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ABSTRACT 

Background: Childhood obesity is one of 
the major public health problems nowadays. It 
seems that children and adolescents with over-
weight/obesity (OW/OB) develop a different 
body posture and way of moving (biomechan-
ics), with important implications in the develop-
ment of musculoskeletal disorders (e.g., pain, in-
juries or osteoarthritis) and daily physical limita-
tions. However, it is still unknown what these 
biomechanical alterations are, and the impact 
they have on the musculoskeletal health of these 
youths. Physical exercise could be a promising 
approach to fight against these biomechanical al-
terations and their harmful implications, but, to 
date, there are still scarce intervention studies 
proving it. 

Purposes: 1) to systematically review and 
synthetize the literature on the impact of 
OW/OB on body posture and gait biomechanics 
in children and adolescents (SECTION 1); 2) to 
study the associations between physical fitness 
and some biomechanical dimensions such as 
body posture and movement competence in chil-
dren with OW/OB (SECTION 2); and 3) to in-
vestigate the effects of a 13-weeks exercise pro-
gram on three biomechanical dimensions (body 
posture, gait biomechanics and movement com-
petence) of children with OW/OB (SECTION 3). 

Main findings: results from the two sys-
tematic reviews included in this Doctoral Thesis 
(Study 1 and 2) reveal that childhood obesity is 
associated with the presence of postural 
malalignments and biomechanical alterations 
during walking and that this could be playing a 
major role in the onset and progression of mus-
culoskeletal disorders. Study 1 shows that the 
OW/OB is associated with the presence of five 
postural malalignments: rounded shoulders, 

thoracic hyperkyphosis, lumbar hyperlordosis, 
genu valgum and flatfoot. In addition, this study 
demonstrates that children and adolescents with 
OW/OB have 6.6 times higher risk of presenting 
genu valgum, 1.5 times higher risk of presenting 
flatfoot and 1.7 times higher risk of presenting 
any kind of postural malalignments compared 
with their normal-weight peers. In the Study 2 
we evidenced that children and adolescents with 
OW/OB walk with greater step width, longer 
stance phase, a lower limb valgus position, 
greater force moments at hip, knee and ankle, 
higher tibiofemoral contact forces and greater 
calf muscle activation, all in comparison with 
children with a normal-weight. Furthermore, in 
Study 3 and 4 we found that, although excess of 
body mass has demonstrated to be a determin-
ing factor for the biomechanical detriments, 
physical fitness seems to be playing a positive 
role in the body posture and movement compe-
tence of children with overweight/obesity. Fi-
nally, results from Study 5, 6 and 7 demonstrate 
that a 13-week exercise program can lead to pos-
itive effects on body posture, movement compe-
tence, muscular strength and gait biomechanics 
(i.e., plantar pressure and kinematics) in children 
with overweight/obesity. 

Overall conclusion: the present Doctoral 
Thesis represents an important step forward in 
the knowledge of childhood obesity from a bio-
mechanical perspective, its harmful implications 
for the musculoskeletal health and the role of 
physical exercise as a promising treatment 
against the biomechanical alterations normally 
experienced in these children and adolescents.  
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RESUMEN 

Antecedentes: La obesidad infantil es 
uno de los problemas de salud más relevantes en 
la sociedad actual. Se cree que los niños y adoles-
centes con sobrepeso/obesidad desarrollan una 
postura y forma de moverse diferente (biomecá-
nica), lo cual tiene importantes implicaciones en 
el desarrollo de patologías musculoesqueléticas 
(ej., dolor, lesiones u osteoartritis) y limitaciones 
físicas del día a día. Sin embargo, aún se desco-
noce cuales son esas alteraciones biomecánicas y 
el impacto que tienen en la salud musculoesque-
lética de estos jóvenes. El ejercicio físico podría 
ser un tratamiento prometedor contra esas alte-
raciones biomecánicas y sus consecuencias, pero 
hasta la fecha aún hay escasos estudios de inter-
vención que lo demuestren.  

Objetivos: 1) realizar una revisión siste-
mática y síntesis de la literatura sobre el impacto 
del sobrepeso/obesidad en la postura corporal y 
la biomecánica al caminar en niños y adolescen-
tes (SECCIÓN 1); 2) estudiar la asociación entre 
la condición física y algunas dimensiones biome-
cánicas como la postura o la competencia motora 
en niños con sobrepeso/obesidad (SECCIÓN 2); 
y 3) investigar el efecto de un programa de en-
trenamiento de 13 semanas sobre tres dimensio-
nes biomecánicas (postura, biomecánica al cami-
nar y competencia motora) en niños con sobre-
peso/obesidad (SECCIÓN 3).  

Resultados principales: los resultados de 
las dos revisiones sistemáticas incluidas en esta 
Tesis Doctoral (Estudio 1 y 2) revelan que la obe-
sidad infantil se asocia con la presencia de desa-
lineaciones posturales y alteraciones biomecáni-
cas al caminar, y que esto podría estar jugando 
un papel importante en la aparición y progresión 
de patologías musculoesqueléticas. El Estudio 1 
muestra que el sobrepeso/obesidad se asocia 

con la presencia de hasta cinco desalineaciones 
posturales: hombros caídos, hipercifosis torá-
cica, hiperlordosis lumbar, valgo de rodilla y pie 
plano. Además, este estudio demuestra que los 
niños y adolescentes con sobrepeso/obesidad 
tienen 6.6 veces mayor riesgo de presentar valgo 
de rodilla, 1.5 veces más riesgo de presentar pies 
planos y 1.7 veces mayor riesgo de presentar al-
gún tipo de desalineación postural en compara-
ción con sus compañeros con un peso normal. En 
el Estudio 2, pusimos de manifiesto que los ni-
ños con sobrepeso/obesidad caminan con una 
mayor anchura de paso, una fase de apoyo más 
prolongada, una posición de valgo en los miem-
bros inferiores, mayores momentos de fuerza en 
la cadera, rodilla y tobillo, mayores fuerzas de 
contacto en la articulación femorotibial y mayor 
activación de los músculos sóleo y gastrocnemio 
en comparación con niños con un peso normal. 
Por otro lado, en los Estudios 3 y 4 encontramos 
que, aunque el exceso de masa corporal ha de-
mostrado ser un factor determinante en el dete-
rioro biomecánico, la condición física parece es-
tar jugando un papel positivo en la postura cor-
poral y competencia motora de los niños con so-
brepeso/obesidad. Por último, los resultados de 
los Estudios 5, 6 y 7 demuestran que un pro-
grama de entrenamiento de 13 semanas puede 
acarrear efectos positivos en la postura corporal, 
competencia motora, fuerza muscular y biome-
cánica al caminar (presión plantar y cinemática) 
en niños con sobrepeso/obesidad. 

Conclusión general: la presente Tesis 
Doctoral supone un importante avance en el co-
nocimiento de la obesidad infantil desde una 
perspectiva biomecánica, sus implicaciones per-
judiciales en la salud musculoesquelética y el pa-
pel del ejercicio físico como un tratamiento pro-
metedor contra las alteraciones biomecánicas 
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que normalmente presentan estos niños y ado-
lescentes.
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THE CHILDHOOD OBESITY 
PANDEMIC 

Childhood obesity is considered one of 
the most serious public health challenges of the 
21st century [1]. Recent numbers from the World 
Obesity Federation reveal that more than 340 
million children and adolescents worldwide pre-
sent overweight or obesity [2]. To have an idea 
of the dramatic increase in the last decades, in 
1975 only 4% of the worldwide paediatric popu-
lation presented overweight/obesity (OW/OB), 
whereas in 2016 this figure has increased to 18% 
and more (Figure 1) [2]. Europe has not  been ex-
empted of this growth, and amongst European 
countries, Spain is situated in the top 5 with be-
tween 30 and 35% of its children having OW/OB 
[3]. Although last trends in Europe demonstrate 
an stabilization in childhood excess weight, the 
prevalence is still alarming [4].  

The World Health Organization (WHO) 
refers to four main long-term health conse-
quences of childhood obesity [5]: 1) cardiovascu-
lar diseases (e.g., heart disease and stroke), 2) di-
abetes (mainly type II diabetes), 3) musculoskel-
etal disorders (mainly osteoarthritis), and 4) cer-
tain types of cancer (i.e., endometrial, breast and 
colon). These consequences are so harmful that 

at least 2.6 million people each year die as a re-
sult of having OW/OB [5]. The present Doctoral 
Thesis focuses on the musculoskeletal conse-
quences of obesity, for which, the biomechanical 
perspective is of utmost importance. 

CHILDHOOD OBESITY FROM 
A BIOMECHANICAL PERSPEC-
TIVE 

Biomechanics encompasses the study of 
mechanical laws in relation to the structure and 
movement of the human body. This doctoral the-
sis includes the study of three biomechanical di-
mensions in children with OW/OB: 1) body pos-
ture, 2) gait biomechanics, and 3) movement 
competence. 

Body Posture 

Body posture refers to the positioning of 
body segments in relation to each other. A 
healthy body posture is achieved when the body 
segments are aligned in such a way that the least 
amount of stress within and between structures 
occurs,  and that it does not require excessive 
muscle activation to perform daily tasks  [6]. Our 
body posture has an important genetic compo-
nent that we have inherited from our parents, 
but there are also many external factors capable 
of influencing it throughout the lifespan [7]. 

Figure 1. Worldwide change of childhood overweight/obesity prevalence  
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Concretely, childhood represents a crucial pe-
riod in the musculoskeletal development coin-
ciding with the acquisition of an upright posture 
and the basic locomotor skills [8, 9]. Thus, chil-
dren are especially sensitive to external factors 
influencing their body posture [10]. It is widely 
accepted that OW/OB is one of these influential 
external factors, and leading to aberrant altera-
tions of the body posture of children. However, 
the reality is that there is no solid evidence de-
scribing the effect of childhood obesity on body 
posture. 

Wearing et al. [11], in 2006, were the first 
to describe in a narrative review the potential 
consequences of OW/OB in the development 
and function of the musculoskeletal system of 
children. They reported that obesity might be 
leading to structural alterations in the femoral 
necks, knees and feet of children [11]. Three 
years later, Chan et al. [12] also addressed this 
topic in a narrative review concluding that chil-
dren with OW/OB might be more predisposed 
to the development of lower limb deformities, 
such as slipped capital femoral epiphysis, 
Blount’s disease and genu valgum [12]. The au-
thors of both narrative reviews highlighted the 
lack of knowledge on this topic and suggested 
that future research investigating the true impact 
of childhood obesity on the musculoskeletal sys-
tem is needed. A decade later, the evidence is 
still very limited. The only available systematic 
review is solely focused on the foot structure and 
did not synthetize results in a standardized pro-
cess (i.e., qualitative synthesis or quantitative 
meta-analysis) [13].  

In the present doctoral thesis, we address 
the real impact of OW/OB on the musculoskele-
tal structure of children and adolescents by pre-
senting results from a systematic review and 
meta-analysis that synthesizes observations 

from close to 2 million children and adolescents 
worldwide.  

Gait Biomechanics 

Gait biomechanics is the systematic study 
of human walking from a biomechanical per-
spective. The analysis of gait biomechanics 
ranges from basic spatiotemporal parameters 
(e.g., gait speed, stride length and cadence) to 
more complex parameters such as kinematics 
(e.g., joint angles and range of motion), kinetics 
(e.g., joint moment of force and power genera-
tion), muscle activity (e.g., muscle activation and 
force) and plantar pressure (e.g., plantar surface 
and force peaks). Technological advances in the 
biomechanics field allow accurate assessment of 
these complex biomechanical parameters, giving 
researchers the opportunity to study gait biome-
chanics characteristics in many populations.  

The link between walking and childhood 
obesity has been traditionally studied from a 
quantitative perspective (i.e., time and intensity) 
rather than a qualitative one (i.e., biomechanics) 
since this population presents worryingly low 
levels of physical activity [1]. Focusing on the 
qualitative perspective, it is assumed that 
OW/OB hampers daily walking ability by affect-
ing the normal gait biomechanics. Runhaar et al. 
[14] systematically reviewed the gait biomechan-
ics of adults with obesity, finding that, in com-
parison with normal-weight, they walked 
slower, with shorter and wider steps, 
with longer stance duration and presenting 
lower limb misalignments. However, little is 
known on the biomechanical alterations result-
ing from OW/OB in childhood and adolescence. 

This doctoral thesis provides a systematic 
review on the biomechanical characteristics of 
the gait pattern in children and adolescents with 
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OW/OB by comparing them with their normal-
weight peers. It summarizes evidence from 25 
articles including a broad variety of biomechan-
ical dimensions (i.e., spatiotemporal, kinematics, 
kinetics, centre of mass and muscle activation), 
which allows us to identify the gait biomechani-
cal alterations normally present in this popula-
tion. 

Movement Competence 

The study of movement characteristics in 
childhood has been inconsistently referred to as 
“movement competence”, “motor competence”, 
“motor proficiency” or “motor ability”. All these 
terms have in common the study of competence 
when performing those movement patterns nec-
essary for an optimal motor development in 
childhood [15]. Movement competence, as we 
will refer to from now on, is the basis on which 
more complex physical-sport activities are built 
(Figure 2) [15]. In the first step of movement 
competence we have the Fundamental Move-
ments, basic movement patterns that we natu-
rally acquired in infancy (e.g., squat and lunge 
patterns). On the step above are the Fundamen-
tal Movement Skills, which are more global 
movement patterns (e.g., run, hop and throw ob-
jects) present in most of  the physical-sport activ-
ities.  

Children with OW/OB have demon-
strated a worsened performance in movement 
competence, both in fundamental movements 
and  fundamental movement skills [16, 17]. This 
is a crucial factor to understand why these chil-
dren do not have the same predisposition to en-
gaging in physical-sport activities as their peers 
with normal-weight [16, 18]. Movement compe-
tence has also suggested to play a key role in the 
optimal development of the structure and func-
tion of the musculoskeletal system in childhood 

[15, 19]. Nevertheless, there is still needed more 
evidence relating movement competence to the 
musculoskeletal system biomechanics in chil-
dren, and particularly in a vulnerable population 
such as OW/OB children who have shown a sig-
nificant detriment in both factors. 

With this doctoral thesis we study the re-
lationship between movement competence, con-
cretely fundamental movements, and other bio-
mechanical dimensions such as body posture in 
children with OW/OB. Furthermore, we include 
a key piece to this puzzle, which is the physical 
fitness components (i.e., cardiorespiratory fit-
ness, muscular strength, and speed-agility), a 
powerful marker of health in childhood [20]. 

IMPLICATIONS OF THE BIO-
MECHANICS OF CHILDHOOD 
OBESITY  

Development of Musculoskeletal Disor-
ders 

Among the four most accepted comor-
bidities of childhood OW/OB (i.e., cardiovascu-
lar disease, diabetes, musculoskeletal disorders 
and cancer), the development of musculoskeletal 
disorders has been received less attention in the 

Figure 2. Graphical representation of the 
movement competence components (in blue) 
in relation to physical-sport activities.   
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literature. It can be easily identified in a quick 
search in PubMed by introducing the keywords 
“Pediatric Obesity” AND “Cardiovascular Dis-
eases”, “Diabetes Mellitus”, “Neoplasms” and 
“Musculoskeletal Diseases” (Figure 3). It is sur-
prising that not much attention is paid to this 
topic, even known that musculoskeletal disor-
ders are the most diagnosed disease worldwide 
and the one with the largest health-care expend-
itures, only in Europe costing more than three 
hundred billion euros every years [21, 22].  

Children with overweight and obesity 
have a 26% higher prevalence of overall muscu-
loskeletal pain compared to normal-weight chil-
dren, and for some body parts such as the lower 
back this prevalence increases up to 42% [23–25]. 
Furthermore, these children have higher risk of 
lower extremity injuries during practising phys-
ical activities [26]. Some authors suggest that 
sedentary lifestyles, a worse psychological 
health and inflammatory processes that are in-
herent to OW/OB could be leading to the higher 
prevalence of musculoskeletal disorders in this 
population [24]. However, a biomechanical per-
spective has also suggested that structural alter-
ation in the musculoskeletal system, joint misa-
lignments in locomotor tasks, and an altered 

movement competence could be behind the 
problem [11, 16, 27, 28].  

Limiting Factors for Physical Activity 

The biomechanical perspective of child-
hood obesity is an important piece to understand 
why these children are less physically active 
than their normal-weight peers. For instance, the 
presence of pain and injuries associated to 
OW/OB has major implications for the normal 
physical function of children, decreasing their 
motivation to be physically active [29–31]. Like-
wise, children with OW/OB need to put in a 
greater physical effort to walk the same distance 
as would normal-weight children, which is par-
tially explained because of mechanical ineffi-
ciency of their gait pattern [32, 33]. This fact 
might be determinant for these children to dis-
card physically active behaviours such as the ac-
tive commuting to school [27]. Lastly, the fact 
that children with OW/OB have a worse move-
ment competence supposes an important behav-
ioural barrier to engage in physical activities 
since they feel disadvantaged with respect to 
their peers with normal-weight [16, 18].  

Figure 3. Number of articles divided by year that yield a PubMed search (November 4th , 2019) on 
the main four diseases associated with childhood obesity 
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PHYSICAL EXERCISE: A POSSI-
BLE SOLUTION?  

That physical exercise is an indispensable 
tool to combat OW/OB and its associated dis-
eases is nothing new. Coinciding with the last 
2019 Physical Activity Guidelines, the American 
Colleague of Sport Medicine brought together 
experts in sport and exercise sciences to publish 
15 systematic reviews about the benefits of phys-
ical exercise in the main health diseases of to-
day's society [34]. With a moderate and strong 
level of evidence, physical exercise demon-
strated to be beneficial in the prevention of six 
diseases associated with OW/OB (Figure 4), 
namely: brain health, cardiovascular diseases, 
osteoarthritis, cancer, cardiometabolic diseases 
and physical function [35–41].  

 Despite the overwhelming evidence 
about the benefits of physical exercise, to date 
there is little evidence demonstrating whether it 
induces positive changes in the biomechanics of 
childhood obesity. To our knowledge, in a child-
hood population there is only one previous 
study investigating the effect of exercise on the 
body posture [42], two on gait kinematics [43, 
44], and two on gait plantar pressure [45, 46]. Re-
garding movement competence, a recently pub-
lished systematic review demonstrated that ex-
ercise interventions are effective in improving 
fundamental movement skills in children with 
OW/OB, concretely locomotor and object-con-
trol skills [47]. However, this effectiveness has 
not been demonstrated yet in fundamental 
movements, the first step in the movement com-
petence acquisition. We identified only three 
previous trials studying the effects of exercise on 
fundamental movements in children with nor-
mal-weight [48–50], whereas no trial was found 
in children with OW/OB.  

In the present doctoral thesis we have in-
vestigated for the first time the simultaneous ef-
fects of an exercise program on several biome-
chanical dimensions of childhood obesity, con-
cretely on body posture, gait kinematics, plantar 
pressure and fundamental movements. All this 
was done in combination with the expected im-
provements in physical fitness, in which exercise 
effectiveness has been already demonstrated [51, 
52]. The exercise program conducted in the pre-
sent doctoral thesis did not stop at meeting the 
Physical Activity Guidelines for children; it also 
was conscientiously designed to target the bio-
mechanical alterations normally experienced in 
this population. This research implies a step for-
ward in the knowledge on exercise programs in 
children with OW/OB, moving away from the 
current dogma mainly focused on the quantita-
tive (i.e., training volume and intensity) rather 

Figure 4. Visual representation of the six dis-
eases in which physical exercise has demon-
strated a preventive effect. Single check mark: 
moderate level of evidence; double check mark: 
strong level of evidence.     
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than qualitative aspects (i.e., biomechanics) of 
movement [53]. 

SUMMARY OF KNOWLEDGE 
GAPS AND CONTRIBUTIONS 
OF THIS DOCTORAL THESIS 

In short, these are the main gaps detected 
in the literature on biomechanics and childhood 
obesity: 

• There is limited evidence on the real impact 
of OW/OB on the musculoskeletal struc-
ture of children and adolescents.  

• There is limited evidence whether children 
with OW/OB present biomechanical alter-
ations during walking, the most basic loco-
motor task.  

• The role of movement competence, con-
cretely concerning fundamental move-
ments, in the face of other  biomechanical di-
mensions as well as the physical fitness level 
of children with OW/OB, remains largely 
unknown.  

• Little is known about the pathogenesis of 
musculoskeletal disorders in childhood 
obesity and whether a biomechanical per-
spective is contributing to it.  

• There is very little evidence studying 
whether physical exercise induces positive 
changes in the biomechanics of childhood 
obesity. 

Based on these literature gaps, the pre-
sent doctoral thesis provides the following con-
tributions to the current knowledge:  

• A systematic review and meta-analysis on 
the impact of childhood obesity on struc-
tural integrity of the musculoskeletal system 
in children and adolescents (Study 1).  

• A systematic review on the biomechanical 
characteristics of walking in children and 
adolescents (Study 2). 

• A theoretical foundation supporting the im-
plications of the biomechanical alterations 
of childhood obesity in the onset and pro-
gression of musculoskeletal disorders as 
well as in the mechanical inefficiency during 
walking (Studies 1 and 2).  

• Observational evidence on the associations 
between body posture, movement compe-
tence, and physical fitness in children with 
OW/OB (Studies 3 and 4)  

• Exercise-based intervention studies on body 
posture, gait biomechanics, movement com-
petence and physical fitness in children with 
OW/OB (Studies 5, 6 and 7). 
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AIMS 

Overall aim 

The overall aim of the present doctoral 
thesis is to systematically review the impact of 
overweight/obesity on the body posture and 
gait biomechanics of children and adolescents, as 
well as to study the effects of a 13-week exercise 
program on body posture, movement compe-
tence and gait biomechanics in children with 
overweight/obesity.  

Specific aims 

SECTION 1. Systematic reviews and meta-anal-
ysis: impact of childhood obesity in the muscu-
loskeletal structure and the biomechanics of 
walking 

• Specific aim 1: 1) to examine the association 
between OW/OB indicators (e.g., body 
mass index [BMI]) and postural malalign-
ments in children and adolescents; and 2) to 
synthesize evidence on whether children 
and adolescents with OW/OB are at a 
higher risk of experiencing postural 
malalignments in comparison with children 
with normal-weight. 

• Specific aim 2: to examine the biomechani-
cal characteristics of the gait pattern in chil-
dren and adolescents with OW/OB in com-
parison with normal-weight.  

SECTION 2. Cross-sectional studies:  role of 
physical fitness in the biomechanics of child-
hood obesity 

• Specific aim 3: 1) to examine the associa-
tions of fatness (i.e., BMI), physical fitness 
components and functional movement 
quality with body posture in children with 

OW/OB; and 2) to determine which of these 
are the best predictors of body posture.  

• Specific aim 4: 1) to examine the individual 
association of several indicators of fatness 
and the components of fitness with func-
tional movement quality in over-
weight/obese children; and 2) to explore the 
independent and combined association of 
the degree of fatness (i.e. over-weight vs. 
obesity) and the level of fitness (i.e. fit vs. 
unfit) with children’s functional movement 
quality. 

SECTION 2. Effects of a 13-week exercise pro-
gram on the biomechanics of childhood obesity 

• Specific aim 5: to analyse whether a 13-
week exercise program based on ‘move-
ment quality’ and ‘multi-games’ work is 
able to induce simultaneous positive effects 
on body posture, functional movement and 
physical fitness in children with OW/OB. 

• Specific aim 6: to analyse the effect of a 13-
week exercise program based on “move-
ment quality” and “multi-games” work, on 
plantar pressure during walking in children 
with OW/OB. 

• Specific aim 7: 1) to analyse the effect of a 
13-week exercise program, based on move-
ment quality and multi-games, on spatio-
temporal and kinematic parameters of gait 
in children with OW/OB; and 2) to study 
the effect of the exercise program on the 
presence of lower limb musculoskeletal 
pain in children with OW/OB. 
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THE MUBI PROJECT 

Design and participants 

The MUBI project is an individual non-
randomized controlled trial (1:1) that aims to in-
vestigate the effect of a 13-week exercise pro-
gram on movement biomechanics, body posture 
and motor competence in with overweight/obe-
sity. This project has been accepted by the Ethics 
Committee in Human Research of the University 
of Granada (nº 279 / CEIH / 2017). The MUBI 
project  is part of the ActiveBrains project, which 
was funded by the Spanish Ministry of Economy 
and Competitiveness and the “Fondo Europeo 
de Desarrollo Regional (FEDER)” with the fol-
lowing reference number: DEP-2013-47540. The 
ActiveBrains project has been registered regis-
tered in the ClinicalTrials.gov (Identifier: 
NCT02295072). In both project the principal in-
vestigator (PI) is Francisco B Ortega, full-time 
professor in the Faculty of Sport Sci-ences of the 
University of Granada, Spain. For further infor-
mation about the MUBI project, you can access 
our official website in the following link: 
http://profith.ugr.es/mubi.  

The sample size of MUBI project was 70 
children between 8 and 12 years old with over-
weight/obesity, who meet the following inclu-
sion/exclusion criteria: 1) to be 8 – 12.9 years old; 
2) to be classified as children with OW/OB as de-
fined by sex and age-specific World Obesity Fed-
eration cutoffs (2); 3) to suffer no physical disa-
bilities or neurological disorders that might im-
pede them doing exercise; 4) in the case of girls, 
to have not reached menarche at the moment of 
baseline assessment; 5) to take no medications 
that might influence central nervous system 
function; 6) to be right-handed (as measured by 
the Edinburgh inventory) (8) (the brain hemi-
sphere structure of right-handed children differs 

substantially from that of left-handed children); 
and 7) to have not been diagnosed with atten-
tion-deficit hyperactivity disorder. Recruitment 
was done at the Unit of Paediatrics of the Uni-
versity Hospitals San Cecilio and Virgen de las 
Nieves as well as health care centres of Granada 
(Spain). Additionally, we contacted the head 
teacher of both public and private schools of 
Granada and we published advertisements in 
the local media. Parental informed consent was 
required for all children to participate in the 
study. 

 The seventy participants were divided 
into an exercise group (EG), which carried out 
the exercise program, and a control group (CG), 
which continued with their normal life. The ob-
jective of this distribution is to study the effects 
of the exercise program by comparing both 
groups. The EG of the MUBI project was made 
up of children who had participated during the 
previous year as control group participants in 
the ActiveBrains project (Figure 1). For ethical 
reasons, these children were offered the chance 
to take part in the MUBI project as members of 
the intervention group; they did not have the op-
portunity to exercise in ActiveBrains study due 
its randomization process. The present MUBI 
project CG was posteriorly recruited following 
the same procedure as mentioned above.  

Exercise program 

The exercise programme had a total du-
ration of 13-weeks, starting the 1st of March 2017 
and ending the 26th of May 2017, and was run at 
the Institute for Mixed Sport and Health Sciences 
(iMUDS) belonging to the University of Gra-
nada. Sessions were conducted by a minimum of 
two sport science students, who received exten-
sive training for supervising this exercise pro-
gramme. Following previous trial strategy (1), 
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group sessions were run every weekday where 
participants were asked to attend a minimum of 
3 sessions per week. This helped to logistically 
facilitate attendance, allowing participants to se-
lect the 3 days that best fit for them and also giv-
ing them the possibility to attend the 5 sessions.  

Each session had a total duration of 90 
minutes, and was divided in two different parts: 
30 minutes of ‘movement quality’, and 60 
minutes of the ‘multi-games’. The ‘movement 
quality’ part of the session was conducted in the 
gymnasium. The main objectives of this part 
were that participants acquired awareness of an-
alytic movement mechanics (e.g., anterior and 
posterior pelvic tilt) and body posture (e.g., opti-
mal spine position), gained body segment mobil-
ity (e.g., hip flexion mobility), stability (e.g., core 
stability) and muscular strength in functional 
range of motion (e.g., bilateral lower-limb push 

strength), and learned basic human movements 
(e.g., squat pattern). The ‘multi-games’ part of 
the session was conducted in an outside sport 
court. Its main objectives were that participants 
reached a moderate-to-vigorous aerobic inten-
sity, learned and assimilated a wide range of 
fundamental movement skills (e.g., sprinting, 
hopping or throwing), and to enjoy while prac-
tising physical exercise. In coordination with the 
children's parents, “exercise homework” was 
provided for Easter holidays. No specific dietary 
intervention was conducted in the participants 
neither in the exercise nor in the control group. 

Training methodologies included  

The exercise program design was in-
spired on different training methodologies, spe-
cifically selected to address the above mentioned 

110 children with overweight/
obesity, 8-12 years old

MUBI
70 children with overweight/

obesity, 8-12 years old

58 52 39 31

Intervention group Control group

Figure 1. Graphical representation of groups creation for the ActiveBrains and MUBI projects. 
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impairments in children with overweight/obe-
sity. Below, is provided a brief definition of these 
methodologies, the rationale of its inclusion, and 
the description of how we incorporated them in 
the exercise program. 

1. Physical activity guidelines for children 

The starting point for the exercise pro-
gram design was the internationally accepted 
physical activity guidelines 
(http://www.health.gov/paguidelines/) for 
children. These guidelines recommend children 
to exercise daily, and, therefore, we offered the 
possibility to attend to the exercise programme 
daily from Monday to Friday. However, consid-
ering that Spanish children usually have 2 ses-
sions of physical education at school, our partic-
ipants were asked to attend a minimum of 3 ses-
sions per week. Physical activity guidelines also 
recommend that, within the daily recommended 
activity, 3 days should include vigorous-inten-
sity physical activity and resistance training. For 
that reason, one of the objectives of our ‘mul-
tigame’ part of the session was to reach a moder-
ate to vigorous intensity, besides our aims of im-
proving ‘movement quality’ and gaining of mus-
cle strength. 

2. Positioning statement of youth re-
sistance training 

Far from previous beliefs that children 
should not practise resistance training, nowa-
days it is strongly recommended that children 
and adolescents include this training modality 
within their physical exercise routines. We have 
based the present training program on the ‘Posi-
tion Statement on Youth Resistance Training’ to 
design and incorporate resistance training into 
our ‘movement quality’ part of the session (6).  

 

2.1. Exercise selection 

The main premise in the exercise selec-
tion was ‘quality in the execution over quantity 
or load’. Exercise technique was always the main 
goal, and coaches in charge of sessions were in-
structed to provide comprehensive technical ex-
planations of each exercise, and give personal-
ized feedback when necessary. We attempted to 
progressively introduce global bodyweight exer-
cises (e.g. squatting or lunging) and elastic re-
sistance band exercises (e.g., pressing or pulling 
movements), but it is important to note that our 
participants were children with over-
weight/obesity, that overall demonstrated low 
levels of movement competency and physical 
functioning. Thus, progression strategies were 
included through the Dynamic Neuromuscular 
Stabilization and Integrative Neuromuscular 
Training approaches that we will explain later in 
detail. 

2.2. Exercise selection 

Percentage of an individuals’ one Repeti-
tion Maximum (1RM) is the most common way 
to prescribe and control resistance training inten-
sity, but in an untrained population, as is the 
case of this exercise intervention, the use of 1RM 
is unnecessary (6). Instead, we first focused on 
the development of technical competency in 
each exercise by using low volume and intensity 
(e.g., 1 set of 2-5 repetitions or 1-2 min of execu-
tion time for exercises in pairs), and, above all, 
emphasizing to children that they should per-
form each repetition ‘slowly and controlled’ and 
‘putting attention on the movement’. Once chil-
dren learned and mastered exercises, we pro-
gressed in volume and intensity, as well as exer-
cise complexity (e.g., 2 set of 5-10 repetitions or 
2-3 min of execution time for exercises in pairs). 
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2.3. Repetition velocity 

Execution velocity of our exercises in the 
‘movement quality’ part progressed both, within 
session and within the training program. Within 
session, children started with slower and con-
trolled exercise repetition, with less challenging 
positions such as prone or quadruped, and they 
finished with rapid exercise that prepare their 
neuromuscular system to the explosive move-
ment that they performed in the ‘multigames’ 
part.  Within the training program, coaches en-
couraged to increase repetition velocity once 
they noted that technical execution was correct. 

3. Dynamic Neuromuscular Stabilization 
approach 

The Dynamic Neuromuscular Stabiliza-
tion (DNS) approach was developed by Profes-
sor Pavel Kolar, a Czech physiotherapist from 
the Prague School of Manual Medicine (3). DNS 
proposes to restore an optimal body posture and 
movement patterns through exercise-position 
progressions based on the normal development 
of a healthy baby (3). The ‘movement quality’ 
part of the session always followed this type of 
exercise-position progression (Table 1): prone, 
supine, lateral, quadruped with 4, 3 and 2 points 
of support, tall-kneeling, half-kneeling, split, 
squat, base position and one-leg. The session al-
ways started with the initial development posi-
tions (i.e., supine and prone positions) that are 
less challenging for children in terms of stabili-
zation demands, and ended with more challeng-
ing positions (i.e., split, squat and base position). 
When initial exercise positions were mastered, 
we progressed in difficulty by starting the ses-
sion with more demanding exercise positions. 
The two trainers in charge of the session empha-
sised acquiring and maintaining a correct body 
posture in each exercise-position through visual 

demonstrations and comprehensible instruc-
tions specifically designed for children (e.g., “we 
are rigid like a stone statue” for stability exer-
cises). Lastly, trainers encouraged the children to 
do the exercises slow and controlled, always put-
ting awareness in their posture, movement and 
breathing. 

4. Barefoot training 

Previous observational studies have 
identified that being habitually barefoot has pos-
itive effects on the overall health of children and 
adolescents’ feet, expressed with less prevalence 
of flatfeet, among others indicators (4,5). Like-
wise, one previous study has demonstrated that 
specific barefoot exercises (i.e., short foot exer-
cise) can improve the foot posture, as well as to 
improve the functional movement patterns in 
long distance runners (10). Based on this evi-
dence, the whole ‘movement quality’ part of the 
session was fully performed barefoot, as well as 
including specific exercises to train the gait pat-
tern (i.e., gait foot pattern exercises) and to acti-
vate intrinsic muscles of the feet (i.e., foot tripod 
and short foot exercises) (Table 2). The inclusion 
of this barefoot training was expected to help in 
the activation and strengthening of some key 
muscles, such as tibialis posterior or flexor hallu-
cis longus, flexor digitorum brevis and abductor 
hallucis, with also positive adaptations of the 
bones and ligaments of our participants’ feet (5). 
Furthermore, exercising barefoot could be en-
hancing a richer environment for the plantar 
proprioceptors of our participants, being there-
fore beneficial in maintaining balance, stimulat-
ing small nerves of the foot, and getting proximal 
and distal joint stability (9).  
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LOWER-LIMBS DEAD BUG ROLLING PATTERN FRONT PLANK

Supine
Supine
to prone Prone

LATERAL PLANK CRAWLING BIRD-DOG

Lateral
Quadruped:
4 points

Quadruped: 
2 points

HORIZONTAL PULL IN PAIRS HORIZONTAL PULL SPLIT IN PAIRS

Tall kneeling Half kneeling Split

SQUAT IN PAIRS RAPID RESPONSE BILATERAL SINGLE LEG DEADLIFT

Squat Base position One leg

Table 1. Example of the exercise-position progression followed in the ‘movement quality’ part of 
the session. 
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5. Integrative Neuromuscular Training 

The most recent position statement on 
strength training in youth proposes the inclusion 
of integrative programs enhancing muscular 
strength together with movement competence 
and motor proficiency (6). Our exercise program 
was designed following this philosophy by in-
cluding the principles of Integrative Neuromus-
cular Training in each session. Based on the re-
view of Myer GD et al., (7) the Integrative Neu-
romuscular Training can be defined as a supple-
mental training program that incorporates gen-
eral movement pattern (e.g., basics human 
movement and fundamental movement skills) 
and specific strength and conditioning exercises 
(e.g., analytic motor control, mobility and stabil-
ity) targeted to reconditioned movement me-
chanics deficits. In this sense, our ‘movement 
quality’ part incorporated exercises focusing on 
analytic motor control (e.g., find and maintain 
the neutral lumpopelvic or spine positions), mo-
bility (e.g., rolling patterns or hip mobility), sta-
bility (e.g., glute bridges or planks) and basic 
movements (e.g., squat or upper body pulls), 
whereas the ‘multigames’ part included activi-
ties enhancing fundamental movement skills 
(e.g., sprinting, hopping or throwing). All these 

components attempted to: 1) restore normal 
movement mechanics possibly altered as a con-
sequence of the excess of body weight, 2) learn 
and master basic human movements inherent to 
humans (11), 3) gain muscle strength and motor 
control in functional range of motion, 4) learn 
and master fundamental movement skills, and 5) 
gain confidence in their physical functioning. 

Duration and periodization of the training 
program 

The training program was divided in 2 
phases, graphically shown in Table 4. Phase 1 
had a duration of 5 weeks and included sessions 
1.1 to 1.4 on a rotary basis. Phase 2 was a pro-
gression in exercise complexity and alternated 
sessions 2.1 and 2.2 from Monday week 6 to Fri-
day week 13, except week 7 in which partici-
pants completed an Easter home exercise pro-
gram.  

STUDIES’ METHODOLOGICAL 
OVERVIEW 

The present  Doctoral Thesis contains a 
total of 7 studies. Table 3 shows an overview of 
the design, participants and variables included 
in every study contained in this Thesis. 

FOOT TRIPOD SHORT FOOT GAIT FOOT PATTERN

Position: split and stand
Description: distribute the body 
weight under the 1st metatarsal 
head, 5th metatarsal head, and heel. 

Position: split
Description: find the foot tripod, 
spread the toes and place them into 
the ground. In this position, push 
the big toe down into the ground for 
10 seconds. 

Position: stand
Description: learn the rollover foot 
pattern: 1st the heel, 2nd the 5th 
metatarsal head, 3rd the 1st 

metatarsal head, and 4th the big toe.

Table 2. Some examples of barefoot exercises included. 
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INTRODUCTION 

Childhood and adolescence over-
weight/obesity (OW/OB) is currently consid-
ered one of the most serious global public heath 
challenges affecting 340 million children and ad-
olescents worldwide [1]. Apart from being a ma-
jor risk factor for other serious diseases such as 
cardiovascular diseases, cancer and diabetes, 
OW/OB has been suggested to alter the struc-
ture and function of the young musculoskeletal 
system, although it has received relatively little 
attention within the literature [2, 3]. Particularly, 
some authors have reported that OW/OB leads 
to postural malalignment (PM) in children and 
adolescents (e.g., lumbar hyperlordosis, genu 
valgum or flatfoot), which is understood as non-
optimal alignments of body segments [2, 4, 5]. 
These PM involve mechanical stress on 
bones/joints and muscle over-activation, which 
over time triggers the onset of pain and more se-
vere musculoskeletal disorders [2, 6]. In fact, re-
cent research revealed that children with 
OW/OB are at 26% higher risk of experiencing 
any kind of musculoskeletal disorders (i.e., pain, 
injuries and fractures) [7], as well as being more 
predisposed to develop osteoarthritis in adult-
hood [8].   

