectives, as comorbidity may
exacerbate functional impairments but does not imply diagnostic overlap, thus requiring differentiated assessment and intervention
approaches.

From a neurobiological and neurocognitive perspective, structural and functional alterations in the prefrontal cortex, particularly
in the dorsolateral region, appear to be a defining feature of the disorder 1516, The dorsolateral prefrontal cortex (DLPFC) is a region of the
prefrontal cortex associated with the control of cognitive functions, particularly executive functions. These include a set of abilities such as
inhibitory control, working memory, and cognitive flexibility, which serve as the foundation for more complex cognitive processes, including
reasoning, planning, and problem solving 171819, According to Diamond 17, metabolic alterations in prefrontal regions, such as the DLPFC,
may initially impact cognitive functions and, over time, lead to motor alterations.

Fundamental motor skills, which constitute the base to more complex skills acquisition of children 20.2' have also presented delays
in ADHD children. Harvey e Reid 22 evaluated fundamental skills in ADHD children, and they observed low performance in locomotor and
object control skills. However, this study did not include a typically developing comparison group. Pitcher, Piek e Hay 22 have also observed
delay in gross motor skills in ADHD boys with inattention, hyperactivity and both combined. Harvey et al- 24 analyzed fundamental motor
skills of 22 children with and without ADHD, and they found differences in the 12 motor skills evaluated. They concluded that ADHD children
present risks to gross motor skills development. Similar findings were also presented by Pan et al. 25, in which ADHD children showed
worse performance in locomotor and object control skills when compared to typical children.

Despite these findings, the literature remains methodologically heterogeneous. Among the aforementioned studies, only Pitcher,
Piek, and Hay 23 used the Movement Assessment Battery for Children (MABC) 26, which evaluates movement outcomes (product-oriented
approach), assessing performance in fine and gross motor skills 27. Other studies 232526 ysed the Test of Gross Motor Development—2
(TGMD-2) 28, which evaluates the quality of fundamental motor skill patterns. This process-oriented approach allows a qualitative analysis
of how and why specific motor outcomes occur, offering important insights into motor development mechanisms 2°.

Results from a systematic review including 45 studies assessing motor skills in children with ADHD highlighted the scarcity of
research focusing specifically on fundamental motor skills in this population . Considering all studies, some researchers used the TGMD
test to specific evaluation of the motor patterns of children 2425313233,

Based on the existing literature, it was hypothesized that children with ADHD would demonstrate poorer performance in fundamental motor
skills, particularly in locomotor and object control domains, when compared to typically developing children, as assessed through a process-
oriented approach.

METHODS

Participants

Forty-four children (6 girls and 38 boys) with age between six and 10 years-old (M=8.45 + 1.18 years) took part of this study. All
children were students at fundamental school, and they live in a metropolitan region of a Brazilian city (Table 1). The children were divided
in two groups (n = 22): ADHD group (ADHD) consisted by ADHD diagnosed children, and the typical development group (TDG).

ADHD diagnoses were established in accordance with the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) criteria, operationalized through standardized clinical interviews and validated assessment instruments. All participants with ADHD
were diagnosed at the Nucleo de Investigagbes sobre Impulsividade e Aten¢do (NITIDA; Nucleus of Investigations in Impulsivity and
Attention), located at the University Clinical Hospital, following a structured three-stage multidisciplinary diagnostic protocol.

