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ABSTRACT | BACKGROUND: In typically developing children, physical fitness and fundamental motor skills are closely related and develop
in tandem. Whether the strength of this relationship differs in children with generalized joint hypermobility remains unclear. OBJECTIVE:
To compare the associations between physical fitness components and fundamental motor skill competency in children with and without
generalized joint hypermobility. METHODS: This cross-sectional study included 313 school-going children recruited from eight school
clusters in Moodbidri, South India. Ethical approval was obtained, and informed consent was secured from school authorities and parents.
Physical fitness and fundamental motor skills were assessed over two consecutive days. Physical fithess measures included speed,
endurance, flexibility, balance, muscular strength, power and coordination. Fundamental motor skills were evaluated using the locomotor
and object control subscales of the Test of Gross Motor Development-2 (TGMD-2). RESULTS: Children with and without generalized joint
hypermobility were comparable in age and anthropometric characteristics. Significant differences were observed between groups in several
physical fitness components and fundamental motor skill proficiency (p < 0.05). Spearman correlation analyses demonstrated significant
associations between selected physical fitness measures and fundamental motor skills in both groups, with Fisher's r-to-z transformation
indicating differences in the strength of these associations between hypermobile and non-hypermobile children. CONCLUSION: The
strength of associations between physical fitness components and fundamental motor skill proficiency differs between children with
generalized joint hypermobility and those with normal joint mobility, highlighting joint mobility status as an important consideration when
interpreting fitness-motor skill relationships in school-aged children.
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RESUMO | CONTEXTO: Em criangas com desenvolvimento tipico, a aptiddo fisica e as habilidades motoras fundamentais estdo intimamente
relacionadas e se desenvolvem em conjunto. Resta saber se a intensidade dessa relagdo difere em criancas com hipermobilidade articular ge-
neralizada. OBJETIVO: Comparar as associa¢8es entre os componentes da aptiddo fisica e a competéncia em habilidades motoras fundamen-
tais em criancas com e sem hipermobilidade articular generalizada. METODOS: Este estudo transversal incluiu 313 criancas em idade escolar,
recrutadas em oito grupos de escolas do projeto Moodbidri, no sul da india. A aprovacao ética foi obtida e o consentimento informado foi
garantido pelas autoridades escolares e pelos pais. A aptiddo fisica e as habilidades motoras fundamentais foram avaliadas em dois dias con-
secutivos. As medidas de aptidao fisica incluiram velocidade, resisténcia, flexibilidade, equilibrio, forca muscular, poténcia e coordenacédo. As
habilidades motoras fundamentais foram avaliadas utilizando as subescalas de locomogdo e controle de objetos do Teste de Desenvolvimen-
to Motor Global-2 (TGMD-2). RESULTADOS: Criancas com e sem hipermobilidade articular generalizada apresentaram idades e caracteristicas
antropomeétricas comparaveis. Diferencas significativas foram observadas entre os grupos em diversos componentes da aptiddo fisica e na
proficiéncia em habilidades motoras fundamentais (p < 0,05). As andlises de correlacdo de Spearman demonstraram associag¢des significativas
entre medidas selecionadas de aptiddo fisica e habilidades motoras fundamentais em ambos os grupos, com a transformacéo r-para-z de
Fisher indicando diferencas na forca dessas associacbes entre criancas hiperméveis e nao hiperméveis. CONCLUSAO: A forca das associacbes
entre os componentes da aptiddo fisica e a proficiéncia em habilidades motoras fundamentais difere entre criancas com hipermobilidade
articular generalizada e aquelas com mobilidade articular normal, destacando o estado da mobilidade articular como uma considerag¢do im-
portante na interpretac¢do das relagdes entre aptiddo fisica e habilidades motoras em criangas em idade escolar.

PALAVRAS-CHAVE: Habilidades Motoras. Aptidao Fisica. Sindrome da Hipermobilidade Articular. Criangas.

1. Introduction

Fundamental motor skills, including locomotor and object control skills, are the building blocks for more complex
and specialized movements used in play, physical activity, and sports'. Foundational movements such as running,
jumping, throwing, and catching contribute to children’s physical development and future participation in physical
activity?. Building fundamental motor skills during childhood is crucial for developing motor competence and
promoting participation in physical activity and overall health®. Equally important is physical fitness; beyond being a
health indicator, its components, such as muscular strength, endurance, flexibility, and cardio-respiratory capacity,
are essential for executing motor skills proficiency“. Gao et al.> reported that children with higher fitness levels tend
to perform better in motor skill tasks, suggesting a strong interdependency between these two constructs.