During childhood and adolescence there 
are many external factors capable of influencing 
our posture, since one is then exposed to rapid 
physical and environmental changes [9, 10]. The 
presence of OW/OB has been suggested to be an 
influential external factor, but further evidence is 
needed. Wearing et al. [2] and Chan et al. [11] 
were the first to describe in their narrative re-
views that childhood obesity may be influencing 
the optimal lower limb musculoskeletal struc-
ture. Stolzman et al. [5] showed, with their sys-

tematic review including 13 articles, that chil-
dren with OW/OB have higher prevalence of 
presenting with flatfoot than children with nor-
mal-weight (NW). However, to date neither has 
any study systematically reviewed the literature 
investigating the relationship between OW/OB 
and PM in the entire musculoskeletal system in 
children and adolescents, nor have any results 
been synthesized with a standardized protocol 
(i.e., meta-analysis and/or qualitative synthesis). 
This can help us better understand the impact of 
OW/OB on the musculoskeletal system of chil-
dren and adolescents and, in turn, its implica-
tions on the onset and progression of musculo-
skeletal disorders.  

The aims of the present systematic review 
and meta-analysis were 1) to examine the associ-
ation between OW/OB indicators (e.g., body 
mass index [BMI] or fat mass index) and PM in 
children and adolescents, and 2) to synthesize 
evidence on whether children and adolescents 
with OW/OB are at a higher risk of experiencing 
PM in comparison with children with normal-
weight (NW).  

METHODS 

This systematic review is guided by the 
Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) [12], and the review proto-
col was registered in the International Prospec-
tive Register of Systematic Reviews 
(https://www.crd.york.ac.uk/prospero/) with 
reference number: CRD42019129093. 

Data Sources and Searches 

PubMed and Web of Science were 
searched from inception to June 6, 2019. Two re-
searchers with expertise in the topic defined the 
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search strategy (J-V and P-MG), which is availa-
ble in Table S1.  

Study Selection 

Two researchers (P-MG and D-MA) inde-
pendently performed the study selection process 
and any discrepancies were resolved through 
discussions and consensus. In a first stage, arti-
cles identified in both databases were merged, 
and titles and abstracts were examined to iden-
tify those likely to be included. In a second stage, 
full text of the selected studies were checked to 
determine final eligibility. Studies were included 
if the following inclusion criteria were satisfied: 
(1) designs were prospective longitudinal or 

cross- sectional without any special requirement 
of sample size nor writing language; (2) partici-
pants were children or young (up to 21 years old) 
assessed by any fatness indicator (e.g., BMI); and 
(3) outcomes were PM. Studies were excluded if 
they: (1) were not original articles (i.e., meeting 
abstracts, editorials, letters to editor, or reviews); 
(2) included participants with chronic move-
ment pattern diseases (e.g., cerebral palsy) or (3) 
included adolescents in pregnancy stage, since 
this is known to alter their normal body posture.  

 

Data Extraction 

The following information was extracted 
from the included studies: 1) author’s name and 
year of publication, 2) country of the study, 3) to-
tal sample size and characteristics of partici-
pants, 4) study design, 5) body composition in-
dicators and assessment instruments, 6) body 
posture measures and assessment instrument, 7) 
main findings. Results extracted were those re-
lating to body posture measures with body com-
position indicators, or comparing body posture 
between obesity categories (i.e., normal-weight, 
overweight and obesity) in children and 
young.  The selection of the data was done by 
two independent researchers (P-MG and D-MA) 
and any disagreements were discussed until 
consensus was reached.  

Main Outcome Measures 

After the data extraction was done, we 
detected ten PM as the most frequently studied: 
forward head, rounded shoulder, thoracic hy-
perkyphosis, lumbar hyperlordosis, flat spine, 
scoliosis, sway-back posture, genu valgum, genu 
recurvatum and flatfoot. Table 1 provides a def-
inition of each PM as well as the assessment pro-
tocol by which these were diagnosed. 

Table 1. Definition and assessment method of the postural malalignments included.  

Postural malalignments Definition Measures 

Forward head  Forward inclination of the head with 
regards to the thorax, normally accom-
panied by a cervical spine hyperexten-
sion.  

2-D photogrammetry [23–25], musculo-
skeletal examination [22]  

Rounded shoulders Forward inclination of the shoulders 
with regards to the thorax, associated 
with a protracted position of the scap-
ula and an internal rotation of the 
glenohumeral joint.  

2-D photogrammetry [16, 17, 23], musculo-
skeletal examination [22, 26] 

Thoracic 
hyperkyphosis  

Increased backward curve in the upper 
back, characterized by a thoracic flex-
ion.  

2-D photogrammetry [10, 16, 21, 24, 25, 28–
31], musculoskeletal examination [22, 27] 

Lumbar 
hyperlordosis 

Increased lumbar lordosis curve char-
acterized by a hyperextended lumbar 
spine and an anterior tilt of the pelvis.  

2-D photogrammetry [16, 18, 21, 24, 25, 28–
33], musculoskeletal examination [22, 34]  
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Table 1. Definition and assessment method of the postural malalignments included.  

Postural malalignments Definition Measures 

Scoliosis Lateral curve of the spine toward one 
side or both sides.  

X-ray [37, 40], 2-D photogrammetry [27, 
29, 36] musculoskeletal examination [22, 
26, 34, 35, 38, 39] 

Flat spine Straight position of the spine character-
ized by the lack of physiological curva-
tures in thoracic and lumbar spine, and 
a posterior tilt position of the pelvis.  

2-D photogrammetry [18, 28, 31–33] mus-
culoskeletal examination [22] 

Sway-back posture Backwards inclination of shoulders 
and chest, whereas forward inclination 
of the pelvis all with respect to feet po-
sition.  

2-D photogrammetry [24, 25, 28, 31–33] 

Genu valgum Knees are close each other where feet 
are apart, characterized by hip adduc-
tion with internal rotation and knee ab-
duction.  

DEXA images [42, 46], 3-D photogramme-
try [47], Goniometry [20, 41, 44, 45, 48, 49, 
95], musculoskeletal examination [22, 34, 
38],   

Genu recurvatum Hyperextension of the knee accompa-
nied by ankle plantarflexion.   

Goniometry [20], musculoskeletal exami-
nation [34, 38] 

Flatfoot Drop of medial longitudinal arch of 
foot which is normally accompanied 
by a foot pronation pattern (i.e., ankle 
dorsiflexion and abduction, and talo-
navicular eversion) 

MRI [61], 3-D scan [52, 60, 63] ultrasound 
[65, 69, 70], footprint [49–51, 58, 67, 68, 71, 
74, 76–78], plantar pressure [54, 65, 66, 70, 
75, 86] musculoskeletal examination [19, 
22, 29, 53, 55–57, 64, 72, 73, 79, 80] 

 

Risk of Bias 

The Joanna Briggs Institute Critical Ap-
praisal Tool for Systematic Reviews was used to 
evaluate the quality of both longitudinal and 
cross-sectional studies [6, 13]. This tool provides 
ten quality criteria items for longitudinal studies 
and eight for cross-sectional studies,  each of 
which have three possible answers: “yes” (crite-
rion met), “no” (criterion not met), and “not ap-
plicable.” The percentage of positively scored 
criteria (i.e., “yes”) with respect to the total num-
ber of applicable criteria was calculated for each 
study as an indicator of quality. A study was 
considered as “high quality” when the positively 
scored percentage was at least 75%, whereas 
studies were considered as “low quality” when 
the quality score was lower than 75%. Two inde-

pendent researchers (P-MG and D-MA) accom-
plished this process, and disagreements were 
discussed to reach consensus.  

Qualitative Evidence Synthesis 

All results, both from longitudinal and 
cross-sectional studies, were synthesized 
through the method firstly used by Sallis et al. 
[14], and more recently by Rodriguez-Ayllon et 
al. [15]. This method rates the results based on 
the following criteria: 1) If 0–33% of studies re-
ported a statistically significant association of a 
PM with BMI and/or obesity degree, the result 
was classified as no association (Ø); 2) if 34–59% 
of studies reported a significant association of a 
PM with BMI and/or obesity degree, or if fewer 
than four studies reported on this PM, the result 
was classified as being inconsistent/uncertain 
(?); and 3) if ≥ 60% of studies found a statistically 
significant association of a PM with BMI and/or 
obesity degree, the result was classified as posi-
tive (+) or negative (−), depending on the direc-
tion of the association. In those studies that the 
association was tested separately in girls and 
boys or in children and adolescents, we specified 
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it as ‘♀’ or ‘♂’ and ‘C’ or ‘A’, respectively. Fur-
thermore, these separate associations were quan-
tified with a 0.5 score instead of 1, as previous 
authors did [15]. 

Meta-Analysis 

Added to the qualitative evidence syn-

thesis, quantitative meta-analysis was under-
taken. Since the majority of included studies 
compared the prevalence of having PM between 
children with OW/OB and children with NW, 
we decided to perform a meta-analysis of dichot-
omous outcomes. The random-effects models of 
inverse-variance method was used to calculate 
pooled risk ratio (RR) and corresponding 95% 
confidence interval (CI) for different PM in chil-
dren with OW/OB and children with NW. Ad-
ditionally, sensitivity analyses were performed 
excluding studies one by one from the pooled es-
timates, to evaluate whether any particular 
study modified the pooled estimates. Meta-re-
gressions were calculated based on children’s 
mean age and BMI. Finally, publication bias was 
estimated using Egger´s test.  Analyses were per-
formed using the Review Manager Version 5.3 
(The Nordic Cochrane Center, The Cochrane 
Collaboration, 2014, Copenhagen, Denmark).  

RESULTS 

Study Selection 

The PRISMA flow diagram (Figure 1) 
outlines the search strategy used to identify arti-
cles. Of 1086 non-duplicated articles, 926 were 
excluded after an abstract review and 92 after a 
full text review, having thus 68 articles that met 
our inclusion criteria. Of these studies, 5 used a 
longitudinal design and the 63 remaining a 
cross-sectional design.  

Study Characteristics 

Table S1 summarizes the characteristics 
of the 68 included studies. The whole sample 
size of the included studies was 1,761,941 chil-
dren and adolescents with ages ranging from 0 
to 21 years old. All studies used BMI as over-
weight/obesity indicator, whereas 3 studies ad-
ditionally reported fat mass composition [16–18], 
2 reported muscle mass composition [16, 18], 2 
reported waist circumference [19, 20], and 1 re-
ported height-waist circumference [21]. Regard-
ing PM, 4 articles studied forward head [22–25], 
5 rounded shoulder [16, 17, 22, 23, 26], 11 tho-
racic hyperkyphosis [10, 16, 21, 22, 24, 25, 27–31], 
12 lumbar hyperlordosis [16, 18, 32–34, 21, 22, 24, 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 

 
For more information, visit www.prisma-statement.org. 

 

 1480 Articles identified through 
database searching 
554 PubMed 
926 Web of Science 

2 Additional articles identified 
through hand-searching 

 

1086 Articles remained after duplicates 
removed and were screened 

 

926 Excluded based on title 
and abstract review 

 

160 Full-text articles were assessed for 
eligibility 

92 Articles Excluded  
20 Not original article 
25 Irrelevant outcomes 
20 Adult population 
10 Movement 

disorders/MSKD 
17 Do not relate OW/OB 

with posture 
 

68 Studies were included in 
qualitative and quantitative 
synthesis of evidence 

Figure 1. Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses 
(PRISMA) flow diagram of study selection, in-
clusion and exclusion of studies 
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25, 28–31], 11 scoliosis [22, 26, 27, 29, 34–40], 6 flat 
spine [18, 22, 28, 31–33], 6 forward sway posture 
[24, 25, 28, 31–33], 13 genu valgum [20, 22, 34, 38, 
41–49], 3 genu recurvatum [20, 34, 38], and 37 
flatfoot [17, 19, 22, 29, 43, 49–80].  

Qualitative Evidence Synthesis  

The associations between over-
weight/obesity and the ten PM were investi-
gated in the sixty-eight included studies (Table 
2). There was consistent evidence supporting as-
sociations of OW/OB with the presence of 
rounded shoulders (3.5 of 5 studies, 70%), tho-
racic hyperkyphosis (7 of 11, 63.6%), lumbar hy-
perlordosis (8.5 of 13, 65.4%), genu valgum (12 of 
13 studies, 92.3%), and flatfoot (29.5 of 37 stud-
ies, 80.8%). There was consistent evidence sup-
porting the lack of an association of OW/OB 
with flat spine (4 of 6 studies, 66.7%), with for-
ward head (1 of 4 studies, 25.0%), or with scolio-
sis (2.5 of 11 studies, 22.7%). There was unclear 
evidence supporting associations of OW/OB 
with the presence of forward sway posture (3.5 
of 6 studies, 58.3%) and insufficient evidence to 
determine the association of OW/OB with genu 
recurvatum (3 of 3 studies, 100%).  

Meta-analysis 

Figure 2 presents the meta-analysis of the 
association between overweight/obesity during 
childhood and adolescence and the presence of 
PM. Children and adolescents with OW/OB had 
higher risk of presenting genu valgum (RR: 6.65; 
95% CI: 5.13–8.62; P<0.001), flatfoot (RR: 1.54; 
95% CI: 1.40–1.70; P<0.001) and overall altered 
posture (RR: 1.73; 95% CI: 1.37–2.18; P<0.001) 
compared with their NW peers. Children and 
adolescents with OW/OB had no higher risk of 
presenting thoracic hyperkyphosis (RR: 1.45; 

95%CI: 0.72–2.91; P=0.300), lumbar hyperlordo-
sis (RR: 1.43; 95% CI: 0.96–2.12; P=0.080) or scoli-
osis (RR: 0.82; 95% CI: 0.61–1.09; P=0.170) in 
comparison with NW. A schematic summary of 
PM found in children and young with OW/OB 
from both analyses (i.e., qualitative evidence 
synthesis and meta-analysis) is presented in Fig-
ure 3. 

DISCUSSION 

To our knowledge, this is the first review 
to study the impact of childhood and adoles-
cence OW/OB on the entire musculoskeletal sys-
tem and also to synthesize the results with a 
standardized protocol. The main findings of this 
study were 1) higher OW/OB degree, deter-
mined by BMI, was associated with the presence 
of five PM, namely rounded shoulders, thoracic 
hyperkyphosis, lumbar hyperlordosis, genu val-
gum and flatfoot; and 2) children and adoles-
cents with OW/OB had 6.6 times the risk of pre-
senting genu valgum, 1.5 times the risk of pre-
senting flatfoot and 1.7 times the risk of present-
ing any kind of PM compared to NW.  

The musculoskeletal system is in contin-
uous development during childhood and there 
are some developmental stages when it is espe-
cially exposed to external factors, such as 
OW/OB. For instance, in the newborn to toddler 
stage (i.e., 0 to 4 years-old), children experience 
important changes by reaching physiological 
alignments in the spinopelvic structure and 
lower limbs, which agrees with the acquisition of 
upright posture and walking abilities [46, 81]. In 
this review, those studies that included newborn 
children until the age of four did not find associ-
ations between OW/OB and PM in the spinopel-
vic structure or lower limbs, whereas they did in 
older children [22, 33, 46, 49]. This fact evidences
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able 2. Sum
m

ary table of the associations observed betw
een overw

eight/obesity indicators and postural m
alalignm

ents. 
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3.0 
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0 
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65.38 
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Ø
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+ 

? 
+ 

Consistency w
as calculated by sum

m
ing the num

ber of positive or negative associations, the m
ost frequently reported direction, dividing it by the total num

ber of studies in this postural 
m

alalignm
ent, and then m

ultiplying the results by 100. If consistency w
as 0–33%

, the result w
as classified as no association (Ø

). If consistency w
as 34–59%

, or if few
er than four studies reported 

on the outcom
e, the result w

as classified as being inconsistent/uncertain (?). If consistency w
as ≥ 60%

, the result w
as classified as positive (+) or negative (−), depending on the direction of the 

association. 
H

K
: hyper kyphosis; H

L: H
yperlordosis; C

hild: children; A
dol: adolescents; Ø

, + or -: indicates no association, positive or negative association, respectively, in boys (♂
) or girls (♀

); - /+: indi-
cates negative association in children but positive association in adolescents; +/ Ø

: indicates positive association in children but no association in adolescents.  
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that during this first stage of childhood, posture 
is particularly sensitive to changes due to being 
OW/OB, suggesting that many PM originate 
during these stages of growth. Regarding feet, 

the only two studies analyzing age groups in the 
first years of life did not find associations be-
tween OW/OB and flatfoot at 3-5 years old 

Figure 2. Summary Risk Ratio (RR) of the relationship of having overweight/obesity during 
childhood and adolescence and to present postural malalignments.  
Contributing studies are sorted in chronological order. 

Thoracic Hyperkyphosis

Favors normal-weight Favors overweight/obesity

Lumbar Hyperkyphosis

Scoliosis

Genu valgum

Faltfoot
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whereas they started to see differences at 5-7 
years old [22, 49].  

Puberty is also a critical period for the de-
velopment of the musculoskeletal system, coin-
ciding with the peak height velocity and sharp 
gains of body mass [22]. It is also when morpho-
logical differences between gender become more 
evident, especially in the anatomy of the 
spinopelvic structure and lower limbs [82, 83]. 
At puberty girls tend to demonstrate more pelvic 

anteversion (associated with lumbar hyper-
lordosis) and genu valgum [41, 84], whereas 
boys demonstrate more thoracic hyperkyphosis 
[84]. In feet anatomy some authors support a 
higher prevalence of flatfoot in boys due to a 
later plantar arch maturation in comparison with 
girls [52, 56]. The detrimental effect of OW/OB 
in the musculoskeletal system could be manifest-
ing differently in girls and boys, probably aggra-

Rounded 
shoulders

Consistency: 70 %

Thoracic 
hyperkyphosis
Consistency: 64 %

Lumbar 
hyperlordosis

Consistency: 65 %

Genu valgum

Consistency: 92 %

Relative Risk: 6.6

Faltfoot

Consistency: 81 %

Relative Risk: 1.5

Figure 3. Schematic summary of the postural malalignments associated with the overweight/obe-
sity in children and adolescents.  
Postural malalignments presented were those demonstrating a consistent association (i.e., > 60%) with 
OW/OB in the qualitative evidence synthesis (Table 2), while those within the box also demonstrated a rela-
tionship with having overweight/obesity during childhood and adolescence in the meta-analysis (Figure 2). 
Consistency percentage from the qualitative evidence synthesis and relative risk from the meta-analysis are 
reported. 
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vating postural dimorphisms that naturally oc-
cur in both genders, but further research is still 
needed to confirm this general belief.  

The majority of studies agree by suggest-
ing that mechanical constraints due to the excess 
of body mass could be driving the development 
of PM in childhood and adolescence [10, 18]. In 
the spinopelvic structure, the excess of body 
mass could be influencing the mechanical stabil-
ity of the spinal column, leading to compensa-
tions such as hyperkyphosis and hyperlordosis 
[18, 28]. Araujo et al. [18] found that non-skeletal 
components of body weight, i.e. fat and muscle 
mass, were independently associated with a hy-
perlordotic posture in children. They argued that 
fat mass accumulation might have a greater im-
plication in the spinal imbalance, which leads to 
an increase in muscle tone of stabilizer muscles 
to counteract it [18]. Excessive body mass has 
also suggested to induce a collapse of the lower 
limb into a valgus position. In first years of life, 
children experience a physiological transitioning 
from varus towards valgus alignments as a me-
chanical adaptation to carry their increasingly 
heavy bodies [85]. In children with OW/OB this 
transition could be exacerbated towards a more 
pronounced valgus position as an adaptation to 
support their higher body mass [46]. With re-
gards to feet, some authors suggest that the 
lower the body mass the foot must support, the 
better the chance the medial longitudinal arch 
has to develop in childhood, which is directly 
linked to the incidence of flatfoot [63]. The con-
tinued bearing of excessive body mass has been 
suggested to lead to structural modifications in 
the navicular and cuneiform bones, which places 
muscles and ligaments in an excess of strain to 
hold a physiological height of the medial longi-
tudinal arch that finally tends to collapse [66, 86]. 
Others have suggested that flatfoot in children 

with OW/OB is caused by a thicker plantar fat 
pad, but this hypothesis was discarded after ver-
ifying that no differences exist in the plantar fat 
pad between OW/OB and NW children [63, 65].  

The qualitative evidence synthesis of this 
review clearly demonstrated no associations of 
OW/OB with the development of a forward 
head posture or scoliosis. The prevalence of a 
forward head posture is believed to have grown 
among children and adolescents because of the 
dramatic growth of mobile phone and computer 
use [87]. Strength of neck stabilizer muscles and 
cervical mobility are factors associated with an 
optimal head position but [23], based on our re-
sults, OW/OB seems to not separately add to the 
development of a forward head posture. Some 
studies reported that not high but low BMI was 
associated with the presence of scoliosis [27, 36, 
37]. It is well known that low body mass during 
childhood negatively affects bone health (e.g., 
osteopenia), and poor bone health has been 
linked with the development of scoliosis and its 
progression [27]. Some authors, such 
as Kratěnová et al. [39], even suggest that rela-
tively high body mass in childhood might be 
positively contributing to the frontal plane align-
ment of the spine. The association between 
OW/OB and flat spine is in line with the pres-
ence of a hyper curved spine (hyperkyphosis 
combined with hyperlordosis) in this popula-
tion. Lastly, a forward sway posture in children 
and adolescents with OW/OB has not been con-
sistently reported, and there are only three stud-
ies on genu recurvatum. Further evidence is still 
needed investigating these PM in relation to 
OW/OB.  

Childhood obesity has already demon-
strated to be linked with a higher prevalence of 
musculoskeletal disorders (i.e., pain, injuries and 
fractures), especially in the lumbar spine, hips 
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and knees [7, 88]. Findings from this review will 
help to gaining a better understood of the patho-
genesis of these disorders by pointing PM as a 
potential development factor. Among the in-
cluded studies, five analyzed the relationship be-
tween PM and musculoskeletal pain, with four 
of them finding significant associations [10, 27, 
31, 38, 39].  For instance, a non-neutral position 
of the spine (i.e., hyperkyphosis and hyperlordo-
sis) and an overall poor posture were associated 
with a higher incidence of pain in the cervical 
spine and low back [10, 27, 31, 39]. The hyper 
curved spine observed in children and adoles-
cents with OW/OB might have severe conse-
quences across the lifespan, since it has been as-
sociated to the presence of low back pain and 
more severe spine pathologies in adulthood, 
such as discopathy and spondylolisthesis [33, 
89]. In the lower limbs, a non-physiological 
alignment leads to abnormal load mechanics, 
which cause damage to the articular cartilages of 
hip and knee joints over time [46]. Genu valgum 
posture observed in this population was already 
reported during walking in a recent systematic 
review [6], which evidences that these biome-
chanical alterations occur both in static and dy-
namic situations. The only previous systematic 
review investigating flatfoot in pediatric obesity 
did not find any studies addressing the possible 
short-term complications in the development of 
foot pain [5]. However, when flatfoot persists 
into adulthood it is known to be the cause of foot 
pain, plantar fasciitis and metatarsophalangeal 
osteoarthritis [78].  

Children and adolescents with OW/OB 
spend more time in sedentary behaviors and less 
practicing physical activity, lifestyle factors that 
might be additionally affecting their body pos-
ture above and beyond purely the mechanical 
factor of carrying additional weight. O’Sullivan 

et al. [10] found in adolescents that increased tel-
evision use was associated with a thoracic hy-
perkyphosis posture during sitting and the pres-
ence of low back pain. A higher level of physical 
activity in childhood and adolescence was re-
lated to a more aligned body posture, whereas 
lower physical activity levels were associated 
with increased pressure under the midfoot, 
which is a typical sign of flatfoot [16, 90]. Muscu-
lar strength is suggested to play a key role in the 
foundation of body posture in childhood, and 
several authors already demonstrated positive 
associations of intrinsic back and foot muscle 
strength with a more neutral posture of the spine 
and foot respectively [10, 91]. Based on this evi-
dence, getting children and adolescents with 
OW/OB less time in sedentary behaviors and 
more time undertaking physical activity could 
help prevent the onset of these PM. In fact, pre-
vious exercise-based intervention studies in this 
population have already demonstrated im-
provements in thoracic spine or lower limb de-
formities, or foot structure and function [92–94], 
but the available evidence is still scarce.  

Limitations 

Several limitations in this systematic re-
view should be addressed. First, our findings are 

mainly based on cross-sectional studies (62 of 68 
studies) and it does not allow to establish firm 
causality conclusions between OW/OB and PM 
in youth. Second, the use of only two databases 
(PubMed and Web of Science) may have left out 
some articles related to this topic, although it is 
expected that those databases cover any influen-
tial peer-reviewed articles with low risk of bias. 
Third, we found a wide variety of assessment 
protocols to identify PM, which restricts inter-
study comparisons. Fourth, only 26 of the 62 in-
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cluded studies accounted for potential con-
founders such as age, maturational stage or gen-
der in their statistical analysis. Fifth, there is no 
current literature supporting that the presence of 
PM due to OW/OB predicts the development of 
musculoskeletal disorders in later adulthood, 
and therefore all statements around that are still 
based on observational studies and assumptions.  

Conclusions 

Based on the qualitative evidence synthe-
sis, OW/OB is associated with the presence of 
rounded shoulders, thoracic hyperkyphosis, 
lumbar hyperlordosis, genu valgum and flatfoot 
in childhood. Based on the meta-analysis, chil-
dren and adolescents with OW/OB have 6.6 
times the risk of presenting genu valgum, 1.5 
times the risk of presenting flatfoot and 1.7 times 
the risk of presenting any kind of PM compared 
with their NW peers. These PM might be behind 
the higher prevalence of musculoskeletal pain in 
this population and, in if it persists into adult-
hood, could lead to more severe musculoskeletal 
disorders. It is safe to say that ongoing and fu-
ture efforts to prevent and reverse these PM as-
sociated to OW/OB in childhood and adoles-
cence are justified.  
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Table S1. Search terms used in PubMed and Web of Science databases. 

PubMed Booleans 

Population 
  

 (((("Body Composition"[Mesh]) OR "Body Mass Index"[Mesh]) OR "Obesity"[Mesh]) OR 
"Overweight"[Mesh]) OR "Pediatric Obesity"[Mesh] 

AND 

AND 

("Child"[Mesh]) OR "Adolescent"[Mesh] 

  
Outcomes  

"Posture"[Mesh] 

OR 

Postur* 

(Alignment*) AND (((((((knee*) OR Lower*) OR Limb*) OR Extremit*) OR spin*) OR pelvi*) 

((((((("genu varus") OR varus) OR varum)) OR ((("genu valgum") OR valgum) OR valgus)) OR 
(("genu recurvatum") OR recurvatum)) OR "pelvic tilt") OR "forward head" 

((((((((lordosis) OR lordotic) OR hyperlordo*) OR (spine AND curvature*)) OR kyphosis) OR 
hyperkyphosis) OR "flat back") OR "forward head") OR ((head OR cervical) AND protraction) 

(("pes planus") OR ((flat) AND (feet OR foot))) OR ((pronat*) AND (feet OR foot)) 

   

Web of Science Booleans 

Population 
  

TS=(“Body Compositions” OR “Composition, Body” OR “Compositions, Body” OR “Index, 
Body Mass” OR “Quetelet Index” OR “Index, Quetelet” OR “Quetelet's Index” OR obes* 
OR “overweight” OR  “pediatric obesity” OR “paediatric obesity”) AND 

AND 

TS=( child* OR adolescen* OR youth* OR teenager* OR boy* OR girl*) 

  

Outcomes  

TS=((Alignment*) AND (TS= (knee*) OR TS=(Lower*) OR TS=(Limb*) OR TS=(Extremit*) 
OR TS=(spin*) OR TS=(pelvi*) 

OR 

TS=(Postur*) 

TS=("genu varus" OR varus OR varum OR "genu valgum" OR valgum OR valgus OR 
“genu recurvatum" OR recurvatum OR "pelvic tilt" OR "forward head") 

TS=( lordosis OR lordotic OR hyperlordo* OR spine AND curvature* OR kyphosis OR 
hyperkyphosis OR “flat back” OR “forward head”) 

TS= ((head OR cervical) AND (protraction)) 

TS=("pes planus" OR ((flat) AND (feet OR foot)) OR ((pronat*) AND (feet OR foot))) 
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Table S2.  Criteria for the methodological quality assessment of cross-sectional and lon-
gitudinal articles, and the percentage of studies meeting these criteria. 
Criteria items Percentage of 

studies meeting 
criterion (%) 

Cross-sectional studies  
1. Were the sample eligibility criteria adequately describe? 74.6 
2. Were the study population recruitment methods, the period of recruit-

ment and the place of recruitment adequately describe? 
90.5 

3. Were overweight/obesity indicators (e.g. BMI or body fat) measured in 
a valid and reliable way? 

100.0 

4. Was the overweight/obesity categorization done in a valid and reliable 
way?  

73.0 

5. Were potential confounders (e.g., age and gender) identified? 44.4 
6. Were strategies to deal with potential confounders performed? 41.3 
7. Was the posture assessment protocol adequately described, and was 

posture measured in a valid and reliable way? 
92.1 

8. Was appropriate statistical analysis used? 95.2 
Total average 76.4 
  

Longitudinal studies  
1. Were the overweight/obesity categories similarly formed from the same 

population?  100.0 
2. Was the overweight/obesity categorization measured similarly in the 

whole population? 100.0 
3. Was the overweight/obesity categorization done in a valid and reliable 

way?  80.0 
4. Were confounding factors identified (e.g., age or gender)? 80.0 
5. Were strategies to deal with confounding factors stated? 80.0 
6. Were participants free of posture abnormalities at the start of the study? 0.0 
7. Were posture measured in a valid and reliable way? 100.0 
8. Was the follow up time reported and sufficient to be long enough for 

posture modification? 100.0 
9. Was follow up complete, and if not, were the reasons to loss to follow 

up described and explored? 40.0 
10. Were strategies to address incomplete follow up utilized? 40.0 
11. Was appropriate statistical analysis used? 100.0 

Total average 74.5 
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Table S4. Summary of included studies (n = 68) 
Nº Risk 

of 
bias 

Authors, 
year [ref] 

N partici-
pants (age 
range; %girls) 

Body compo-
sition indica-
tors 

Postural  
alterations  

Main  
finings  

Country  Design; tar-
get popula-
tion 

Assessment 
instruments 

Assessment  
instruments 

1 Low 
Risk 

Alfahed, 
2019 [95] 

469 (2-16 
years, 0% 
girls) 

BMI Genu valgum   BMI has a negative correlation with 
the intermalleolar distance (r = -0.086, 
P = 0.064). There was no statistically 
significant correlation between the 
BMI and the mean tibiofemoral angle 
or the intercondylar distance 

  Saudi Arabia Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer 

Tibiofemoral an-
gle, and intercon-
dylar and inter-
malleolar dis-
tances 

2 Low 
Risk 

Araujo, 2017 
[33] 

2130 (4-7 
years; 48 % 
girls) 

BMI. Hyperkyphosis, 
hyperlordosis, 
flat spine, and 
sway-back pos-
ture 

Higher weight in both, boys and girls, 
was associated with lower odds of a 
flat pattern compared with a "sway to 
neutral" pattern, with stronger associ-
ations at older ages (0 vs 4 vs 7). Boys 
with higher PI at 0 and 4 years old 
were more frequently assigned to the 
hyperlordotic pattern (OR=1.44 per 
SD; p=0.043).  

  Portugal Prospective 
longitudinal 
study; chil-
dren 

Scale and sta-
diometer 

2-D photogram-
metry 
(PAS/SAPO soft-
ware) 

3 Low 
Risk 

Araujo, 2017 
[18] 

2398 (7 years; 
47 % girls) 

BMI, Fat and 
fat free mass. 

Hyperkyphosis, 
hyperlordosis, 
flat spine, and 
sway-back pos-
ture 

In both genders, children with flat 
pattern showed the lowest BMI, and 
children with a hyperlordotic posture 
presented the highest BMI. Fat and 
fat-free mass were inversely associ-
ated with a flat pattern and positively 
associated with a hyperlordotic pos-
ture in both genders.  

  Portugal Cross-sec-
tional study; 
children 

Digital scale 
and stadiom-
eter, and 
DXA 

2-D photogram-
metry 
(PAS/SAPO soft-
ware) 

4 Low 
Risk 

Araujo, 2017 
[32] 

2398 (7 years; 
47 % girls) 

BMI Hyperkyphosis, 
hyperlordosis, 
flat spine, and 
sway-back pos-
ture 

In girls, a higher BMI was associated 
with a sway pattern (versus a flat pat-
tern: OR=1.21; 95% CI=1.12, 1.29), 
whereas in boys, a higher BMI was as-
sociated with a hyperlordotic pattern 
(versus a flat pattern: OR=1.30; 95% 
CI=1.17, 1.44) 

  Portugal Cross-sec-
tional study; 
children 

Scale and sta-
diometer. 

2-D photogram-
metry 
(PAS/SAPO soft-
ware) 

5 Low 
Risk 

Araujo, 2019 
[25]  

2117 (4 and 7 
years; 48% 
girls) 

BMI, Fat and 
fat free mass. 

Hyperkyphosis, 
hyperlordosis, 
flat spine, and 
sway-back pos-
ture 

In girls, BMI was weakly associated 
with lumbar angle: r=0.27 at 4 years, 
and r=0.31 at 7 years of age, both p < 
0.001. Fat and fat-free masswere also 
weakly but positively associated with 
lumbar angle: r=0.29 and r=0.20, re-
spectively; both p < 0.001.  In 
boys, BMI was weakly associated with 
lumbar angle: r=0.22 at 4 years old, 
and r=0.26 at 7 years old, both p < 
0.001. Fat and fat-free mass were also 
weakly associated with lumbar angle 
(r=0.24 and r=0.13, respectively, both 
p < 0.001). 

  Portugal Cross-sec-
tional study; 
children 

Scale and sta-
diometer. 

2-D photogram-
metry 
(PAS/SAPO soft-
ware) 

6 Low 
Risk 

Arruda, 2009 
[29] 

100 (8-10 
years; 50%) 

BMI Hyperkyphosis, 
hyperlordosis, 
scoliosis and   
flatfoot 

BMI was correlated with scolio-
sis, lumbar hyperlordosis,  tho-
racic hyperkyphosis and flatfoot.  

  Brazil Cross-sec-
tional; chil-
dren  

Scale and sta-
diometer. 

2-D photogram-
metry (Postur-
ograma da Fisiom-
eter Softwares) 
and footprint 
(podoscope) 

7 Low 
Risk 

Bafor, 2012 
[44] 

471 (3-10 
years; 48% 
girls) 

BMI Genu valgum  Tibiofemoral angle was negatively 
correlated with BMI (r = − 0.210), so 
that BMI does not cause an increase in 
tibiofemoral angle.    Nigeria Cross-sec-

tional; chil-
dren  

Scale and sta-
diometer. 

Tibiofemoral an-
gle (goniometer) 

8 Low 
Risk 

Bonet, 2003 
[45] 

64 (7-12 years, 
70% girls) 

BMI and obe-
sity categories 
(95th percen-
tile) 

Genu valgum Intermalleolar distance was greater in 
over- weight children than in the non-
overweight group (11.0 ± 0.6 vs 2.90 ± 
0.43; p < 0.001). A positive correlation 
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Table S4. Summary of included studies (n = 68) 
  Spain Cross-sec-

tional; chil-
dren 

Scale and sta-
diometer. 

Intermalleolar 
distance 

between genu valgum and the BMI 
was observed.  

9 Low 
Risk 

Bout-
Tabaku, 2015 
[46] 

320 (4-20 
years, 61% 
girls) 

BMI and obe-
sity categories 
through CDC. 

Genu valgum  Compared with NW controls, OB had 
less valgus of the MDA prior to the 
onset of puberty (+ 2.0°, p = 0.001), 
but had greater valgus at later puber-
tal stages (–1.9°, p = 0.01). 

  USA Cross-sec-
tional; chil-
dren, adoles-
cents & 
young adults 

Scale and sta-
diometer. 

Tibiofemoral an-
gle and metaph-
yseal-diaphyseal 
angle from 2-D 
photogrammetry 
of DEXA images 
(eFilm Lite DI-
COM) 

10 Low 
Risk 

Briggs, 2017 
[47] 

40 (11-18 
years, 35% 
girls) 

BMI and obe-
sity categories 
through 95th–
98th BMI per-
centiles. 

Genu valgum  The youth who were OB demon-
strated greater knee valgus in stand-
ing (P = 0.02) than their NW peers.  

  USA Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Thigh and shank 
angle (3-D photo-
grammetry, Vis-
ual 3D software) 

11 High 
Risk 

Brito-Her-
nández, 2018 
[21] 

80 (12 years, 
0% girls) 

BMI and 
height-waist 
index 

Hyperlordosis 
and hyperkypho-
sis.  

Height-waist index was associated 
with the presence of  thoracic kypho-
sis, whereas there was no significant 
associations between BMI with spine 
posture and between height-waist in-
dex with lumbar hyperlordosis.  

  Chile Cross-sec-
tional; chil-
dren 

Scale, stadi-
ometer and 
measuring 
tape. 

2-D photogram-
metry.  

12 Low 
Risk 

Brzeziński, 
[43] 

6992 (8-12 
years, 50% 
girls) 

BMI and obe-
sity categories 
through IOFT 
cut-points 

Genu valgum, 
genu varum, val-
gus heel and flat-
foot 

Limb defects were most commonly di-
agnosed in OB (90.2%) with signifi-
cantly fewer diagnosed in normal 
weight (25.7%). The increase in the 
BMI percentile by one unit was associ-
ated with a significant increase in val-
gus knee (9.0%), valgus heel (1.0%) 
and flatfoot (2.0%). 

   Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

Intercondylar 
distance, linear 
vertical compass, 
footprint (posdo-
scope).  

13 Low 
Risk 

Carvalho, 
2017 [80] 

1394 (10-14 
years, 66% 
girls) 

BMI and obe-
sity categories 
through IOFT 
cut-points 

Flatfoot The overweight and obese group 
scored lower than the normal BMI 
group (p = 0.039; p = 0.001, respec-
tively). A higher BMI in adolescence is 
not indicative of a pronated foot type.   Brazil Cross-sec-

tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

FPI-6 

14 High 
Risk 

Cetin, 2010 
[50] 

625 (6-13 
years, 48% 
girls) 

BMI and obe-
sity categories 
(95th percen-
tile) 

Flatfoot Flatfoot prevalence was associated 
with BMI, and overweight children 
had greater flat foot prevalence com-
pared to normal and underweight 
children (P=0.05.   Turkey Cross-sec-

tional; chil-
dren 

Scale and sta-
diometer. 

Footprint 

15 Low 
Risk 

Chang, 2009 
[51] 

2083 (7-12 
years, 46% 
girls) 

BMI and obe-
sity categories 
(Taiwan De-
partment of 
Health) 

Flatfoot Children who were obese or over-
weight were 2.66 and 1.39 times more 
likely to have flatfoot than those of av-
erage weight. The results of this study 
indicate that the prevalence of flexible 
flatfoot is highest among males who 
are obese and overweight, particularly 
in the age range of 7 to 8 years. 

  Taiwan Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

Footprint (Denis’ 
classification of 
flatfeet) 

16 Low 
Risk 

Chen, 2009 
[52] 

1024 (5-13 
years, 54% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot A significant difference in the preva-
lence of flatfoot occurred between 
normal-weight (27%), overweight 
(31%), and obese (56%) children (chi-
square = 18.0; p < 0.001). The obesity 
effect was significant (p < 0.01) for 
most foot dimensions. 