In the first stage, children with suspected ADHD, referred by schools or healthcare services, were placed on a waiting list and
subsequently invited for a comprehensive clinical evaluation at the psychiatric outpatient clinic. Parents or legal guardians participated in
an initial clinical interview conducted by a child psychiatry resident physician, during which the Brazilian version of the Swanson, Nolan,
and Pelham Rating Scale-IV (SNAP-IV) 34 was administered. This instrument assesses core ADHD symptoms as well as oppositional
defiant behaviors, in accordance with the diagnostic criteria established by the Diagnostic and Statistical Manual of Mental Disorders (DSM-
V) %,

In the second stage, children underwent an independent psychiatric assessment conducted by a child psychiatrist or a supervised
psychiatry resident. This evaluation included a structured clinical interview and administration of the Brazilian version of the Schedule for
Affective Disorders and Schizophrenia for School-Aged Children—Present and Lifetime Version (K-SADS-PL) %, which was used to identify
ADHD symptoms and determine their severity.
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In the third stage, children were evaluated by a neuropsychologist, who administered a comprehensive cognitive assessment
battery, including the Brazilian version of Raven’s Coloured Progressive Matrices (CPM) 36, a nonverbal measure of general intellectual
functioning.

Table 1. Descriptive statistics of age, locomotor skills, object control skills, and motor quotient by group.

Variable ADHD - Mean (SD) ADH - 95% CI TDG - Mean (SD) TDG - 95% Cl
Age (years) 8.27 (1.38) [7.69, 8.85] 8.45 (1.18) [7.93, 8.97]
Locomotor 2750 (7.73) [24.27, 30.73] 40.18 (3.81) [38.49, 41.87]
Object Control 25.91(9.20) [22.07, 29.75] 38.86 (3.31) [37.38, 40.34]
Motor Quotient 61.82 (9.50) [57.85, 65.79] 88.09 (11.94) [82.81, 93.37]

Note: Values are presented as mean (standard deviation) and 95% confidence intervals.

After these stages, the tests results were analyzed in a multi-professional debate between several specialists, for example: child
psychiatrist, pediatric doctor, neuropsychologist, and an assistant doctor, when the ADHD diagnostic might be declared, with or without
other comorbidity associated to the disorder. A return to a doctor was then appointed, when the decision of the ADHD diagnostic was
informed, and the child was taken to the most appropriate health care center. On the other hand, when no development disorder was
diagnosed, the child was discharged.

To the present study, the inclusion criteria for ADHD were to have an ADHD diagnostic that followed these procedures, and to
perform the treatment at NITIDA. As exclusion criteria, except ODD, the child cannot present another comorbidity associated to the ADHD.
It is important to highlight that ADHD children do not use any medication during the day they were submitted to the motor performance
evaluation. As an inclusion criterion in TDG, children who did not present any report from family or school about any disorder were allowed
to participate in the experiment. Moreover, groups’ participants were counterbalanced in age and sex.

General cognitive functioning was assessed using the Brazilian version of Raven’s Coloured Progressive Matrices, allowing the
exclusion of children with intellectual disability. However, specific executive functions, adaptive behavior, socioeconomic status, and formal
measures of school achievement were not systematically assessed and were therefore not included as covariates in the analyses.

The present study was approved for the Internal Review Board of the University (protocol number 282,013).

Instruments

This study used the Test of Gross Motor Development — 2 (TGMD-2) to evaluate motor performance in children between 3 and
10 years-old. The Test of Gross Motor Development—2 (TGMD-2) is a process-oriented assessment designed to evaluate fundamental
motor skills in children. The instrument presents strong psychometric properties, with high internal consistency (Cronbach’s alpha values
ranging from 0.85 to 0.91), good test-retest reliability (intraclass correlation coefficients [ICC] > 0.85), and excellent inter-rater reliability
(ICC > 0.90) as reported in the original validation study %. In the Brazilian context, the TGMD-2 demonstrated excellent reliability in its
cultural adaptation and validation study, with inter-rater intraclass correlation coefficients (ICC) exceeding 0.90, supporting its adequacy for
assessing fundamental motor skills in Brazilian children 37. These finding support the methodological adequacy of the TGMD-2 for use in
the present study.

The TGMD-2 assesses movements used to displace the body from one place to another (locomotion) as well as to project or to
manipulate objects (object control), especially balls 2. Twelve fundamental motor skills are evaluated being six in locomotor subtest (run,
gallop, hop, leap, horizontal jump, and slide), and six in object control subtest (striking a stationary ball, stationary dribble, catch, kick,
overhand throw, and underhand roll). These skills are performed twice.