The concept of physical literacy provides a broader framework for understanding how physical fitness and
fundamental motor skills develop and interact during childhood. Physical literacy encompasses physical competence,
motivation, confidence, knowledge, and understanding that enable individuals to engage in physical activity across
the lifespan. Fundamental motor skills represent a core component of physical competence within physical literacy,
forming the foundation for children’s participation in play, sport, and physical activity. When fundamental motor skills
and physical fitness develop harmoniously, they support sustained engagement in movement and contribute to a
positive developmental trajectory toward lifelong physical activity. Conversely, impairments in physical competence,
such as those arising from altered joint mobility, may disrupt physical literacy development by limiting movement
efficiency, confidence, and engagement in physical activity.

Although the benefits of developing fundamental motor skills and physical fitness are well-established, comparatively
less attention has been given to the biomechanical factors that enable proficient movement. Optimal joint mobility
is required for efficient movement®. In children with normal joint mobility, research consistently demonstrates a
positive association between fundamental motor skill proficiency and various components of physical fitness’.
Earlier, assumptions suggested that joint hypomobility was a major risk factor for sustaining musculoskeletal
injuries. However, more recent studies®? have reported contradictory findings, indicating that hypomobility does
not necessarily increase injury risk, whereas hypermobility may be associated with a higher risk.

Generalized joint hypermobility is reported to occur in 10-20% of children'®. While often asymptomatic, it may
also be associated with musculoskeletal discomfort and delayed motor development™. The literature presents
inconclusive evidence'*'3 regarding how joint hypermobility is related to physical fitness performance. Black
et al.’”? reported that hypermobile children demonstrate reduced muscle strength and endurance, which may
be associated with poor performance on physical tasks. Other studies™'* have proposed that increased joint
laxity may contribute to a "mechanical insufficiency," making physical activity more demanding and fatiguing.
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Additionally, de Koning et al.’® found that children
with  joint  hypermobility often  experience
difficulty competing in physical play and sporting
activities. Subclinical impairments in joint stability,
proprioception, and postural control in children
with hypermobility may also be related to challenges
in the development of fundamental motor skills;
however, empirical evidence supporting this
relationship remains limited.

Despite this body of literature, it remains unclear
whether the strength of the relationship between
physical fitness and fundamental motor skills differs
between children with and without generalised
joint  hypermobility.  Understanding  whether
hypermobility status is associated with differences
in this relationship is important, as alterations in the
coordination between physical fitness and motor skill
development may compromise physical literacy and
potentially reduce lifelong participation in physical
activity. According to the International Classification
of Functioning, Disability and Health (ICF), human
functioning is conceptualised across multiple
interacting domains, including Body Structures and
Functions, Activities, Participation, and contextual
factors. The present study primarily focuses on the
Body structures and Body functions components
of the ICF framework, as it examines joint mobility
characteristics, physical fitness attributes, and
fundamental motor skill proficiency. Although
fundamental motor skills relate to activity-level
performance, the assessments used in this study
were performance-based tests rather than measures
of participation or habitual physical activity. By
addressing this gap, the present study aims to
contribute meaningful insights into paediatric motor
development that may assist clinicians, educators,
and therapists in tailoring early interventions, physical
education programs, and therapeutic approaches
based on individual needs. Therefore, this cross-
sectional study aims to compare the relationship
between physical fitness and fundamental motor
skills representing body functions and activity related
performance between children with and without
generalized joint hypermobility.

2. Method
2.1 Ethical committee and guidelines

Approval for this correlational cross-sectional
study was obtained from the Institutional Ethical
Committee of Alva’s College of Physiotherapy and
Research Centre, Moodbidri, Dakshina Kannada,
Karnataka. The design of this study protocol adheres
to the STROBE guidelines for observational studies,
and it is registered in the Clinical Trial Registry of India
(CTRI/2024/07/070333) accordingly.

2.2 Sample size estimation

This sample size estimation was performed with
G*power statistical software (version 3.1.9.4). The
study sample size was calculated through a power
analysis'® that showed that a total sample size of 88
per group was needed for a medium effect size (d =
0.5), at a power 95%, while alpha is set at 5% with an
allocation ratio of 1.