  Taiwan Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

3D coordinate 
measurement 
system (Faro 
Technologies 
Inc., Lake Mary, 
FL) and footprint 
(arch index) 

17 Low 
Risk 

Chen, 2011 
[53] 

1598 (3-6 
years, 48% 
girls) 

BMI, obesity 
categories 
(percentile 

Flatfoot Children with bilateral flatfoot had in-
creased BMI in comparison with uni-
lateral flatfoot and normal foot (p < 
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Table S4. Summary of included studies (n = 68) 
cut-off from 
the Taiwan 
Department 
of Health) 

0.05). Overweight and obese children 
demonstrated twice the risk of bilat-
eral flatfoot compared to normal chil-
dren (OR= 1.90 and  1.77 respectively; 
p = 0.005 and 0.001 respectively).   Taiwan Cross-sec-

tional; chil-
dren 

Scale and sta-
diometer. 

Clinical diagno-
sis by an experi-
enced clinician 

18 Low 
Risk 

Chen, 2013 
[77] 

580 (3-6 years, 
49% girls) 

BMI and obe-
sity categories 
(Taiwan De-
partment of 
Health) 

Flatfoot Children who were relatively 
younger, male, obese, and experienc-
ing excessive joint laxity were more 
likely to experience the signs of flat-
foot at 1-year follow up.  

  Taiwan Prospective 
longitudinal; 
children 

Scale and sta-
diometer. 

Footprint 
(Chipaux-Smirak 
index) 

19 Low 
Risk 

Ciaccia, 2017 
[48] 

1050 (5-13 
years, 49% 
girls) 

BMI and obe-
sity categories 
(WHO) 

Genu valgum The chance of occurrence of knee val-
gus in overweight and obese school-
children was, respectively, 6.0 and 
75.7 times greater than among nor-
mal-weight children.  

  Brazil Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Intermalleolar 
distance (regular 
ruler) 

20 Low 
Risk 

Cimolin, 
2016 [54] 

18 (14-18 
years, 50% 
girls) 

BMI, obesity 
categories 
(BMI>97th 
percentile) 

Flatfoot OB had high contacts areas in forefoot 
and midfoot regions and not in rear-
foot region, in comparison with NW. 
Higher peak force and pressure values 
were found in OB with respect to NW 
participants, especially in the forefoot 
and midfoot. Obese feet displayed 
low arch than NW (arch index) repre-
senting of flatfoot. 

  Italy Cross-sec-
tional; adoles-
cents 

Scale and sta-
diometer. 

Upright standing 
plantar pressure, 
Pedar-X in-shoe 
system (Novel 
GmbH, Munich, 
Germany) 

21 Low 
Risk 

de Sa Pinto, 
2006 [34] 

96 (7-14 years, 
45% girls) 

BMI, obesity 
categories 
(sex-, race- 
and age-spe-
cific 95th per-
centile) 

Hyperlordosis, 
scoliosis, genu 
valgum, genu 
varum and genu 
recurvatum 

A higher frequency of at least one os-
teoarticular manifestation was ob-
served in obese patients (55%) com-
pared with the control group (23%) (P 
= 0.001). A statistically significant as-
sociation was also found between obe-
sity and genu valgum, genu recurva-
tum and tight quadriceps. 

  Brazil Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Musculoskeletal 
examination by a 
pediatric rheu-
matologist.  

22 Low 
Risk 

Dolphens, 
2018 [36] 

1196 (10-13 
years, 47% 
girls) 

BMI and obe-
sity categories 
through IOFT 
cut-points 

Scoliosis  OW or OB girls face a substantial 
(58%) decrease in the odds for trunk 
asymmetries compared to NW sub-
jects (p = 0.04) 

  Belgium Cross-sec-
tional; chil-
dren pre-peak 
growth veloc-
ity 

Scale and sta-
diometer. 

Surface topogra-
phy and 2-D  
photogramme-
try  (ImageJ soft-
ware) 

23 High 
Risk 

Evans 2011 
[19] 

140 (6-10 
years, 51% 
girls) 

BMI and 
waist circum-
ference 

Flatfoot A significant relationship between 
foot posture and BMI (FPI (L) r = -
0.243 (p < 0.01), FPI(R) r = -0.263 (p < 
0.01), and between body posture and 
waist circumference (FPI (L) r = -0.213 
(p < 0.05), FPI(R) r = -0.228 (p < 
0.01).  Children with higher BMI and 
waist circumference have less flat feet.  

  Australia Cross-sec-
tional; chil-
dren  

Scale, stadi-
ometer and 
measure tape.  

FPI-6 

24 Low 
Risk 

Evans, 2015 
[55] 

728 (3-15 
years, NA% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot Very weak, but significant, correlation 
was found between BMI and FPI (r = 
−0.077, p < 0.05), which indicates a ca-
vus trend. This study found no associ-
ation between increased body mass 
and flatfeet in children. 

  Australia Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

FPI-6 

25 Low 
Risk 

Gijon-
Nogueron, 
2017 [56] 

1798 (6-12 
years, 51% 
girls) 

BMI and obe-
sity categories 
(BMI percen-
tiles) 

Flatfoot There were no significant differences 
between BMI categories in the FPI at 
different age groups. In children aged 
between 6 and 12 years, BMI does not 
appear to have an important bearing 
on static foot posture. 

  Spain Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

FPI-6 

26 High 
Risk 

Hawke, 2016 
[57] 

30 (7-15 years, 
67% girls) 

BMI Flatfoot There was no association between FPI 
and BMI.  
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  New Zee-

land 
Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

FPI-6 

27 Low 
Risk 

Hershkovich, 
2014 [37] 

829791 (NA 
years, 43% 
girls) 

BMI and obe-
sity categories 
(U.S. Center 
for Disease 
Control) 

Scoliosis Below normal BMI is associated with 
severity of spinal deformities, whereas 
above-normal BMI apparently has a 
protective effect. 

  Israel Cross-sec-
tional; adoles-
cents 

Scale and sta-
diometer. 

Standing X-ray 
assessment 

28 Low 
Risk 

Jankowicz-
Szymanska, 
2015 [78] 

207 (3-5 years, 
51% girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot Obese children decreased the Clarke’s 
angle after 2-years follow-up (p = 
0.031), whereas normal-weight chil-
dren increased it (p = 0.001). At 2-
years follow-up, the Clarke’s angles of 
NW children were higher than OW (p 
= 0.029) and OB (p = 0.00039) children. 
Children with OW/OB have lower 
medial longitudinal in comparison 
with NW, and after 2-years follow-up, 
OB have a tendency to keep collapsing 
medial longitudinal arch.  

  Poland Prospective 
longitudinal; 
children  

Scale and sta-
diometer. 

Clarke’s and 
gamma angles 
(podoscope) 

29 Low 
Risk 

Jankowicz-
Szymanska, 
2016 [49] 

1364 (3-7 
years, 48% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Genu valgum 
and flatfoot  

Genu valgum was more common in 
children who were overweight. Signif-
icant correlations among BMI, inter-
malleolar distance, and Clarke’s angle 
(P < .05) were also discovered.  Chil-
dren who are overweight or demon-
strate obesity are more likely to de-
velop genu valgum and flat feet. 

  Poland Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

 Intermalleolar 
distance and 
footprint 
(Clarke’s and 
gamma angles) 

30 Low 
Risk 

Jankowicz-
Szymanska, 
2017 [58]  

400 (10-12 
years, 48% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot OW/OB children had significantly 
lower  Clarke’s angles, which indi-
cates flat feet, and notably smaller an-
kle dorsiflexion range of motion than 
those with NW.  

  Poland Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

Footprint 
(Clarke’s angle) 

31 Low 
Risk 

Jankowicz-
Szymanska, 
2018 [59] 

96 (10-12 
years, 100% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot A significant correlation between BMI 
and the Arch Index in the right and 
left foot was disclosed, indicating 
that excessive body weight contrib-
utes to the development of flat feet. 

  Poland Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

Footprint (Arch 
Index) 

32 High 
Risk 

Jannini, 2011 
[38] 

200 (10-19 
years, 54% 
girls) 

BMI and obe-
sity categories 
(percentiles 
NCHS) 

Scoliosis, genu 
valgum, genu 
varum, genu re-
curvatum and 
hallux valgus 

Postural disorders (98 vs. 76%, p < 
0.001), tight quadriceps (89 vs. 44%, p 
< 0.001) and genu valgum (87 vs. 24%, 
p < 0.001) were significantly more 
prevalent in obese adolescents than in 
controls.  Obesity can cause osteoartic-
ular system damage at the start of ad-
olescence, particularly to the lower 
limbs. 

  Brazil Cross-sec-
tional; adoles-
cents 

Scale and sta-
diometer. 

Musculoskeletal 
examination by a 
pediatric rheu-
matologist 

33 Low 
Risk 

Jiménez-Or-
meño, 2013 
[60] 

1045 (6-12 
years, 57% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot Excess weight affects the foot struc-
ture of children (i.e., higher frequency 
of flat feet, higher dimensions, and 
less changes in widths). Significant 
differences were found between the 
feet of children with NW and OW (2.6 
to 9.0 %) and among children with 
NW and OB for all variables (3.9 to 
17.3 %). 

  Spain Cross-sec-
tional; chil-
dren 

Scale and sta-
diometer. 

3D morphologi-
cal measures 
(feet digitalizer) 

34 Low 
Risk 

Kothari, 2016 
[61] 

84 (8-15 years, 
45% girls) 

BMI  Flatfoot BMI was not a significant predictive 
factor for foot posture (p = 0.566).  

  England Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Sagittal T1-
weighted MRI 
scan 

35 Low 
Risk 

Kratěnová, 
2007 [39]  

3520 (7-15 
years, 50% 
girls) 

BMI and obe-
sity categories 
(percentiles of 
Czech refer-
ence cut-
points) 

Scoliosis The chance for the occurrence of x-
ray–confirmed scoliosis was signifi-
cantly lower both in OW (OR = 0.20, 
95% CI = 0.05-0.85, p = 0.001) and in 
OB (OR = 0.27, 95% CI = 0.09-0.88, p = 
0.030) children compared to NW.  
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Table S4. Summary of included studies (n = 68) 
  Czech Re-

public 
Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Musculoskeletal 
examination by 
an experi-
enced  physicians 

36 High 
Risk 

Kuligowski, 
2015 [30] 

94 (7-9 years, 
52% girls) 

BMI and obe-
sity categories 
(WHO cut-
points) 

Hyperkyphosis.  OW have lower thoracic spine angle 
than NW (p < 0.05). Overall, these re-
sults show that BMI categories do not 
affect the sagittal shape of the spine in 
school children.   Poland Cross-sec-

tional; chil-
dren  

Scale and sta-
diometer. 

2-D photogram-
metry (Postur-
ometr-S) 

37 Low 
Risk 

Lonner, 2015 
[27] 

1523 (10-21 
years, 71% 
girls) 

BMI and obe-
sity categories 
(National In-
stitute of 
Health) 

Hyperkyphosis 
and scoliosis 

Kyphotic patients are at increased risk 
for elevated BMI. T5-T12 kyphosis 
was weakly correlated with BMI 
(r=0.17), whereas max kyphosis corre-
lated well with BMI (r=0.39, p<0.001). 
Idiopathic scoliosis patients are at in-
creased risk for issues related to low 
BMI (i.e., underweight) but not to 
OW/OB. 

  USA Cross-sec-
tional; chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Medical diagno-
sis 

38 Low 
Risk 

López-Fuen-
zalida, 2016 
[62] 

388 (6-10 
years, 52% 
girls) 

BMI and obe-
sity categories 
(WHO z-
scores) 

Flatfoot There was a significant higher preva-
lence of flatfoot in OB children in rela-
tion to OW and NW children. BMI cat-
egorization is associated with greater 
prevalence of flatfoot in children   Chile Cross-sec-

tional; chil-
dren 

Scale and sta-
diometer. 

Footprint 
(Clarke’s angle) 

39 Low 
Risk 

Maciałczyk-
Paprocka, 
[22] 

2732 children 
(3–18 years) 
(1363b;1369g) 

BMI Forward head, 
rounded shoul-
der, hyperkypho-
sis, hyperlordo-
sis, scoliosis, flat 
spine, genu val-
gum and flatfoot  

In OB girls, the postural error preva-
lence ratio was 2x higher than normal 
weight group (p = 0.004). 
In children aged 3–6, OW/OB have not 
increased the chances of postural er-
rors. In the group 7–12 years, the prev-
alence ratio was higher in OW/OB 
compared to NW in both, boys (p = 
0.042) and in girls (p = 0.007). OW/OB 
boys aged 13–18 had lower prevalence 
rate of postural errors than NW (p = 
0.021). The most frequently observed 
postural errors in children with exces-
sive BMI aged 3–6 were incorrect 
shoulder alignment (not significant) 
and protruding abdomen (p = 0.044), 
in 7-12 years old were valgus knees, in-
correct abdominal alignment and flat 
feet. In the 13–18 age group of obese 
and overweight students, valgus knees 
(p = 0.0001) and flat feet (p = 0.041). 

  Poland Cross-sec-
tional,  chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Medical diagno-
sis 

40 Low 
Risk 

Martinez-
Nova, [79] 
 
Spain 

1032 children 
(505b, 527g);  
(8.2 ± 1.5 
years) 

BMI Flatfoot At initial assessment only around 2% 
(r2=0.024, p=0.001) of the whole FPI 
value could be explained by BMI 
(b=−0.441). At final follow up, only 
BMI (b=−0.033) is able to explain the 
0.5% of the post FPI value.  There is 
minimal relationship of foot posture 
with BMI in children.  

   Prospective 
longitudinal 
study; chil-
dren 

Scale and sta-
diometer. 

FPI-6 

41 Low 
Risk 

Mauch, 2008 
[63] 

2887 (6-13 
years, 49.77% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot Flat feet were less frequent in under-
weight children and more frequent in 
overweight children. 

  Germany Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

3D foot scanner 
(Pedus, Human 
Solutions Inc., 
Germany) and 
ScanWorX 2.8.5 
SL1 (Human So-
lutions Inc.) 

42 High 
Risk 

Merder-
Coskun, 2017 
[64] 

318 (8-12 
years, 50% 
girls) 

BMI and obe-
sity categories 
(NA) 

Flatfoot Pes planus was more common in 
overweight/obese children than their 
normal weight peers (p=0.000). 

  Turckey Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer. 

Musculoskeletal 
examination: Pe-
diatric Gait, 
Arms, Leg, Spine 
(pGALS) screen-
ing method 
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Table S4. Summary of included studies (n = 68) 
43 Low 

Risk 
Mickle, 2006 
[65] 

38 (3-5 years , 
74% girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot No significant between subject group 
differences (p=0.39) in the thickness of 
the midfoot plantar fat pad. OW/OB 
children had a significantly lower 
plantar arch height (0.9±0.3 cm) than 
their NW counterparts (1.1±0.2 cm; 
p=0.04). 

  Australia Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

Pressure plat-
form  and  ultra-
sound system 

44 Low 
Risk 

Mickle, 2006 
[66] 

34 (3-5 years, 
50% girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot OW/OB children displayed signifi-
cantly greater contact areas and forces 
in all foot regions (rearfoot, midfoot 
and forefoot). OW/OB had larger 
mean peak pressure, force-time inte-
grals and pressure-time integrals un-
derneath the midfoot. 

  Australia Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

plantar pressure 
measures 

45 High 
Risk 

Nery, [26] 1340 children 
(49.0%g) 
(12.7 years) 

BMI Rounded shoul-
der and scoliosis 

No statistically significant association 
was found between body overweight 
and scoliosis. However, there was a 
statistically significant association be-
tween body overweight and scalene 
muscle asymmetry (p = 0.001). 

  Brazil Cross-sec-
tional, chil-
dren 
 

Scale and sta-
diometer 

Musculoskeletal 
examination 
(Adam’s test). 

46 High 
Risk 

O’Malley, 
[20] 

17 children 
(7b:10g; 
12.21years) 

BMI and 
waist circum-
ference 

Genu valgum 
and genu recur-
vatum  

Positive correlations were observed 
between BMI and genu recurvatum  (r 
= 0.55, P < .001) and genu valgum (r = 
0.67, P < .001). OB children had less 
knee flexion (P = 0.015) than NW. 

  Ireland Cross-sec-
tional, chil-
dren 

Scale, stadi-
ometer and 
measuring 
tape.  

Intermalleolar 
distance 

47 Low 
Risk 

O’Sullivan, 
[10] 

1596 adoles-
cents (no info 
about %boys 
vs girls) 
14.1±0.2 
years. 

BMI Hyperkyphosis 
 

Greater degree of slump in sitting pos-
ture was associated with higher BMI. 

  Australia Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

Sitting degree of 
slump (2-D pho-
togrammetry, 
Peak Motus mo-
tion analysis sys-
tem) 

48 High 
Risk 

Ormos, [23] 428 children 
(206b; 222g) 
aged 9, 12 
and 16 years 
old. 

BMI Forward head In 12 years old children, the BMI was 
inversely related to the cranioverte-
bral angle (r=0.362 (p=0.01). 

  Hungary Cross-sec-
tional and 
Longitudinal 
prospective, 
children 

Scale and sta-
diometer 

Measuring tape 
and 2-D photo-
grammetry from 
sagittal images. 

49 High 
Risk 

Park, [40] 128 adoles-
cents (no 
more infor-
mation given) 

BMI Scoliosis  According to the posthoc test result, 
there were no differences among the 
scoliosis groups but their BMI was 
smaller than that of the normal group. 

   Cross-sec-
tional, adoles-
cents 

Scale and sta-
diometer 

X-ray, Cobb an-
gle: DK2 525R 
(Dongkang Med-
ical: Korea) 

50 Low 
Risk 

Pfeiffer, [67] 835 children 
(411g:424b) 
(3 to 6 years) 

BMI Flatfoot Significant differences in prevalence of 
flatfoot 
between OW (51%), OB (62%), and 
NW(42%) were observed (p < 0.05). 
OW have a 27% higher risk of having 
flatfoot, and OB have a risk almost 3 
times as much as NW. OW boys have 
the highest risk for flatfoot. Of the 
overweight and obese boys, 55.6% 
have a flatfoot. 

  Austria Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

Footprint 

51 Low 
Risk 

Pourghasem, 
2016 [86] 

1158 (6-18 
years, 44% 
girls) 

BMI and obe-
sity categories 
(WHO) 

Flatfoot There was a significant difference in 
the prevalence of flatfoot among the 
underweight (13.9%), normal weight 
(16.1%), overweight (26.9%), and 
obese (30.8%) children (p=0.002). 

  Iran Cross-sec-
tional, chil-
dren and ado-
lescents 

Scale and sta-
diometer. 

Pressure plat-
form measure 
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Table S4. Summary of included studies (n = 68) 
52 High 

Risk 
Riddiford-
Harland, 
2000 [68] 

431 (8-9 years, 
50% girls) 

BMI and obe-
sity categories 
(WHO) 

Flatfoot OB had lower FA (p<0.001) and 
higher CSI (p<0.001) when compared 
with NW. This results evidence a 
lower longitudinal internal arch, a 
flatter cavity and a broader midfoot in 
OB. 

  Australia Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer. 

Footprint, foot-
print angle (FA) 
and Chippaux-
Smirak Index 
(CSI) 

53 Low 
Risk 

Riddiford-
Harland, 
2011 [69] 

150 (7-9 years, 
66% girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot: foot 
morphology, 
thickness of 
plantar fat pad 
and  medial lon-
gitudinal 
arch height. 

OB had greater values for all foot mor-
phological (p<0.005), greater medial 
midfoot fat pad thickness (p<0.001), 
and lower medial longitudinal arch 
height  relative to the leaner children 
(p=0.006) compared to NW. 

  Australia Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

Combination 
level and  ultra-
sound system 

54 Low 
Risk 

Riddiford-
Harland, 
2011 [70] 

252 (6-10 
years, 55% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot: plantar 
fat pad thickness 
and plantar pres-
sure measures 

Medial midfoot plantar fat pad thick-
ness and medial midfoot plantar pres-
sure were positively correlated with 
BMI ( r=0.401, p<0.001 and r=0.465, 
p<0.001, respectively).   Australia Cross-sec-

tional, chil-
dren 

Scale and sta-
diometer 

Ultrasound sys-
tem and dynamic 
plantar pressure 

55 Low 
Risk 

Rusek, [17] 464 children 
(234b; 230g) 
6 to 16 years  
(11.52±2.99) 
 

BMI and 
Body mass 
composition 

Scapular dis-
tance, shoulder 
asymmetry, pel-
vic torsion and 
obliquity. 

Children with the lower contents of 
fat tissue presented greater pelvic 
obliquity (p=0.030). 
Higher percentage of the fat tissue 
correlated with greater asymmetry in 
the scapula (p=0.025) and shoulder 
asymmetries (p=0.013). A reverse rela-
tion was observed between the con-
tent of fatty tissue and pelvic asym-
metry (p=0.015). Children with higher 
contents of fatty tissue (p=0.016) pre-
sented shoulder asymmetry 

  Poland Cross-sec-
tional, chil-
dren and ado-
lescents 

Scale, stadi-
ometer and  
bioelectrical 
impedance   
(Tanita MC 
780 MA) 

2-D photogram-
metry from 
frontal and trans-
versal images 
(Zebris system) 

56 Low 
Risk 

Sadeghi-
Demneh, 
2016 [71] 

667 (8-12 
years, 49% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot OB showed a higher rate of flatfoot 
(25% rigid and 52.8% flexible) than 
OW (10% rigid and 19.8% flexible) 
and NW (4.2% rigid and 14.2% flexi-
ble). BMI was associated with higher 
prevalence of flatfoot (x2 = 38.7, P < 
0.001) and with the arch index (r = 
0.24, P < 0.001).  

  Iran Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

Static footprint 
(podoscope) 

57 Low 
Risk 

Seah, [24] 121 adoles-
cents  (55b: 
66g) Age: 
boys 15.7± 
4.5; girls: 
16.0±3.7 

BMI Forward head,  
hyperkyphosis, 
hyperlordosis 
and sway-back 
posture  

Girls in the hyperlordotic group had a 
significantly larger BMI than those in 
the other postural groups combined. 
 

  Australia Cross-sec-
tional, adoles-
cents 

Scale and sta-
diometer 

2-D photogram-
metry from sagit-
tal images ( Lab-
VIEW 8.6.1 soft-
ware, Austin, TX, 
USA) 

58 Low 
Risk 

Senadheera, 
2016 [72] 

722 (6-10 
years, 50% 
girls) 

BMI and obe-
sity categories 
(WHO cut-
points) 

Flatfoot Prevalence of flatfoot was high in OW 
than NW children, and there was a 
significant association between preva-
lence of flatfoot and BMI (p>0.05, r = 
0.019).    Cross-sec-

tional; chil-
dren 

Scale and sta-
diometer. 

Normalized na-
vicular height 

59 Low 
Risk 

Shohat, 2018 
[41] 

47588 (16-19 
years, NA% 
girls) 

BMI and obe-
sity categories 
(Cut-points 
from CDCP) 

Genu valgum   Genu varum was significantly (P < 
0.001) less prevalent among OW 
(2.5%) and OB subjects (1.4%) com-
pared to NW subjects (12.5%). Genu 
valgum was significantly (P < 0.001) 
more prevalent among both OW 
(17.7%) and OB subjects (28.8%) com-
pared to NW (3.4%). 

  Israel Cross-sec-
tional; adoles-
cents 

Scale and sta-
diometer. 

Intercondylar 
and intermalleo-
lar distances. 

60 Low 
Risk 

Smith, 2008 
[31] 

766 (13-15 
years, 48% 
girls) 

BMI Hyperkyphosis, 
hyperlordosis, 
flat spine and 

After controlling for height and gen-
der, the mean weight of the neutral 
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Table S4. Summary of included studies (n = 68) 
sway-back pos-
ture 

posture group was lower than the hy-
perlordotic (i.e., more kyphosis and 
more lordosis) group (mean diff. 
10.1±1.0 kg, P<0.001) and the sway 
group (mean diff. 3.0±0.9 kg, P<0.001), 
and there was not significantly differ-
ent to that of the flat group (mean diff. 
1.4±1.0 kg, P = 0.134). Adolescents 
with greater weight were more likely 
to present hyperlordotic and sway 
posture than neutral posture, inde-
pendently of what were their height 
or age.  

  Australia Cross-sec-
tional; adoles-
cents 

Scale and sta-
diometer  

2-D photogram-
metry from sagit-
tal images (Peak 
Motus motion 
analysis system) 

61 Low 
Risk 

Smith, 2011 
[28] 

1373 (3, 5, 10 
and 14 years, 
50% girls) 

Six BMI tra-
jectories at 
the ages of 3, 
5, 10 and 14 
years): Very 
Low, Low, 
Average, As-
cending, 
Moderate 
High and 
Very High. 

Hyperkyphosis, 
hyperlordosis, 
flat spine and 
sway-back pos-
ture 

BMI trajectory class was strongly asso-
ciated with postural subgroup, with 
significantly higher proportions of ad-
olescents in the Very High, High and 
Ascending BMI trajectory classes dis-
playing a Hyperlordotic (RR: 10.91, 
2.30 and 3.47 respectively; all P < 
0.001) or Sway posture (RR: 2.84, 1.47 
and 2.07 respectively; all P < 0.05)  
than a Neutral posture at age 
14. Childhood obesity, and how it de-
velops, is associated with standing 
sagittal postural alignment in adoles-
cence. 

  Australia Prospective 
longitudinal; 
children to 
adolescents 

Scale and sta-
diometer  

2-D photogram-
metry from sagit-
tal images (Peak 
Motus motion 
analysis system) 

62 Low 
Risk 

Taylor ty al. 
2006 [42] 

355 (9-15 
years, 56% 
girls) 

BMI and obe-
sity categories 
(Cut-points of 
USA) 

Genu valgum  Both metaphyseal-diaphyseal and tibi-
ofemoral angle measurements showed 
greater malalignment in OW com-
pared with NW, and  metaphyseal-di-
aphyseal angle was negative corre-
lated with BMI z-score (r=-0.10; 
p=0.017). OW group had a greater 
prevalence of abnormal lower extrem-
ity alignment than NW, and greater 
BMI was associated with greater knee 
valgus posture.  

  USA Cross-sec-
tional; adoles-
cents  

Scale and sta-
diometer. 

Tibiofemoral an-
gle and metaph-
yseal-diaphyseal 
angle (2-D photo-
grammetry from 
DEXA images) 

63 Low 
Risk 

Tenenbaum, 
2013 [73] 

825964 (16-19 
years, 43% gi-
rls) 

BMI and obe-
sity categories 
(CDC) 

Flatfoot BMI was associated with flexible flat-
foot. The strongest association was 
found between OB males and severe 
flatfoot (OR = 2.720; P < 0.0001).    Israel Cross-sec-

tional, adoles-
cents 

Scale and sta-
diometer 

Physical exami-
nation 

64 High 
Risk 

Villarroya, 
2008 [74] 

245 (9-16 
years, 47% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot The increase of BMI is related to a 
lower medial longitudinal arch and a 
greater toe out position. 

  Spain Cross-sec-
tional; chil-
dren and ado-
lescents  

Scale and sta-
diometer. 

Foot-
print: Chipaux-
Smirak index 
and footprint an-
gle.  

65 Low 
Risk 

Villarroya, 
2009 [75] 

119 (9-16 
years, 42% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot OB had lower FA and higher CSI than 
NW, which evidences flatfoot.  OB 
had a CIA mean value lower than 17°, 
threshold from which flatfoot is re-
ported.  

  Spain Cross-sec-
tional, chil-
dren and ado-
lescents 

Scale and sta-
diometer 

Footprint and 
plantar pressure:  
Chippaux- 
Smirak index 
(CSI), footprint 
angle (FA), the 
talus-first meta-
tarsal angle 
(TFMA), and the 
calcaneal inclina-
tion angle (CIA). 

66 High 
Risk 

Wozniacka, 
2013 [76] 

1115 (3-13 
years, 49% 
girls) 

BMI and obe-
sity categories 
(IOTF) 

Flatfoot Obesity levels and medial longitudi-
nal arch in the right foot were corre-
lated in both girls and boys (p<0.001 
and p<0.05, respectively). A stronger 
relationship was noticed among 
girls(γ=0.429; r=0.179) than boys 
(γ=0.229; r=0.130).  

  Poland Cross-sec-
tional, chil-
dren 

Scale and sta-
diometer 

Footprint: clark 
angle and medial 
longitudinal arch 
index 
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67 High 

Risk 
Wyszyńska, 
2016 [16] 

120 (11-13 
years, 51% 
girls) 

BMI and obe-
sity categories 
(Cut-points of 
Poland), body 
fat and mus-
cle mass. 

Rounded shoul-
ders, hy-
perkyphosis, hy-
perlordosis  

Children with the lowest content of 
muscle mass showed the greater scap-
ular height malalignment in the 
frontal plane. Children with excessive 
body fat had less slope of the thoracic-
lumbar spine (thoracic kyphosis and 
lumbar lordosis), greater difference in 
the depth of the inferior angles of the 
scapula (greater scapular winging), 
and greater angle of the shoulder line 
(shoulder malalignment).  

  Poland Cross-sec-
tional; chil-
dren and ado-
lescents  

Scale and sta-
diometer and 
bioelectrical 
impedance. 

2-D photogram-
metry (MORA 4 
Generation Sys-
tem) 

68 High 
Risk 

Zurita, 2014 
[35] 

295 (9-12 
years, 57% 
girls) 

BMI and obe-
sity categories 
(Cut-points of 
Mexico) 

Scoliosis  There were no differences in the prev-
alence of scoliosis in children with 
OW with respect to NW 

  Mexico Cross-sec-
tional; chil-
dren  

Scale and sta-
diometer. 

Musculoskeletal 
examination 
(Adam’s test and 
Kendall posture 
classification) 

DEXA: Dual energy X-ray absorptiometry; MRI: Magnetic resonance imaging; IOTF: International Obesity Task Force; CDC: 
Centers for Disease Control and Prevention; FPI: foot posture index;  
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Study 2. A systematic review on 
biomechanical characteristics of walking 
in children and adolescents with over-
weight/obesity: Possible implica-tions 
for the development of musculoskeletal 
disorders   

A  systematic  review  on  biomechanical 

characteristics  of  walking  in  children  and 

adolescents  with  overweight/obesity:  Possible 

implications  for  the  development  of 

musculoskeletal disorders

Obesity Reviews. 2019

Molina-Garcia, Pablo
Migueles, Jairo H.
Cadenas-Sanchez, Cristina
Esteban-Cornejo, Irene
Mora-Gonzalez, Jose
Rodriguez-Ayllon, Maria
Plaza-Florido, Abel
Vanrenterghem, Jos
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INTRODUCTION 

The World Health Organization 

(WHO) considers obesity in childhood as 

“one of the most serious public health chal-

lenges of the 21st century” [1]. Walking is 

the most common physical activity in our 

daily life, and thus, increasing the daily 

number of steps in children and adolescents 

has received considerable attention for com-

bating the obesity epidemic [2, 3]. Obesity 

is known to be associated with biomechani-

cal alterations in the gait pattern, which may 

predispose children and adolescents with 

overweight or obesity (OW/OB) to short- 

and long-term musculoskeletal disorders 

[4–6]. From early childhood, OW/OB has 

been associated to the development of vari-

ous musculoskeletal disorders (i.e., muscu-

loskeletal pain, injuries and fractures) [6] 

which may be extended to adulthood with 

notable consequences with regard to physi-

cal disability, quality of life and health-care 

economic costs [7, 8]. Among other sug-

gested explanations, increased joint loads, 

together with biomechanical alterations 

during locomotor tasks, may be underlying 

the higher prevalence of musculoskeletal 

disorders in this population [4, 9, 10]. Fur-

thermore, previous research has revealed 

that OW/OB show energetic inefficiency 

during walking, which could be partially ex-

plained by a biomechanically inefficient 

gait pattern [9, 11, 12]. Altogether, the in-

creased musculoskeletal disorders and an 

energetic inefficiency during walking could 

be key to the loss of motivation to be phys-

ically active, creating a vicious circle which 

aggravates health issues associated with this 

population [10, 13].  

Recent technological advances in 

motion capture systems allow accurate as-

sessment of complex biomechanical param-

eters, which has the potential to provide a 

comprehensive observation of human 

movement patterns. These advances have 

allowed some studies to report numerous 

gait biomechanical parameters of OW/OB 

compared to children and adolescents with 

normal-weight, such as spatiotemporal data 

(e.g., gait speed or cadence), kinematics 

(e.g., joint angles or range of motion), kinet-

ics (e.g., joint moments or joint power gen-

eration), centre of mass parameters (e.g., ve-

locity, or displacement) or muscle activa-

tion and force parameters. In this regard, a 

previous systematic review studied the bio-

mechanical alterations during walking in 

adults with obesity [14], but to the best of 

our knowledge, the biomechanical altera-

tions in early stages of life have not yet been 

systematically reviewed. Thus, the aim of 
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this systematic review was to examine the 

biomechanical characteristics of the gait 

pattern in OW/OB versus normal-weight.  

METHODS 

For those readers less familiar with 

the biomechanical terminology, Table 1 

provides definitions of the main biomechan-

ical terms used in this review. Our review-

ing procedures were guided by the Preferred 

Reporting Items for Systematic Reviews 

and Meta-Analysis (PRISMA) [15] and the 

review protocol was registered in the Inter-

national Prospective Register of Systematic 

Reviews (https://www.crd.york.ac.uk/pros-

pero/) with reference number: 

CRD42017067072.  

 Data sources and search strategy 

A systematic literature search was 

performed in PubMed and Web of Science 

encompassing publications from inception 

to November 12th, 2018. The search strategy 

was defined by two reviewers with experi-

ence in biomechanics and gait pattern anal-

ysis (J-V and P-MG) and two additional re-

viewers with experience in database search-

ing (C-CS and J-HM). The complete search 

strategies used for each database are availa-

ble in Table S1.  

 

 Eligibility criteria 

Inclusion criteria were defined as fol-

lows: 1) participants ≤ 18 years old; 2) in-

tervention, prospective longitudinal, and 

cross-sectional articles, written in English, 

and without any special requirement of sam-

ple size; and 3) studies which compared 

spatiotemporal, kinematics, kinetics, centre 

of mass or muscle activation/forces param-

eters of gait between OW/OB and normal-

weight. After verifying that there were no 

intervention and prospective longitudinal 

studies published on this topic, only cross-

sectional articles were included in this sys-

tematic review.  

Exclusion criteria were defined as 

follows: 1) special populations (e.g., partic-

ipants with movement pattern disorders, 

musculoskeletal disorders, or pain); 2) 

meeting abstracts, editorials, letters to editor 

and reviews; and 3) studies which evaluated 

gait while carrying extra weight (e.g., par-

ticipants carrying a backpack). Plantar pres-

sure assessments during gait were beyond 

the scope of this review and were also not 

included. 

 Study selection 

The selection process of relevant ar-

ticles was performed in two stages by two 
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Table 1. Definition of the biomechanical parameters of gait used in this review 
Variable Definition 

Spatiotemporal The study of spatial (distance) and temporal (time) parameters during gait 
Gait Speed Walking speed. Is reported in m.s-1. 
Stride length The interval between the first and second contact of the same foot. Is reported in 

m or cm. 
Step length The interval between initial contact of each foot. Is reported in m or cm. 
Step width The distance between the lateral margins of the feet. Is reported in m or cm. 
Stance phase The entire period during which the foot is on the ground. Is reported in a percent-

age of gait cycle or in s 
Swing phase The entire period during which the foot is in the air. Is reported in a percentage of 

gait cycle or in s 
Single support The period in which only one foot is on the floor. It starts when the opposite foot 

is lifted and ends with the opposite foot contacting again. Is reported in a percent-
age of gait cycle or in s 

Double support The period in which both feet are on the floor, starts with the initial contact of one 
foot and ends with the lifting of the opposite foot. Is reported in a percentage of 
gait cycle or in s. 

Cadence The number of steps per minute. Is reported in steps per minute 
  

Kinematics The study of displacement parameters of body segments during gait in the three 
anatomical planes of motion (sagittal, frontal and transversal) 

Joint angular motion The angular displacement of a joint in a specific anatomical plane of motion (sagit-
tal, frontal and transversal). Is reported in degrees 

Maximum angular 
motion 

The furthest observed angular displacement of a joint in an anatomical plane of 
motion (sagittal, frontal and transversal). Is reported in degrees 

  
Kinetics The study of force parameters associated with body segment motion during gait 

in the three anatomical planes of motion (sagittal, frontal and transversal) 
Joint moment The net joint rotational effort produced by all muscles spanning a joint. Is re-

ported in N.m. 
Joint power genera-
tion 

The rate at which joint work is performed. Has a positive value with the genera-
tion of energy, typically associated with concentric muscle activity. Is reported in 
Watts or Joules per second 

Joint power absorp-
tion 

The rate at which joint work is performed. Has a negative value with the absorp-
tion of energy, typically associated with ecccentric muscle activity. Is reported in 
Watts or Joules per second 

Joint compressive 
force 

Vector force acting perpendicular to the joint surface along the bone’s longitudi-
nal axis, which compresses the joint structures. Is reported in Newtons 

Joint shear force Vector force acting in parallel with the joint surface, which causing shear stress to 
the joint structures. Is reported in Newtons 

Joint loading rate The rate at which joint force increases, typically reported for joint compressive 
forces. Is reported in Newtons per second 

Centre of mass The study of the point representing the mean position of body mass during gait 
Centre of mass veloc-
ity and acceleration 

The velocity or acceleration of the centre of mass during gait. Is reported in m.s-1 
and m.s-2, respectively.  

Centre of mass dis-
placement 

The displacement of the centre of mass during gait. Is reported in m or cm 

  
Muscle activity/force The study of muscle activity patterns and muscle forces during gait 

Muscle activation Defined as having an amplitude greater than the mean amplitude plus two stand-
ard deviations of a static trial. Is reported as a percentage of gait phases 

Muscle force Estimated muscle force from model simulations. Reported in Newtons 
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independent researchers (PM-G and AP-F). 

In the first stage, studies identified in the 

Web-based systematic review software 

package “Covidence” (Veritas Health Inno-

vation), which detected duplicate articles. 

Once the duplicates were deleted from the 

database, titles and abstracts were examined 

to identify those likely to be included. In the 

second stage, full-text of the remaining arti-

cles were checked for the final inclusion or 

exclusion decision. The researchers applied 

the eligibility criteria at both stages, and dis-

agreements about study selection were re-

solved in a consensus meeting. Finally, ref-

erence lists of included articles were 

checked for further studies meeting the in-

clusion criteria, but none were found.  

 Data extraction 

The selection of the data to be ex-

tracted was done by one experienced re-

searcher in the field of human biomechanics 

(J-V), whereas the subsequent extraction 

process was done by one researcher (P-MG) 

and double-checked by two independent re-

searchers (J-HM and C-CS). Defined items 

to extract were: 1) study reference; 2) bio-

mechanical outcomes measured; 3) sample 

characteristics; 4) criteria for classification 

of overweight and obesity; 5) biomechani-

cal instruments used for the assessment; 6) 

gait assessment protocol characteristics; 

and 7) main results. When studies included 

multiple gait analysis conditions (i.e., dif-

ferent treadmill inclinations, walking 

speeds and illumination), only data from 

normal conditions were extracted (i.e., no 

inclination, self-selected walking speed and 

normal light condition). The joint moments 

belonging to the kinetic parameters were 

presented as net internal moments. Disa-

greement between the reviewers in regards 

to the extracted data was discussed until 

consensus was reached.   

 Quality assessment 

The quality assessment of the se-

lected studies was conducted with The Jo-

anna Briggs Institute Critical Appraisal 

Tool for Systematic Reviews (Table S2) 

[16] as used by previous authors [17, 18]. 