According to Ulrich 28, the TGMD-2 may be used to diagnose children that present difficulties in fundamental motor skills, to help
planning an intervention program, to evaluate the progress of children performance, as well as a test in research. Each skill present three
to five performance criteria. If performance reach a criterion, one point is marked. After analyzing the twelve fundamental skills, all points
are summed, which is the value that represents the raw score. From this raw score, it is calculated the standard score for each subtest,
using normative tables that involve age (locomotor subtest) and age and sex (object control subtest). The test still gives the motor quotient
and descriptive evaluation. In the present study, we used locomotor and object control raw scores, motor quotient, and descriptive
evaluation.

Procedures

All children were invited to participate of study through authorization of parents or legal guardian, via signature in a consent form.
Then, a schedule was set in order to apply the motor test. The children from ADHD went to the university in a specific date while the children
from TDG were evaluated in their own school during the scholar period. The test was applied individually, and it lasted approximately 20
minutes. A demonstration as well as verbal explanation were told to the child before each skill, which was performed three times, being the
first one used only as familiarization.
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Children with ADHD were assessed at the university clinic on a scheduled date, whereas typically developing children were
evaluated in a reserved room within their school during the school period. All assessments were conducted individually in quiet and familiar
environments, with environmental conditions standardized as much as possible across settings, including minimal external distractions,
similar room size, and standardized testing materials. The assessment session lasted approximately 20 minutes. Before each motor skill,
children received a standardized verbal explanation and demonstration, and each skill was performed three times, with the first trial used
for familiarization only. To minimize potential confounding effects, standardized verbal encouragement was provided in accordance with
TGMD-2 administration guidelines, short rest intervals were allowed when necessary to reduce fatigue, and evaluators maintained a neutral
and consistent interaction style to optimize attention and engagement across. Tasks were administered following the standardized order
recommended in the TGMD-2 manual. Task order was not randomized across participants.

All movements were video recorded and analyzed according to the TGMD-2 scoring criteria. Two researchers with expertise in
TGMD-2 assessment independently analyzed the recordings after receiving standardized training, including manual review and practice
with recorded performances. Inter-rater agreement reached 85%, and scoring discrepancies were resolved by consensus to enhance
objectivity.

Statistical analysis

Data showed normal distribution according to the Shapiro-Wilk test. Then, a parametric analysis was adopted, in which the
Student's t test was applied with a alpha level of p < 0.05. Given the sample size and the close matching between groups in age,
independent-samples t tests were considered the most appropriate approach for group comparisons. Motor performance of the groups was
then compared in the following measures: locomotor raw score, object control raw score, and motor quotient. The descriptive analysis was
also presented, and a frequency distribution was performed. In this analysis, a Chi-Square test was used to verify the association of gross
motor performance with the profile of each group. The software Statistica™ 10.0 performed all statistical analyses.

RESULTS

Figure 1 illustrates group differences in locomotor and object control raw scores. Children in the TDG group demonstrated
significantly higher performance than children with ADHD in the locomotor subtest, t(42) = 4.95, p <.001, d = 1.49, as well as in the object

control subtest, t(42) = 4.72, p <.001, d = 1.42.
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Figure 1. Motor performance fundamental motor skills locomotor and object control.

Figure 2 presents group differences in the motor quotient. The TDG group also showed superior performance compared to the
ADHD group, t(42) = 8.05, p < .001, Cohen’s d = 2.42.
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Figure 2. Motor quotient groups AHDH and TDG

Figure 3 show the frequency distribution of qualitative motor performance classifications according to TGMD-2 normative criteria.
The chi-square test indicated a significant association between group and motor performance classification, %4, N = 44) = 32.92, p <.001.
The ADHD group showed a modal classification of “Very Poor,” whereas the TDG group showed a modal classification of “Average,”
indicating overall better motor performance in typically developing children.