2.3 Sample source, study setting and sampling
technique

There are 8 school clusters Moodbidri, which
include the Moodbidri main cluster, Handelu cluster,
Iruvailu cluster, Jyothi Nagar cluster, Kallamundkur
cluster, Padukonaje cluster, Borugudde cluster, and
Beluvai cluster. The study protocol was explained
to the Principal and the Physical Education teacher
of schools from these clusters. A recruitment
flyer was posted on school notice boards, inviting
parents of children aged 7 to 11 years to contact the
investigators if they are interested in having their child
participate. The physical fitness and fundamental
motor skill competency tests were conducted at the
outdoor sporting facilities of Alva's Sports Academy
in Moodbidri, Karnataka. Informed parental consent
was obtained from the legal parent or guardian for
children participating in the research. Through non-
probability and convenience sampling methods,
children were enrolled in the present study.
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2.4 Selection criteria

Both boys and girls aged 7 to 11 years were included
in this study. Joint mobility status was screened using
the Beighton scoring criteria”, which assesses the
mobility of the spine and the bilateral little finger,
elbow, knee, and thumb. Children were classified
as having normal joint mobility (Beighton scores
of 0 to 5) or hypermobile joints (Beighton scores of
6 to 9). Exclusion criteria included musculoskeletal
pain, deformities, cardiovascular risks, respiratory
pathologies, neurocognitive disorders, other known
systemicillnesses, any motor or sensory impairments,
and parents unwilling to provide consent.

2.5 Data collection

Physicalfitnesstestsand Fundamental motorskilltasks
(from TGMD-2) were conducted in children fulfilling
the selection criteria. Four senior Physiotherapists
with  Sports Physiotherapy qualifications and
specialized in administering Physical fitness and
Fundamental motor skill tests were engaged for data
collection. Habitual physical activity levels were not
assessed in the present study.

2.5.1 Physical fitness tests

Two senior physiotherapists conducted the following
physical fitness tests on the children: the 10 x 5m
shuttle run, 600m endurance run, sit and reach,
consecutive both feet jumps, flamingo balance,
curl-ups, hand grip, vertical jump, and throwing
a tennis ball. Most of these physical fitness tests
are components of the Sports Authority of India's
Khelo India fitness test for school children. This is
the rationale for their inclusion in the study. The
psychometric properties of these tests have been
established in the literature for this age group™.

Speed and Agility: A 10x5m shuttle run was conducted
to measure speed and agility. Children ran between
two markers placed 5 meters apart, completing ten
segments for a total distance of 50 meters. The time
was recorded using timing gates™.

Cardiovascular Endurance: A 600m endurance run
was used to assess cardiovascular fitness. Children
were instructed to complete the distance in the
shortest time possible™.

Flexibility: A standard sit-and-reach box measured
lower back and hamstring flexibility. The child sat
with legs extended and feet against the box, reached
forward as far as possible, and held the position for
one or two seconds. The score was recorded to the
nearest centimeter'.

Lower Extremity Coordination: The Consecutive both
feet jump test assessed lower extremity coordination.
The child jumped forward with both feet together
from a standing start. The distance between two
jumps was measured in feet'.

Balance: The flamingo balance test assessed the ability
to balance on one leg for one minute. The number of
times the child lost their balance was counted™.

Abdominal Strength and Endurance: The curl-up
test measured abdominal muscle strength and
endurance. The child performed as many curl-ups as
possible in one minute, with knees flexed, feet flat,
and arms folded across the chest™.

Hand Grip Strength: A Jamar dynamometer, used
in accordance with the guidelines of the American
Society of Hand Therapists, measured hand grip
strength. The child performed three trials while seated
with the shoulder adducted and neutrally rotated,
elbow flexed at 90°, wrist at 0° to 30° extension, and
0° to 15° ulnar deviation. The maximum force from
the three trials was recorded™.

Explosive Power: A vertical jump test using a Vertec
device estimated explosive power. Standing reach
height was measured, and the child then performed
three maximal vertical jumps, attempting to hit the
flags with their fingertips. The difference between the
maximum jump height and the standing reach height
was recorded in cm™?.

Upper Limb Strength and Power: Throwing a tennis
ball for distance (measured in meters) estimated
upper limb strength and explosive power™,

2.5.2 Fundamental motor skill
The Test of Gross Motor Development-2 (TGMD-

2) was used to assess the Fundamental Motor
Skill (FMS) performance of children in this study?.
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As a standardized, norm-referenced tool, the TGMD-2 measures gross motor skills through its locomotor and
object control subtests. Its validity and reliability have been widely established in pediatric populations?.