This tool was specifically designed to assess 

quality in cross-sectional studies, and con-

sists of 8 items, each of them with three pos-

sible answers as follows: ‘yes’ (criterion 

met), ‘no’ (criterion not met) and ‘not appli-

cable’. Whilst potentially ambiguous due to 

unequal weightings between criteria, a total 

quality score was calculated for each study 

to provide a general indication of quality. 

This was done by dividing the number of 

positively scored (i.e., ‘yes’) criteria by the 

total number of applicable criteria. A study 

was considered as ‘high quality’ when the 



Study 2: Systematic Review on the biomechanics of walking  
 

 76 

quality score was at least 0.75 (i.e., 75%), 

whereas studies were considered as ‘low 

quality’ when the quality score was lower 

than 0.75 [18]. Furthermore, a summary 

score of each criterion was calculated, by di-

viding the number of positively scored by 

the total number of included studies (i.e., 

25), to provide an overview of how well the 

current literature scores on each criterion. 

Two independent researchers (P-MG and 

A-PF) accomplished this process, and disa-

greements were discussed to reach consen-

sus. 

 Evidence synthesis 

Due to the diversity of outcomes 

from the main biomechanical parameters of 

gait, a quantitative meta-analysis was not 

undertaken. We therefore conducted a qual-

itative evidence synthesis, structuring the 

evidence in those studies reporting signifi-

cant differences between OW/OB and nor-

mal-weight against those studies reporting 

no significant differences. The level of evi-

dence was rated similarly to previous litera-

ture [17, 18], which considered the number 

of included studies, their methodological 

quality and the consistency of findings. 

Findings were considered consistent if at 

least 75% of results pointed in the same di-

rection, showing significant or non-signifi-

cant differences between OW/OB and nor-

mal-weight (significance defined as P < 

0.05). The rating protocol was used in pre-

vious studies [17, 18], and is described as 

follows: 

Strong evidence: consistent findings 

in multiple (≥ 2) high-quality studies, 

pooled with findings from low-quality stud-

ies if any existed. 

Moderate evidence: consistent find-

ings in 1 high-quality study and at least 1 

low-quality study, consistent findings in 

multiple (≥ 2) low-quality studies or con-

sistent findings in multiple (≥ 2) high-qual-

ity studies but inconsistent findings when 

low-quality studies are considered. 

Inconsistent evidence: inconsistent 

findings in multiple (≥ 2) studies. 

Insufficient evidence: only one study 

available. 

RESULTS 

The database search revealed a total 

of 2,704 articles, of which 353 were dupli-

cates. The titles and abstracts of the remain-

ing 2,351 articles were independently 

screened by the two researchers, finally in-

cluding a total of 47 articles which needed a 

full-text screening. After the full-text 

screening, 25 cross-sectional articles were 
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deemed to meet the inclusion criteria and 

were subsequently included in this review. 

The detailed study selection process is 

shown in Figure 1.  

 Study and sample characteristics 

Table S3 describes the characteris-

tics of the 25 included studies. Sample sizes 

of the included studies ranged from 14 to 

Records identified through 
databases searching

PubMed = 1138 articles
Web of Science = 1566 articles

N total = 2704 articles

Id
en

ti
fic

at
io

n
Sc

re
en

in
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El
eg

ib
il

it
y

In
cl

ud
ed

Duplicated excluded

N = 353 articles

Records screened by title and 
abstract

N = 2351 articles

Full-text articles assessed for 
eligibility 

N = 47 articles

Studies included in the review

N = 25 articles

Records excluded

N = 2304 articles

Full text excluded for different 
reasons

N total = 22 articles
- Not original paper (N = 9)
- Irrelevant outcomes (N = 4)
- Adult population (N = 3)
- Only overweight/obese 

population (N = 2)
- Wrong study design (N = 4)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
flow diagram of study selection, inclusion and exclusion of studies 
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111 participants. Participants’ ages in the 

included studies ranged from 8 to 18 years 

old, and the majority of them (73%) were 

focused on children (i.e., ≥ 8 and ≤ 11 years 

old) while the remainder (27%) were fo-

cused on adolescents (i.e., ≥ 12 and ≤ 18 

years old). All included studies were cross-

sectional and included different weight cat-

egories: underweight (4%), normal-weight 

(100%), overweight (32%) and obesity 

(76%). Regarding the criteria to classify 

participants as underweight, normal-weight, 

OW or OB, 48% of the included studies 

used the WHO BMI z-scores [19], 28% 

used the extended international World Obe-

sity Federation criteria, formerly named as 

International Obesity Task Force (IOTF) 

BMI cut-offs [20], 12% used the Centers for 

Disease Control and Prevention growth 

charts for age and sex [21], 4% used body 

fat percentiles, and 8% did not report any 

criterion.  

 Quality assessment 

Inter-rater reliability for the initial 

agreement between both researchers (PM-G 

and AP-F) was high to very high (κ = 0.79). 

Among the 25 articles included, 68% were 

categorized as ‘high quality’ and 32% as 

‘low quality’. Table S2 shows the percent-

age of studies meeting the quality criteria, 

whereas Table S4 provides detailed infor-

mation on the quality score of each study.  

 Biomechanical characteristics of 
OW/OB 

A summary of the evidence of gait biome-

chanics differences between OW/OB and 

normal-weight is presented in Table 2. 

Table 2. Evidence synthesis of gait biomechanical differences between overweight/obese and nor-
mal-weight children and adolescents, including article references 
Gait  
biomechanical  
parameters 

N studies 
Significant  
difference 

No significant  
difference Consistency 

% 
Level of  
Evidence High  

Quality 
Low  

Quality 
High  

Quality 
Low  

Quality 
Spatio-temporals        

Gait Speed 9 
[24–28, 30, 32, 

33, 43] 

2 
[26, 27] 

3 
[30, 33, 

43] 

3 
[24, 25, 28] 

1 
[32] 

56 Incon-
sistent 

Cadence  6 
[24, 27, 29–32] 

1 
[27] 

1 
[30] 

2 
[24, 29] 

2 
[31, 32] 

67 Incon-
sistent 

Stride length 8 
[24, 25, 27–30, 

32, 33] 

1 
[27] 

2 
[30, 33] 

4 
[24, 25, 28, 

29] 

1 
[32] 

63 Moderate  
no diff.  

Step width 6 
[24–27, 29, 33] 

4 
[24–27] 

- 1 
[29] 

1 
[33] 

67 Moderate  
diff. 

Stance phase 8 
[24, 27–33] 

3 
[27–29] 

2 
[30, 31] 

1 
[24] 

2 
[32, 33] 

62 Moderate  
diff.  

Double support 
phase 

6 
[24, 26, 27, 31, 

32, 45] 

2 
[26, 27] 

2 
[31, 45] 

1 
[24] 

1 
[32] 

67 Incon-
sistent 

Swing phase 6 
[24, 26, 29–31, 

45] 

2 
[26, 29] 

1 
[31] 

1 
[24] 

2 
[30, 45] 

50 Incon-
sistent 

Single support 
phase 

3 
[27, 30, 32] 

1 
[27] 

1 
[32] 

- 1 
[30] 

67 Incon-
sistent 

Upper extremities        
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Table 2. Evidence synthesis of gait biomechanical differences between overweight/obese and nor-
mal-weight children and adolescents, including article references 

Kinematics 1 
[33] 

- 1 
[33] 

- - 100 Insufficient 

Pelvis and hip        
Kinematics         

Sagittal 7 
[24, 28, 29, 34, 

36, 38, 40] 

4 
[28, 34, 38, 

40] 

- 3 
[24, 29, 36] 

- 57 Incon. 

Frontal 8 
[28, 29, 34, 36, 

38–40, 46] 

4 
[28, 34, 39, 

46] 

- 4 
[29, 36, 38, 

40] 

- 50 Incon. 

Transversal 2 
[28, 34] 

2 
[28, 34] 

- - - 100 Strong  
diff. 

Kinetics        
Sagittal 6 

[28, 29, 35–37, 
68] 

5 
[28, 29, 35–

37] 

1 
[68] 

- - 100 Strong  
diff. 

Frontal 4 
[29, 35–37] 

4 
[29, 35–37] 

- - - 100 Strong  
diff 

Transversal 2 
[35, 37] 

1 
[37] 

- 1 
[35] 

- 50 Incon. 

Contact force 1 
[38] 

1 
[38] 

- - - 100 Insufficient 

Knee        
Kinematics         

Sagittal 9 
[24, 28, 29, 34, 

36, 40, 44, 46, 69] 

5 
[28, 29, 34, 

40, 46] 

1 
[69] 

3 
[24, 36, 44] 

- 66 Incon. 

Frontal 4 
[29, 36, 39, 40] 

3 
[29, 39, 40] 

- 1 
[36] 

- 75 Strong diff. 

Transversal 1 
[34] 

1 
[34] 

- - - 100 Insufficient 

Kinetics        
Sagittal 7 

[29, 32, 35–37, 
69, 70] 

5 
[29, 35–37, 

41] 

- - 2 
[32, 69] 

71 Moderate  
diff. 

Frontal 7 
[29, 35–37, 44, 

69, 70] 

5 
[35–37, 41, 

44] 

1 
[69] 

1 
[29] 

- 86 Strong  
diff.  

Transversal 1 
[36] 

1 
[36] 

- - - 100 Insufficient 

Contact force 2 
[43, 44] 

1 
[44] 

1 
[43] 

- - 100 Moderate  
diff.  

Ankle and foot        
Kinematics        

Sagittal 7 
[24, 28, 29, 34, 

36, 40, 55] 

4 
[24, 28, 40, 

55] 

- 3 
[29, 34, 36] 

- 57 Incon. 

Frontal 6 
[29, 34, 36, 39, 

40, 55] 

3 
[34, 39, 55] 

- 3 
[29, 36, 40] 

- 50 Incon. 

Transversal 3 
[34, 36, 55] 

2 
[34, 55] 

- 1 
[36] 

- 67 Incon. 

Kinetics        
Sagittal 7 

[28, 29, 32, 35–
37, 69] 

4 
[28, 35–37] 

1 
[69] 

1 
[29] 

1 
[68] 

71 Moderate  
diff. 

Frontal 2 
[29, 36] 

1 
[36] 

- 1 
[29] 

- 50 Incon. 

Transversal 1 
[36] 

1 
[36] 

- - - 100 Insufficient 

Centre of mass        
Velocity/acceler-
ation 

1 
[45] 

- 1 [45] - - 100 Insufficient 

Lateral displace-
ment 

1 
[45] 

- 1 [45] - - 100 Insufficient 

Muscle Activation        
Psoas and iliacus 1 

[38] 
- - 1 

[38] 
- 100 Insufficient 

Gluteus complex 2 
[38, 46] 

1 
[46] 

- 1 
[38] 

- 50 Incon. 

Quadriceps 4 
[38, 43, 46, 48] 

- 1 
[43] 

3 
[38, 46, 48] 

- 75 Strong no 
diff. 

Hamstring 3 
[38, 43, 48] 

- 1 
[43] 

2 
[38, 48] 

- 67 Moderate  
no diff. 
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Table 2. Evidence synthesis of gait biomechanical differences between overweight/obese and nor-
mal-weight children and adolescents, including article references 

Gastrocnem-
ius/soleus 

2 
[43, 46] 

1 
[46] 

1 
[43] 

- - 100 Moderate  
diff.  

Tibialis anterior 1 
[48] 

- - 1 
[48] 

- 100 Insufficient 

Note that the percentage of consistency is calculated by dividing the number of studies reporting significant or no significant 
differences (depending on where the evidence points) by the total number of studies reporting this specific gait biomechanical 
parameter. Consistent findings (≥ 75% of results showed significant or no significant differences). N studies: number of studies 
reporting a biomechanical parameter; Incon: Inconsistent; diff: difference between children and adolescents with over-
weight/obese vs their normal-weight peers.  

Furthermore, a schematic summary of 

main results based on strong and moderate 

evidence reporting gait biomechanical dif-

ferences between OW/OB and normal-

weight is presented in Figure 2. These re-

sults were classified into the previously 

mentioned gait biomechanical parameters 

(i.e., spatiotemporal, joints kinematics and 

kinetics, centre of mass and muscle activa-

tion/force), and also divided into the gait 

phases and tasks proposed by Perry et al. 

[22] and Whittle et al. [23] (Figure S1). 

Furthermore, Table S5 provides quantita-

tive information on how large differences 

presented in Figure 2 were expressed in 

their original absolute units and as stand-

ardized effect sizes (i.e., Cohen’s D). 

Lastly, in order to summarize the infor-

mation provided in this section, only bio-

mechanical characteristics of gait in 

OW/OB during the main gait phases (i.e., 

whole gait cycle, stance phase and swing 

phase) are presented below. To further 

scrutinize these biomechanical characteris-

tics during all gait phases and tasks, please 

refer to Figure 2 and Table S5.  

Spatiotemporal parameters  

We found moderate evidence to sup-

port that OW/OB walk with greater step 

width [24–27] and prolonged stance phase 

[27–31] in comparison with normal-weight. 

On the contrary, there was moderate evi-

dence for non-significant differences be-

tween OW/OB and normal-weight in the 

stride length [24, 25, 28, 29, 32]. The re-

maining spatiotemporal parameters (i.e., 

gait speed, cadence, double support, swing 

and single support phases) demonstrated an 

inconsistent level of evidence.  

Upper extremities kinematic and kinetic parame-
ters 

Given that only one study investi-

gated differences between OW/OB and nor-

mal-weight in upper extremity kinematics 

of gait, the level of evidence was set as in-

sufficient. Notwithstanding, this study 

found that OW/OB walk with greater arm   
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2) 
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motion in the frontal plane, while they dis-

play less arm and shoulder motion in the 

sagittal plane [33].  

Pelvis and hip kinematic and kinetic parameters 

We found strong evidence that 

OW/OB have greater pelvis transversal 

plane motion and higher hip internal rota-

tion across the entire gait cycle compared to 

their normal-weight peers [28, 34]. How-

ever, we did not find unanimity in kinematic 

results in the sagittal and frontal planes, and 

therefore the level of evidence was set as in-

consistent. With regard to kinetic parame-

ters, there was strong evidence supporting 

higher hip flexion, extension and abduction 

moments and power generation/absorption 

in OW/OB compared to normal-weight [28, 

29, 35–37]. Kinetics of transversal plane 

showed inconsistent evidence, while there 

was insufficient evidence, with only one 

study available [38], to determine differ-

ences between OW/OB and normal-weight 

in terms of contact forces acting on the fem-

oral head during walking.  

Knee kinematic and kinetic parameters  

Analysing the whole gait cycle, we 

found moderate evidence supporting greater 

knee frontal plane motion and a knee ab-

ducted position for OW/OB in comparison 

with normal-weight [29, 39, 40]. Moreover, 

kinematic results from the sagittal plane 

demonstrated inconsistent evidence, and 

there was insufficient evidence on trans-

verse plane kinematics to determine differ-

ences between OW/OB and normal-weight. 

Regarding kinetic parameters, we found 

moderate evidence supporting higher knee 

flexion and extension moments and higher 

power generation/absorption in OW/OB 

than in normal-weight [29, 35–37, 41], as 

well as moderate evidence supporting 

higher knee abduction and adduction mo-

ments and power generation/absorption [29, 

35–37, 41, 42]. Furthermore, we found 

moderate evidence indicating higher tibio-

femoral compressive forces and a more me-

dially loaded distribution in OW/OB com-

pared to normal-weight during the stance 

phase of gait [43, 44]. Lastly,  there was in-

sufficient evidence on transverse plane knee 

kinetics with only one study reporting on 

this [36].  

Ankle and foot kinematic and kinetic parameters 

Over the whole gait cycle, there was 

inconsistent evidence reporting differences 

of ankle and foot kinematics in all three 

planes (i.e., sagittal, frontal and transverse). 

Concerning kinetic parameters, we found 

moderate evidence for higher ankle plantar-

flexion moments and power generation in 

OW/OB with respect to normal-weight [28, 
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35–37, 42]. Differences between OW/OB 

and normal-weight in frontal plane kinetics 

were inconsistent, whereas insufficient evi-

dence was available on transverse plane ki-

netics [36].  

Centre of mass parameters 

We identified only one study investi-

gating differences in centre of mass param-

eters between OW/OB and normal-weight 

during walking [45], indicating an insuffi-

cient level of evidence. In this single study, 

OW/OB showed a lower centre of gravity 

vertical acceleration during the stance phase 

in comparison with normal-weight. Moreo-

ver, during the stance phase, they displaced 

their centre of mass with lower velocities 

than normal-weight in vertical and anterior-

posterior directions, whereas during the 

swing phase they demonstrated a greater 

centre of mass lateral displacement.  

Muscle activation and forces parameters 

Analysing the whole gait cycle, there 

was moderate evidence indicating that 

OW/OB have higher activation and gener-

ate higher forces with gastrocnemius and 

soleus muscles compared to normal-weight 

[46, 47]. On the other hand, there was mod-

erate evidence supporting no differences be-

tween OW/OB and normal-weight on quad-

riceps [38, 46, 48] and hamstring muscle 

[38, 48] activations and forces, respectively. 

The remaining muscles studied in the gait 

pattern of OW/OB and normal-weight were 

inconsistent (i.e., gluteus complex) or insuf-

ficient (i.e., psoas, iliacus and tibialis ante-

rior).  

DISCUSSION 

In the present systematic review, we 

provide an overview of the biomechanical 

characteristics of gait in OW/OB with re-

spect to normal-weight, based on a system-

atic review of the literature. The main find-

ings of this study were: 1) based on strong 

evidence, the gait patterns of OW/OB pre-

sent greater pelvis transversal plane motion, 

higher hip internal rotation, higher hip flex-

ion, extension and abduction moments and 

power generation/absorption, greater knee 

abduction/adduction motion, and higher 

knee abduction/adduction moments and 

power generation/absorption; and 2) based 

on moderate evidence, OW/OB walk with 

greater step width, longer stance phase, 

higher tibiofemoral contact forces, higher 

ankle plantarflexion moments and power 

generation and greater gastrocnemius and 

soleus activation/forces.  
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 Spatiotemporal parameters 

Among all spatiotemporal parame-

ters of gait studied, we only found con-

sistent results between studies supporting 

that OW/OB walk with a greater step width 

and longer stance phase than their normal-

weight peers. These characteristics could 

arise from a necessity to generate added sta-

bility by walking with a greater base of sup-

port in the frontal plane, expressed through 

a wider step [49].  Lengthening the stance 

phase could also indicate a poorer overall 

stability in this population, likely accompa-

nied by a greater difficulty decelerating and 

reaccelerating their body mass for the next 

step [28, 50, 51]. Concerning the remaining 

spatiotemporal parameters, there were no 

consistent differences between OW/OB and 

normal-weight. Further studies should de-

termine whether the presence of over-

weight/obesity has an effect on these param-

eters, preferably under non-laboratory con-

ditions (e.g., pedometry or accelerometry) 

where children tend to present a more natu-

ral gait pattern.  

 Pelvis and hip kinematics and kinetics 

Pelvis and hip kinematics of OW/OB 

only showed differences with respect to nor-

mal-weight in the transverse plane, with in-

creased pelvis transverse plane motion and 

hip internal rotation. This increased pelvis 

motion has been associated with a lack of 

stability and motor control in the lumbopel-

vic region [52]. The increased hip internal 

rotation in this population could be due to 

the adipose tissue accumulated between 

their thighs hampering movement in the 

sagittal plane and requiring compensations 

in the transverse plane [27, 53]. With regard 

to kinetics, OW/OB generated higher hip 

extension and abduction power, possibly to 

prevent lower-limb collapse and maintain 

an upright posture [28, 37]. Some authors 

demonstrated that these altered power gen-

eration patterns remained after accounting 

for body mass, which could indicate a loco-

motor adaptation to walking with extra 

weight [35].  

On the other hand, results from the 

pelvis and hip kinematics in the sagittal and 

frontal plane, as well as kinetics in the trans-

verse plane, were inconsistent. To date, one 

of the main limitations of gait analysis in 

OW/OB is the presence of soft tissue arte-

facts in the data, especially around the pel-

vis and thigh where this population accumu-

lates greater adiposity [54]. Only studies of 

Briggs et al. [41], Lerner et al. [38, 44] and 

Strutzenberger et al. [29] addressed soft tis-

sue artefacts, by using virtual markers rela-

tive to anatomical structures less likely to 

present adiposity (e.g., the sacrum), or by 
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measuring the distance between anatomical 

landmarks (e.g., left and right anterior supe-

rior iliac spines) in order to recreate the ad-

equate position of markers. Possibly this 

limitation, together with the use of different 

methodologies to measure kinematic and ki-

netic parameters, can partially explain the 

inconsistencies observed at the pelvis and 

hip. We could only identify one study which 

investigated the influence of paediatric obe-

sity on hip joint contact forces during walk-

ing [38]. Lerner et al. [38] found that 

OW/OB are exposed to higher femoral head 

forces in compressive and anterior-posterior 

directions compared to normal-weight dur-

ing the gait pattern. Further research is war-

ranted to confirm these higher hip contact 

forces in OW/OB, and to propose gait anal-

ysis procedures to minimize soft tissue arte-

facts in this specific population.  

 Knee kinematics and kinetics parame-
ters  

An important finding of this review is 

the presence of knee kinematic and kinetic 

alterations observed in OW/OB during 

walking, which consist of greater knee 

frontal plane motion and higher knee frontal 

plane moments and power generation/ab-

sorption. These results might be linked to 

the greater step width and hip internal rota-

tion position above mentioned, which to-

gether could be indicating a lower limb val-

gus position commonly adopted by OW/OB 

during gait [36]. Some authors have sug-

gested that this valgus position helps pro-

vide a better dynamic stability in the frontal 

plane during gait, and that it could be a sub-

conscious strategy to reduce loading on the 

medial compartment of the knee joint [29, 

34]. In agreement with the aforementioned 

findings in pelvis and hip, OW/OB still pre-

sented greater knee abduction power ab-

sorption than normal-weight after taking 

into account their body mass, suggesting 

again that gait biomechanical alterations of 

this population are not only explained by the 

presence of excessive body mass [29, 35]. 

We did not find consistent evidence of knee 

kinematic and kinetic differences in the sag-

ittal plane of OW/OB with respect to nor-

mal-weight, whereas there was insufficient 

literature in the transverse plane. The avail-

able literature suggests that OW/OB present 

a knee externally rotated position and higher 

knee transverse plane moments and power 

generation/absorption, nonetheless future 

studies will need to corroborate these find-

ings [34, 36].  

Concerning tibiofemoral contact 

forces, OW/OB have demonstrated higher 
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absolute compressive forces and, further-

more, they seem to walk with a more medial 

tibiofemoral load distribution [44, 47]. To 

further explore how obesity affects knee 

contact forces relative to the skeletal struc-

ture, Lerner et al. [44] accounted for physis 

cross-sectional area in their analysis, and 

they discovered that the medial tibiofemoral 

forces were still 1.77 times greater in 

OW/OB. It could imply that OW/OB not 

only have higher medial tibiofemoral forces 

than their normal-weight peers, but also that 

their skeletal structure is not adapted to sup-

porting the greater mechanical stresses [44].  

 Ankle and foot kinematics and kinetics 
parameters  

Concerning ankle and foot biome-

chanics during the whole gait cycle, we only 

found consistent evidence supporting 

higher ankle plantarflexion moments and 

power generation in OW/OB compared to 

normal-weight. Some authors have 

acknowledged this compensation as a need 

to decelerate and propel their heavier body 

mass into the next step [28, 37]. Ankle and 

foot kinematics in all three planes, as well 

as kinetics in the frontal plane, demon-

strated inconsistent results. In this sense, it 

is important to highlight that only Mahaffey 

et al. [55] took into account the complex 

motion of the multiple foot segments in 

their study, whereas the rest of the authors 

considered the foot as a single rigid seg-

ment. Future studies should specifically fo-

cus on ankle and foot biomechanics during 

gait in this population from a multiple seg-

ments perspective, with a special emphasis 

on kinematic parameters.  

 Muscle activation and forces  

This systematic review evidences a 

higher activation and forces of the gas-

trocnemius and soleus complex in OW/OB 

than normal-weight during the whole gait 

cycle, which is in agreement with the higher 

ankle plantarflexion moment and power 

generation previously mentioned [44]. Fur-

thermore, some authors revealed that higher 

body fat percentage was associated with 

higher soleus forces independently of par-

ticipants´ muscle mass, which reveals a real 

hyper-activation of this muscle during 

walking since this population has demon-

strated not only greater body mass, but also 

greater muscle mass [46, 56]. Additionally, 

the fact that, after adjusting for body mass, 

OW/OB displayed lower forces in gas-

trocnemius and soleus muscle complexes, 

denotes the importance of excess of weight 

in the greater muscle force requirements 

[46, 47]. 

On the other hand, quadriceps and 

hamstring muscles have demonstrated a 
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similar activation and forces profile in both 

OW/OB and normal-weight, results which 

seem to not be consistent with the above-

mentioned higher hip and knee kinetic val-

ues in OW/OB. Among the remaining mus-

cles studied, the gluteus complex showed 

inconsistent results whereas psoas iliacus 

and tibialis anterior presented insufficient 

evidence to draw solid conclusions. On the 

basis of the above, further investigation is 

necessary to determine whether muscle ac-

tivation patterns during walking between 

OW/OB and normal-weight are meaning-

fully different.  

 Clinical implications 

Development of musculoskeletal disorders 

Findings from this systematic review 

support the belief that gait biomechanical 

alterations observed in OW/OB could have 

harmful implications on their musculoskel-

etal system. This population has demon-

strated a higher prevalence of musculoskel-

etal disorders, especially in lumbar, hip and 

knee regions [5, 6, 13]. Interestingly, our 

systematic review revealed that OW/OB 

present kinematic and kinetic alterations in 

these regions while walking, which could be 

a factor to consider in the onset and devel-

opment of musculoskeletal disorders in this 

population. Lower limb kinematic altera-

tions during locomotor tasks, such as those 

found in this review, are considered a risk 

factor for the development of osteoarthritis 

through a progressive degeneration of artic-

ular cartilage and soft tissues [4]. Moreover, 

higher contact forces applied on the hip and 

knee joints could partially explain the in-

creased prevalence of hip and knee pain in 

this population, as well as the long-term de-

velopment of osteoarthritis [38, 57].  

It is important to note that these gait 

biomechanical alterations have been re-

ported during walking, where individuals 

must typically endure peak loads of 1.2 

times their body weight, whereas in other 

activities such as running or jumping, the 

loads can increase 2 to 5 times body weight 

[58, 59]. If the biomechanical alterations 

observed in walking would also extend to 

higher intensity physical activities, OW/OB 

could experience an even greater risk for de-

veloping musculoskeletal disorders. The 

gait patterns of OW/OB suggested in this re-

view present similarities with other popula-

tions suffering from musculoskeletal disor-

ders. For instance, some authors have re-

ported that patients undergoing low back 

pain present increased pelvis transverse 

plane motion during walking [60], whereas 

patients present with knee osteoarthritis also 

walk with higher knee adduction moments 

than healthy-patients [61].  
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Among other possible consequences, 

the development of musculoskeletal disor-

ders will likely decrease motivation of 

OW/OB to be physically active, leading 

them into a downwards spiral of accelerated 

disease progression [10, 13]. This creates a 

huge direct burden on society [62], but has 

also major implications for mobility and 

quality of life during adulthood and old age 

[8, 63]. It is important to highlight that all 

associations between biomechanical altera-

tions and musculoskeletal disorders pro-

posed in this review are based on hypothe-

ses. Longitudinal investigation is needed to 

determine whether gait biomechanical alter-

ations in OW/OB predict the future devel-

opment of musculoskeletal disorders.  

Energetic inefficiency of walking 

The energetic cost of walking, de-

scribed as the metabolic rate required to 

walking at a given speed, is greater in 

OW/OB compared to normal-weight [11, 

12]. Obviously, the need to carry extra 

weight while walking is a primary determi-

nant of the elevated energy expenditure in 

this population, however, a biomechani-

cally inefficient gait pattern has been pro-

posed as an additional factor [11, 64]. For 

instance, a greater step width, as has been 

evidenced in OW/OB, is related to an in-

creased energetic cost in human walking 

[11, 65]. In addition, higher joint moments 

and powers, as well as an increased demand 

for muscle activation, suggest higher energy 

expenditure during walking at normal speed 

[27, 66].  

Overall, gait biomechanical altera-

tions shown in this review provide further 

insight into the roles of greater energetic 

cost of walking in OW/OB. Although an el-

evated walking energy cost may seem ben-

eficial since obesity is an energy imbalance 

between calories consumed and expended 

[67], it also comes with a greater burden on 

the musculoskeletal system, and a relatively 

greater effort of walking [9]. The latter 

could be key in the lack of motivation to be 

physically active, creating a vicious circle 

which will aggravate health issues associ-

ated with this population.  

 Strengths and limitations 

A strength of this work is the combi-

nation of a systematic review of the litera-

ture with an evidence synthesis based on 

methodological quality, which allows us to 

not only draw conclusions from the in-

cluded articles but also to establish the level 

of evidence of our findings. Moreover, we 

provide two different formats to report our 

findings: a graphical and schematic summa-

rized figure containing the gait biomechan-

ical characteristics of OW/OB found in this 
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review (Figure 2), and a detailed table 

providing quantitative information of these 

characteristics (Table S5).  

One limitation of this review is that it 

only includes cross-sectional studies, due to 

the lack of intervention and longitudinal 

studies, preventing any causality conclu-

sions between the presence of excessive 

body mass and biomechanical alterations 

during walking. With regard to the search 

strategy, the use of only two databases (Pub-

Med and Web of Science) may have in-

cluded out some articles related to this topic. 

Nevertheless, it is expected that those data-

bases cover any influential peer-reviewed 

journals in which one expects to find rele-

vant articles for this review. We need to 

acknowledge that there is no current evi-

dence supporting that the biomechanical al-

terations experienced by OW/OB predict 

musculoskeletal disorders in adulthood and, 

therefore, any conclusions around that are 

based on assumptions and hypotheses. It is 

also important to acknowledge that the gait 

pattern is under a development process dur-

ing childhood, and future research should 

therefore focus on determining the age at 

which these biomechanical alterations be-

come apparent in OW/OB. Lastly, the in-

cluded articles presented considerably dif-

ferent instruments, assessment protocols 

and data processing methodologies to ana-

lyse the gait pattern, a fact which should be 

acknowledged in future studies in order to 

make the results more comparable.  

Conclusion 

Findings from this review reveal 

strong and moderate evidence supporting 

biomechanical differences in the gait pat-

tern of OW/OB with respect to normal-

weight. Overall, there was strong evidence 

that gait patterns of OW/OB present greater 

pelvis transversal plane motion, higher hip 

internal rotation, higher hip flexion, exten-

sion and abduction moments and power 

generation/absorption, greater knee abduc-

tion/adduction motion, and higher knee ab-

duction/adduction moments and power gen-

eration/absorption. Furthermore, based on 

moderate evidence, OW/OB walk with 

greater step width, longer stance phase, 

higher tibiofemoral contact forces, higher 

ankle plantarflexion moments and power 

generation and greater gastrocnemius and 

soleus activation/forces. These alterations 

observed in OW/OB could be determinant 

in the short and long-term development of 

musculoskeletal disorders and could be a 

key factor to understanding the energetic in-

efficiency experienced by this population 

during walking. 
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SUPPLEMENTARY MATERIAL 

 
Table S2.  Criteria for the methodological quality assessment of included articles and percentage of 
studies meeting these criteria. 
Criteria items Percentage of studies meeting 

criterion (%) 

1. Were the criteria for inclusion in the sample clearly defined? 88 
2. Were the study population recruitment methods, the period of recruitment and the 

place of recruitment adequately described? 
68 

3. Was the biomechanical assessment protocol adequately described, and did the instru-
ments have acceptable reliability? 

84 

4. Was the obesity categorization adequately reported? 92 
5. Were confounding factors identified (e.g. age, sex, BMI or gait speed)? 76 
6. Were strategies to deal with confounding factors stated? 52 
7. Were the  anthropometric variables (e.g. weight, height or body fat) measured in a 

valid and reliable way? 
44 

8. Was appropriate statistical analysis used? 92 

 
 

 

Table S1. Search terms used in PubMed and Web of Science databases. 
PubMed 

(((((((((“Child"[Mesh]) OR "Adolescent"[Mesh])) AND ((("Overweight"[Mesh]) OR "Pediatric Obesity"[Mesh]) OR "Obe-
sity"[Mesh])))))) AND ((((((Kinemat*) OR "Gait"[Mesh]) OR walk*) OR "Kinetics"[Mesh]) OR "Locomotion"[Mesh]) OR biome-
chanic*)) 

Web of Science 

(("child*" OR "adolescen*" OR "youth*" OR “teenager*” OR “boy*” OR “girl*”) AND (“obes*” OR “overweight”) AND (“Kine-
matic*” OR "Gait" OR “walk*” OR "Kinetic*" OR "Locomotion*" OR "biomechanic*")) 

Table S3. Quality assessment of included articles. 

Study 1 2 3 4 5 6 7 8 Quality 
Score % 

Quality  
Category 

Blakemore et al. 2013 [48] ü ü ü ü ü ü û ü 87.5 High 
Briggs et al. 2017 [68] ü ü ü ü ü ü ü ü 100 High 
Cimolin et al. 2015 [28] ü ü ü ü û û ü ü 75 High 
Colné et al. 2008 [45] û û ü û û û û û 12.5 Low 
D´Hondt et al. 2011 [24] ü ü ü ü ü ü ü ü 100 High 
Deforche et al. 2009 [25] ü ü ü ü ü ü ü ü 100 High 
Dufek et al. 2012 [26] ü ü ü ü ü ü ü ü 100 High 
Gushue et al. 2005 [69] ü û ü ü û û û ü 50 Low 
Hills et al. 1992 [30] û û û û ü û û û 12.5 Low 
Huang et al. 2014 [27] ü ü ü ü ü û û ü 75 High 
Huang et al. 2013 [43] û û ü ü ü û û ü 50 Low 
Hung et al. 2013 [33] ü û û ü ü û û ü 50 Low 
Lerner et al. 2016 [38] ü ü ü ü ü ü ü ü 100 High 
Lerner et al. 2016 [44] ü û ü ü ü û ü ü 75 High 
Lerner et al. 2014 [46] ü û ü ü ü ü û ü 75 High 
Mahaffey et al. 2016 [55] ü ü ü ü ü ü ü ü 100 High 
McGraw et al. 2000 [31] ü ü û ü û û ü ü 62.5 Low 
McMillan et al. 2010 [40] ü ü ü ü ü ü û ü 87.5 High 
McMillan et al. 2009 [39] ü ü û ü û û ü ü 62.5 Low 
Nantel et al. 2006 [32] ü ü ü ü û û û ü 62.5 Low 
Shultz et al. 2014 [37] ü ü ü ü ü ü û ü 87.5 High 
Shultz et al. 2014 [34] ü ü ü ü ü ü ü ü 100 High 
Shultz et al. 2010 [35] ü ü ü ü ü û û ü 75 High 
Shultz et al. 2009 [36] ü ü ü ü ü ü û ü 87.5 High 
Strutzenberger et al. 2017 [29] ü û ü ü ü ü û ü 75 High 

Criterion Score % 88 68 84 92 76 52 44 92   
Note that the quality score is calculated by dividing the number of criteria met in one study by the total num-
ber of criteria (i.e., 8). Note that the criterion score is calculated by dividing the number of studies meeting one 
criterion by the total number of studies (i.e., 25). ü: meet the methodological quality criterion; û: not meet the 
methodological quality criterion.  
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2 Table S4. Sum

m
ary of study characteristics of articles included in review

. 
M

uscle activation: m
uscle forces (N

) of ham
string, quadriceps and 

gastrocnem
ius. Individual m

uscles (vasti, gluteus m
axim

us and m
edius, 

ham
strings, gastrocnem

ius, soleus and rectus fem
oris)  contribution to the 

vertical and forw
ard CO

M
 acceleration (m

/s
2) 

H
ung et al. 2013 
[33] 

Spatio-tem
porals: gait speed (m

/s), stride length (m
), step w

idth (m
) and %

 
stance phase 
Kinem

atics: range of m
otion (deg) of shoulder, elbow

, spine 

24 (0/12/12/0), 11/13 
N

W
: 8.7 ± 3.0 yr., 17.0 ± 2.1 kg/m

2; 
O

W
: 8.9 ± 3.0 yr., 22.0 ± 4.7 kg/m

2. 

CDCP 
7 infrared cam

eras and 
2 force plates  

O
verground; self-

selected; barefoot 

Lerner et al. 
2016 [38] 

Kinem
atics: hip joint angles in sagittal and frontal plane (deg) 

Kinetics: hip joint load vectors and load rates (sagittal and transverse planes) 
norm

alized to body w
eight (M

N
/kg) and to each physis cross-sectional area 

(M
N

/m
2) 

M
uscle activation: Body w

eight norm
alized m

uscle force (N
/kg) of iliacus, psoas, 

gluteus m
inim

is, gluteus m
axim

us, gluteus m
edius, biceps fem

oris and rectus 
fem

oris 

20 (0/10/0/10), 9/11 
N

W
: 9.6 ± 1.4 yr., 16.0 ± 1.7 kg/m

2; 
O

B: 9.5 ± 0.9 yr., 26.0 ± 3.1 kg/m
2. 

BM
I Z-

scores 
10 infrared cam

eras and 
ground reaction forces 
collected from

 treadm
ill 

Treadm
ill; Controlled 

(1m
/s); barefoot 

Lerner et al. 
2016 [44] 

Kinem
atics: knee flexion angle in sagittal plane (deg) 

Kinetics: tibiofem
oral peak m

edial and lateral contact force (N
), norm

alized by 
body w

eight (N
/kg) and bone m

ineral density (N
/kg

ycm
2), during stance phase. 

Tibiofem
oral m

edial load share (%
), loading rate (kN

/s) and loading rate 
norm

alized by bone m
ineral density (kN

/sycm
2). Knee adduction m

om
ent 

(frontal plane) (N
ym

) during stance phase 

20 (0/10/0/10), 9/11 
N

W
: 9.6 ± 1.4 yr., 16.0 ± 1.7 kg/m

2; 
O

B: 9.5 ± 0.9 yr., 26.0 ± 3.1 kg/m
2. 

BM
I Z-

scores 
10 infrared cam

eras, 
ground reaction forces 
collected from

 treadm
ill 

and surface 
electrom

yography 

Treadm
ill; Controlled 

(1m
/s); barefoot 

Lerner et al. 
2014 [46] 

Kinem
atics: Pelvis (frontal plane) and knee (sagittal plane) joint angles (deg) 

M
uscle activation: vasti, gastrocnem

ius, gluteus m
edius and soleus absolute 

force (N
) and norm

alized for body w
eight and lean body (N

/kg).  