20 4 * o ADHD @ TDG

Frequency
=

| T T | ] |
Very Poor Below Average Above  Superior Very
poor Average Average Superior

Figure 3. Descriptive classification motor performance groups.
Table 2 presents the frequency distribution of qualitative motor performance classifications according to TGMD-2 normative
criteria. The chi-square test indicated a significant association between group and motor performance classification, x*(4, N = 44) = 32.92,

p <.001. Most children in the ADHD group were classified as Very Poor (77.3%), whereas children in the TDG group were predominantly
classified as Average (59.1%), indicating overall better motor performance in typically developing children.

Table 2. Frequency distribution of qualitative motor performance classifications according to TGMD-2 normative criteria by group.

Classification BADHD [m=22) n %) TOHE dn = 22} m %) Classification ADHD |n = ZZ)
Veny Poor 1T (F7.3%] a0 ary Poor AT {77.3%)
Paor 5 (22 T%]) o [d0.a%) Poor 5 (22 T4
Boveragpe 0 (0.0%) 13 (5901%:) ferags o {0.0%]
Below Average 0 (0.0%) a0 Below Average o {0.0%]

Note: Classifications are based on IGMD-2 normative criteria
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DISCUSSION

The present study investigated the performance of fundamental motor skills of children with ADHD. Due to the possible limitations
that may affect motor behavior of these children 37, we expected a low motor performance of ADHD children when compared to typical
development children. For this purpose, we used a motor test that evaluates motor skills performance in children.

Findings were strong in demonstrating that ADHD children were worse when compared to the typical development children.
These results confirm our hypothesis, and they are in line with previous studies that also demonstrated low motor performance of atypical
children 3839, The present study used a specific test that evaluates motor skills in analyzing their pattern of movement. Moreover, children
were diagnosed with ADHD, as well as its respective clinical subtypes.

The fundamental motor skills may be considered as base to the development and learning of more complex skills 2021, These
skills also are strongly associated to the engagement in physical activities in life span 4041, Contemporary developmental models propose
reciprocal relationships between motor competence, physical activity participation, and physical fitness. Lower fundamental motor skill
proficiency, as observed in children with ADHD, may limit engagement in physical activity, although these relationships were not directly
examined in the present study.

In this way, the ADHD group presented worse performance than TDG group. Moreover, the ADHD group presented the category
“very poor” as central tendency (mode). We may speculate if the ADHD children have been stimulated to the motor activities practice, as
well as in physical education classes in school. Are these children included in all activities and programs in schools? The poorer motor
performance observed in the ADHD group highlights the importance of considering the contexts in which motor skills are developed and
practiced. Rather than suggesting causal explanations, these findings emphasize the need to reflect on how opportunities for motor practice
and engagement may differ for children with ADHD. Such considerations should be viewed as hypotheses for future research.

In Brazil, the inclusion of neurodevelopment disorders children in regular schools is warranted by laws, which also recommend
support to continuing education to the teachers. Inclusive education is not just about putting students in the classroom, but rather accepting
differences and the teacher is a fundamental part of this process of inclusion at school 42 and beyond.

From a practical perspective, the findings highlight the importance of systematically assessing fundamental motor skills in children
with ADHD. Identifying motor difficulties may support educational and clinical decision-making, particularly in monitoring development and
guiding future intervention planning. However, the present results do not allow inferences regarding the effectiveness of specific educational
or therapeutic strategies.

It is also important to highlight that ADHD may be related to a disorder in the pre-frontal cortex neurotransmitter 43, which is the
area responsible for executive functions. In addition, regular practice of physical activity may influence in executive functions, for example,
in inhibitory control 44. Thus, it seems important to develop fundamental motor skills in ADHD children, as an aspect that may indirectly help
in deal with the daily effects of the disorder. For example, ADHD children that practice physical activities have improved executive functions
in a significant way 45. The evaluation of fundamental motor skills performance is relevant, as strategies of intervention with this population
can be proposed in a systematic way.