2.6 Data analysis

Data were prepared for analysis in SPSS (IBM, version 27.0.1) through editing (field and central), coding,
categorization, cleaning, and tabulation. Baseline characteristics for children with normal and hypermobile joints
were compared using independent t-tests. Normality of the data was assessed using the Kolmogorov-Smirnov
and Shapiro-Wilk tests. As the data were not normally distributed, the Mann-Whitney U test was used for group
comparisons, and Spearman's rank correlation was used to assess the relationship between physical fitness
and fundamental motor skill performance. Fisher's r-to-z transformation was performed to test whether the
correlation coefficients differed significantly between the normal and hypermobility groups. Given the cross-
sectional observational design, analyses were limited to group comparisons, association testing, and comparison
of correlation strengths, without inference of causal relationships.

3. Results
3.1 Demographic characteristics

The study included 209 children with normal joint mobility and 104 children with generalized joint hypermobility.
The mean age for the overall cohort was 8.12 years, with no significant difference observed between the
hypermobile and non-hypermobile groups. Baseline anthropometric characteristics, including height, weight, and
body mass index (BMI), were also similar between the groups. As BMI does not distinguish between muscle and
fat mass, estimates of body fat percentage and waist-hip ratio were additionally included in the demographic
comparison. These measures were also similar across both groups (Table 1).

Physical fitness and TGMD-2 data, specifically locomotor and object control scores, were collected for the study.
Normality tests (Kolmogorov-Smirnov and Shapiro-Wilk tests; p <0.001) indicated that the data were not normally
distributed. Therefore, the Mann-Whitney U test was used to analyze differences in these scores between children
with normal joint mobility and those with generalized joint hypermobility.

Table 1. Demographic and baseline anthropometric characteristics of children with and without generalized joint hypermobility

Iependene Uatiables Children withll\.lormaljoint Children with Gene.r.alized Joint SIRnificance
Mobility Hypermobility
Mean (SD) Mean (SD)
Age 8.22(1.9) 8.03(1.7) 0.09
Height 128.70 (11.5) 128.39 (10.99) 0.42
Weight 28.39 (8.6) 27.1(8.1) 0.22
BMI 16.87 (3.4) 16.2 (3.1) 0.08
Body fat % 34.77 (5.7) 34.11(5.7) 0.44
Waist Hip ratio 0.93 (0.0) 0.92 (0.0) 0.12

* significant if p < 0.05.
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3.2 Physical fitness performance and joint mobility

Children with normal joint mobility performed significantly better (p < 0.05) than children with generalized joint
hypermobility on the 10 x 5m shuttle run, 600m endurance run, sit-and-reach test, consecutive both feet jumps,
flamingo balance test, hand grip strength, vertical jump, and throwing a tennis ball for distance (Table 2). Curl-up
performance did not differ significantly between the groups.

3.3 Fundamental motor skill performance and joint mobility

Children with normal joint mobility demonstrated significantly (p < 0.05) better fundamental motor skill
performance, as assessed by the TGMD-2. This included higher scoresin the locomotor raw score, object control raw
score, and total fundamental motor score compared to children with generalized joint hypermobility. Specifically,
performances in locomotor tasks (run, hop, horizontal jump) and object control tasks (striking a stationary ball,
stationary dribble, underhand roll) were superior in the normal joint mobility group (Table 3).

Table 2. Mann Whitney U test for Physical fitness variables among children with and without generalised joint hypermobilit

Physical fitness

Mean (SD) Mean rank Sum of ranks Significance
performance

Normal 24.02 (1.7) 149.87 32323.00

10 X 5m shuttle run 9378.00 197 0.048*
(Seconds) GJH 24.32(1.8) 171.33 17818.00
Normal 9.12(1.1) 149.60 31267.00

600m Enc‘iurance run 9322.00 205 0.040%
(minute) GJH 9.46(1.4) 171.87 17874.00
Normal 2.79(0.7) 149.62 31271.00

Sit & reach test 9326.00 -2.04 0.041*
GJH 2.98 (0.6) 171.83 17870.00
; Normal 3.93(0.4) 146.80 30681.00

Consecu'tlve both feet 8736.00 283 0.005*
Jjumps GJH 4.11 (0.47) 177.50 18460.00
Normal 17.15(2.3) 148.78 31095.00