14 (0/5/4/5), 8/6 
10.1 ± 1.5 yr., 29.6 ± 8.7 %

 
BF 

9 infrared cam
eras and 

ground reaction forces 
collected from

 treadm
ill  

Treadm
ill; self-

selected; barefoot 

M
ahaffey et al. 
2016 [55] 

Kinem
atics: shank, calcaneus, m

idfoot and m
etatarsals angular m

otion in all 
three planes (deg) 

55 (0/29/12/6), 0/55 
9,55 ± 1,18 yr., 18,41 ± 4 kg/m

2 
BM

I Z-
scores 

8 infrared cam
eras, 2 

force plates 
O

verground; self-
selected; barefoot 

M
cGraw

 et al. 
2000 [31] 

Spatio-tem
porals: w

alk cadence (cycles/m
in), percentages of gait cycle (%

): 
double support, stance and sw

ing phases, at three different speeds 
20 (0/10/0/10), 0/20 
N

W
: 8.60 yr., 17.40 ± 1.14 kg/m

2; 
O

B: 9.10 yr., 30.30 ± 7.86 kg/m
2 

BM
I Z-

scores 
1 video cam

era and 1 
force plate 

O
verground; Self-

selected, Slow
 (90%

) 
and fast (130%

); 
barefoot 

M
cM

illan et al. 
2010 [40] 

Kinem
atics: hip, knee and ankle angles at specific events and peak angles (deg) 

during stance phases for sagital and frontal plane 
36 (0/18/0/18), 30/6 
N

W
: 14.6 ± 1.8 yr., 20.3 ± 2.0 

kg/m
2; O

B: 15.0 ± 1.5 yr., 44.6 ± 
10.2 4 kg/m

2. 

BM
I Z-

scores 
8 infrared cam

eras and 
2 force plates  

O
verground; self-

selected; barefoot 

M
cM

illan et al. 
2009 [39] 

Kinem
atics: Hip, knee and ankle peak m

otion am
plitude (deg), peak m

otion 
tim

ing (%
) at stance phase for frontal plane.  

14 (0/7/7/0), 0/14 
N

W
: 10.8 ± 0.8 yr., 17.0 ± 3.3 

kg/m
2; O

W
: 11.9 ± 0.7 yr., 40.5 ± 

10.0 kg/m
2.  

BM
I Z-

scores 
6 infrared cam

eras and 
1 force plate 

O
verground; self-

selected; barefoot 

N
antel et al. 
2006 [32] 

Spatio-tem
porals: gait speed (m

/s), cadence (steps/m
in), stride length (m

), and 
%

 stance, single and double support 
Kinetics: energy generation and absortion (W

/kg) of ankle, knee and hip in the 
sagittal plane, norm

alized to body w
eight.   

20 (0/10/0/10), N
R/N

R 
N

W
: 9.4 ± 1.4 yr., 18.1 ± 2.8 kg/m

2; 
O

B: 9.7 ± 2.0 yr., 26.7 ± 7.1 kg/m
2. 

BM
I Z-

scores 
8 infrared cam

eras and 
2 force plates 

O
verground; self-

selected; barefoot 

Shultz et al. 
2014 [37] 

Kinetics: peak pow
er at w

eigh acceptance and propulsion (W
) of hip (all 3 

planes), knee (sagittal and frontal planes) and ankle (sagittal plane) un-
norm

alized and norm
alized for body weight. 

40 (0/20/0/20), 18/22 
N

W
: 10.4 ± 1.6 yr., 17.2 ± 1.4 

kg/m
2; O

B: 10.8 ± 1.4 yr., 24.3 ± 2.7 
kg/m

2.  

IO
TF 

11 infrared cam
eras and 

2 force plates 
O

verground; self-
selected; barefoot 
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SECTION 2. CROSS-SECTIONAL 
STUDIES: ROLE OF PHYSICAL 
FITNESS IN THE BIOMECHA-
NICS OF CHILDHOOD OBE-
SITY   

SECTION 2. 
Cross-sectional studies:            

role of  physical fitness in 
the biomechanics of  

childhood obesity
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Study 3. Role of physical fitness and 
functional movement in the body posture 
of children with overweight/obesity     

Role  of  physical  fitness  and  fundamental 

movements in the body posture of children with 
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INTRODUCTION 

Body posture refers to the positioning of 
body segments in relation to each other and, far 
from being unalterable, many external factors 
are known to have an impact on it throughout a 
lifetime [1]. Particularly childhood represents a 
critical period for body Wosture conformation, 
due to growth but also since children are ex-
posed to physical and environmental changes 
that may impact body posture [1–3]. Worrying 
insights from current epidemiological evidence 
reveal that 68% of the young population could be 
experiencing at least one postural alteration [3]. 
These postural alterations may result in muscu-
lar overactivation and mechanical stress on the 
musculoskeletal system, which could lead to the 
onset of pain and more severe musculoskeletal 
disorders [4, 5]. 

Childhood obesity is considered to have 
a negative impact on body posture through mul-
tiple interconnected mechanisms. Proof of this is 
the higher prevalence of postural alterations 
(e.g., thoracic hyperkyphosis, lumbar hyper-
lordosis or lower limb valgus) in children with 
overweight/obesity (OW/OB) compared to chil-
dren with normal-weight [6–8]. Behind this 
higher prevalence of postural alterations, some 
authors have suggested a re-positioning of mus-
culoskeletal structures so that these are more ca-
pable of supporting and carrying their heavier 
body mass [8],  but this may not be the only 
mechanism. The presence of OW/OB during 
childhood is associated with lower physical fit-
ness performance [9], which could be an im-
portant factor likely to influence children’s body 
posture. Nevertheless, to date there are no stud-
ies demonstrating a relationship between health-

related physical fitness components (i.e., cardi-
orespiratory, muscular and speed-agility fitness) 
and body posture in the childhood population.  

Movement competence (e.g., fundamen-
tal movements quality) has a suggested impact 
on body posture, due to  repetitive non-optimal 
movement patterns, for example, dynamic 
malalignments or inadequate joint range of mo-
tion, that can cause imbalances in the musculo-
skeletal system [10]. However, limited evidence 
exists on the direct association between funda-
mental movements quality and body posture 
during childhood. We are only aware of one 
study, which did not find a relationship between 
fundamental movements quality (i.e., total Func-
tional Movement Screen score) and body posture 
(i.e., two-dimensional photogrammetry) in 
school children aged 8-11 years [11]. As with 
body posture, fundamental movements quality 
has been shown to be worse in children with 
OW/OB than in normal-weight [12]. Thus, in 
children with OW/OB a relationship between 
fundamental movements quality and body pos-
ture may well be found, playing a role in the fu-
ture development of weight management inter-
ventions. 

The objectives of this study were: 1) to ex-
amine the associations of fatness (i.e., BMI), 
physical fitness components and fundamental 
movements quality with body posture in chil-
dren with OW/OB, and 2) to determine which of 
these are the best predictors of body posture.  

MATERIAL AND METHODS 

Study Design and Participants 

This study used cross sectional baseline 
data from the MUBI project 
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(http://profith.ugr.es/pages/investigacion/re-
cursos/mubi?lang=en), which has been ap-
proved by the Ethics Committee on Human Re-
search at the University of Granada (Reference: 
279/CEIH/2017). Inclusion/exclusion criteria to 
participate in the MUBI project can be found 
elsewhere [13]. A total of 62 children (58% girls, 
10.86 ± 1.25 years old and 26.09 ± 3.77 kg/m2) 
with available data were included for this 
study. Parents or legal guardians provided writ-
ten informed consent for their children’s partici-
pation.  

Physical Fitness Components 

Before carrying out any physical assess-
ment, height (cm) and weight (kg) (SECA Instru-
ments, Germany) were determined by the same 
trained evaluators, and BMI (kg/m2) was calcu-
lated. Participants performed a lab-based one-
repetition maximum (1RM) of the arm press (kg) 
and leg press (kg) exercises using pneumatic re-
sistance machines (Keiser Sports Health, Fresno, 
CA, USA), and following a protocol adapted to 
children [14]. We used the field-based ALPHA 
(Assessing Levels of Physical fitness and Health 
in Adolescents) health-related physical fitness 
test battery, which has demonstrated to be valid, 
reliable, and feasible for assessing physical fit-
ness components in young individuals [15]. In 
brief, upper and lower body muscular strength 
were assessed using the maximum handgrip 
strength test (kg) and the standing long jump test 
(cm), respectively. Cardiorespiratory fitness was 
assessed by estimating the VO2max 
(ml/kg/min) during a 20 m shuttle run test [16]. 
Speed-agility was evaluated by timing (s) the 
4×10 m shuttle run test [15]. Absolute measures 
of muscular strength (i.e., arms and legs press 
1RM, and handgrip strength) were expressed 
taking into account participants’ body weight 

since previous studies have demonstrated a po-
tential effect of body weight in this population 
[17]. Speed-agility measures were inverted by 
multiplying test completion time by −1, so that 
higher values indicate a better fitness level.  

Fundamental Movements 

Fundamental movements was evaluated 
using the Functional Movement ScreenTM (FMS), 
which has demonstrated a good inter- and intra-
rater reliability [18]. The full FMS protocol in-
cludes seven tasks, but we included a four-task 
adaptation (i.e., deep squat, hurdle step, shoul-
der mobility, and active straight leg raise) fol-
lowing a previous study conducted in children 
with OW/OB [12]. According to the FMS scoring 
criteria, each task received a score from 1 to 3 
points and in the case of bilateral tasks (i.e., hur-
dle step, shoulder mobility, and active straight 
leg raise) performed  with both the left and right 
members, the lowest score was selected. Scores 
of individual tasks were summed to obtain a to-
tal FMS score ranging from 4 to 12 points, where 
higher values indicated a better fundamental 
movements quality. Two certified evaluators 
with extensive experience scored all videos sep-
arately, and any discrepancy was reviewed in a 
consensus meeting until reaching an agreement 
of the final score. 

Body Posture 

Body posture was assessed using the 
two-dimensional photogrammetry approach, 
which has demonstrated to be reliable evaluat-
ing human posture and valid against other gold-
standard methods such as X-Ray analysis [19]. A 
Basler acA2000-50gc (Germany) camera with a 
fixed focal lens Fujinon HF12.5SA-1 (Japan) was 
fixed on a tripod with 115 cm of height and at 3.1 
m away from the center of the square platform 
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where children were evaluated. Participants 
were instructed to be in underwear conditions, 
wearing bathing clothes or sleeveless tight-fit-
ting sports clothes. Six retro-reflective markers 
were placed by the same trained examiners on 
several anatomical locations previously used in 
the literature: [20, 21] 7th cervical vertebrae (C7), 
12th thoracic vertebrae (T12), right anterior supe-
rior iliac spine (ASIS), right trochanter, right lat-
eral condyle, and right lateral malleolus. Chil-
dren were asked to stand comfortably looking 
straight ahead while two photographs were 
taken, the first from an anterior perspective and 
the second one from the right side.   

Images were calibrated based on an im-
age with a vertical plumb and a posture grid 
placed on the wall. The image analysis program 
ImageJ (National Institutes of Health, Bethesda, 

MD) was used to digitize the x and y coordinates 
of each retro-reflective marker, and this process 
was undertaken by the same experienced re-
searcher [22]. Six angles and one distance previ-
ously were calculated, and all them have demon-
strated a good-to-excellent inter- and intra-rater 
reliability [20, 23–25]: craniocervical angle, tho-
racic flexion angle, trunk angle, tragus-to-plumb 
distance, lumbar angle, lower limb sagittal angle 
and lower limb frontal angle. Table 1 shows how 
body posture indicators were defined, as well as 
the interpretation of their values, whereas Figure 
1 provides a graphical representation of their 
creation.  
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Figure 1. Graphical representation of the body posture indicators 
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Statistical Analysis 

Descriptive characteristics of participants 
are presented as means and standard deviations 
(SD). Kolmogorov-Smirnov test and visual in-
spection of histograms were performed, and all 
variables demonstrated normal distributions.  

Stepwise regression analysis was used to 
check which potential confounders (i.e., age, 
gender, maturity status, and parental education 
level) were the best predictors (i.e., explain the 
largest proportion of the variance) of body pos-
ture. To explore the associations of fatness, fit-
ness and fundamental movements with body 

posture, linear regression analysis was per-
formed adjusted by those confounders previ-
ously identified through the stepwise regression 
analysis. The variable presenting the highest ad-
justed R-squared value was considered the main 
predictor of body posture. All analyses were per-
formed using SPSS software (version 24.0, IBM 
Corporation), and the level of significance was 
set at p < 0.050.  

RESULTS 

Sample characteristics, also separating 
boys and girls, are presented in Table 2. Linear 
regression analyses of fatness, physical fitness 

 1 

Table 1. Definition and interpretation of the body posture indicators. 

Name Definition Interpretation 

Sagittal plane 

Cervicothoracic 
angle  

The angle between the line of tragus 
with C7, and the line of C7 with T12.   

High values (close to 180º) indicate a cervical 
retracted position, while low values indicate a 
cervical protracted position. 

Thoracic flexion  The angle between the line 
connecting C7 and T12 with respect 
to the vertical line from T12. 

Positive values indicate a thoracic flexed 
position, while negative values indicate a 
thoracic extended position.   

Trunk angle  The angle between the line 
connecting C7 and trochanter with 
respect to the vertical line from 
trochanter. 

A decrease in trunk angle indicates a posterior 
tilt of the trunk with respect to the pelvis. 

Lumbar angle  The angle between the line of T12 
with ASIS, and the line of ASIS with 
trochanter.   

High values indicate a pelvis posterior tilt 
position, while low values indicate a pelvis 
anterior tilt position.  

Lower limb 
sagittal alignment  

The angle between the line 
connecting lateral malleolus and 
greater trochanter with respect to 
the vertical line from greater 
trochanter. 

Positive values indicate a pelvis forward 
position with respect to the feet, while high 
negative values indicate a backward pelvis 
position. 

Plumb-tragus 
distance  

Distance of the ear tragus with 
respect to the vertical plumb 

Zero indicate an optimal alignment of the head 
in the sagittal plane, positive values indicate an 
anterior shift of the head, and negative values 
indicate a posterior shift of the head.  

Frontal plane, anterior view  

Lower limb frontal 
alignment  

The angle between the line of 
trochanter with lateral condyle, and 
the line of lateral condyle with ASIS 
lateral malleolus.   

Values close to 180º indicate an optimal 
alignment, higher values indicate a lower limb 
varus position and lower values indicate a lower 
limb valgus position.  
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components and fundamental movements qual-
ity with upper body and lower limb posture are 
presented in Table 3 and Table 4, respectively. 
Analyzing upper body posture, BMI was posi-
tively associated with craniocervical and tho-
racic flexion angle (ß = 0.323 and 0.315; both p < 
0.05). 1RM arms and handgrip strength were 
negatively associated with thoracic flexion angle 
(ß = -0.388 and -0.243; all p < 0.05) and cardi-
orespiratory fitness was negatively associated 
with craniocervical angle (ß = -0.31; p = 0.014). 
Total FMS score was negatively associated with 
thoracic flexion angle (ß = -0.373; p = 0.002). Re-
garding lower limb posture, BMI was negatively 
associated with lumbar and lower limb frontal 
alignment (ß = -0.502 and -0.280; both p < 0.05). 

1RM legs and handgrip strength were positively 
associated with lower limb frontal alignment (ß 
= 0.253 and 0.261; both p < 0.05), while standing 
long jump was negatively associated with lower 
limb sagittal alignment (ß = -0.318; p = 0.017). 
Cardiorespiratory fitness was positively associ-
ated with lumbar angle and lower limb frontal 
alignment (ß = 0.299 and 0.305 both p < 0.05), as 
well as negatively associated with lower limb 
sagittal alignment (ß = -0.362; p = 0.017). Speed-
agility was negatively associated with lower 
limb sagittal alignment (ß = -0.325; p = 0.012). 

In upper body posture, BMI was the 
strongest predictor of craniocervical angle (R2 = 
0.090; p = 0.010) and total FMS score of thoracic 
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Table 2. Descriptive characteristics of the total study sample and divided by gender. 
 All sample 

(N = 62) 
Mean ± SD 

Boys 
(N = 26) 

Mean ± SD 

Girls 
(N = 36) 

Mean ± SD 
Age (years) 10.86 ± 1.25 11.13 ± 1.26 10.68 ± 1.22 
Weight (kg) 58.2 ± 13.24 60.98 ± 10.99 56.30 ± 14.42 
Height (cm) 148.45 ± 9.08 149.82 ± 8.07 147.51 ± 9.71 
Body mass index (kg/m2) 26.09 ± 3.77 27.00 ± 3.20 25.47 ± 4.04 

Physical fitness    
1RM arms/weight (kg/kg)  0.42 ± 0.12 0.42 ± 0.12 0.43 ± 0.12 
1RM legs/weight (kg/kg) 2.56 ± 0.50 2.54 ± 0.48 2.57 ± 0.52 
Handgrip/weight (kg/kg) 0.33 ± 0.07 0.32 ± 0.07 0.34 ± 0.07 
Standing long jump (cm) 114.41 ± 20.38 117.58 ± 22.34 112.19 ± 18.88 
20m shuttle run (ml/kg/min) a 40.55 ± 3.12 40.57 ± 2.82 40.53 ± 3.35 
4×10 m shuttle run (s) b -14.80 ± 1.52 -14.49 ± 1.57 -15.02 ± 1.47 

Functional movement quality*    
Total FMS score (4-16) 7.02 ± 1.80 6.23 ± 1.51 7.55 ± 1.80 

Body posture    
Craniocervical angle (º) 142.07 ± 6.39 141.78 ± 6.19 142.26 ± 6.6 
Thoracic flexion angle (º) 5.15 ± 3.91 6.02 ± 3.09 4.56 ± 4.31 
Trunk angle (º) 171.04 ± 3.33 171.67 ± 3.62 170.68 ± 3.09 
Plumb-tragus distance (cm) 5.70 ± 2.72 5.88 ± 2.22 5.57 ± 3.03 
Lumbar angle (º) 82.21 ± 10.22 82.95 ± 8.41 81.70 ± 11.38 
Lower limb sagittal alignment (º) 3.85 ± 2.68 4.48 ± 2.76 3.42 ± 2.57 
Lower limb frontal alignment (º) 176.00 ± 1.94 176.34 ± 1.75 175.77 ± 2.06 

Notes: SD = standard deviation; FMS = Functional Movement Screen; 1RM = one repetition maximum.  
* N was 55 (22 boys and 33 girls) for functional movement quality.  
a Cardiorespiratory fitness was estimated from the 20 m shuttle run test by the formula described by Leger et al. 
(Leger, et al., 1988).  
b Values of the 4x10-m shuttle run test were multiplied by -1 before analyses so that higher values indicate 
better performance. 
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flexion angle (R2 = 0.284; p = 0.002). In lower limb 
posture, BMI was the strongest predictor of lum-
bar angle (R2 = 0.239; p < 0.001), speed-agility of 
lower limb sagittal alignment (R2 = 0.130; p = 
0.012) and cardiorespiratory fitness of lower 
limb frontal alignment (R2 = 0.078; p = 0.015). Fig-
ure 2 presents a visual overview of the main 
findings of this study. 

DISCUSSION 

This study found in a 8-12y-old sample of 
children with OW/OB that BMI was associated 
with head protraction, thoracic hyperkyphosis, 
lumbar hyperlordosis and lower limb valgus. 
Physical fitness components and fundamental 

movements were overall associated with a more 
aligned posture of the head, lumbar and thoracic 
spines, and lower limb. BMI was the best predic-
tor of head and lumbar spine posture, cardi-
orespiratory fitness of lower limb posture in 
frontal plane, speed-agility of lower limb pos-
ture in sagittal plane and fundamental move-
ments of thoracic spine. 

Our results in children with OW/OB con-
firm previous studies by suggesting that the 
higher the BMI is in youth, the more accentuated 
the thoracic kyphosis, lumbar hyperlordosis and 
lower limb valgus position are [3, 8]. Adoles-
cents presenting thoracic hyperkyphosis and 
lumbar hyperlordosis posture in sitting and 

 1 

 
Table 3. Linear regression analyses of fatness, physical fitness components and functional movement with upper body posture. 
  Craniocervical angle (deg) Thoracic flexion angle (deg) Trunk angle  

(deg) 
Tagus to plumb distance (cm) 

 N ß R2 P ß R2 P ß R2 P ß R2 P 
Fatness 62             

Body mass index (kg/m2)  0.323 0.090 0.010 0.315 0.204 0.012 0.018 0.16 0.889 -0.169 0.134 0.188 
Physical fitness 62             

1RM arms/weight (kg/kg)  -0.184 0.018 0.152 -0.388 0.252 0.001 -0.213 -0.029 0.097 -0.193 0.145 0.119 
1RM legs/weight (kg/kg)  0.020 -0.016 0.875 -0.044 0.146 0.718 0.063 0.012 0.622 -0.055 0.112 0.647 
Handgrip/weight (kg/kg)  -0.136 0.002 0.288 -0.243 0.176 0.040 0.056 0.013 0.665 0.117 0.123 0.332 
Standing long jump (cm)  0.070 -0.011 0.587 0.004 0.116 0.977 0.199 0.024 0.119 0.149 0.128 0.247 
20m shuttle run 
(ml/kg/min) a  

 -0.307 0.080 0.014 -0.107 0.124 0.464 0.020 0.016 0.877 0.252 0.152 0.083 

4×10 m shuttle run (s) b  -0.106 -0.005 0.408 -0.041 0.117 0.746 0.093 0.008 0.469 0.073 0.114 0.561 
Functional movement 55             

Total FMS score (4-16)  -0.34 -0.018 0.806 -0.373 0.284 0.002 -0.120 0.004 0.382 0.043 0.156 0.732 
Notes: β = standardized beta coefficients; R2 = adjusted R-squared. Significant associations (p < 0.05) are highlighted in bold. 
Potential confounders (i.e., age, gender, maturational status and parental educational level) were included in all models through a stepwise regression analysis, and only 
for thoracic and tagus to plumb, age was entered into the model. 
a Cardiorespiratory fitness was estimated from the 20 m shuttle run test by the formula described by Leger et al. (Leger, et al ., 1988).  
b Values of the 4x10-m shuttle run test were multiplied by -1 before analyses so that higher values indicate better performance. 
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Table 4. Linear regression analyses of fatness, physical fitness components and functional movement with lower limb posture. 

  Lumbar angle  
(deg) 

Lower limb angle  
(deg) 

Lower limb frontal angle 
(deg) 

 N ß R2 P ß R2 P ß R2 P 
Fatness 62          

Body mass index (kg/m2)  -0.502 0.239 <0.001 0.164 0.054 0.228 -0.280 0.063 0.026 
Physical fitness 62          

1RM arms/weight (kg/kg)  0.246 0.045 0.053 -0.165 0.056 0.204 0.229 0.037 0.073 
1RM legs/weight (kg/kg)  0.217 0.031 0.088 -0.015 0.030 0.907 0.253 0.049 0.045 
Handgrip/weight (kg/kg)  0.247 0.046 0.051 -0.104 0.041 0.414 0.261 0.053 0.039 
Standing long jump (cm)  0.094 -0.007 0.462 -0.318 0.121 0.017 0.164 0.011 0.199 
20m shuttle run (ml/kg/min) a  0.299 0.075 0.017 -0.362 0.120 0.017 0.305 0.078 0.015 
4×10 m shuttle run (s) b  0.157 0.009 0.219 -0.325 0.130 0.012 0.220 0.033 0.083 

Functional movement 55          

Total FMS score (4-16)  0.276 0.059 0.041 -0.222 0.046 0.127 0.263 0.052 0.052 

Notes: β = standardized beta coefficients; R2 = adjusted R-squared. Significant associations (p < 0.05) are highlighted in bold. 
Potential confounders (i.e., age, gender, maturational status and parental educational level) were included in all models through a stepwise regression analysis, and only 
for lower limb angle, age and gender were entered into the model. 
a Cardiorespiratory fitness was estimated from the 20 m shuttle run test by the formula described by Leger et al. (Leger, et al ., 1988).  
b Values of the 4x10-m shuttle run test were multiplied by -1 before analyses so that higher values indicate better performance. 
Potential confounders (i.e., age, gender, maturational status and parental educational level) were included through a stepwise regression analysis. 
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standing situations have demonstrated to be at 
increased risk for having low back pain com-
pared to children with a neutral posture [4, 26]. 
Similarly, large cohort studies have demon-
strated that lower limb malalignments in adults 
are associated with the progression of knee oste-
oarthritis [27]. Based on that, the presence of 
OW/OB could lead children to an especially 
worrying situation to develop musculoskeletal 
disorders via postural alterations of their muscu-
loskeletal structures.  

Findings from the present study show for 
the first time that health-related physical fitness 
components are associated with a better global 
body posture in children with OW/OB. A better 
performance in 1RM arms press was associated 
with a more aligned posture of thoracic and lum-
bar spines. Upper body press activities require 
adequate scapular arthrokinematics to facilitate 
glenohumeral range of motion and force genera-
tion [28]. A thoracic hyperkyphosis linked to a 
lumbar hyperlordosis posture can result in ex-
cessive protraction of the scapula together with 

internal rotation of the glenohumeral joint, lead-
ing to the loss of normal arthrokinematics and 
detriment of functional capacity [29]. Higher 
performance in 1RM leg press was related to a 
more aligned lower limb posture in the frontal 
plane. Analyzing the biomechanics of lower limb 
press activities, minimal dynamic valgus/varus 
motion should occur in order to maximize force 
transference between ankle, knee and hip joints 
[30]. In addition to reduced performance, dy-
namic valgus observed in children with high 
BMI may increase mechanical stress in musculo-
skeletal structures and predispose them to de-
velop overuse pain and injuries [30].  On the 
other hand, handgrip strength is not a multi-joint 
strength activity, as 1RM arms and legs press 
are, and it is difficult to find a direct biomechan-
ical explanation linked to a better body posture. 
However, handgrip strength is considered a 
good indicator of overall muscular strength ca-
pacity in childhood [15], and it seems to be di-
rectly related to a better posture of children’s 
thoracic spine and lower limb in the frontal 
plane.    
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Figure 2. Graphical representation of the main findings of this study.  
↑: Positive association; ↓: Negative association; BMI: body mass index; CRF: cardiorespiratory fitness; 1RM: one 
repetition maximum; FMS: Functional Movement Screen; SA: Speed-agility; SLJ: Standing long jump 
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Children who showed better perfor-
mance in cardiorespiratory fitness and speed-
agility also demonstrated a significantly better 
lumbar spine sagittal alignment, as well as a bet-
ter lower limb sagittal and frontal alignment. 
When running and sprinting, pelvic motion is 
minimized in a relatively neutral sagittal posi-
tion to conserve energy and maintain efficiency 
in lower limb motion [31]. Similarly, dynamic 
lower limb alignment in sagittal and frontal 
planes is necessary to maintain adequate run-
ning mechanics, avoiding force leaks and ensur-
ing force transference[31, 32]. It is plausible that 
those children more used to running and sprint-
ing have naturally developed a better lower limb 
posture to be mechanically more efficient, or ra-
ther, children presenting a correct body posture 
are more prepared to perform these tasks. Fur-
thermore, lower limb malalignments have been 
associated with the onset of musculoskeletal dis-
orders in children with  OW/OB, which could 
directly hamper their physical fitness develop-
ment [33]. In the case of craniocervical position-
ing, only cardiorespiratory fitness was associ-
ated with a more aligned posture in the sagittal 
plane. In running activities, minimal craniocer-
vical motion is desirable leading to a high de-
mand on deep cervical stabilizers to allow ade-
quate head positioning [31]. Possibly, this intrin-
sic musculature responsible of maintaining a 
correct head posture is more activated in chil-
dren with better performance in endurance run-
ning, rather than in explosive actions.  

In the present study, those children hav-
ing a higher total FMS score also demonstrated a 
more aligned posture of thoracic and lumbar 
spines in the sagittal plane. It is important to note 
that, to get the maximal FMS score, participants 
need to maintain an upright position of upper 
torso when performing a deep squat, hurdle step 

and shoulder mobility tests [34, 35]. Based on 
these results, it seems that children with a tho-
racic hyperkyphosis and lumbar hyperlordosis 
posture also present dynamic malalignments 
when performing fundamental movements 
tasks. These dynamic malalignments may occur 
as a result of poor neuromuscular control and 
stability of the lumbo-pelvis complex and lower 
limb, which would be present in both static and 
dynamic situations [36]. Our results contradict 
those from Mitchell et al. [11], who did not find 
associations between static posture and funda-
mental movements quality. It should be noted 
that, whereas the present study only includes 
children with OW/OB, Mitchell et al. [11] had 
only 9% of participants with OW/OB within 
their sample. Possibly the relationship between 
fundamental movements and static posture is 
only evident in children with a clear detriment of 
these two conditions, as it is the case of children 
with OW/OB.  

Smith et al. [8] discovered that BMI trajec-
tories in children followed-up from 3 until 14 
years old was determining for the development 
of spinal posture. From our study we can add 
that BMI is more determining for craniocervical 
and lumbar spine sagittal plane alignment than 
other factors affecting body posture, such as 
physical fitness components and fundamental 
movements quality. Cardiorespiratory fitness 
and speed-agility were the strongest predictors 
for presenting an aligned lower limb posture in 
children with OW/OB. It suggests that chil-
dren’s capacity to run long distances and accel-
erate/decelerate in short distances could be even 
more relevant for the development of an ade-
quate lower limb posture, than their BMI, mus-
cular strength and fundamental movements 
quality. Fundamental movements quality was 
the strongest predictor of an adequate thoracic 
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spine alignment in our sample. Based on this, 
those children able to both maintain an up-right 
thoracic spine while performing functional tasks 
and develop an optimal shoulder range of mo-
tion are also those with greater chance to present 
a more aligned thoracic spine posture.  

To the best of our knowledge, the study 
by Schwanke et al. [37] is the only investigation 
of the effects of exercise on body posture in chil-
dren with OW/OB. Their four-month exercise 
program, based on strengthening and stretching 
exercises, improved thoracic spine alignment of 
schoolchildren, but no head, lumbar spine and 
lower limb posture [37]. Our results can guide 
future research efforts by suggesting that reduc-
tion of BMI and improvement of physical fitness 
components (i.e.,  cardiorespiratory fitness and 
muscle strength)  together with fundamental 
movements quality would be worthwhile targets 
to enhance a better body posture in children with 
OW/OB. Internationally accepted physical ac-
tivity guidelines for children 
(http://www.health.gov/paguidelines/) pro-
mote to develop aerobic and resistance training, 
and the last position statement on strength train-
ing in youth proposes integrative programs en-
hancing muscular strength together with move-
ment competence [38]. Future exercise-based in-
tervention studies including all these compo-
nents are necessary to corroborate whether it can 
induce positive effects on global body posture of 
children with OW/OB. 

This study has several limitations that 
should be acknowledged. We did not include the 
gold standard method for assessing body pos-
ture (i.e., X-Ray analysis) and cardiorespiratory 
fitness (i.e., gas analyzer), however, two-dimen-
sional photogrammetry and 20m shuttle run test 
are considered valid and reliable alternatives [15, 
19]. Also, the cross-sectional design of this study 

does not allow us to establish causal interpreta-
tions of our findings. Finally, our sample is lim-
ited in size and only composed of children with 
OW/OB from a specific region, and thus results 
may be different in other geographical regions. 

Conclusion 

In conclusion, BMI was the strongest pre-
dictor of cervical and lumbar spine posture in the 
sagittal plane, cardiorespiratory fitness and 
speed-agility of lower limb posture in frontal 
and sagittal planes respectively, and fundamen-
tal movements quality of thoracic spine posture 
in the sagittal plane. In view of this, although 
BMI is a determining factor for body posture det-
riments, physical fitness and fundamental move-
ments quality seem to be positively affecting 
musculoskeletal positioning in children with 
OW/OB.  
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INTRODUCTION 

According to the World Health Organiza-
tion, one-third of European children present 
overweight or obesity, which has become a ma-
jor health problem. In addition to an increased 
risk for multiple metabolic and cardiovascular 
diseases [1, 2], the excess of weight in childhood 
has been associated with several movement pat-
tern alterations as well as poor movement com-
petence levels [3, 4]. These movement alterations 
generally experienced by overweight/obese 
children are suggested to hamper their daily 
physical activity and physical functioning, re-
sulting in a decrease of their health-related qual-
ity of life [5]. Furthermore, movement pattern al-
terations may predispose them to orthopaedic 
complications and musculoskeletal pain, or vice 
versa [6, 7].  

In the study of movement characteristics 
in children, different terminology such as ‘move-
ment competence’, ‘motor competence’, ‘funda-
mental movement skills’, ‘motor proficiency’ or 
‘motor ability’ has been used inconsistently 
across literature. All these terms have in com-
mon the study of proficiency in ‘fundamental 
motor skills’, defined as the global movement 
patterns (i.e. locomotion, object control skills, or 
stability tasks) necessary for an optimal motor 
development [8–10]. In the present study, the 
term ‘movement competence’ is used consist-
ently to encompass the study of fundamental 
motor skills as defined above. On the other hand, 
the term ‘functional movement’ has also been 
used to study movement competence, but rather 
emphasises the qualitative characteristics of an-
alytical movement patterns (e.g., squatting or 
stepping in motion) [11]. Therefore, in a contin-
uum of motor development the adequate execu-

tion of analytic movement patterns (i.e., func-
tional movement) is necessary to optimally per-
form more complex and global movement pat-
terns (i.e., fundamental motor skills), which in 
turn, are needed to perform different physical 
activities and sports [12]. 

Evidence suggests an inverse relation-
ship between children’s weight status and move-
ment competence [3, 13]. Although to a lesser ex-
tent, functional movement has also been studied 
in relation to weight status in children aged 8-11 
years old. Duncan et al. [4, 14] found that over-
weight/obese children demonstrated signifi-
cantly poorer functional movement compared to 
their normal-weight counterparts. However, the 
study carried out by Ulrike et al. [15] did not find 
significant differences in functional movement 
between normal-weight and overweight/obese 
children. Accordingly, more research is needed 
to corroborate or contrast these inconsistent re-
sults as well as to further scrutinise the associa-
tions between additional fatness measures, such 
as fat mass percentage or fat mass index, with 
functional movement in this particular popula-
tion. 

Fitness levels have shown to be strongly 
and positively associated with movement com-
petence in children, suggesting a reciprocal rela-
tionship between both variables [10]. Likewise, 
the level of physical activity seems to be posi-
tively related to functional movement in chil-
dren, strengthening the assumption that func-
tional movement impairment could lead to more 
sedentary time, or vice versa [4]. Nevertheless, to 
the best of our knowledge, there are no studies 
to date investigating how different components 
of overweight/obese children’s fitness (e.g., car-
diorespiratory fitness, muscular strength, and 
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speed-agility) are related to their functional 
movement quality. 

Both fatness and fitness are two well-rec-
ognized health markers in childhood, and evi-
dence suggests that an optimal level of fitness 
may attenuate the metabolic consequences asso-
ciated with excessive fatness [16, 17]. However, 
there is an important need to gain a better under-
standing on how both health markers are associ-
ated with functional movement quality in over-
weight/obese children. Therefore, the aims of 
the present study were: 1) to examine the indi-
vidual association of several indicators of fatness 
and the components of fitness with functional 
movement quality in overweight/obese chil-
dren; and 2) to explore the independent and 
combined association of the degree of fatness 
(i.e. overweight vs. obesity) and the level of fit-
ness (i.e. fit vs. unfit) with children’s functional 
movement quality. 

MATERIAL AND METHODS 

Study design and participants 

The participants of this study were part 
of the MUévete BIen (MUBI) project. The MUBI 
project, a sub-study from the ActiveBrains pro-
ject [18], is a controlled trial designed to examine 
the effect of an exercise program on body pos-
ture and movement biomechanics in overweight 
and obese children. A total of 56 participants (33 
girls, 8-12 years old) from the baseline data of the 
MUBI project were included in this particular 
cross-sectional study (Figure 1). The project has 
been approved by the Ethics Committee on Hu-
man Research at the University of Granada (Ref-
erence: 279/CEIH/2017). Parents or legal guard-
ians were informed about the aims of the study 
and provided written informed consent for their 
children’s participation. 

Procedures and measurements 

Data were collected from 4 to 8 p.m. dur-
ing January and February 2017 at the Sport and 
Health Joint University Institute (iMUDS), be-
longing to the University of Granada. The assess-
ment process was carried out in three different 
days. The first day, anthropometric and bioelec-
trical impedance data were collected in a quiet 
room by the same trained evaluators, and there-
after muscular strength assessment in a labora-
tory setting was performed. There were no in-
structions provided to the participants regarding 
nutrition and exercise before the test. The second 
day, fitness measures in field conditions were 
carried out, performed by the same evaluators. 
The third day, children were evaluated on four 
tests of the Functional Movement ScreenTM 
(FMS), performed by the same evaluators.  

Fatness 

Height (cm), weight (kg), and waist cir-
cumference (cm) (SECA Instruments, Germany) 
were determined. Body mass index (BMI, 

Figure 1. Flow diagram describing the study 
sample selection. 
Notes: FMS = Functional movement screen.  
a Intervention group of MUBI project come from the con-
trol group of ActiveBrains project. 
b Control group of MUBI project was posteriorly recruited 
and is independently of ActiveBrains project. 

ActiveBrains project (n = 110)

Intervention 
(n = 58)

Control 
(n = 52)

MUBI project (n = 70)

Intervention a
(n = 39)

Control b
(n = 31)

Evaluated in fatness, fitness and 
FMS variables (n = 64)

• Overweight (n = 30)
• Obese (n = 34) 

Excluded (n = 8)

• No available FMS data (n = 7)

• No available bioimpedance data (n = 1)

Analysed (n = 56)

• Overweight (n = 27)
• Obese (n = 29) 
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kg/m²) was calculated to classify the children as 
being overweight or obese according to the sex- 
and age-specific international BMI cut-offs for 
children [19].  

Fat mass (kg) was estimated by bioelectri-
cal impedance analysis (BC-418 MA, TANITA 
International Division, TANITA, UK) to calcu-
late the body fat percentage (BF%) as follows: 
[fat mass (kg) / body weight (kg)] × 100. Partici-
pants’ fat mass index (kg/m²) was also calcu-
lated by dividing their absolute fat mass (kg) by 
their squared height (m). 

Fitness 

In a laboratory setting, the upper and 
lower-limbs muscular strength were assessed 
using pneumatic resistance machines (Keiser 
Sports Health, Fresno, CA, USA). According to 
previous studies’ protocols used in the paediat-
ric population [20, 21], each participant’s one-
repetition maximum (1RM) strength in the 
bench press (kg) and leg press (kg) tests was de-
termined in order to report the normalised val-
ues by dividing absolute test results by body 
weight.  

In regards to field condition, cardi-
orespiratory fitness, muscular strength, and 
speed-agility were assessed according to the AL-
PHA (Assessing Levels of Fitness and Health in 
Adolescents) field fitness test battery [22]. 
Briefly, the participants’ maximum oxygen in-
take or VO2max (ml/kg/min) was estimated 
based on their performance on the 20 m shuttle 
run test [23]. Fit and unfit children were catego-
rised based on their VO2max from the 20 m shut-
tle run test, according to recently defined cut-off 
points [24]. The muscular strength in the upper 
and lower limbs was assessed by the handgrip 
strength test (kg) and the standing long jump test 

(cm), respectively [22]. To avoid the potential bi-
asing effect of participants´ body size on the es-
timation of handgrip strength, the absolute 
measure was divided by body weight as previ-
ous literature [25, 26]. Speed-agility was assessed 
by the 4×10 m shuttle run test (seconds) [22]. As 
greater times in the latter indicate poorer perfor-
mances, the recorded time in seconds was in-
verted by multiplying the test results by −1. It is 
known that the ALPHA fitness test battery is fea-
sible, reliable, valid, and related to health out-
comes later in life [22, 27, 28]. 