Results also showed that all ADHD children presented low performance in fundamental motor skills, classified as below average,
poor or very poor, as well as 40% (9 children) of participants of TDG. In general, studies have concluded that children in scholar age are
delayed in distinct fundamental motor skills 46, what is in accordance with our results. However, when comparing ADHD children with typical
development children, our results are distinct from Nascimento et al. 47, which did not find association between ADHD and motor
performance, although typical development children have presented superior performance in some skills. They still showed that most
children of both groups were classified in a normal category.

The main explanation to this difference in relation to our results may be due to the test used in the experiment. Nascimento et
al. 47 evaluated motor behavior through the Movement Assessment Battery for Children 2 (MABC-2), which did not discriminate motor
competence when children are positioned above percentile 16. In this test, children classified between percentile 16 and percentile 100 are
considered of typical development. In other words, this test is not able to distinguish eventually distinct behavior in typical development
children. The purpose of the test is to identify children with DCD as well as other motor impairments 26. While the Movement Assessment
Battery for Children-2 (MABC-2) is designed to identify motor impairment and developmental coordination disorder, the TGMD-2 focuses
on the qualitative assessment of fundamental motor skill patterns. These conceptual differences may explain inconsistencies between
studies.

Itis also important to highlight that ADHD has been associated with dysfunctions in prefrontal cortex neurotransmission, a region
responsible for executive functions such as inhibitory control and attentional regulation 43. Deficits in inhibitory control may increase motor
variability and compromise the organization and consistency of movement patterns, particularly in tasks that require sequencing and timing.
In addition, regular physical activity has been shown to positively influence executive functions, including inhibitory control 44. Therefore,
difficulties in executive control may partly explain the poorer qualitative motor performance observed in children with ADHD, although these
mechanisms were not directly assessed in the present study.

The present experiment investigated eventual differences in motor behavior between typical development and ADHD children.
However, more studies are needed in order to have a better understanding of the possibilities and limitations of children with the ADHD.
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Indeed, studies that use motor intervention may also contribute to professionals and therapists in developing appropriate programs of motor
activities to the needs of children diagnosed with ADHD.

LIMITATION

The present study has several limitations. First, the sample showed an uneven sex distribution, with a predominance of boys.
Although this reflects the epidemiological profile of Attention-Deficit/Hyperactivity Disorder (ADHD), the small number of girls prevented
sex-stratified analyses, limiting the generalizability of the findings to females with ADHD. Future studies with more balanced samples are
needed. Second, habitual physical activity levels were not objectively measured or controlled. Although participants were recruited from
similar school contexts, differences in physical activity exposure may have influenced motor performance and should be considered when
interpreting the results.

In addition, the study did not include formal screening or exclusion criteria for Developmental Coordination Disorder (DCD). Given
the known overlap between ADHD and motor coordination difficulties, subclinical DCD cannot be ruled out and may have influenced motor
performance. This limitation should be considered when interpreting the results, and future studies should control for DCD to better
disentangle disorder-specific motor profiles.

Finally, comorbid conditions such as Oppositional Defiant Disorder (ODD) were not used as exclusion criteria and were not
systematically controlled. Although common in clinical ADHD populations, such comorbidities may influence motor behavior through
impaired behavioral regulation and impulsivity, potentially contributing to variability in motor performance. Therefore, this factor should be
considered when interpreting the results, and future studies should control for comorbid conditions or examine their effects separately.

CONCLUSION

The analysis of fundamental motor skills in ADHD children allows verifying that their motor behavior is also affected. These
findings reveal the actual level of motor development of ADHD children. The fact that children diagnosed with attention deficit and
hyperactivity disorder present low motor performance suggests that they should be given specific care, as well as more motor stimulus,
they should be included not only in physical education classes, but also in motor activities in general. From the current state of performance,
it is important to plan motor activities and actions of intervention, in order to better contribute to the motor development of children.
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