Flamingo balance test 9150.00 -2.30 0.021*
GJH 17.82(2.0) 173.52 18046.00
Normal 15.02 (3.5) 157.35 32885.50

Curl ups 10795.50 -0.97 0.923
GJH 14.95 (2.0) 156.30 16255.50
Normal 14.09 (4.6) 164.54 34389.00

Hand grip strength 9292.00 -2.10 0.036*
GJH 12.78 (3.2) 141.85 16255.00
Normal 23.63(1.6) 166.04 34703.00

Vertical jump 8978.00 -2.50 0.012*
GJH 23.05(1.8) 138.83 14438.00
Normal 10.71 (0.7) 165.47 34582.50

Throwing a tennis ball 9098.50 -2.35 0.019*
HAG 10,49 (0,6) 139,99 14558,50

* significant if p < 0.05.
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Table 3. Mann Whitney U test for fundamental motor skill variables among children with and without generalised joint hypermobility

Fundamental motor skill Mean rank Sum of ranks Significance
Normal 169.03 35326.50
Run 8354.50 -5.52 0.000*
GJH 132.83 13814.50
Normal 161.39 33730.00
Gallop 9951.00 -1.23 0.21
GJH 148.18 15411.00
Normal 17418 36404.50
Hop 7276.50 -4.88 0.000*
GJH 122.47 12736.50
Normal 160.85 33618.00
Leap 10063.00 -1.23 0.21
GJH 149.26 15523.00
Normal 166.59 34818.00
Horizontal jump 8863.00 -3.73 0.000*
GJH 137.72 14323.00
Normal 161.77 33809.00
Slide 9872.00 -1.50 0.134
GJH 147.42 15332.00
Normal 168.31 35177.00
Locomotor raw score 8504.00 -3.14 0.002*
GJH 134.27 13964.00
Normal 177.63 37125.50
Striking a stationary ball 6555.50 -5.86 0.000*
GJH 115.53 12015.50
Normal 168.19 35152.00
Stationary dribble 8529.00 -3.29 0.000*
GJH 134.51 13989.00
Normal 161.98 33854.50
Catch 9826.50 -1.44 0.15
GJH 146.99 15286.50
Normal 161.13 33677.00
Kick 10004.00 -1.17 0.24
GJH 148.16 15464.00
Normal 163.39 34148.00
Overhead throw 9533.00 -1.80 0.07
GJH 144.16 14993.00
Normal 178.12 37227.00
Underhand roll 6454.00 -7.05 0.000*
GJH 114.56 11914.00
Normal 170.62 35660.00
Object control raw score 8021.00 -3.77 0.000*
GJH 129.63 13481.00
Normal 170.81 35698.50
Total score 7982.50 -3.82 0.000*
HAG 129,25 13442,50

* significant if p < 0.05.
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3.4 Relationship between physical fithess and fundamental motor skills in children with and without generalized joint hypermobility

In children with normal joint mobility, Spearman's rho correlation analysis revealed significant associations (p < 0.05) between physical fitness measures (10 x 5m
shuttle run, 600m endurance run, curl-ups, hand grip strength, and vertical jump) and all TGMD-2 scores (locomotor raw scores, object control raw scores, and total
fundamental motor scores). For children with generalized joint hypermobility, significant associations were observed between the 10 x 5m shuttle run, 600m endurance
run, and throwing a tennis ball for distance with both locomotor and object control raw scores of the TGMD-2 (Table 4).

3.5 Correlation between physical fitness and fundamental motor skills in children with and without generalized joint hypermobility
A Fisher's z-transformation was used to compare the correlation coefficients between the two groups. The analysis revealed that the association between physical

fitness variables (10 x 5m shuttle run and 600m endurance run) and TGMD-2 scores differed significantly between children with normal mobility and generalized joint
hypermobility (Table 5).