Functional movement 

The Functional Movement Screen TM (FMS) 
is a screening system aimed to assess the quality 
of fundamental/analytical movement patterns 
of an individual in a dynamic and functional 
way [11]. This protocol, with available norma-
tive data, has been widely used in children and 
adolescents [29]. A recent systematic review and 
meta-analysis revealed good inter- and intra-
rater reliability of the FMS [30]. Although the full 
FMS protocol includes seven tests, a four tests se-
lected adaptation (i.e., deep squat, hurdle step, 
shoulder mobility and active straight leg raise) 
was used for the present study as previous liter-
ature [31]. Among the four tests selected, deep 
squat, shoulder mobility and active straight leg 
raise have demonstrated an acceptable evidence 
for intra-rater reliability, whereas only hurdle 
step has demonstrated conflicting intra-rater re-
liability [32]. The push-up, rotatory stability, and 
in-line lunge tests were discarded given the dif-
ficulty of execution typically experienced by 
obese and overweight children [4].  Comprehen-
sive instructions for each test were presented by 
explanatory videos to provide a visual demon-
stration and to avoid different instructions to all 
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participants [11]. During the exercises, the chil-
dren were videotaped from both anterior and 
lateral directions. Two FMS certified evaluators, 
with extensive experience in functional move-
ment assessments, reviewed all videos and sep-
arately scored each of the FMS exercises accord-
ing to the scoring criteria [11, 33]. Any discrep-
ancy between both evaluators was reviewed in 
order to reach a final agreement on the score. In-
ter-rater reliability for the initial agreement be-
tween both evaluators was good for deep squat, 
shoulder mobility and active straight leg raise (κ 
= 0.64, 0.76 and 0.79 respectively), and moderate 
for hurdle step (κ = 0.57). Each of the four se-
lected tests was scored from 1 to 3 points, with 
the lowest score being selected in bilateral tasks. 
Subsequently, a total FMS score (ranging from 4 
to 12) was calculated by summing the scores of 
each test, with a higher score indicating a better 
functional movement quality [11, 33]. 

Covariates 

The participants’ age, sex, and their pa-
rental educational level were questioned and 
used as potential confounders in the statistical 
analyses, since have demonstrated to influence 
in fatness, fitness, and functional movement 
quality variables [29, 34]. Maturational stage has 
also demonstrated an effect on functional move-
ment quality performance [35] but its inclusion 
resulted in multicollinearity with chronological 
age in the models. Therefore, we performed sen-
sitivity analyses which showed that chronologi-
cal age was more determinant than PHV (data 
not shown), and thus, we included age as con-
founder. 

Parental educational level was assessed 
by a self-report questionnaire completed by the 
parents. The responses on education were re-
ported as none, elementary school, secondary 

school, high school, and university level. We 
combined the responses of both parents as: (1) 
none of them had a university degree; (2) one of 
them had a university degree; (3) both of them 
had a university degree [36]. 

Statistical analysis 

The characteristics of the study sample 
are shown as means ± standard deviation or per-
centages. Prior to all analyses, the main out-
comes and residuals were checked for normal 
distribution through histograms and boxplots. 
The sex differences were assessed by independ-
ent samples T-test and chi-squared tests for con-
tinuous and categorical variables, respectively. 

To evaluate the relationship of fatness in-
dicators and fitness components with individual 
functional movement scores and the total FMS 
score, Spearman´s and Pearson´s correlations 
were conducted respectively. To further explore 
the individual associations of fatness indicators 
and fitness components with the total FMS score, 
two separate linear regression models were 
used. Model 1 was adjusted for basic confound-
ers (i.e., age, sex, and parental education), 
whereas Model 2 was additionally adjusted for 
BMI when fitness components were the main 
predictors and for VO2max when fatness indica-
tors were the main predictors. Both additional 
confounders in Model 2 were selected after per-
forming sensitivity regression analyses aimed to 
identified the most influenced factor, and also 
because they are the most commonly used meas-
urements to determine the level of fatness and 
fitness in children. 

A two-way analysis of covariance (AN-
COVA) was performed to test differences in the 
total FMS scores between overweight/obese 
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groups and cardiorespiratory fitness groups, ad-
justing for the basic confounders. All analyses 
were performed using the SPSS software (ver-
sion 24.0, IBM Corporation), and the level of sig-
nificance was set at p<0.050. 

 

RESULTS 

Table 1 shows the characteristics for the 
total sample and also split by sex. The girls had 
higher scores than the boys with respect to the 
active straight leg raise (p=0.001) and the total 
FMS score (p=0.001)

Table 1. Descriptive characteristics of the total study sample and by weight categories.  
 All (N=56) Overweight (N=27) Obese (N=29) p 

N Mean ± SD  N Mean ± SD N Mean ± SD 
Age (years) 56 10.9 ± 1.2 27 10.7 ± 1.0 29 10.9 ± 1.5 0.567 
Weight (kg) 56 58.2 ± 13.2 27 49.5 ± 8.4 29 65.3 ± 11.9 <0.001 
Height (cm) 56 148.5 ± 8.9 27 145.9 ± 9.4 29 150.6 ± 8.2 0.053 
Gender       0.093 

Female 23 41% 8 14% 15 27%  
Male 33 59% 19 34% 14 25%  

Parental education university level      0.133 
Neither parent 38 67.9% 18 32% 20 36%  
One parent 12 21.4% 4 7% 8 14%  
Both parents 6 10.7% 5 9% 1 2%  

Fatness        
Body mass index (kg/m2) 56 25.9 ± 3.7 27 23.1 ± 1.3 29 28.6 ± 3.1 <0.001 
Waist circumference (cm) 56 88.8 ± 13.2 27 78.9 ± 8.4 29 94.9 ± 7.7 <0.001 
Body fat percentage (%) 56 36.5 ± 7.2 27 33.4 ± 8.2 29 38.1 ± 5.5 <0.001 
Fat mass index (kg/m2) a 56 9.4 ± 2.7 27 7.5 ± 1.0 29 11.1 ± 2.6 0.014 

Fitness        
1RM legs/weight (kg/kg) 56 2.6 ± 0.5 27 2.7 ± 0.5 29 2.5 ± 0.4 0.044 
1RM arms/weight (kg/kg) 56 0.4 ± 0.1 27 0.5 ± 0.1 29 0.4 ± 0.1 0.078 
20m shuttle run 
(ml/kg/min)b 

56 40.5 ± 3.1 27 41.7 ± 2.2 29 39.5 ± 3.8 0.011 
Handgrip/weight (kg/kg) 56 0.3 ± 0.1 27 0.4 ± 0.1 29 0.3 ± 0.1 0.002 
Standing long jump (cm) 56 114.4 ± 20.4 27 119.1 ± 20.1 29 113.7 ± 19.9 0.315 
4×10 m shuttle run (s) c 56 -14.6 ± 1.9 27 -14.0 ± 1.9 29 -15.1 ± 1.7 0.032 

Functional Movement Screen (FMS) Scores      
Deep squat (1-3)       <0.001 

Score 1 27 48% 6 11% 21 37%  
Score 2 27 48% 19 34% 8 14%  
Score 3 2 4% 2 4% 0 0%  

Hurdle step (1-3)       0.037 
Score 1 18 32% 5 9% 13 23%  
Score 2 38 68% 22 39% 16 29%  
Score 3 0 0% 0 0% 0 0%  

Shoulder mobility (1-3)       0.006 
Score 1 19 34% 4 7% 15 27%  
Score 2 19 34% 11 20% 8 14%  
Score 3 18 32% 12 21% 6 11%  

Active straight leg raise (1-3)      0.097 
Score 1 10 18% 3 5% 7 13%  
Score 2 32 57% 15 27% 17 30%  
Score 3 14 25% 9 16% 5 9%  

Total FMS score (3-12) 56 7.3±1.8 27 8.2±1.4 29 6.4±1.7 <0.001 
Notes: Values are presented as mean ± SD or percentages. Significant differences (p < 0.05) are highlighted in bold. 
SD = standard deviation. 
a Fat mass was obtained from bioelectrical impedance. 
b Cardiorespiratory fitness (VO2max) was estimated from the 20 m shuttle run test by the formula described by Leger et al., 
1988. 
 c Values of the 4x10-m shuttle run test were multiplied by -1 before analyses so that higher values indicate better performance. 
For continuous variables, p value was obtained by an independent samples T-test (for normally distributed variables) or by a 
Mann-Whitney test (for non-normally distributed variables) in order to show whether the mean is the same/different for over-
weight compared to obese children. For categorical variables, p value was obtained by chi-square test. For categorical variables, 
p value was obtained by chi-square test 
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The partial correlations are presented in 
Table 2. All fatness indicators were negatively 
associated with the individual FMS scores (r s: -

0.27 to -0.64; all p<0.05), except for BMI and ac-
tive straight leg raise (r=-0.23; P=0.093), as well 
as with the total FMS score (r: -0.45 to -0.58; all 
p<0.05). 

Table 2. Correlations between fatness and fitness with the Functional Movement Screen (FMS) 
scores. 
 DS HS SM ASLR Total FMS 
 r s p r s p r s p r s p r p 
Fatness           

Body mass index (kg/m2) -0.64 <0.001 -0.38 0.004 -0.36 0.006 -0.23 0.093 -0.53 <0.001 
Waist Circumference (cm) -0.63 <0.001 -0.37 0.005 -0.32 0.018 -0.33 0.014 -0.58 <0.001 
Body fat percentage (%) -0.54 <0.001 -0.44 0.001 -0.39 0.004 -0.27 0.049 -0.45 0.001 
Fat mass index (kg/m2) a -0.63 <0.001 -0.47 <0.001 -0.42 0.002 -0.29 0.037 -0.54 <0.001 

Fitness           
1RM legs/weight (kg/kg) 0.41 0.002 0.16 0.251 0.03 0.803 0.33 0.013 0.29 0.031 
1RM arms/weight (kg/kg) 0.41 0.002 0.27 0.048 0.03 0.837 0.11 0.419 0.22 0.107 
20m shuttle run (ml/kg/min) b 0.34 0.011 0.19 0.174 0.13 0.365 0.11 0.432 0.30 0.024 
Handgrip/weight (kg/kg) 0.40 0.003 0.54 <0.001 0.29 0.029 0.18 0.197 0.44 0.001 
Standing long jump (cm) 0.00 0.985 0.48 <0.001 0.34 0.012 0.10 0.489 0.30 0.027 
4×10 m shuttle run (s) c 0.22 0.115 0.52 <0.001 0.37 0.006 0.24 0.074 0.44 0.001 

Notes: DS = deep squat, HS = hurdle step, SM = shoulder mobility, ASLR = active straight leg raise,r s = Spearman 
correlation coefficient, r = Pearson correlation coefficient. Significant associations (p < 0.05) are highlighted in bold. 
a Fat mass was obtained from bioelectrical impedance. 
b Cardiorespiratory fitness (VO2max) was estimated from the 20 m shuttle run test using the formula described by 
 Leger, et al., 1988. 
c Values of the 4x10-m shuttle run test were multiplied by -1 before analyses so that higher values indicate better performance. 

All fitness components were positively 
related to at least one individual FMS score. Car-
diorespiratory fitness was positively associated 
with deep squat (r s=0.34; p=0.011). All muscular 
strength variables normalised to the partici-
pants’ body weight (i.e., 1RM legs, 1RM arms, 
and handgrip strength test) were positively asso-
ciated with deep squat (r s: 0.40 to 0.41; all 
p<0.05). 1RM legs strength were positively asso-
ciated with active straight leg raise (r s=0.33; 
p=0.013), both 1RM arms and handgrip strength 
test were positively associated with hurdle step 
(r s: 0.27 to 0.54: all p<0.05) and handgrip 
strength was additionally associated with shoul-
der mobility (r s=0.29; p=0.029). Standing long 
jump was positively associated with hurdle step 
and shoulder mobility (r s: 0.34 to 0.48: all 
p<0.05). Speed-agility was positively associated 
with hurdle step and shoulder mobility (r s: 0.37 
to 0.52: all p<0.05). Finally, better results in car-
diorespiratory fitness, 1RM legs and handgrip 

strength, standing long jump, and speed-agility 
were associated with better total FMS scores (r: 
0.29 to 0.44; all p<0.05).The linear regression 
analyses between fatness and fitness with the to-
tal FMS score are shown in Table 3. In Model 1 
(a), all fatness outcomes showed a negative asso-
ciation with the total FMS score (β: -0.45 to -0.55; 

 3 

Table 3. Linear regression analyses between fatness and fitness 
with total Functional Movement Screen (FMS) score. 

Total FMS score 
 Model 1  Model 2 

β p  β p 
(a) Fatness      

Body mass index (kg/m2) -0.55 <0.001  -0.35 0.013 
Waist circumference (cm) -0.45 0.001  -0.20 0.143 
Body fat percentage (%) -0.47 <0.001  -0.31 0.008 
Fat mass index (kg/m2) a -0.47 <0.001  -0.39 0.003 

(b) Fitness      
1RM legs/weight (kg/kg) 0.25 0.049  0.07 0.507 
1RM arms/weight (kg/kg) 0.21 0.105  0.03 0.780 
20m shuttle run (ml/kg/min) b 0.58 <0.001  0.33 0.045 
Handgrip/weight (N/kg) 0.40 0.001  0.18 0.165 
Standing long jump (cm) 0.39 0.003  0.25 0.033 
4×10 m shuttle run (s) c 0.48 <0.001  0.31 0.010 

Notes: β = standardised beta coefficients. Significant associations (p < 0.05)  
are highlighted in bold. 
a Fat mass was obtained from bioelectrical impedance (Tanita). 
b VO2max was estimated from the 20 m shuttle run test by the formula  
described by Leger et al., 1988 
c Values of the 4x10-m shuttle run test were multiplied by -1 before analyses  
so that higher values indicate better performance. 
Model 1 was adjusted for basic confounders (age, sex, and parental education).  
Model 2 was additionally adjusted for cardiorespiratory fitness (VO2max) and  
body mass index (BMI) for fatness and fitness variables, respectively. 
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all p<0.05), with BMI being the strongest predic-
tor. In Model 2 (a), when additionally controlled 
for cardiorespiratory fitness, all fatness indica-
tors remained significant in their association 
with the total FMS score (β: -0.31 to -0.39; all 
p<0.05), with the exception of waist circumfer-
ence (β=-0.20, P≥0.05). Regarding fitness, in 
Model 1 (b), all fitness components were posi-
tively associated with the total FMS score (β: 0.25 
to 0.58; all p<0.05) with the exception of 1RM 
arms (β=0.21; P≥0.05). In Model 2 (b), when ad-
ditionally controlling for BMI, the association of 
cardiorespiratory fitness, standing long jump, 
and speed-agility with the total FMS score re-
mained significant (β: 0.25 to 0.33; all p<0.05)The 
two-way ANCOVA analyses conducted to test 
differences in the total FMS score across BMI (i.e. 
overweight vs obese) and cardiorespiratory fit-
ness (i.e., fit vs unfit) categories are presented in 
Figure 2. After adjusting for basic confounders, 
there was no interaction effect between both cat-
egories. However, significant differences in the 

total FMS score were found across BMI catego-
ries with overweight children outperforming 
their obese counterparts (8.2 vs. 6.5, p=0.007), 
whereas non-significant differences were ob-
served between cardiorespiratory fitness catego-
ries. The difference between fit and unfit chil-
dren appeared to be more pronounced in obese 
children (7.5 vs. 5.7) than in overweight children 
(8.3 vs. 7.8).  

DISCUSSION 

The main findings of this study were the 
following: 1) all fatness indicators (except for 
waist circumference) were negatively associated 
with the total FMS score, regardless of the over-
weight/obese participants’ cardiorespiratory fit-
ness; 2) fitness components (i.e., cardiorespira-
tory fitness, lower limbs muscle strength, and 
speed-agility) were positively associated with 
the total FMS score, regardless of their BMI; 3) 
functional movement quality was worse in obese 
than in overweight children, yet a non-signifi-
cant difference between fitness categories was 
observed. The difference in total FMS score ac-
cording to the weight status (i.e., overweight vs. 
obesity) was more pronounced in unfit children 
compared to fit children, but this interaction was 
not statistically significant. 

To our knowledge, this is the first study 
that examines the associations of different fat-
ness indicators and fitness components with 
functional movement quality in a population of 
overweight/obese children. Our results showed 
that almost every fatness indicator was nega-
tively correlated with the FMS outcomes. When 
participants´ cardiorespiratory fitness was 
added as confounder, waist circumference was 
the only fatness indicator which lost its signifi-
cant association with FMS total score. It could 

Figure 2. Fatness and fitness categories in rela-
tion to total Functional Movement Screen score.  
A two-way analysis of covariance (ANCOVA) was used to test 
the differences in functional movement quality between over-
weigh/obesity and/or fitness categories, adjusting for basic 
confounders (age, sex, and parental education). Adjusted 
means and standard error of the mean are represented. Signifi-
cant associations (p<0.05) are highlighted in bold. 
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highlight that cardiorespiratory fitness has an 
important role in this association, possibly be-
cause children with higher waist circumference 
present greater limitations in dynamic tasks, 
such as running, than in static tasks, such as 
those performed in the FMS protocol. Moreover, 
our findings are in line with previous studies, 
which reported that BMI was inversely related to 
the FMS total score in a group of 7 to 11-year-old 
children with a heterogeneous weight status dis-
tribution [4, 14]. Conversely, another study did 
not find associations between BMI and the total 
FMS score in children aged 8–11 [15]. However, 
the homogeneity in the participants´ BMI in the 
latter study (i.e., 91% of the sample were normal-
weight children) could explain these contradic-
tory findings. 

This study did not only investigate asso-
ciations between fatness indicators and func-
tional movement quality, but also differences in 
functional movement between overweight and 
obese categories. In line with our results, a pre-
vious study demonstrated that the total FMS 
score was significantly higher, and thus better, in 
overweight than in obese children [4]. Further-
more, our analysis included several confound-
ers, such as age, sex, and parental educational 
level, which have previously demonstrated to in-
fluence fatness, fitness, and functional move-
ment quality [29, 34]. Taken together, it seems 
that the detriment of the functional movement 
quality not only occurs between normal-weight 
and overweight/obese children, but also be-
tween overweight and obese [3, 4, 13]. Thus, chil-
dren with a higher BMI, and subsequently 
higher obesity status, could be more predisposed 
to experiencing movement impairments, which 
should also be tackled in health-stimulation in-
terventions aimed at this specific population. 

The fact that fatness indicators are nega-
tively associated with the total FMS score may 
have several possible explanations. The optimal 
performance of the tasks included in the FMS re-
quires optimal joint alignment, muscle strength, 
functional range of motion, whole body postural 
control, and balance [11, 33]. In this sense, child-
hood obesity has been associated with static and 
dynamic joint misalignment during several 
tasks, such as standing posture, walking, or 
jumping [37–39]. The logical assumption is that 
joint misalignments also occur in functional 
movement patterns. Moreover, there seems to be 
a general consensus on the fact that obese ado-
lescents have lower relative strength (i.e. nor-
malised to body mass) than their normal-weight 
peers, which could lead to a mobility reduction 
and functional limitation when executing analyt-
ical movement patterns [40]. Regarding postural 
control and balance, obese pre-pubertal children 
have shown poorer performance on both static 
and dynamic postural control tasks as compared 
to non-obese children, which is possibly directly 
related to the greater inertia of their body as an 
inverted pendulum [41, 42]. 

Concerning fitness, evidence also sug-
gests positive associations of muscular fitness, 
joint range of motion, and cardiorespiratory fit-
ness with movement competence in children 
[10]. In addition, physical performance has been 
associated with functional movement quality in 
a young physically active population, conclud-
ing that athletic performance can explain a por-
tion of movement quality, or vice versa [43]. 
Nevertheless, to date, there are no studies inves-
tigating the relationship between fitness compo-
nents and functional movement quality in a pop-
ulation of overweight/obese children. Our re-
sults demonstrate how cardiorespiratory fitness, 
lower limbs muscular strength (evaluated with 
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the standing long jump test), and speed-agility 
are all positively associated with functional 
movement quality, regardless of BMI. A possible 
explanation is that functional movement quality 
is associated with activities that require body 
segmental control whilst simultaneously pro-
ducing high levels of power (i.e. standing long 
jump and speed-agility) [43]. Concerning cardi-
orespiratory fitness, children with better func-
tional movement quality could be developing 
more efficient motor patterns, and thus decrease 
the metabolic and mechanical costs of running, 
similarly to what has been found for gait pat-
terns [44]. On the other hand, 1RM legs and 
handgrip seem to lost their significant associa-
tion with functional movement quality after tak-
ing into account participants´ BMI, which high-
lights the determinant influence of body size in 
absolute muscle strength tasks. 

The fat-but-fit paradox suggests that a 
moderate to high cardiorespiratory fitness (cate-
gorised as fit in this study based on VO2max cut-
off points) might counteract the negative conse-
quences of overweight/obesity on many health 
outcomes in children [45]. Our findings in Figure 
2 do not demonstrate a combined effect between 
fatness and fitness categories in relation to func-
tional movement quality. When considering 
them independently, weight status (i.e. over-
weight vs. obese) was a significant and stronger 
determinant of functional movement quality 
than fitness (i.e. fit vs. unfit). Nevertheless, the 
difference in functional movement quality be-
tween fatness categories (i.e. overweight vs. 
obese) seems to be lower for fit compared to unfit 
children. This fact could tentatively highlight 
that cardiorespiratory fitness level tends to at-
tenuate the disparity in functional movement, 
caused by an excess BMI or weight status. Alto-
gether, our findings support the need to evaluate 

functional movement in children, especially in 
those with a high degree of obesity. Further-
more, prevention exercise programmes should 
focus on both the development of movement 
quality as well as the fitness level in this particu-
lar population. 

Some limitations need to be acknowl-
edged in the present study. Firstly, its cross-sec-
tional design does not allow a causal interpreta-
tion of the findings. Secondly, bioelectrical im-
pedance was used for the assessment of adipos-
ity (i.e. estimation of body fat percentage) in-
stead of a gold standard, although previous 
studies tested that bioelectrical impedance pro-
vides a good estimate compared with a gold-

standard, i.e., dual-energy x-ray absorptiometry 
(DXA) [46]. Finally, our sample is limited in size 
and only composed of overweight/obese chil-
dren from a specific region, and thus results 
should be considered with caution and may not 
be generalizable to a general population. 

The strengths of this study, however, in-
clude, first of all, the use of reliable field-based 
fitness tests, also being valid and related to 
health in children [22, 27, 28]. In addition, all 
FMS tasks were videotaped and later analysed 
by FMS certified evaluators with standardised 
scoring templates, ensuring reliability of the 
functional movement scores [47, 48]. Finally, our 
research represents the first study investigating 
the interrelationship between fatness, fitness, 
and functional movement quality in a homoge-
nous sample of overweight/obese children. 

Conclusion 

All fatness indicators, with the exception 
of the waist circumference, were negatively as-
sociated with functional movement quality, re-
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gardless of cardiorespiratory fitness. Some fit-
ness components (i.e. lower limbs muscle 
strength, speed-agility, and cardiorespiratory fit-
ness) were positively associated with functional 
movement quality, regardless of BMI. When 
looking at the differences in total FMS according 
to the distinguished fitness and fatness catego-
ries, children’s weight status (i.e. overweight vs. 
obese) was a stronger determinant of functional 
movement quality than fitness level (i.e. fit vs. 
unfit), showing higher total FMS score in over-
weight than in obese children. Furthermore, it 
seems that fitness might have a protective effect 
against adverse consequences of fatness in func-
tional movement quality. However, more re-
search is needed to further expand on these find-
ings, and randomised controlled trials should fo-
cus on exercise intervention programmes aimed 
to reduce fatness and/or develop fitness and to 
test their effect on functional movement quality 
in overweight/obese children, or vice versa. 
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SECTION 3. Effects of a 13-weeks exer-
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INTRODUCTION 

Body posture, functional movement, and 
physical fitness are all factors of great relevance 
to health in childhood. Body posture refers to the 
positioning of body segments and is a good pre-
dictor of present and future musculoskeletal 
health [1, 2]. The term ‘functional movement’ has 
been used to reflect movement competence and 
arrives from the study of fundamental move-
ments (e.g., stepping or squatting patterns), typ-
ically from a qualitative perspective [3]. The 
mastery of fundamental movements during 
childhood seems to be directly related to physi-
cal performance, which is essential to consoli-
date an active lifestyle and its health-related 
profits [4, 5]. Finally, physical fitness refers to the 
capacity to perform physical activities and com-
prises several components (e.g., cardiorespira-
tory, muscular and speed-agility fitness), all inti-
mately related to the physical and mental health 
status of children [6]. The presence of over-
weight/obesity (OW/OB) during childhood has 
been negatively related to all these factors, which 
could, therefore, lead to harmful health conse-
quences for this population [1, 5, 7]. 

Children with OW/OB are 1.5 times 
more likely to present an incorrect body posture 
than their healthy-weight peers [8], considering 
it as a non-optimal alignment of body segments 
leading to mechanical stress and muscle overac-
tivation [9]. Head and shoulder protracted posi-
tion, thoracic kyphosis, lumbar hyperlordosis, 
lower limb valgus position, and flat feet are the 
most frequently observed postural alterations in 
these children [8, 10]. All these alterations could 
predispose them to develop musculoskeletal dis-
orders (e.g., musculoskeletal pain) and reduce 
their respiratory efficiency (e.g., decreased lungs 
capacity) [1, 8]. Similarly to body posture, a 

study showed that weight status during child-
hood is inversely related to functional move-
ment [3]. In this sense, having a low functional 
movement might hamper daily physical func-
tioning of children with OW/OB, resulting in a 
decrease of health-related quality of life together 
with the development of musculoskeletal disor-
ders [11]. Likewise, children with OW/OB have 
demonstrated lower levels of physical fitness 
than normal-weight children, being an addi-
tional factor that predisposes them to develop 
cardiovascular and metabolic risk factors [7]. 

Exercise interventions are considered a 
key action in the prevention and mitigation of 
childhood obesity [7]. Concerning body posture, 
although exercise has demonstrated to be an ef-
fective treatment improving postural alterations 
in different populations [12],  only one study has 
investigated the effects of exercise on body pos-
ture in children with OW/OB to date [13]. 
Schwanke et al. [13] found that children with 
OW/OB who participated in a 4-month exercise 
program based on strengthening and stretching 
exercises improved their thoracic spine posture, 
whereas no improvements were found for their 
head, lumbar spine and lower limb posture. In 
regard to movement competence, there is a body 
of evidence suggesting the effectiveness of exer-
cise interventions on improving global move-
ment patterns (i.e., fundamental movement 
skills or motor coordination) in children with 
OW/OB, while less attention has been paid to 
fundamental movements (i.e., functional move-
ment) which, in fact, are the basis for learning 
and developing these more global movement 
patterns [3, 14]. We are aware of only three pre-
vious trials studying the effects of exercise on 
functional movement in children with normal 
weight [15–17], but no trials in children with 
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OW/OB. These studies show contradictory re-
sults since two of them reported improvements 
in functional movement after an exercise pro-
gram [15, 17], while the third one found no 
changes [16]. With respect to physical fitness, re-
sults from previous systematic reviews and 
meta-analyses suggest that exercise interven-
tions are effective for improving cardiorespira-
tory fitness and muscular strength in children 
with OW/OB, whereas there are still contradic-
tory findings in speed-agility [18, 19]. Therefore, 
further research is needed to determine the ef-
fects of exercise on body posture and functional 
movement in children with OW/OB as addi-
tional benefits to the expected improvements in 
physical fitness.  

Overall, the effects of exercise interven-
tions on body posture, functional movement and 
physical fitness have typically been studied sep-
arately, with intervention characteristics varying 
considerably (e.g. aerobic capacity, muscle 
strengthening, muscle stretching, etc). Therefore, 
it would be of interest to know whether an inter-
vention that combines exercise modalities to tar-
get all three variables at once can induce simul-
taneous positive effects. To see the exercise pro-
gram rationale refer here: 
http://profith.ugr.es/pages/investi-
gacion/proyectos/rationaleexerciseprogram . 
Thus, the aim of this study was to analyze 
whether a 13-week exercise program based on 
‘movement quality’ and ‘multi-games’ work is 
able to induce simultaneous positive effects on 
body posture, functional movement and physi-
cal fitness in children with OW/OB.  

 

 

METHODS 

Experimental Approach to the Problem 

The present study belongs to the MUBI 
project (“MUévete BIen” in Spanish and “Move 
well” in English”), a non-randomized controlled 
trial aimed at examining the effects of a 13-week 
exercise program on biomechanical parameters 
of children with OW/OB 
(http://profith.ugr.es/mubi?lang=en). Chil-
dren who participated in the exercise program 
(N=33) came from another randomized con-
trolled trial (the ActiveBrains project: 
http://profith.ugr.es/activebrains?lang=en) in 
which they had participated as control group the 
year before. For ethical reasons, we offered an 
exercise program to those children who did not 
have the opportunity to exercise because of the 
randomization. Control group (N=31) was re-
cruited following the same inclusion/exclusion 
criteria through public and private schools of 
Granada, Spain. Participants’ anthropometric, 
body posture, functional movement and physi-
cal fitness outcomes were measured before (pre-
intervention) and after (post-intervention) the 
exercise program, from February to July 2017.  

Subjects 

A total of 64 children between 8 and 12 
years old (25.91 ± 3.83 kg/m2, 59% girls) partici-
pated in this study after meeting these inclu-
sion/exclusion criteria: 1) to be 8 to 12.9 years-
old; 2) to be classified as overweight or obese 
based on sex and age specific World Obesity 
Federation cut-off points (15); 3) to not suffer 
from physical disabilities or neurological disor-
ders that impeded them to exercise; 4) in the case 
of girls, not to have started the menstruation at 
the moment of baseline assessments; 5) to report 
no use of medications that influenced central 
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nervous system function; 6) to be right-handed 
since these children substantially differ in their 
brain hemisphere structure from left-handed 
ones [20]; and 7) to not report an attention-deficit 
hyperactivity disorder (ADHD). For the per-pro-
tocol analysis (see statistical section) a sub-sam-
ple of 46 children were selected based on the fol-
lowing criteria: 1) to have viable pre- and post-

intervention data; and 2) to have an attendance 
rate of at least 70% of the recommended 3 ses-
sions/week (for the intervention group). Figure 
2 shows the study flowchart. The exercise group 
was integrated by the children who participated 
the previous year as control group in the Active-
Brains project [21]. For ethical reasons, we of-
fered an exercise program to those children who 

 Assessed for eligibility (n = 70) 

Excluded (n = 6) 
• Not assessed in body posture, functional 

movement and physical fitness  (n = 6) 

 

Analysed (n = 18) 
• Excluded from analysis (n = 11) 
o 70% of attendance non-compliance (n = 11) 
- Incompatibility with sport activities (n = 3) 
- Incompatibility with school activities (n = 3) 
- Commuting issues (n = 3) 
- Sport injuries and illness (n = 1) 

Lost to post-intervention assessment (n = 0) 

Allocated to exercise program (n = 33) 
• Received exercise program (n = 29) 
• Did not receive exercise program (n = 4) 
- Drop out of the exercise program (n = 4)  

Lost to post-intervention assessment (n = 3) 
- Drop out the study (n = 3)  

 

Allocated to control group (n = 31) 

Analysed (n = 28) 
• Excluded from analysis (n = 0) 

 

Allocation 

Per-protocol 
analysis 

Post-intervention 

Non-randomized division (n = 64) 

Enrollment 

Analysed from the exercise program (n = 33) Analysed from the control group (n = 31) 

Intention-to-
treat analysis 

Figure 1. Flow diagram describing the configuration of participants process in per-protocol and in-
tention-to-treat analyses. 



SECTION 3 

 131 

did not have the opportunity to exercise because 
of the randomization. The control group was re-
cruited from primary schools in Granada (Spain) 
following the above-mentioned inclusion/exclu-
sion criteria, and we also offered them to partic-
ipate in the exercise program the following year. 
A signed parental informed consent was asked 
to participate in the study, and the MUBI project 
was approved by the Ethics Committee on Hu-
man Research (CEIH)  at the University of Gra-
nada (nº 279/CEIH/2017). 

Procedures 

Exercise program.  

The rationale and detailed description of 
the exercise program is provided on the official 
website of our research group 
(http://profith.ugr.es/mubi?lang=en). Briefly, 
the exercise program lasted for 13 weeks, from 1st 
of March 2017 to 29th of May 2017, and was car-
ried out at the Sport and Health University Re-
search Institute (iMUDS) of the University of 
Granada. The exercise program was offered 
from Monday to Friday, requiring a minimum 
attendance of 3 sessions per week. The total du-
ration of each session was 90 minutes, divided 
into two parts: 30 mins of ‘movement quality’ 
work and 60 mins of aerobic ‘multi-games’. The 
main objectives of the “movement quality” part 
were that participants acquired motor control of 
joint mechanics (e.g., anterior and posterior pel-
vic tilt) and body posture (e.g., optimal spine po-
sition), gained body segments mobility (e.g., hip 
flexion mobility), stability (e.g., core stability) 
and muscular strength in functional range of mo-
tion (e.g., bilateral lower limb push strength) and 
learned and assimilated basics human move-
ments (e.g., squat pattern). Moreover, the main 
objectives of the “multi-game” part were that 
participants learned and assimilated a wide 

range of fundamental movement skills (e.g., 
sprinting, hopping or throwing), reached a mod-
erate-to-vigorous aerobic intensity and enjoyed 
while practicing physical exercise. Sessions were 
supervised by two coaches who were trained on 
delivering this exercise program. No specific di-
etary intervention was carried out.  

Body Posture.  

A two-dimensional photogrammetry ap-
proach was used to assess body posture, which 
has demonstrated to be valid for evaluating hu-
man posture against other gold-standard meth-
ods, such as X-Ray analysis [22]. The assessment 
protocol was undertaken following standard-
ized conditions [23, 24]. A basler acA2000-50gc 
(Germany) camera with a fixed focal lens Fuji-
non HF12.5SA-1 (Japan) was positioned on a tri-
pod at a height of 115 cm and 3.1 m away from 
the center of the square platform where children 
were evaluated. The lens of the camera was 
pointing to the center of the square platform and 
was horizontally aligned using a spirit level. Par-
ticipants were instructed to be in underwear con-
ditions, wearing bathing clothes or sleeveless 
tight-fit sports clothes. Six retro-reflective mark-
ers were placed by the same trained examiners 
on several anatomical regions previously used in 
the literature [24]: 7th cervical vertebrae (C7), 12th 
thoracic vertebrae (T12), right anterior superior 
iliac spine (ASIS), right trochanter, right lateral 
condyle, and right lateral malleolus. Children 
stood comfortably looking straight ahead, and 
their feet were aligned with a line painted on the 
square platform to ensure that they were always 
placed in the same position. Two photographs 
were taken, the first from the anterior view 
(frontal plane) and the second from the right side 
(sagittal plane). Images were calibrated based on 
a previous image with a vertical plumb and a 
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posture grid placed on the wall. The image anal-
ysis program ImageJ (National Institutes of 
Health, Bethesda, MD) was used to digitize the x 
and y coordinates of each retro-reflective 
marker, and this process was undertaken by the 
same experienced researcher [25]. The x and y co-
ordinates were exported from ImageJ software 
and imported into MS Excel spreadsheets for cal-

culation of eight angles and eight distances pre-
viously used in the literature [22–24, 26, 27]. Ta-
ble 1 shows how body posture outcomes were 
defined, as well as the interpretation of their val-
ues, whereas Figure 2 provides a graphical rep-
resentation of these body posture outcomes. All 
these measures have demonstrated a good-to-ex-
cellent inter- and intra-rater reliability [23, 27].

Table 1. Definition and interpretation of the body posture indicators. 
Name Definition Interpretation 

Sagittal plane 
Cervicotho-
racic angle 
[26] 

The angle between the line of tragus 
with C7, and the line of C7 with T12.   

High values (close to 180º) indicate a cervical re-
tracted position, while low values indicate a cervical 
protracted position. 

Thoracic 
flexion [26] 

The angle between the line connect-
ing C7 and T12 with respect to the 
vertical line from T12. 

Positive values indicate a thoracic flexed position, 
while negative values indicate a thoracic extended 
position.   

Trunk angle 
[23] 

The angle between the line connect-
ing C7 and trochanter with respect 
to the vertical line from trochanter. 

An increase indicates a posterior tilt, whereas a de-
crease indicates an anterior tilt, of the trunk with re-
spect to the pelvis. 169º is the average value ob-
served in normal-weight children/adolescents. 

Lumbar an-
gle [23] 

The angle between the line of T12 
with ASIS, and the line of ASIS with 
trochanter.   

High values indicate a pelvis posterior tilt position, 
while low values indicate a pelvis anterior tilt posi-
tion.  

Lower limb 
angle [24] 

The angle between the line connect-
ing lateral malleolus and greater tro-
chanter with respect to the vertical 
line from greater trochanter. 

Positive values indicate a pelvis forward position 
with respect to the feet, while high negative values 
indicate a backward pelvis position. 

Plumb-tra-
gus distance 
[22] 

Distance of the ear tragus with re-
spect to the vertical plumb 

Zero indicate an optimal alignment of the head in 
the sagittal plane, positive values indicate an anterior 
shift of the head, and negative values indicate a pos-
terior shift of the head.  

Frontal plane, anterior view  

Lower limb 
valgus an-
gle [27] 

The angle between the line of tro-
chanter with lateral condyle, and the 
line of lateral condyle with ASIS lat-
eral malleolus.   

Values close to 180º indicate an optimal alignment, 
higher values indicate a lower limb varus position 
and lower values indicate a lower limb valgus posi-
tion.  

 

Functional movement 

Four tests from Functional Movement 
ScreenTM (FMS) were used to evaluate functional 
movement, which have demonstrated good-to-
acceptable inter- and intra-rater reliability with 
the exception of one (hurdle step) demonstrating 

moderate-to-questionable reliability [3, 28]. The 
full FMS protocol includes seven tasks, but we 
included a four-task adaptation (i.e., deep squat, 
hurdle step, shoulder mobility, and active 
straight leg raise) given the difficulty of execu-
tion of the remaining three tasks (i.e., in-line 
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lunge, trunk stability push up and rotary stabil-
ity) previously observed in children with over-
weight/obesity [3]. The complete assessment 
protocol has been previously described [3]. Ac 
cording to the FMS scoring criteria, each task re-
ceived a score from 1 to 3 points, and in the case 
of bilateral tasks (i.e., hurdle step, shoulder mo-
bility, and active straight leg raise) performed  
with both the left and right members, the lowest 
score was selected. Thereafter, scores of individ-
ual tasks were summed to obtain a total FMS 
score ranging from 4 to 12 points, where higher 
values indicated a better functional movement 
quality. Two certified evaluators with extensive 
experience scored all videos separately, and any 
discrepancy was reviewed in a consensus meet-
ing until reaching an agreement on the final 
score.  