Table 4. Spearman's rho correlation coefficients (r) for fundamental motor skill and physical fitness variables in children with normal joint mobility and children with generalized joint hypermobility

Consecutive

10 x5m Endurance Sit and reach Flamingo Hand grip L Throwing a
both feet Curl ups Vertical jump k
shuttle run run test . balance test strength tennis ball
jumps
Locomotor subscale -0.695 (0.005*) -0.684 (0.000*)  0.044(0.530) -0.174(0.012*)  0.124(0.075)  0.252(0.000*)  0.343(0.000*)  0.194(0.005*) 0.162 (0.019%)
Children with normal joint mobility Object control subscale -0.150 (0.031*) -0.511(0.000%)  0.030 (0.669)  -0.042 (0.546)  0.141(0.042*) 0.177 (0.010%)  0.419(0.000*%)  0.312(0.000%)  0.109 (0.117)
n =209
Total score in TGMD-2 -0.510(0.002*) -0.642(0.000*)  0.054(0.440)  -0.114(0.100)  0.142(0.040*)  0.238(0.000*)  0.440(0.000*)  0.253(0.000%)  0.150 (0.031%)
. . . . Locomotor subscale -0.307 (0.002*) -0.474(0.000*)  0.078(0.432)  -0.061(0.540) -0.013(0.892)  0.009 (0.931) 0.113(0.253)  -0.173(0.079)  0.306 (0.002%*)
Children with Generalized Joint
Hypermobility Object control subscale -0.286 (0.003*) -0.467 (0.000*)  -0.038(0.698)  -0.123(0.215)  -0.031(0.754)  0.046 (0.645)  0.228(0.020*)  -0.083(0.401)  0.227 (0.020%)
=104
n Total score in TGMD-2 -0.321 (0.000%) -0.401 (0.000*)  0.018 (0.858)  -0.115(0.244)  -0.002(0.981)  0.027 (0.787)  0.210(0.033*)  -0.141(0.153)  0.301 (0.002%*)
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Table 5. Comparison of correlation coefficients between normal and hypermobile children using Fisher's z-test

Fisher's Z

Physical Fitness variable TGMD 2 variable Children with Z value Significance

Children with normal

- - Generalized joint
joint mobility

hypermobility

Locomotor -0.19753 -0.31723 2.424205 0.0115

10 x 5m shuttle Object control -0.15114 -0.2942 2.280301 0.0113
Total -0.21317 -0.33276 2.536924 0.0114

Locomotor -0.52819 -0.51522 3.729796 0.0002

Endurance run Object control -0.56408 -0.50623 3.619609 0.0006
Total -0.60698 -0.55064 3.943764 0.0000

Locomotor 0.044028 0.078159 -0.60191 0.548

Sit and reach Object control 0.030009 -0.03802 0.34421 0.730
Total 0.054053 0.018002 0.840139 0.401

Locomotor -0.17579 -0.06108 0.32897 0.743

Consecutive both feet jumps Object control -0.04202 -0.12363 0.979678 0.163
Total -0.1145 -0.11551 0.840139 0.401

Locomotor 0.124641 -0.013 0.232086 0.816

Flamingo balance Object control 0.141946 -0.03101 0.398226 0.690
Total 0.142966 -0.002 0.159495 0.318

Locomotor 0.257547 0.009 0.183165 0.854

Curl ups Object control 0.178884 0.046032 -0.20155 0.840

Total 0.242653 0.027007 0.019458 0.038

Locomotor 0.357489 0.113485 -0.5804 0.2810

Hand grip strength Object control 0.446478 0.232079 -1.47153 0.1416
Total 0.472231 0.213171 -1.28952 0.2006

Locomotor 0.19649 -0.17476 1.640768 0.101

Vertical jump Object control 0.32276 -0.08319 1.010292 0.312
Total 0.258615 -0.14195 1.43172 0.152

Locomotor 0.16344 0.316126 -2.44917 0.0146

Throwing a tennis ball Object control 0.109435 0.231024 -1.79986 0.072
Total 0.15114 0.310619 -2.41596 0.015

4. Discussion

The primary objective of this study was to examine the correlation between physical fithess components and
fundamental motor skill proficiency by comparing children with normal joint mobility and those with generalized
jointhypermobility. The results confirmtwo critical findings. First, asignificant association exists betweenthe 10x5m
shuttle run and the 600m endurance run component of physical fitness, and fundamental motor skill mastery in
both groups, supporting the notion that physical fitness facilitates motor competence development in typically
developing children. Second, and more importantly, the strength of this association differed significantly between
children with normal joint mobility and those with generalised joint hypermobility.
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Interpreting these findings within the ICF framework,
the present results primarily reflect interactions at
the level of Body Functions and Body Structures, with
outcomes measured through performance-based
indicatorsofactivity capacity. Theobserveddifferences
between children with normal joint mobility and
those with generalized joint hypermobility highlight
how impairments at the structural and functional
level such as joint laxity and neuromuscular control
deficits can influence movement performance.
However, these findings do not necessarily capture
participation-level restrictions or real-world physical
activity engagement.