Physical fitness 

Among physical fitness components, car-
diorespiratory fitness and speed-agility were 
evaluated in field conditions, whereas muscular 
strength was evaluated in both, field and labora-
tory conditions. In field conditions, we used the 
ALPHA (Assessing Levels of Physical fitness 
and Health in Adolescents) health-related phys-
ical fitness test battery, which has demonstrated 
validity, reliability, and feasibility assessing 
physical fitness in children [29]. In brief, cardi-
orespiratory fitness (ml/kg/min) level was esti-
mated from the 20 m shuttle run test [30], mus-
cular strength was assessed using the maximum 
handgrip strength test (kg) and the standing 
long jump test (cm), and speed-agility was eval-
uated by the 4×10 m shuttle run test (sec). Under 
laboratory conditions, we assessed one-repeti-

1

2

5

6

Plumb-tragus distance

1 Craniocervical angle

2 Thoracic flexion

5

6

Lumbar angle

Lower limbs angle

7

Valgus angle =73 Trunk angle

3

C D

C + D
2

4

4

Figure 2. Graphical representation of the body posture indicators 
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tion maximum (1RM) in the arm press (kg) and-
leg press (kg) exercises using pneumatic re-
sistance machines (Keiser Sports Health, Fresno, 
CA, USA) and following a previous protocol 
adapted to children [31]. Absolute measures of 
muscular strength (i.e., arm and leg press 1RM, 
and handgrip strength) were divided by body 
weight, and therefore expressed relative to par-
ticipants’ body weight since previous literature 
has demonstrated a potential effect of body 
weight on this population [3]. The speed-agility 
score was inverted by multiplying the test com-
pletion time by −1, so that higher values indicate 
a better fitness level.  

Potential confounders 

Body height and weight were measured 
to the nearest 0.1 kg and cm respectively (SECA 
Instruments, Germany), and body mass index 
(BMI, kg/m²) was calculated. The maturational 
stage of the children was determined by calculat-
ing the peak height velocity with the Moore’s 
equations, which use participants’ age and 
standing and sitting height [32]. Parental educa-
tional level was determined with a question-
naire, in which parents were classified as: 1) 
none of them having a university degree, 2) one 
of them having a university degree, and 3) both 
of them having a university degree [33].  

Statistical Analyses 

The characteristics of the sample are pre-
sented as means and standard deviations (SD) or 
percentages. Pre-intervention differences be-
tween the IG and the CG were tested through t-
tests for continuous outcomes and through chi-
squared tests for categorical outcomes.  

The exercise program effects were tested 
according to the per-protocol analysis. Firstly, 
pre- and post-intervention outcomes were 

checked for normal distributions through histo-
grams. Secondly, z-scores for each outcome were 
calculated, and particularly for post-interven-
tion, z-scores were calculated based on the pre-
intervention data through the following for-
mula: (participant raw score at post-intervention 
– sample’s mean raw score at pre-intervention) / 
sample’s standard deviation at pre-intervention. 
Thirdly, a one-way Analysis of Covariance (AN-
COVA) was used to examine differences in body 
posture, functional movement and physical fit-
ness between the IG and the CG at post-interven-
tion using post-intervention raw scores or z-
scores as dependents, group as a fixed factor, 
and pre-intervention scores as covariates. Differ-
ences between the pre- and post-intervention as-
sessments of all these outcomes were presented 
in raw scores and z-transformed values, being 
this last one interpreted as the change from pre-
intervention in standard deviations (SDs) and 
used as effect size indicator: 0.2 – 0.5 SDs = small 
effect size; 0.5 – 0.8 SDs = medium effect size; and 
0.8 < = large effect size [34]. Additional con-
founders such as gender, age, maturational sta-
tus, anthropometric measures, and parental ed-
ucation were discarded after verifying that they 
did not influence the ANCOVA models (all p > 
0.05).  

Intention-to-treat analyses are presented 
in the supplementary material. We used multi-
ple imputation for missing values, which were 
assumed to be lost at random. From here, the in-
tention-to-treat analyses followed the same pro-
cess as the one explained above for the per-pro-
tocol analysis. Also, as supplementary analyses, 
Wilcoxon Signed-Ranks and Mann–Whitney U 
tests were used to examine the within-group and 
between-group changes respectively in each 
FMS test (i.e., deep squat, hurdle step, shoulder 
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mobility, and active straight leg raise). All anal-
yses were performed using the SPSS software 
(version 24.0, IBM Corporation), and the level of 
significance was set at p<0.05. 

RESULTS 

The pre-intervention characteristics for 
the whole sample and separately for the IG and 
the CG are presented in Table 2. In regard to 

body posture, the IG displayed a higher thoracic 
flexion angle (p < 0.001) than the CG, whereas 
there were no differences between groups in the 
remaining body posture outcomes (p < 0.05). The 
IG showed a worse functional movement perfor-
mance, achieving lower total FMS score (p = 
0.001) than the CG. Lastly, the IG achieved 
higher values in 1RM arm and handgrip strength 
than the CG (all p < 0.05). 

Table 2. Baseline characteristics of the per-protocol sample and divided by intervention  
and control group. 
 All sample (n=46) Intervention 

(n=18) 
Control  
(n=28) 

P 

Age (years) 10.87 ± 1.30 11.3 ± 1.15 10.62 ± 1.33 0.076 
Weight (kg) 57.51 ± 13.47 64.32 ± 7.62 53.55 ± 14.61 0.006 
Height (cm) 147.99 ± 9.19 152.01 ± 6.16 145.66 ± 9.92 0.018 
Body mass index (kg/m2) 25.91 ± 3.83 27.82 ± 2.72 24.8 ± 3.97 0.006 
Gender    0.002 

Girls 28 (61%) 6 (33%) 22 (79%)  
Boys 18 (39%) 12 (67%) 6 (21%)  

Body posture     
Craniocervical angle (º) 142.27 ± 5.96 140.94 ± 6.48 143.04 ± 5.60 0.237 
Thoracic flexion (º) 5.15 ± 4.00 7.68 ± 3.59 3.68 ± 3.50 <0.001 
Trunk angle (º) 171.11 ± 3.29 172.08 ± 3.62 170.54 ± 2.99 0.113 
Lumbar angle (º) 83.79 ± 8.81 84.11 ± 8.44 83.61 ± 9.15 0.851 
Lower limb angle (º) 3.36 ± 2.61 3.95 ± 2.92 3.02 ± 2.40 0.230 
Lower limb valgus (º) 175.99 ± 1.80 175.92 ± 1.47 176.03 ± 1.98 0.841 
Plumb-tragus distance (cm) 5.69 ± 2.51 5.90 ± 2.27 5.57 ± 2.67 0.664 

Functional movement    
Total Functional Movement Screen  
(FMS) score (3-12) 

7.05 ± 1.92 5.62 ± 1.50 7.69 ± 1.75 0.001 

Physical fitness     
1RM arm (kg) a 0.44 ± 0.12 0.39 ± 0.08 0.47 ± 0.13 0.014 
1RM leg (kg) a 2.62 ± 0.52 2.51 ± 0.52 2.67 ± 0.52 0.298 
20m shuttle run (ml/kg/min) 40.88 ± 3.23 39.83 ± 1.70 41.46 ± 3.71 0.095 
Handgrip (kg) a 0.34 ± 0.07 0.30 ± 0.04 0.36 ± 0.08 0.010 
Standing long jump (cm) 115.92 ± 19.81 116.12 ± 20.48 115.81 ± 19.77 0.959 
4×10 m shuttle run (s) b -14.46 ± 1.87 -14.74 ± 1.44 -14.31 ± 2.08 0.454 

SD = standard deviation; n=sample size; RM: repetition maximum. 
a Relative to body weight (outcome’ value / body weight) 
b Values of the 4x10-m shuttle run test were multiplied by −1 so that higher values indicate better performance. 
Values are presented as mean ± SD or percentages. For continuous variables, p value was obtained by an inde-
pendent samples T-test, whereas for categorical variables, p value was obtained by chi-square test.  
Significant differences (p < 0.05) are highlighted in bold. 

 

Table 3 presents the post-intervention 
differences between groups adjusted for pre-in-
tervention values for those participants included 
in the per-protocol analysis. In Figure 3 the effect 
sizes of the exercise program are graphically 

showed. The IG reduced the lower limb angle in 
the sagittal plane (high effect size: -0.82 SDs; p = 
0.001), whereas the CG experienced an increase. 
The IG had a significantly lower increase of the 
distance between the ear tragus and the vertical 
plumb (low effect size: -0.43 SDs; p = 0.038) com-
pared with the CG. In the frontal plane, the IG   
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Figure 2. Per-protocol effect sizes of the MUBI exercise program on body posture, functional move-
ment and physical fitness. 
A one-way analysis of covariance (ANCOVA) was used to test z-score differences between the exercise and control 
group at the post-intervention, adjusting for pre-intervention values. Bars represent 95% confidence intervals.  
Results were inverted (i.e., multiplied by -1) in order to allow all the positive effect sizes to mean also positive re-
sults (e.g., a reduction [-0.82 SDs] in lower limb frontal angle implies a positive postural change, so it was multi-
plied by -1).  
FMS: Functional Movement Screen; Med.: Medium. 
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tion of the lower limb by increasing the lower 
limb valgus (high effect size: 0.82 SDs; p = 0.003), 
while the CG decreased this valgus angle. Differ-
ences between the IG and the CG were similar 
after the exercise program in the thoracic flexion 
and the lumbar angle (all p > 0.05). With regard 
to functional movement, the IG significantly im-
proved their performance in the total FMS score 
with respect to the CG, that performed worse at 
post-intervention (medium effect size: 0.59 SDs; 
p = 0.029). Lastly, the IG significantly improved 
their muscle strength with respect to the CG, 
evaluated through 1RM arm (low effect size: 0.46 
SDs; p = 0.002), handgrip strength (medium ef-
fect size: 0.53 SDs; p < 0.001) and standing long 

jump (medium effect size: 0.59 SDs; p = 0.003). 
Changes in 1RM leg, cardiorespiratory fitness 
and speed-agility were not significantly different 
between both the groups after the exercise pro-
gram (all p > 0.05).  

Results from the intention-to-treat anal-
yses are shown in Table S1. Briefly, all results re-
mained similar to the pre-protocol results, with 
the exception of speed-agility which was signifi-
cantly improved by the IG with respect to the CG 
at post-intervention (low effect size: 0.38 SDs; p 
= 0.018). Changes in each FMS test are presented 
in Table 4. 

Table 4. Within-group and between-group changes in the individual Functional Movement Screen 
(FMS) tests.  
 Pre-intervention assessment  Post-intervention assessment     
  Scores (%)   Scores (%)  Within-group 

change 
 Between-group 

change 
FMS 
tests 

Meant(SD) 1 2 3  Meant(SD) 1 2 3  Z p  Z p 

Deep squat             -3.032 0.004 
IG 1.15 (0.38) 85 15 0  1.81 (0.40) 19 81 0  -2.828 0.005    
CG 1.72 (0.53) 31 66 3  1.62 (0.56) 41 55 4  -0.832 0.405    

Hurdle step             -1.237 0.457 
IG 1.50 (0.52) 50 50 0  1.81 (0.54) 25 69 6  -1.414 0.157    
CG 1.86 (0.52) 21 72 7  1.86 (0.52) 21 72 7  0.000 1.000    

Shoulder mobility             -0.330 0.770 
IG 1.64 (0.67) 45 46 9  2.06 (0.85) 31 31 38  -1.134 0.257    
CG 1.79 (0.73) 38 45 17  2.10 (0.72) 21 48 31  -2.138 0.033    

ASLR             -3.529 <0.001 
IG 1.69 (0.48) 31 68 0  2.31 (0.60) 6 56 38  -2.530 0.011    
CG 2.31 (0.60) 7 55 38  2.14 (0.74) 21 45 34  -1.667 0.096    

SD = standard deviation; IG = intervention group; CG = control group; ASLR = active straight leg raise.  
Wilcoxon Signed-Ranks and Mann–Whitney U were used to test within-group and between-group changes respectively. Sig-
nificant differences (p<0.05) are highlighted in bold. 

The within-group analyses indicate that 
the IG had significant improvements in the deep 
squat and active straight leg raise, whereas the 
CG significantly improved in shoulder mobility 
(all p > 0.05). The between-group analyses show 
that the IG had greater improvements from base-
line than the CG in deep squat and active straight 
leg raise (both p > 0.05).  

 

DISCUSSION 

The present study suggests that a 13-
week exercise program based on ‘movement 
quality’ and ‘multi-games’ (i.e., aerobic exercise) 
work leads to positive effects on body posture, 
functional movement and muscular strength in 
children with OW/OB. After the exercise pro-
gram, the IG developed a more vertical align-
ment of head and pelvis complex in the sagittal 
plane and improved their lower limb alignment 
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in frontal plane with respect to the CG. Further-
more, the IG improved their performance in the 
total FMS score and individual tests (i.e., deep 
squat and active straight leg raise); in addition, 
they obtained better results in several muscular 
strength indicators (i.e., 1RM arm, handgrip 
strength, and standing long jump), all in compar-
ison with the CG.   

In contrast with previously observed ef-
fects of exercise on body posture in children with 
OW/OB, [13] we could not determine a direct 
improvement in the thoracic spine alignment for 
the IG, but rather we found improvements in the 
head and lower limb alignment in both sagittal 
and frontal planes. The differences between 
studies may reside in the differences between the 
exercise programs. The exercise sessions from 
the study of Schwanke et al. [13] consisted of 30-
min of strengthening and stretching activities, 
whereas we complemented a 30-min of ‘move-
ment quality’ work out with 60-min of ‘multi-
games’. Given these findings, it seems that an ex-
ercise program that only includes strengthening 
and stretching routines can induce localized pos-
tural improvements, whilst a multidimensional 
exercise program is necessary to achieve whole-
body postural improvements in OW/OB.  

We have not found previous studies in-
vestigating the effects of exercise intervention on 
functional movement in children with OW/OB, 
which hamper direct comparisons with our find-
ings. However, three previous studies con-
ducted in normal-weight children exist [15–17]. 
In agreement with our findings, St. Laurent et al. 
[17] and Linek et al. [15] demonstrated that 6- 
and 8-week intervention programs, respectively, 
both based on suspension training (i.e., exercises 
with ropes and webbing that allow participants 
to manage their own body weight), induced im-
provements in the total FMS score. Conversely, 

Wright et al. [16] did not find improvements in 
functional movement when comparing two dif-
ferent intervention programs (i.e., a movement-
based program vs a generic multisport program) 
of 4-week duration. They acknowledged the 
short duration of the intervention, as well as the 
lack of a control group which had not exercised, 
as the main reasons for no changes in functional 
movement. In this context, neuroscience re-
search suggests that exercise repetition, training 
intensity and program duration are key factors 
to induce neural plasticity, which in turn under-
lie the motor skills learning [35]. Based on these 
evidences, it seems that at least a 6-week long ex-
ercise program is necessary to reach improve-
ments in functional movement in normal-weight 
children, whereas to date, our 13-week exercise 
program is the only reference duration proving 
effectiveness in a sample of children with 
OW/OB. Future studies should elucidate 
whether shorter exercise programs can induce 
the same benefits to functional movement in this 
population.  

There are several potential explanations 
for the body posture and functional movement 
improvements found in our study. Our ‘move-
ment quality’ part of the exercise program in-
cluded the Dynamic Neuromuscular Stabiliza-
tion approach, which tries to restore an optimal 
body posture and movement patterns through 
exercise-position progressions based on the nor-
mal development of a healthy baby [36]. Moreo-
ver, our intervention program also included the 
principles of Integrative Neuromuscular Train-
ing [37], incorporating dynamic mobility (e.g., 
rolling patterns), stability (e.g., planks), basic hu-
man movements (e.g., squat), and fundamental 
movement skills (e.g., sprinting), that together 
could have helped to improve fundamental 
movement in our participants. In fact, previous 
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intervention trials applying Integrative Neuro-
muscular Training have shown to be effective in 
improving other indicators of movement compe-
tence in children such as fundamental move-
ment skills (e.g., run, jump or catch objects) [38]. 
Lastly, ‘movement quality’ work was performed 
barefoot, which has demonstrated to increase the 
activation of intrinsic foot muscles with positive 
adaptations on foot posture and movement com-
petence in childhood population [39]. 

Our findings confirm previous literature 
demonstrating muscular strength gains through 
exercise in children with OW/OB [19]. What 
makes this study different from previous inter-
ventions is that our exercise program was not 
specifically designed to obtain a strength gain, 
but rather to learn and perform a wide range of 
movement patterns with special emphasis on ex-
ecution quality rather than quantity and inten-
sity. To gain insight into our strength-related im-
provements, it is important to understand that 
muscular strength development during child-
hood is driven by neural and biomechanical 
stimulus, whereas in adolescence hormonal con-
centrations play a more prominent role in mus-
cular structural changes [40]. In this sense, dur-
ing the ‘movement quality’ and ‘multi-game’ 
work of our exercise program, children were 
continually mastering and performing basic hu-
man movement patterns, sprints, decelerations 
and jumps. All this could have helped to develop 
muscle recruitment, contractile and elastic mus-
culoskeletal properties and intermuscular coor-
dination, necessary for power generation and 
strength gains [41]. The latest position statement 
on strength training in youth proposes the inclu-
sion of integrative programs enhancing muscu-
lar strength together with movement compe-
tence [42]. The present study supports that an ex-
ercise program can induce simultaneous positive 

effects on movement competence and muscular 
strength in children with OW/OB, with added 
benefits to body posture. 

The present study did not find improve-
ments in cardiorespiratory fitness levels of chil-
dren from the IG. Analyzing previous systematic 
reviews, it seems that studies that successfully 
improved cardiorespiratory fitness were those 
including the aerobic training as the main objec-
tive [18]. It may be that higher aerobic volume 
and intensity in the ‘multi-game’ part of our pro-
gram could have led to improvements in cardi-
orespiratory fitness levels of our participants. 
With regard to speed-agility, our IG demon-
strated a non-significant improvement in the 
performance of 4×10 m shuttle run test in com-
parison with the CG. Accordingly, a previous 
systematic review has shown inconsistency with 
respect to the improvement of speed-agility in 
children with OW/OB [18], and future research 
should elucidate what is the most effective exer-
cise intervention to improve this fitness compo-
nent.   

We have discussed above the importance 
of having a correct body posture, as well as pre-
senting optimal levels of functional movement 
and muscular strength during childhood. Hence, 
it is logical to assume that exercise-induced im-
provements found in this study could be benefi-
cial for IG, expressed for instance in the onset-
prevention of musculoskeletal disorders. Smith 
et al. [1] demonstrated that children with a more 
neutral aligned spine are between 1.5 and 1.8 
times less likely to suffer from low back pain. In 
this sense, we found a non-significant improve-
ment in the spine alignment, evaluated with the 
trunk and lumbar angles, and future research 
should identify more effective interventions 
leading to improvements in this posture indica-
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tor. Moreover, large cohort studies have demon-
strated that an incorrect lower limb posture (i.e., 
varus and valgus positions) is associated with 
the progression of knee osteoarthritis [2]. With 
regard to functional movement, the systematic 
review and meta-analysis of Bonazza et al. [28] 
demonstrated that participants with optimal to-
tal FMS scores had a lower likelihood of injuries 
than those participants with non-optimal scores. 
Looking at the last position statement on 
strength training in youth, reaching an optimal 
muscular strength level is considered a basic 
strategy to reduce the likelihood of injuries while 
practicing sport activities [42]. Nonetheless, it is 
important to bear in mind that these are only as-
sumptions, and future follow-up studies should 
determine whether positive changes in these 
variables are therefore related to the actual pre-
vention of musculoskeletal disorders, as well as 
other health-related benefits.  

There are some limitations in the present 
study that should be acknowledged. Firstly, we 
did not include the gold-standard methods to as-
sess body posture (i.e., X-Ray analysis) and car-
diorespiratory fitness (i.e., gas analyzer); none-
theless, the two-dimensional photogrammetry 
and the 20m shuttle run test have demonstrated 
to be valid alternatives [22, 29]. Secondly, we 
could not randomize the IG and the CG, what 
could be the reason for the pre-intervention dif-
ferences observed between groups. However, to 
control for these differences we statistically ad-
justed for pre-intervention values to avoid its po-
tential effect on our results. Thirdly, our limited 
sample size did not allow to detect small changes 
between groups (i.e., 80% power to detect 
changes of F = 0.42).  Fourthly, the exercise inten-
sity during sessions was not recorded, and thus 
we cannot know the time that children spent in 
moderate-to-vigorous aerobic intensity. Lastly, 

all the discussed health-related benefits derived 
from our findings are based on assumptions and 
hypotheses, and further research should eluci-
date the real impact of these results on the over-
all health of this population. 

Conclusions 

Findings from this study evidence that a 
well-designed and supervised exercise program 
can induce simultaneous positive effects on 
body posture, functional movement quality and 
muscular strength in children with OW/OB. 
One of the main strengths of this study is that 
our exercise program was designed not only to 
improve physical fitness level but also to address 
postural and biomechanical alterations normally 
experienced in children with OW/OB. The exer-
cise program is explained in detail to be repli-
cated in future studies or to be put into practice. 
Among other potential implications, the im-
provements found in the present study could 
contribute to the prevention of current and fu-
ture musculoskeletal disorders, which have been 
shown to be important comorbidities associated 
with this population. Furthermore, as a result of 
the increase in muscular strength and movement 
competence, these children are now better pre-
pared to keep practicing exercise than before our 
intervention, which could contribute to increas-
ing adherence. We encourage those profession-
als who work daily with this population (e.g., 
physical trainers, physical education teachers or 
physical therapists) to carry out a similar exer-
cise intervention in order to treat together multi-
ple comorbidities derived from childhood obe-
sity. 
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INTRODUCTION 

Nearly a third of 11 year-old children in 
the European Union are overweight/obese 
(OW/OB) [1]. Increasing levels of physical activ-
ity is widely accepted as one of the most feasible 
strategies for preventing childhood OW/OB.  
This can be achieved by increasing the time 
spent walking - the most common physical activ-
ity of daily life [2]. However, children with 
OW/OB are prone to experience alterations in 
their plantar pressure while walking [3–5]. In-
deed, there is now good evidence that, compared 
to their normal weight counterparts, children 
with OW/OB experience increases in a range of 
plantar pressure variables, especially over the 
midfoot and over the second to fifth metatarsal 
heads [4–8].  These high pressures are associated 
with a pronated foot pattern [5, 9], leaving chil-
dren with OW/OB at risk of developing move-
ment-derived musculoskeletal disorders [10]. 
This might induce a vicious circle in which chil-
dren with OW/OB undertake less physical activ-
ity, increasing their risk of gaining weight [11]. 

Physical activity guidelines for children 
recommend weight-bearing activities to 
strengthen their musculoskeletal system [12]. 
However, the biomechanical alterations de-
scribed above suggest that programs for children 
with OW/OB need to be carefully designed in 
order to avoid exercise-derived foot pain and 
discomfort.  Two recent studies tested the effec-
tiveness of specific exercise programs for chil-
dren with OW/OB on modifying plantar pres-
sures towards the profile of normal weight chil-
dren [13, 14]. One, which involved a 10 week 
face-to-face physical activity program, followed 
by a further 12 weeks of unaccompanied physi-
cal activity [13], reported no significant improve-
ment. The other, however, which involved a 6-

month intensive multi-component (exercise, 
diet, and locomotion-emphasis) program, re-
ported more successful results [14]. Given such 
contradictory findings, and the scarcity of stud-
ies in this area, further studies to examine the ef-
fects of exercise interventions on plantar pres-
sure in children with OW/OB are warranted. 
The aim of the present work was to analyze the 
effect of a 13-week exercise program based on 
“movement quality” and “multigames” work, 
on plantar pressure during walking in children 
with OW/OB.  

METHOD 

Study design and participants  

This non-randomized controlled trial 
named ‘MUévete Bien’ project (MUBI) (“Move 
well” in English) was approved by the Review 
Committee for Research Involving Human Sub-
jects at the University of Granada (Spain) (nº 
279/CEIH/2017). The study sample were 70 
children (10.8 ± 1.2 years, 32 girls) who met the 
following criteria: 1) to be 8-12.9 years-old; 2) to 
be classified as children with OW/OB as defined 
by sex and age-specific World Obesity Federa-
tion cut-offs [15]; 3) to suffer no physical disabil-
ities or neurological disorders that might impede 
them doing exercise; 4) in the case of girls, to 
have not reached menarche at the moment of 
baseline assessment; 5) to take no medications 
that might influence central nervous system 
function; 6) to be right-handed (as measured by 
the Edinburgh inventory) [16] (the brain hemi-
sphere structure of right-handed children differs 
substantially from that of left-handed children); 
and 7) to have not been diagnosed with atten-
tion-deficit hyperactivity disorder (ADHD). Fur-
ther information on the study design can be 
found at (http://profith.ugr.es/mubi?lang=en). 
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Of these 70 children, 51 were included in a per-
protocol analysis (see Statistical Analysis) after 
1) completing the pre- and post-exercise assess-
ments; and 2) completing at least 70% of the rec-
ommended 3 exercise sessions/week (for the ex-
ercise intervention group; see below) (Figure 1). 

The exercise intervention group of the 
MUBI project was made up of children who had 

participated during the previous year as control 
group participants in the ActiveBrains study 
[17]. For ethical reasons, these children were of-
fered the chance to take part in the present study 
as members of the intervention group; they did 
not have the opportunity to exercise in Active-
Brains study due its randomization process. The 
present MUBI project control group was re-

 Assessed for eligibility (n = 70) 

Excluded  (n = 0) 

Analysed  (n = 23) 
• Excluded from analysis (n = 12) 
o 70% of attendance non-compliance (n = 11) 

- Incompatibility with sport activities (n = 3) 
- Incompatibility with school activities (n = 3) 
- Commuting issues (n = 3) 
- Sport injuries and illness (n = 2) 

o Outlier values (n = 1) 

Lost to post-intervention assessment (n = 0) 

Allocated to exercise program (n = 39) 
• Received exercise program (n = 35) 
• Did not receive exercise program (n = 4) 

- Drop out of the exercise program (n = 4)  

Lost to post-intervention assessment (n = 3) 
- Drop out the study (n = 3)  

 

Allocated to control group (n = 31) 

Analysed  (n = 28) 
• Excluded from analysis (n = 0) 

 

Allocation 

Per-protocol 
analysis 

Post-intervention 

Non-randomized division (n = 70) 

Enrollment 

Analysed from the exercise program  (n = 39) Analysed from the control group (n = 31) 

Intention-to-
treat analysis 

Figure 1. Flow diagram describing the configuration of the per-protocol and intention-to-treat 
analyses. 
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cruited from public and private schools in Gra-
nada (Spain) adhering to the above-mentioned 
inclusion/exclusion criteria.  Parental informed 
consent was required for all children to partici-
pate in the study. The participants' anthropomet-
ric and plantar pressure variables were meas-
ured before and after the intervention period.  

Anthropometric measurements 

Body height (cm) and weight (kg) were 
determined in a quiet room by trained evalua-
tors using a stadiometer (SECA Instruments, 
Hamburg, Germany); body mass index (BMI 
[kg/m²]) was then calculated. The maturational 
stage of the participants was determined via 
their peak height velocities, calculated as per 
Moore’s equations [18]. 

Plantar pressure during walking 

Participants were asked to walk barefoot 
10 times along a 10 m-long corridor with a 0.4 x 
1.84 m long FreeMed® Pro pressure platform 
(Sensormedica, Rome, Italy) in the middle. This 
platform had 450,000 pressure sensors (resolu-
tion 2 sensors/cm2; monitoring frequency 200 
Hz). Familiarization trials were performed to en-
sure participants walked at a comfortable pace, 
and that they did so naturally. Participants 
struck the platform no sooner than their fourth 
step to ensure that a constant velocity had been 
reached prior to first contact [19]. FreeStep® soft-
ware v.1.5 (Sensormedica, Rome, Italy) was used 
to automatically generate individual foot masks, 
dividing the foot into 11 regions.  Plantar pres-
sure variables were measured in the three areas 
most commonly analyzed in the literature: the 
forefoot (from 1st to 5th metatarsal heads, toes and 
hallux), midfoot (medial and lateral midfoot), 
and rearfoot (medial and lateral rearfoot) (See 

Figure 2, the eleven-region foot division pro-
vided by FreeStep® software). Measurements of 
foot length (mm), plantar surface area (cm2), 
maximum force (N), and force-time integrals 
(N/s) were calculated by averaging all trials for 
each foot. Between 8 and 20 (maximum availa-
ble) valid footprints were included for each sub-
ject. Footprints were deemed valid when: 1) the 
subject did not lose balance during gait; 2) was 
not distracted (e.g., looking around or speaking) 
while walking; and 3) the whole plantar surface 
was recorded. The first two criteria were con-
trolled during the assessment; the third was later 
checked visually by the same evaluator. The use 
of a minimum eight footprint per child adheres 
to the recommendations of McPoil et al. [20] who 
reported a reliability plateau being reached 
when 5-7 trials were averaged. To avoid prob-
lems derived from paired data, plantar pressure 
outcomes of left and right feet were averaged 

into a single observation [21].  

Foot pain 

The Pediatric Pain Questionnaire™ was 
used to record self-reported musculoskeletal 
pain [22]. Children were categorized as report-

Forefoot
M
idfoot

R
earfoot

Forefoot Midfoot Rearfoot

1

2

3

4

5

6
7

8

910

11

Figure 2. The eleven-region foot division pro-
vided by FreeStep® software.  
1: lateral rearfoot; 2: medial rearfoot; 3: lateral mid-
foot; 4: medial midfoot; 5: 5th metatarsal; 6: 4th met-
atarsal; 7: 3rd metatarsal; 8: 2nd metatarsal; 9: 1st 
metatarsal; 10: hallux; 11: 2nd to 5th toes.. 
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ing the “presence of foot pain” when they indi-
cated any pain intensity (i.e., mild, moderate or 
severe) on a body map, or “no-presence of foot 
pain” when no pain was indicated. Before com-
pleting the questionnaire, a trained evaluator ex-
plained to the children the type of pain they 
should report.  All reported pain was reviewed 
to discard non-musculoskeletal pain.   

Exercise program 

Thirty-nine children were assigned as de-
scribed above to a 13-week exercise intervention 
group (EG).  The exercise program was under-
taken at the Sport and Health University Re-
search Institute (iMUDS) (iMUDS – University of 
Granada) between 1st March and 29th May 2017. 
Group sessions were run from Monday to Fri-
day, and participants were asked to attend a 
minimum of three per week. Sessions lasted 90 
min and were divided into two different parts: 
30 min of “movement quality” work and 60 min 
of “multi-games”. The “movement quality” 
component had the aims of allowing children to 
acquire an awareness of analytical movement 
patterns (e.g., anterior and posterior pelvic tilt) 
and body posture (e.g., optimal spine position), 
to gain body segment mobility (e.g., hip flexion 
mobility) and stability (e.g., core stability), to 
gain muscular strength over a functional range 
of motion (e.g., bilateral lower limb push 
strength), and to learn basic exercise patterns 
(e.g., squat pattern).  The “multi-games” compo-
nent had the aims of allowing children to reach a 
moderate-to-vigorous intensity of aerobic exer-
cise, to help them learn a wide range of funda-
mental movement skills (e.g., sprinting, hopping 
or throwing), and to make physical exercise 
more enjoyable. Figure 3 describes a typical ses-
sion. Further details of the exercise program are 

available at (http://profith.ugr.es/pages/inves-
tigacion/recursos/mubi?lang=en#__doku_ex-
ercise_program). No specific dietary interven-
tion was conducted. The control group, formed 
as described above, was comprised of 31 chil-
dren. 

Statistical analysis 

Prior to performing the analyses, the data 
were winsorized to limit the influence of outlier 
values [23]. One of the participants was excluded 
due to extreme values being returned for all 
plantar pressure variables. All variables were 
then checked for normal distribution via the vis-
ual inspection of histograms.  The plantar sur-
face area, maximum force and force-time inte-
grals for the midfoot, as well as the modified 
arch index, showed non-normal distributions; 
the data were therefore square root- or Napier-
ian logarithm-transformed as required. Raw 
continuous variables were recorded as means 
and standard deviations (SDs), normalized con-
tinuous variables were recorded as medians and 
interquartile ranges, and categorical variables as 
percentages.  

The pre-intervention differences between 
the EG and CG participants were examined via 
independent t tests and Chi-squared tests (con-
tinuous and categorical variables respectively). 
The effects of the exercise program were tested 
according to per-protocol analysis, which re-
quired EG participants to complete a minimum 
70% of their exercise sessions [23]. Pre-interven-
tion z-scores were calculated for each variable 
for all participants.  Post-intervention z-scores 
were calculated contemplating the pre-interven-
tion z-scores, via the following formula: (subject 
post-intervention score – sample mean pre-inter-
vention score) / sample pre- intervention SDs. 
One-way analysis of covariance (ANCOVA) was 
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used to examine differences in anthropometric 

EXERCISES

1. Pelvic tilt
2. Lower limb dead bug
3. Isometric rolling
4. Glute bridge
5. Hip flexion mobility
6. Rolling pattern
7. Front plank
8. Lateral plank
9. Side-clam (mini band)
10. Cat-camel
11. Bird-dog
12. Crawling
13. Frog static hop
14. Squat in pairs
15. Bilateral rapid response

DNSINT

Basic human 
movements

Objectives: body posture, basic human 
movements and strength. 
Condition: barefoot
Exercises: 15 - 18

Duration: 30 minutes
Place: indoor gym iMUDS
Volumen and intensity: 1 set of 2-5 
repetitions or 1-2 min. 

MOVEMENT QUALITY

Objectives: moderate-to-vigorous 
aerobic training, fundamental movement 
skills and playful component

Duration: 60 minutes
Place: outdoor court iMUDS
Exercises: 4 - 5

MULTI-GAMES

1. Warm-up game

2. Main game 1

3. Main game 2

4. Cool-down game

Intensity

Moderate

Moderate-to-
vigorous

Light

FMS

Locomotor

Locomotor and 
manipulative

Manipulative

Motor control

Mobility

Stability

Prone

Supine & lateral

Squat

Quadruped

EXERCISES Time

15´

20´

20´

5´

Figure 2. Example of the two parts of the training program. 
INT: Integrative neuromuscular training; DNS: dynamic neuromuscular stabilization; FMS: functional 
movement skills. 
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and plantar pressure outcomes during walking 
between the EG and CG groups in the post-inter-
vention assessment, adjusting for pre-interven-
tion values. Differences (pre-intervention – post-
intervention) in all outcomes were presented as 
raw scores and z-transformed values; these latter 
values were interpreted as the change in SD 
since the pre- intervention period and were used 
as an indicator of effect size (value around 
0.2=small effect size; 0.5=medium effect size; and 
0.8=large effect size) [24]. Additional confound-
ers such as age, gender, maturational stage, body 
mass index, foot length and gait speed were in-
cluded in the ANOVA models but discarded af-
ter verifying that they had no influence. Supple-
mentary analyses were conducted using the in-
tention-to-treat principle, which included the 

whole initial sample of 70 children. Multiple im-
putation was performed for missing values [23]. 
From this point the intention-to-treat analysis 
followed the same process as the per-protocol 
analysis. McNemar's test was used to examine 
differences in pre- and post-intervention foot 
pain between the EG and CG groups. All anal-
yses were performed using SPSS software v.24.0. 
Significance was set at p<0.050.  

RESULTS 

Table 1 shows the pre-intervention char-
acteristics of the entire sample and of the EG and 
CG groups. The EG participants were older, their 
weight, height and BMI were higher, and the 
proportion of girls was higher than in the CG 
group (all p<0.05).

Table 1. Pre-intervention characteristics of the total sample and divided by intervention and con-
trol group for the per-protocol analysis 
 All 

(n=51) 
Intervention 

(n=23) 
Control 
(n=28) 

P 

Mean ± SD Mean ± SD Mean ± SD 
Age (years) 10.8 ± 1.2 11.3 ± 1.0 10.4 ± 1.1 0.002 
Weight (kg) 57.1 ± 13.2 62.8 ± 9.2 52.4 ± 14.2 0.004 
Height (cm) 148.0 ± 9.3 151.5 ± 6.7 145.2 ± 10.2 0.015 
Body mass index (kg/m2) 25.7 ± 3.8 27.3 ± 3.3 24.4 ± 3.7 0.005 
Gender    0.002 

Girls 63% 39% 82%  
Boys 37% 61% 18%  

Dynamic plantar pressure     
Foot length (mm) 222.4 ± 17.3 230.5 ± 13.6 215.7 ± 17.4 0.002 
Footprint Surface (cm2)     

Total foot 46.4 ± 10. 51.7 ± 7.1 42.1 ± 10.1 <0.001 
Forefoot 25.4 ± 5.1 28.2 ± 4.0 23.2 ± 4.8 <0.001 
Midfoot a 2.22 ± 1.26 2.53 ± 1.24 2.07 ± 0.92 0.019 
Rearfoot 15.8 ± 3.1 17.1 ± 2.5 14.7 ± 3.1 0.005 
Modified arch index b 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.114 

Maximal force (N)     
Forefoot 326.9 ± 75.3 347.2 ± 73.0 310.3 ± 74.3 0.082 
Midfoot a 6.43 ± 4.17 7.87 ± 4.42 5.65 ± 3.78 0.077 
Rearfoot 244.6 ± 55.4 256. ± 42.8 235.2 ± 63.3 0.187 

Time-force integral (N/s)     
Forefoot 185.8 ± 68.9 217.8 ± 55.1 159.6 ± 68.7 0.002 
Midfoot a 4.46 ± 3.93 5.66 ± 3.93 4.07 ± 2.84 0.066 
Rearfoot 144.2 ± 48.7 155.6 ± 46.3 134.9 ± 49.4 0.131 

Musculoskeletal pain     
Presence of foot pain * 26% 37% 19% 0.171 

Additional confounders     
Peak high velocity (yr) -1.03 ± 1.14 -1.15 ± 1.14 -0.96 ± 1.16 0.560 
Gait speed (km/h) 3.78 ± 0.50 4.06 ± 0.43 3.62 ± 0.55 0.007 

SD = standard deviation; n=sample size; N = Newton. 
a Outcome normalized through square root, and expressed in Median ± interquartile range.  
b Outcome normalized through Neperian logarithm, and expressed in Median ± interquartile range. 
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* N was 47 (19 exercise group and 28 control group) for presence of foot pain at pre- and post-exercise.  
Values are presented as mean ± SD or percentages. For continuous variables, p value was obtained by an independent samples 
T-test, whereas for categorical variables, p value was obtained by chi-square test.  
Significant differences (p < 0.05) are highlighted in bold.  

 The EG participants also had a greater 
plantar surface area for the total foot, forefoot, 
midfoot and rearfoot, and returned higher force-
time integrals for beneath the forefoot (all 

p<0.05). Table 2 shows the results of the one-
way ANCOVA analyses to explore the post-in-
tervention differences between the EG and CG 
groups, adjusting for pre-intervention values.