When interpreted through the lens of physical
literacy, the findings suggest that children with
generalized joint hypermobility may experience
challenges in developing physical competence,
a central domain of physical literacy. Although
physical fitness and fundamental motor skills were
associated in both groups, the weaker relationships
observed in hypermobile children indicate that
structural and neuromuscular constraints may limit
efficient skill acquisition. Over time this may influence
motivation, confidence, and sustained engagement
in physical activity key components necessary for the
development of physical literacy.

4.1 Association between physical fitness and
fundamental motor skill proficiency

Children, irrespective of their joint mobility status,
who demonstrated better performance in 10 x 5m
shuttle run and 600m endurance run achieved higher
scores on the locomotor subscale and total score
of the Fundamental Motor Skill Proficiency Test.
This indicates a significant statistical association
between physical fitness and fundamental motor
skill proficiency. This relationship was observed in
both children with normal joint mobility and those
with generalized joint hypermobility, aligning with the
“motor proficiency barrier model"#, which posits that
adequate physical fitness, particularly neuromuscular
function and aerobic capacity is a prerequisite for the
development of fundamental motor skills.

The 10 x 5m shuttle run assesses speed, agility,
and rapid changes of direction, directly reflecting
the mastery of dynamic balance and locomotor
control. Similarly, the 600m run, which evaluates
cardiorespiratory ~ endurance, may  support

fundamental motor skill mastery by providing the
sustained energy required for repeated practice,
thereby promoting greater physical activity exposure
and skill consolidation. These findings are consistent
with the developmental model proposed by Bardid
et al.2, which emphasizes a dynamic and reciprocal
relationship between motor competence and physical
fitness across childhood. According to this model,
children with higher motor competence are more
likely to engage in physical activity, which further
enhances fitness, creating a positive feedback loop.

The absence of significant correlations between
fitness tests (sit-and-reach test, consecutive both-
feet jumps, flamingo balance test, vertical jump test,
curl-ups, handgrip strength test, and throwing a
tennis ball) and fundamental motor skill subscores
for locomotor and object control may be attributed
to population-specific characteristics. In hypermobile
children, the physiological capacities assessed by
theseisolatedfitness tests may notdirectlytranslateto
competency in foundational movement patterns. This
finding contrasts with existing literature in typically
developing children, where muscular strength is
often associated with motor competence®+2>,

Locomotor and object control skills assessed in
fundamental motor skill proficiency tests involve
complex, multi-joint, and highly coordinated
movement patterns. These skills require integration
of multiple physical and neurocognitive components,
including timing, spatial awareness, and rhythm,
and intersegmental coordination, which are not
adequately captured by isolated fitness measures.
This interpretation aligns with findings by Fu et al.?¢,
who demonstrated that functional training, rather
than isolated capacity-based exercises, is more
effective in improving motor performance in school-
aged children. The high score on hand grip strength
primarily reflects isometric force production of the
forearm and hand muscles and does not correspond
to the dynamic, multi-joint, sequential muscle
activation required for object control skills. Similarly,
the throwing a tennis ball fitness test focuses on
guantitative outcomes such as speed or distance,
lacking the qualitative movement criteria evaluated in
TGMD-2. The flamingo balance test measures static
balance and does not reflect the dynamic balance
demands required for locomotor skills such as
hopping or galloping, which form the foundation for
more complex motor skills.
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Based on these findings, it appears that coordination
across multiple joints underlies fundamental motor
skill proficiency. The weaker associations observed
in children with generalized joint hypermobility may
be related to deficits in multi-joint coordination and
sensorimotorcontrol.Inchildrenwith generalizedjoint
hypermobility, successful coordination of multiple
joints, through sensory-motor integration is critical
for developing fundamental motor skill proficiency.
Consequently, interventions targeting impairments
commonly associated with hypermobility such as
joint stability, proprioception, and neuromuscular
control may enhance both physical fitness outcomes
and motor skill development.

4.2 Differences in the strength of association
between physical fitness and fundamental motor
skills according to joint mobility status

One of the key contributions of this study is the
observation that the correlation coefficients between
the two fitness tests (10 x 5m shuttle runs and
600m endurance run) and fundamental motor skill
proficiency differed significantly between children
with and without generalized joint hypermobility.
Although  both  groups demonstrated direct
associations, the strength of these relationships was
markedly weaker in children with hypermobile joints.

This disparity may be attributed to biomechanical*
and neuromuscular challenges?® and commonly
associated with joint hypermobility. Children with
generalized joint hypermobility are more prone
to joint instability, proprioceptive deficits, muscle
weakness, and altered movement patterns®.
Despite increased flexibility, the agility of children
with hypermobility often comes at the cost of joint
integrity, requiring greater muscular effort and
increased reliance on visual feedback to control
movement. As a result, even when physical fitness
levels are adequate, motor performance may
remain compromised. These findings underscore
that joint-specific characteristics represent a critical
variable influencing the relationship between fitness
and motor coordination. Additionally, unmeasured
factors such as physical activity exposure, biological
maturation, and sports participation may have
contributed to the observed differences in fitness
and motor skill outcomes, independent of joint
mobility status.

4.3 Clinical implications

Generalized joint hypermobility can negatively
influence both physical fitness outcomes and
fundamental motor skill development. Although
proficiencyinfundamental motor skillsmayencourage
physical activity participation, it does not necessarily
translate into improved physical fitness, and the
reverse is also true. Therefore, targeted intervention
program led by physical therapy professionals are
essential for children with hypermobility. Such
programs should emphasize joint stabilization,
proprioceptive training, and low-impact corrective
strategies to enhance physical fitness outcomes.

Interventions focusing on multi-joint movement
through sensory input training may further support
improvements in fundamental motor skill proficiency.
In addition, parent-mediated?° intervention programs
are important to reinforce professional guidance,
foster a supportive home environment, and promote
adherence to home exercise programs. From a
physical literacy perspective, interventions for
children with generalized joint hypermobility should
address not only physical fitness and motor skill
training but also confidence-building, enjoyment, and
movement variability to support sustained long-term
engagement in physical activity.

4.4 Limitations and future directions

The findings of this study should be interpreted in
light of several limitations. The cross-sectional design
precludes causal inference. Longitudinal studies are
required to examine how the relationship between
physical fithess and motor skills evolves over time and
whether targeted interventions can modify outcomes
in hypermobile populations. Biological maturation
represents a potential confounding factor, as it
differentially influences growth, body composition,
and neuromuscular development in hypermobile and
non-hypermobile children. The study also assessed a
limited range of physical fitness components. Future
research should include additional measures such
as muscular strength, coordination, and dynamic
balance, which may play significant roles in motor
development. Psychological and behavioral factors,
including motivation and habitual physical activity
levels, were not assessed and may further explain
variability in fitness, and motor skill outcomes.
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From an ICF perspective, this study focussed on
Body Functions, Body Structures, and performance-
based activity capacity. Participation-level outcomes
and contextual factors such as environmental
opportunities,  psychosocial  influences, and
habitual physical activity were not evaluated. The
absence of physical activity measurement limits
interpretation of whether observed differences
reflect intrinsic functional impairments or differences
in activity engagement. As physical fitness may be
influenced by structured sports participation, play
opportunities, school-based physical education, and
family support, these contextual factors should be
included in future studies. Another limitation is the
large number of correlation analyses conducted,
which increases the risk of type | error. No formal
adjustment for multiple comparisons was applied,
as the analyses were exploratory. Therefore, findings
should be interpreted with caution, emphasizing the
consistency and magnitude of associations rather
than significance of p values. Future studies should
predefine primary outcomes and apply appropriate
correction procedures.

4.5 Strengths of the present study

This study demonstrates several strengths,
including its clear objective, robust design, and
methodological rigor. By comparing correlates of
physical fitness and fundamental motor skills in
children with normal and hypermobile joints, the
study addresses an important gap in the literature.
The inclusion of a sample size larger than the
estimated requirement enhances statistical power.
Data were collected by trained assessors using
standardized and validated assessment tools,
supporting the reliability of findings. Consequently,
the results are generalizable to children with
generalized joint hypermobility and provide
clinically relevant guidance for improving physical
fitness and fundamental motor skill development.

5. Conclusion

The findings of this study indicate that joint mobility
status influences the strength of the association
between physical fitness and fundamental motor
skills. In children with generalized joint hypermobility,
mediating factors such as impaired multi-joint
coordination and sensorimotor control appear to
weaken this relationship. Future studies employing
longitudinal  designs and intervention-based
approaches are needed to examine these mediators
and confirm the present findings.
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