Table 2. Per-protocol intervention effects on plantar pressure.  
Adjusted post-intervention mean (95% CI) 

Total sample = 51 Intervention group 

(n = 23) 
Control group 

(n = 28) 

Groups difference  
(IG – CG) 

P 

Anthropometry     
Body weight (kg)     

Raw score 59.12 (58.13 to 60.11) 58.23 (57.36 to 59.1) 0.88 0.203 
z Score 0.15 (0.08 to 0.23) 0.09 (0.02 to 0.15) 0.07 

Height (cm)     
Raw score 150.91 (150.22 to 151.61) 150.43 (149.82 to 151.04) 0.48 0.315 
z Score 0.31 (0.23 to 0.38) 0.26 (0.19 to 0.32) 0.05 

BMI (kg/m2)     
Raw score 25.59 (25.2 to 25.99) 25.44 (25.1 to 25.79) 0.15 0.593 
z Score -0.04 (-0.14 to 0.07) -0.08 (-0.17 to 0.02) 0.04 

Foot length (mm)     
Raw score 230.87 (228.84 to 232.91) 231.92 (230.1 to 233.75) -1.05 0.465 
z Score 0.49 (0.37 to 0.61) 0.55 (0.45 to 0.66) -0.06 

Dynamic plantar pressure    
Surface (cm2)     

Total foot     
Raw score 53.89 (52.51 to 55.27) 56.36 (55.13 to 57.6) -2.47 0.015 
z Score 0.75 (0.61 to 0.89) 0.99 (0.87 to 1117.) -0.25 

Forefoot     
Raw score 30.07 (28.94 to 31.2) 30.28 (29.28 to 31.29) -0.21 0.793 
z Score 0.91 (0.69 to 1134.) 0.95 (0.76 to 1152.) -0.04 

Midfoot a     
Raw score 2.78 (2.69 to 2.87) 2.86 (2.77 to 2.94) -0.08 0.239 
z Score 0.63 (0.47 to 0.78) 0.73 (0.59 to 0.87) -0.11 

Rearfoot     
Raw score 17.1 (16.52 to 17.67) 17.88 (17.37 to 18.39) -0.78 0.054 
z Score 0.43 (0.25 to 0.62) 0.69 (0.52 to 0.85) -0.26 

Modified arch index b     
Raw score 0.35 (0.34 to 0.36) 0.36 (0.34 to 0.37) -0.01 0.437 
z Score 0.41 (0.26 to 0.56) 0.51 (0.38 to 0.65) -0.10 

Maximal force (N)     
Forefoot     

Raw score 331.32 (317.36 to 345.27) 306.54 (293.94 to 319.15) 24.78 0.012 
z Score 0.06 (-0.13 to 0.24) -0.27 (-0.44 to -0.1) 0.33 

Midfoot a     
Raw score 7.83 (7.5 to 8.16) 7.77 (7.47 to 8.07) 0.07 0.774 
z Score 0.31 (0.19 to 0.43) 0.27 (0.16 to 0.38) 0.04 

Rearfoot     
Raw score 231.4 (218.8 to 244.) 221.55 (210.15 to 232.95) 9.85 0.254 
z Score -0.24 (-0.47 to -0.01) -0.42 (-0.62 to -0.21) 0.18 

Force-time integral (N/S)     
Forefoot     

Raw score 229.49 (209.92 to 249.05) 207.6 (190.04 to 225.16) 21.89 0.117 
z Score 0.63 (0.35 to 0.92) 0.32 (0.06 to 0.57) 0.32 

Midfoot a     
Raw score 6.14 (5.81 to 6.47) 6.11 (5.81 to 6.41) 0.03 0.898 
z Score 0.59 (0.36 to 0.82) 0.47 (0.27 to 0.68) 0.12 

Rearfoot     
Raw score 1.76 (1.57 to 1.95) 1.74 (1.57 to 1.91) 0.02 0.865 
z Score 0.49 (0.15 to 0.84) 0.17 (-0.14 to 0.49) 0.32 

CI = confidence interval; n=sample size; N=Newton.  
a Outcome normalized through square root.  
b Outcome normalized through Neperian logarithm. 
A one-way analysis of covariance (ANCOVA) was used to test raw and z-score differences between the intervention and con-
trol group at the post-intervention, adjusting for basic pre-intervention values. Adjusted means and confidence intervals of the 
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mean are represented. Differences between groups are presented as: post-intervention mean minus pre-intervention mean. 
Significant differences (p < 0.05) are highlighted in bold. 

 Figure 3 provides a schematic overview 
of the main significant changes in plantar pres-
sure characteristics. Similar anthropometric 
growth (i.e., weight, height, BMI and foot length) 
was recorded for both groups after the 13-week 
intervention period (all p>0.05).  Compared to 
the CG participants, the EG participants showed 
a significantly smaller increase in plantar surface 
area (small effect size: -0.25 SDs; p=0.015).  The 
forefoot and midfoot surfaces, as well as the 
modified arch index, remained unaltered for 
both groups after the study period (all p>0.05).  
A border-line difference was seen between the 
groups after the intervention period in terms of 
the rearfoot surface area, with the EG partici-
pants showing a slightly smaller increase (small 
effect size: -0.26 SDs; p=0.054).  After the inter-
vention period, the EG participants showed a 

significantly greater increase in maximum force 
(small effect size: 0.33 SDs; p=0.012) applied be-
neath the forefoot area, specifically beneath the 
lateral and medial forefoot than observed for the 
CG participants (See Figure 4, differences in 
maximum force between EG and CG beneath the 
three regions of the forefoot).  

These significant differences in total plan-
tar surface area and forefoot maximum force re-
sults remained significant after adjusting for 
subject maturational stage (data not shown). No 
significant differences were seen between the 
groups for any remaining maximum force varia-
bles (all p>0.05).  No differences in force-time in-
tegrals were seen between the EG and CG partic-
ipants at the end of the intervention period 
(p>0.05). Both the EG and CG participants re-
ported reduced foot pain (from 37 and 19% at 

Forefoot 
maximal force

Medial forefoot 
maximal force

Lateral forefoot 
maximal force

Total contact 
surface

-

+

Figure 3. Changes (all p<0.05) in plantar pres-
sure during walking experienced by the EG 
and CG participants. 
ANCOVA was used to examined the differences in 
maximum force and contact surface area between EG 
and CG groups, adjusting for pre-intervention values. 
The colored bar provides a qualitative representation of 
the pressure values, from lower (black-blue) to higher 
(orange-red) pressure. 
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Control group (N=28)
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p = 0.019

p = 0.023

Figure 4. Differences in maximum force be-
tween the intervention and control groups 
beneath the three regions of the forefoot. 
A one way analysis of covariance (ANCOVA) was 
used to test differences in maximum force on the 
three regions of forefoot between intervention and 
control groups, adjusting for pre-intervention val-
ues. Adjusted means and standard error of the mean 
are represented. 
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pre-intervention, to 26 and 7% at post-interven-
tion respectively), although no change was sig-
nificant (both p>0.05).  

Table 3 (effects on plantar pressure in the whole 
sample) shows the intention-to-treat analysis. 
Briefly, all significant results found in the per-
protocol analysis disappeared.  On the contrary, 
the increase in the maximum force supported by 
the EG participants beneath the rearfoot was 
greater than that observed for the CG partici-
pants (p=0.025).  

DISCUSSION  

By the end of the intervention period, the 
EG participants showed no significant change in 
total plantar surface area during walking, 
whereas the CG participants experienced a sig-
nificant increase.  The maximum force supported 
beneath the forefoot (specifically beneath the lat-
eral and medial forefoot) increased in the EG 
participants more than in the CG participants, 
while the force-time integrals changed similarly 
in both groups. 

To our knowledge, only two previous 
studies have reported on the effects of exercise 
interventions on plantar pressures in children 
with OW/OB during walking [13, 14]. Steinberg 
et al. [14] reported significant reductions in total 
plantar surface area, maximum force and force-
time integrals in children who took part in an 
obesity management/locomotion-emphasis pro-
gram, while no reductions were seen among 
those who took part in obesity management 
alone. In the present study, no change in plantar 
surface area was seen for the EG participants, but 
it increased in the CG participants. It is im-
portant to remember that children’s feet grow, 
thus, a reduction in plantar surface area might be 
deemed unlikely to occur [4]. Unlike Steinberg et 

al. [14], no reduction was seen in maximum force 
or force-time integrals for the present EG partic-
ipants; rather, an increase in maximum force was 
recorded beneath the forefoot. The fact that the 
exercise program proposed by Steinberg et al. 
[14] was twice as long as the present intervention 
might could indicate that longer intervention 
programs are necessary for force reductions to 
be detected.  

The findings of Riddiford-Harland et al. 
[13] contrast with those of Steinberg et al. [14]; 
they detected no change in foot anthropometric 
measurements induced by their exercise pro-
gram, and an increase in the force-time integrals 
for the medial and lateral regions of the forefoot 
in those who followed it [13]. In the present 
work, the force-time integrals increased simi-
larly in both groups, but the change in the maxi-
mum force applied beneath the forefoot in the 
EG participants was greater than that seen in the 
CG participants. It should be noted that the chil-
dren examined by Steinberg et al. [14] wore 
shoes, while those examined by Riddiford-Har-
land et al. [13], and the present children, were 
barefoot. Shoe-wearing is known to impact the 
biomechanics of gait (i.e., impact forces, contact 
surface and plantar pressure distribution) [25]; 
the present findings are therefore more compa-
rable with those of Riddiford-Harland et al. [13]. 

A greater plantar surface area has been 
related to pediatric obesity - partially explained 
by the greater prevalence of pes planus in this 
population [4, 26].  It is therefore reasonable to 
assume that the present plantar surface area val-
ues for the EG group imply positive changes in 
the morphology and functionality of their feet 
[26]. This finding cannot be attributed to differ-
ent foot growth between the groups, since foot 
length had changed similarly in both the EG and 
CG groups by the end of the intervention period, 
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suggesting exercise related adaptation to be the 
cause. Neither can these changes be explained by 
differences in maturation between the groups, 
since the results remained similar after taking 
into account subject maturational stage at pre- 
and post-intervention.  

The maximum force increase under the 
medial and lateral forefoot recorded for the EG 
participants might indicate a change towards a 
more normal foot rollover pattern, specifically 
during the push-off phase during which forces 
shift from the lateral (5th and 4th metatarsal) to the 
medial (1st metatarsal and hallux) regions of the 
forefoot [27, 28]. In fact, studies in adults with 
normal foot functionality during walking reveal 
that the medial and lateral forefoot are the re-
gions that support the greatest forces; they are 
therefore the structures best prepared to absorb 
mechanical stress [28]. However, it could also be 
that the EG participants had begun to acquire a 
more adult gait pattern.  The literature records a 
shift towards forefoot forces in children with in-
creasing age, and in adults compared to children 
[4, 29]. This increase in maximum force in the EG 
participants cannot, however, be attributed to 
changes in anthropometric measures; both 
groups experienced similar changes in weight, 
height and BMI. 

Some authors have suggested that an in-
crease in the forces supported by the foot while 
walking - as observed for the forefoot maximum 
force in the EG participants - could be a risk fac-
tor in the development of foot pain [3, 13]. How-
ever, it has also been suggested that force-time 
integrals are more important than maximum 
force when assessing risk factors of foot struc-
tural damage, since the former take into account 
the accumulation of forces being applied in a cer-
tain region of the foot over time [30]. In this re-
gard, the force-time integrals recorded for both 

the EG and CG participants had increased simi-
larly by the end of the intervention period,  
which might be attributable to the natural matu-
ration of their gait [29]. The children of both 
groups reported the presence of less foot pain at 
post-intervention, although the difference was 
not statistically significant in either group. It is 
important to note that children with OW/OB 
normally experience lower limb pain (e.g., foot 
pain) during sports or physical activities, and 
have an injury risk per exposure of >35% [31]. 
The reason underlying the reduced foot pain in 
the CG participants (though this did not reach 
significance) might be that the pre-intervention 
assessment was conducted in February; Spanish 
children typically practice greater physical activ-
ity in February than in July (when the academic 
year and after-school activities have ended). In-
terestingly, the EG participants also reported a 
reduced presence of foot pain prevalence even 
though the children exercised more intensely 
during last phase of the intervention. However, 
the foot pain reported in the present work was 
mostly mild or moderate, and did not limit the 
daily physical functioning or physical activity of 
any subject. Follow-up studies might determine 
whether physical exercise helps in the preven-
tion of more severe foot pain in children with 
OW/OB.  

A recent systematic review reported that 
children with OW/OB experience biomechani-
cal (i.e., spatiotemporal, kinetic, kinematic and 
muscle activation) alterations of the lower limbs 
that could play a role in the development of mus-
culoskeletal disorders [10]. These alterations are 
commonly connected.   For example, foot dys-
functions during walking in children have been 
shown linked to lower limb malalignment such 
as dynamic knee valgus [32]. The improvement 
in foot dynamics observed in the EG participants 
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might not, therefore, be occurring in isolation, 
but in combination with other biomechanical 
changes. Although the evidence is limited, phys-
ical exercise and gastrectomy weight-loss inter-
ventions have been shown effective in counter-
acting the biomechanical malalignments of the 
lower extremities experienced by children with 
OW/OB [33, 34]. Future research should test 
whether positive effects of exercise on foot load-
ing patterns are related to other lower limb bio-
mechanical changes (e.g., kinetics or kinematics) 
in this population group. 

Four explanations may be contemplated 
for the plantar pressure changes induced by the 
exercise program. The first derives from the log-
ical assumption that any weight-loss induced 
would reduce the forces supported by the foot 
while walking [13]. This idea must be rejected, 
however, since neither the EG participants nor 
the CG experienced any fall in body weight. The 
second suggests a strengthening of key muscles 
involved in raising the foot arch, such as the tib-
ialis posterior or flexor hallucis longus [35, 36]. 
The third is related to the “movement quality” 
work of the session.  Performed barefoot, this 
could have helped in the activation of the flexor 
digitorum brevis and abductor hallucis muscles, 
with positive adaptations in the bone and liga-
ment configurations of the foot [35, 36]. Finally, 
there may have been an improvement in the ca-
pacity to generate power through explosive 
tasks (such as jumping or sprinting) performed 
in the “multigames” work; this could have led to 
more optimal balance and functioning of the an-
kle and foot muscles [37]. A combination of the 
last three possibilities would seem the most 
plausible.   

Exercise interventions are an effective 
treatment for childhood obesity, with positive 
benefits for the overall health of children [38]. 

The fact that the present intervention improved 
foot functionality during walking shows that ex-
ercise interventions based on “movement qual-
ity” and “multigames” may be an effective 
means of treating dysfunctional foot dynamics in 
this population. However, caution should be ex-
ercised when drawing conclusions; further re-
search is needed if the present results are to be 
reliably interpreted.  

The present findings add to those re-
ported by Riddiford-Harland et al. [13] and 
Steinberg et al. [14], and provide yet more rea-
sons to promote physical exercise as a means of 
preventing foot discomfort and pain, especially 
at this critical stage of life when the feet are still 
developing [29]. Traditionally, in-shoe orthoses 
have been the most-used conservative treatment 
for foot dysfunction, but a recent systematic re-
view has highlighted the limited evidence of 
their effectiveness [39]. Future studies should try 
to confirm whether physical exercise offers an al-
ternative way of preventing - or even reversing - 
dysfunctional foot dynamics in children with 
OW/OB, or whether it should be seen as a com-
plementary treatment.  

The present work suffers from three main 
limitations. First, no foot anthropometric meas-
urements were taken via imaging (such as X-ray 
or magnetic resonance imaging) which would 
have allowed the impact of the intervention on 
foot bone structural changes to be determined. 
Second, the pressure platform used was of me-
dium range resolution, which could have influ-
enced the plantar pressure results. Third, assign-
ment to the EG or CG was ethically determined 
rather than via a randomization process; conse-
quently, pre-intervention differences between 
the groups existed.  Although these were subject 
to statistical control (adjustment for the pre-in-
tervention values of the study variables), they 
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may have had some influence on the primary 
outcomes.  

Conclusion 

This study shows that a 13-week exercise 
program, based on “movement quality” and 
“multigames” work, maintained the total plan-
tar pressure surface and increased the maximum 
force supported beneath the forefoot (specifi-
cally beneath the lateral and medial forefoot) in 
a sample of children with OW/OB. These results 
suggest the exercise program led to positive 
functional changes in foot dynamics during 
walking. However, the increased maximum 
force supported beneath the forefoot - even 
though it might indicate a change towards a nor-
mal foot rollover pattern and a more mature gait 
- has the potential to cause foot pain and discom-
fort. Further work should attempt to confirm 
whether (and how) physical exercise can used as 
an effective means of preventing, and even re-
versing, foot dysfunctions in children with 
OW/OB.   
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INTRODUCTION 

Overweight/obesity (OW/OB) in child-
hood has risen alarmingly in the last decades in 
most countries around the world with severe 
consequences on the overall health of children [1, 
2]. Among other consequences, OW/OB impairs 
daily locomotor activities of children, even one 
as fundamental as walking. A recent systematic 
review revealed biomechanical alterations dur-
ing gait in this population, which could lead to 
the development of musculoskeletal disorders 
and an energetic inefficiency during walking [3].  

It is evident that the excess of body mass 
in these children plays a major role in the force 
parameters of gait (e.g., joint moments and con-
tact forces), but some spatiotemporal and joint 
angle (i.e., kinematics) parameters have also 
been demonstrated to be affected [3]. Based on a 
strong level of evidence, children with OW/OB 
walk with longer stance time, a wider step and a 
more accentuated genu valgum position during 
the stance phase compared with their normal 
weight peers [3]. Exercise interventions have 
been proposed as a promising treatment to com-
bat these biomechanical alterations through 
three main mechanisms [4–6]: 1) weight loss, 
2) muscle strengthening and 3) neuromuscular 
reeducation of movement patterns. However, to 
date we are only aware of three previous studies 
testing the effect of exercise on biomechanical 
gait parameters in children and adolescents with 
OW/OB.  

An 8-week high intensity aerobic pro-
gram had positive effects on gait speed and en-
ergetic efficiency in adolescents with obesity, but 
authors did not study improvements in addi-
tional spatiotemporal parameters such as stance 
time [7]. Two previous exercise programs, one 
involved strength and neuromuscular training, 

and the other one involved a yoga intervention 
(12 and 8 weeks of duration respectively), found 
a reduction in the genu valgum position during 
the stance phase of walking in children and ado-
lescents with OW/OB [8, 9]. Given the scarce lit-
erature on this research topic, further studies are 
needed to continue investigating whether exer-
cise per se, and different exercise modalities, can 
be an effective treatment to diminish the gait bio-
mechanical alterations from childhood obesity. 
Thus, the main aim of the present study was to 
analyze the effect of a 13-week exercise program, 
based on movement quality and multi-games, on 
spatiotemporal and kinematic parameters of gait 
in children with OW/OB. As a secondary aim, 
we studied the effect of the exercise program on 
the presence of lower limb musculoskeletal pain 
in children with OW/OB.  

METHODS 

Study design and participants 

This study belongs to the MUBI (MUé-
vete BIén in Spanish; Move Well in English) pro-
ject, a non-randomized controlled trial carried 
out in Granada (Spain) from February to July 
2017. A subsample of 50 children between 8 and 
12 years old (25.85 ± 3.58 kg/m2, 62% girls) from 
the MUBI project participated in this particular 
study after meeting inclusion/exclusion criteria 
previously published [10]. For ethical reasons, 
the EG of this study was composed of children 
who had participated in the ActiveBrains study 
as a control group, and who had not yet had the 
opportunity to take part in an exercise program 
because of the randomization procedure [11]. 
The CG was recruited from primary schools in 
Granada (Spain) following the same inclu-
sion/exclusion criteria, and we also offered them 
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to participate in the exercise program the follow-
ing year. All 50 children were included in the in-
tention-to-treat analysis and 42 in the per-proto-
col analysis (Figure 1).  

 

Three-dimensional gait kinematics 

Three-dimensional gait kinematics was 
evaluated using a motion capture system com-
posed of eight high-resolution cameras 
(Optitrack Prime 41, Corvallis, Colorado, USA) 
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Assessed for eligibility 
N = 70

Excluded: N = 0 

Non-randomized allocation
N = 70

Exercise group
N = 39

Control group
N = 31

Exercise group
N = 17

Control group
N = 25

Exercise group
N = 25

Control group
N = 25

Excluded from per-protocol analyses: N = 8
• Did not meet the 70% of minimum attendance: 

N = 8
o Incompatibility with sport-activities: N = 3
o Incompatibility with sport-activities: N = 3
o Commuting issues: N = 2

Included in ITT analyses
N = 50

Included in per-protocol analyses
N = 42

TO SPECIFY AS FOOTNOTE
ITT = Intention-to-treat
Nmax = Maximum N for analyses, it changes depending on the variable, see tables X for specific sample sizes per variable

Excluded: N = 20 
• Drop out the exercise program: N = 3
• Drop out the post-exercise assessments: N = 3 
• Were no assessed in 3D gait kinematics at pre-

exercise: N = 7 
• Did not have available data in 3D gait 

kinematics at post-exercise: N = 7
o Tracking issues: N = 3
o Poor data quality: N = 4

Included in data analysis
N = 50

Figure 1. Flow diagram describing the data collection and data analysis processes. 
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operating at 180 Hz, the SIMI motion software 
(SIMI Motion 5.0 Reality Motion Systems, Unter-
schleissheim, Germany) and a twenty-one 
marker model according to the International So-
ciety of Biomechanics (ISB) standard [12]. Before 
gait recording, an upright static trial in anatomic 
position was recorded to calibrate the motion tri-
als. Children walked barefoot during 15 s on a 
treadmill (Woodway Pro XL, Waukesha, WI, 
USA) at a self-selected speed, which was deter-
mined in a prior familiarization trial. The same 
speed was used at post-exercise to not influence 
gait kinematics based on changes in walking 
speed [13, 14]. Upright static trials and a mini-
mum of seven valid gait cycle motions were ex-
ported for subsequent analysis in Visual 3D soft-
ware 4.96.11 (C-Motion, Inc., Germantown, MD, 
USA).  

First, an upright static trial was used to 
create the lower limbs segment (i.e., pelvis, fe-
mur, shank and foot) and the joint centers (i.e., 
pelvis, hip, knee and ankle) posteriorly used in 
the motion trials. Second, marker trajectories 
were filtered using a low-pass Butterworth filter 
with a cut-off frequency of 7 Hz. We selected this 
filter frequency after performing a residual anal-
ysis with different cut-off frequencies (i.e., 3 to 10 
Hz) and considering previous literature in this 
population [15, 16]. Third, joint angular displace-
ments of pelvis, hip, knee and ankle in all three 
planes (sagittal, frontal and transversal) were 
calculated as the relative orientation of the distal 
segment to the proximal segment. After verify 
that there were no overall kinematic asymme-
tries between both lower limbs, we decided to 
analyze the right lower limbs for all participants. 
Fourth, gait events (heel contact and toe off) 
were automatically calculated in Visual 3D 
based on the  kinematic data using previously 
described algorithm in gait analysis [17]. Fifth, 

based on these events the gait cycle was divided 
in stance phase (from right heel contact to right 
toe off) and weight acceptance phase (from right 
heel contact to left toe off), and subsequently 
spatiotemporal parameters were calculated con-
sidering the gait speed and height of participants 
[18]. Sixth, range of motion (ROM) and maxi-
mum displacement angles were calculated in 
key joints, plane and gait phases previously re-
ported in the literature of this population [3, 8]. 
Seventh, we detected the most representative 
stride out of the seven strides we captured in 
each participant using the approach of Sangeux 
and Polak [19]. From this representative stride 
we selected the above-mentioned spatiotem-
poral parameters, ROM, maximum displace-
ment and kinematics curves normalized to 100% 
of the stance phase. We focused on the  stance 
phase because a recent systematic review re-
ported gait biomechanical alterations in this 
phase but not in swing phase for children with 
OW/OB [3].  

 

Musculoskeletal pain 

The Pediatric Pain Questionnaire™ was 
used to identify self-reported musculoskeletal 
pain [20]. Children were instructed to highlight 
on a body map the areas where they usually feel 
pain, and 4 different colors were used to indicate 
the intensity of this pain (i.e., low, mild, moder-
ate and severe). Before the children filled in the 
questionnaire, an instructed evaluator explained 
the type of pain the children should report, and 
immediately after, each questionnaire was re-
viewed to discard non-related musculoskeletal 
pain (i.e., head or stomach pain). Based on this 
questionnaire, children were categorized as fol-
lows: 1) presence of pain (“yes” or “no”) in any 
body area of lower limbs (e.g., knee pain), and 2) 
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overall presence of pain in lower limbs (i.e., feet, 
knees, hips and lumbar spine).  

Potential confounders  

Body height and weight were measured 
to the nearest 0.1 kg and 0.1 cm respectively 
(SECA Instruments, Germany), and body mass 
index (BMI, kg/m²) was calculated. The matura-
tional stage of the children was determined by 
calculating the peak height velocity with the 
Moore’s equations, which use participants’ age 
and standing and sitting height [21]. 

Exercise program 

The exercise program was undertaken at 
the Sport and Health University Research Insti-
tute (iMUDS) between the 1st of March and the 
29th of May of 2017. Group sessions were offered 
from Monday to Friday, and participants were 
asked to attend minimum three sessions per 
week. Sessions lasted 90 min and were divided 
into two different parts: 30 min of movement 
quality work and 60 min of multi-games. During 
the movement quality part children acquired 
awareness in their movements (e.g., anterior and 
posterior pelvic tilt) and body posture (e.g., opti-
mal spine position), they trained joint mobility 
(e.g., hip flexion mobility) and stability (e.g., core 
stability) to gain muscular strength over a func-
tional range of motions (e.g., bilateral lower limb 
push strength), and they learned fundamental 
movement patterns (e.g., squat pattern). The 
multi- games part of the exercise program aimed 
to reach a moderate-to-vigorous intensity of aer-
obic exercise, to teach children a wide range of 
fundamental movement skills (e.g., sprinting, 
hopping or throwing), and to make physical ex-
ercise an enjoyable activity. Further information 

about the exercise program can be found else-
where (http://profith.ugr.es/pages/investi-
gacion/proyectos/rationaleexerciseprogram). 

Statistical analysis 

Baseline differences between the EG and 
the CG in all included outcomes were investi-
gated by performing t-tests for continuous out-
comes and chi-squared tests for categorical out-
comes. The exercise program effects were tested 
according to the per-protocol analysis. Firstly, 
outcomes were checked for normal distributions 
through histograms. Secondly, pre-exercise z-
scores were calculated, and post-exercise z-
scores were based on this according to the fol-
lowing formula: (participant raw score at post-
exercise – sample’s mean raw score at pre-exer-
cise) / sample’s standard deviation at pre-exer-
cise. Thirdly, a one-way Analysis of Covariance 
(ANCOVA) was used to examine differences in 
gait biomechanical outcomes between the EG 
and the CG at post-exercise, and including pre-
exercise values as a covariate. Differences be-
tween the pre- and post-exercise were presented 
in raw and z-scores, the latter which can be inter-
preted as the change from pre-exercise in stand-
ard deviations (SDs) and used as effect size indi-
cator: 0.2 – 0.5 SDs = small effect size; 0.5 – 0.8 
SDs = medium effect size; and ≥ 0.8 = large effect 
size [22]. Additional confounders such as gen-
der, age, maturational status and anthropomet-
ric measures were discarded after verifying that 
they did not influence the ANCOVA models (all 
p > 0.05). Intention-to-treat analyses are pre-
sented in the supplementary material and fol-
lowed the same process as explained above for 
the per-protocol analysis. All analyses were per-
formed using the SPSS software (version 24.0, 
IBM Corporation), and the level of significance 
was set at p<0.05. 
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Additionally, Statistical Parametric Map-
ping one-dimension (SPM1D) package available 
for Matlab (v.0.4, http://www.spm1d.org) was 
used to investigate the effects of exercise on the 
entire gait kinematic curves. SPM1D is a statisti-
cal tool using the random field theory and allows 
one to conduct conventional statistical tests on 
one-dimensional data (e.g., kinematic curves). 
Firstly, a two-way mixed ANOVA was per-
formed to test the interaction effect between 
groups (EG vs CG) and assessment time (pre- 
and post-exercise). Secondly, a post-hoc analysis 

were performed in those outcomes demonstrat-
ing an interaction effect, which consisted of 
paired SPM t-tests comparing pre- and post-ex-
ercise gait kinematics in each group (EG and 
CG). Considering the exploratory nature of this 
kinematic analysis, no corrections for multiple 
testing were performed to avoid overly con-
servative interpretations. 

RESULTS 

Baseline characteristics of the subjects are 
presented in Table 1.

Table 1. Pre-exercise characteristics of the total sample and divided by intervention and control 
group for the per-protocol analysis.  
 All 

(N = 42) 
Intervention 

(N = 17) 
Control 
(N = 25) 

P 

Mean ± SD Mean ± SD Mean ± SD 
Age (years) 10.86 ± 1.26 11.40 ± 1.10 10.50 ± 1.25 0.021 
Weight (kg) 57.75 ± 12.43 64.79 ± 7.58 52.96 ± 12.91 0.002 
Height (cm) 148.70 ± 8.63 152.49 ± 5.98 146.12 ± 9.29 0.017 
Body mass index (kg/m2) 25.85 ± 3.58 27.85 ± 2.81 24.48 ± 3.43 0.002 
Gender N (%)    0.003 

Girls 26 (62) 6 (35) 20 (80)  
Boys 16 (38) 11 (65) 5 (20)  

Spatiotemporal parameters     
Cadence (steps/min) 122.54 ± 12.00 119.95 ± 7.87 124.3 ± 14.03 0.254 
Stance time (cs) 66.68 ± 56.19 67.34  ±  5.06 66.23  ±  6.03 0.537 
Single support time (cs) 32.94 ± 2.56 33.39 ± 2.01 32.64 ± 2.87 0.357 
Double support time (cs) 33.74 ± 3.87 33.95 ± 3.79 33.59 ± 3.99 0.772 
Step length (cm) 51.38 ± 8.42 56.10 ± 4.50 48.17 ± 9.00 0.002 
Stride width (cm) 13.95 ± 3.21 13.59 ± 2.88 14.19 ± 3.46 0.555 

Kinematics: stance phase (º)     
Pelvis ROM sagittal 4.53 ± 1.07 4.51 ± 1.15 4.54 ± 1.03 0.946 
Pelvis ROM transversal 8.69 ± 3.49 9.71 ± 3.54 8.00 ± 3.34 <0.001 
Knee ROM frontal 5.95 ± 3.58 6.48 ± 4.91 5.59 ± 2.34 0.438 
Ankle max. plantarflexion 60.22 ± 9.68 62.53 ± 10.3 58.65 ± 9.1 0.206 

Kinematics: weight acceptance (º)     
Pelvis max. elevation 3.65 ± 2.63 3.96 ± 2.88 3.44 ± 2.49 0.539 
Hip ROM frontal 3.71 ± 2.15 4.24 ± 2.52 3.35 ± 1.83 0.192 
Knee ROM sagittal 14.37 ± 5.51 16.11 ± 5.46 13.18 ± 5.32 0.091 
Ankle max. abduction 13.76 ± 9.41 15.78 ± 10.38 12.38 ± 8.63 0.254 

SD = standard deviation; N = sample size;  
Values are presented as mean  ±  SD or percentages. For continuous variables, p value was obtained by an inde-
pendent samples T-test, whereas for categorical variables, p value was obtained by chi-square test.  
Significant differences (p < 0.05) are highlighted in bold.  

 The results of the one-way ANCOVA 
analyses can be found in Table 2. In the spatio-
temporal gait parameters there was a significant 
group difference at post-exercise in stance and 
single support times (medium effect size: -0.55 

and -0.73 SDs; p = 0.036 and 0.014 respectively), 
with the EG maintaining similar values whereas 
the CG increasing them . The remaining spatio-
temporal parameters did not present significant 
differences between groups (all p > 0.05). In gait 
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Table 2. Per-protocol intervention effects on gait biomechanics 
Adjusted post-exercise mean (95% CI) 

Total sample = 42 Exercise group  
(N = 17) 

Control group 

(N = 25) 

Groups  difference  
(EG – CG) 

P 

Spatiotemporal parameters    
Cadence (steps/min)     

Raw score 119.82 (115.57 to 124.07) 115.02 (111.52 to 118.51) 4.80 (-0.74 to 10.34) 0.088 
z Score -0.23 (-0.58 to 0.13) -0.63 (-0.92 to -0.34) 0.40 (-0.06 to 0.86) 

Stance time (cs)     
Raw score 68.10 (65.85 to 70.33) 71.20 (69.37 to 73.04) -3.11 (-6.00 to -2.10) 0.036 
z Score 0.25 (-0.14 to 0.65) 0.81 (0.48 to 1.13) -0.55 (-1.07 to -0.04) 

Single support time (cs)    
Raw score 33.79 (32.7 to 34.9) 35.64 (34.7 to 36.6) -1.9 (-3.3 to -0.40) 0.014 
z Score 0.33 (-0.11 to 0.77) 1.06 (0.70 to 1.42) -0.73 (-1.30 to -0.16)  

Double support time (cs)    
Raw score 34.38 (33.00 to 35.70) 35.52 (34.40 to 36.60) -1.10 (-2.90 to 0.60) 0.191 
z Score 0.17 (-0.18 to 0.51) 0.46 (0.18 to 0.74) -0.29 (-0.74 to 0.15)  

Step length (cm)     
Raw score 52.85 (50.45 to 55.24) 54.17 (52.24 to 56.10) -1.32 (-4.57 to -1.92) 0.415 
z Score 0.17 (-0.11 to 0.46) 0.33 (0.10 to 0.56) -0.16 (-0.54 to 0.23) 

Stride width (cm)     
Raw score 14.06 (12.96 to 15.16) 13.38 (12.47 to 14.28) 0.68 (-0.74 to 2.11) 0.337 
z Score 0.04 (-0.31 to 0.38) -0.18 (-0.46 to 0.1) 0.21 (-0.23 to 0.66) 

Kinematics: stance phase    
Pelvis ROM sagittal (º)    

Raw score 4.33 (3.69 to 4.96) 3.91 (3.39 to 4.43) 0.42 (-0.40 to 1.24) 0.308 
z Score -0.19 (-0.78 to 0.41) -0.58 (-1.07. to -0.09) 0.39 (-0.38 to 1.16) 

Pelvis ROM transversal (º)    
Raw score 8.40 (6.59 to 11.09) 7.85 (6.00 to 9.69) 0.99 (-1.95 to 3.94) 0.499 
z Score 0.04 (-0.60 to 0.69) -0.24 (-0.77 to 0.29) 0.29 (-0.56 to 1.13) 

Knee ROM frontal (º)    
Raw score 8.45 (7.10 to 9.81) 7.65 (6.53 to 8.76) 0.81 (-0.96 to 2.57) 0.361 
z Score 0.70 (0.32 to 1.08) 0.47 (0.16 to 0.79) 0.23 (-0.27 to 0.72) 

Ankle max. plantarflexion (º)    
Raw score 56.68 (54.09 to 59.28) 57.21 (55.08 to 59.34) -0.52 (-3.91 to 2.86) 0.756 
z Score 0.37 (0.10 to 0.63) 0.31 (0.09 to 0.53) 0.05 (-0.3 to 0.4) 

Kinematics: weight acceptance    
Pelvis max. elevation (º)    

Raw score 1.96 (0.98 to 2.94) 1.82 (1.01 to 2.63) 0.14 (-1.13 to 1.41) 0.826 
z Score 0.64 (0.27 to 1.01) 0.69 (0.39 to 1.00) 0.05 (-0.43 to 0.54)  

Hip ROM frontal plane (º)    
Raw score 3.66 (2.82 to 4.50) 3.31 (2.62 to 4.00) 0.35 (-0.74 to 1.44) 0.521 
z Score -0.02 (-0.41 to 0.37) -0.19 (-0.51 to 0.13) 0.16 (-0.35 to 0.67)  

Knee ROM sagittal (º)    
Raw score 13.73 (12.00 to 15.46) 14.75 (13.33 to 16.17) -1.02 (-3.30 to 1.26) 0.371 
z Score -0.12 (-0.43 to 0.2) 0.07 (-0.19 to 0.33) -0.19 (-0.6 to 0.23)  

Ankle max. abduction (º)    
Raw score 14.37 (12.09 to 16.66) 18.25 (16.37 to 20.13) -3.87 (-6.86 to 0.89) 0.012 
z Score 0.06 (-0.18 to 0.31) 0.48 (0.28 to 0.68) -0.42 (-0.73 to -0.10) 

CI = confidence interval; n = sample size; EG = exercise group; CG = control group; cs= centiseconds.  
A one-way analysis of covariance (ANCOVA) was used to test raw and z-score differences between the EG and CG at post-
exercise, adjusting for pre-exercise values. Adjusted means and confidence intervals of the mean are represented. Differences 
between groups are presented as: post-exercise mean minus pre-exercise mean. Significant differences (p < 0.05) are high-
lighted in bold. 

kinematics there was a significant group differ-
ence in the maximal ankle abduction angle 
(small effect size: -0.42 SDs; p = 0.012), which was 
due to similar values in the EG against an in-
crease in the CG. No other between-group differ-
ences were found in the other kinematic out-
comes (all p > 0.05). Regarding musculoskeletal 
pain, there were no changes post-exercise, nei-
ther in the presence of pain nor in pain intensity, 
and that in both groups (all p > 0.05). 

The two-way mixed ANOVA analysis 
done with SPM1D showed an interaction be-
tween group and intervention effects in the kin-
ematic curves of pelvis sagittal angles e and an-
kle transversal angles. Subsequently, a post-hoc 
analysis (i.e., paired t-test in SPM1D) was per-
formed to assess which group showed kinematic 
changes (Figure 2). This post hoc analysis 
showed no post-exercise differences in the pelvis 
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sagittal angle for the EG, while there was a sig-
nificantly increase in the CG during the entire 
stance phase (cluster p < 0.001). There were no 
post-exercise differences in the ankle abduction 
angle for the EG, while in the CG this was a sig-
nificant increase from 0 to 92% of the stance 
phase (cluster p < 0.001).  

DISCUSSION 

In the present study we generally found 
that children with OW/OB who participated in 
our 13-week exercise program stopped the pro-
gression of some gait biomechanical alterations 
due to OW/OB, while in children belonging to 
the CG progressions continued. In the EG the 
stance and single support times remained the 
same whereas in the CG both spatiotemporal pa-
rameters increased. Furthermore, the EG main-
tained the same pelvic and foot angles in the 
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Figure 2. SPM1D-analysis for the comparisons between pre- and post-exercise in gait kinematic 
curves for each group (exercise and control groups).  
Solid lines represent mean and shaded areas standard deviation. Shaded area in the bars indicate significant differences be-
tween pre- and post-exercise, which occurs when the SPM{t} values exceeded the alpha level threshold of 0.05.. 
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stance phase while walking post-exercise, 
whereas the CG demonstrated an increase in pel-
vic anterior tilt (pelvic anteversion) and foot ab-
duction (toe-out) angles.  

As was mentioned in the introduction, 
we had only identified three previous studies 
testing the effects of exercise on gait biomechan-
ics in a pediatric population with OW/OB [7–9]. 
Unlike Delextrat et al. [7], we could not test 
changes in walking speed since for post-exercise 
evaluation we maintained the speed that chil-
dren had self-selected pre-exercise [13, 14]. How-
ever, we found novel and promising results in 
the stance and single support times, which di-
rectly target a gait biomechanical alteration typ-
ically experienced by this population [3]. In 
terms of gait kinematics, both Horsak and Hains-
worth’s studies suggested positive effects of ex-
ercise in children and adolescents with OW/OB 
through improved lower limb alignment during 
the stance phase of walking [8, 9]. In the present 
study, we did not find modifications in our EG 
towards a more optimal gait pattern, but a stabi-
lization in the progression of some kinematic al-
terations in comparison with the CG that contin-
ued getting worse. A possible explanation for 
these contrasting findings is that participants 
from previous studies had already reached a ma-
ture gait, since they were over 13 years old on 
average, while our participants were still consol-
idating their gait pattern before puberty [23]. 
Based on these findings, we hypothesized that 
exercise interventions can revert kinematic alter-
ations derived from OW/OB in young who have 
reached a mature gait, whereas exercise stops the 
deterioration in younger children who are still 
developing their gait pattern. However, there is 
still little evidence available to draw firm conclu-
sions and further research should confirm these 
observations.  

In a normal gait development process, 
children consolidate an adult walking speed at 
approximately 8 years of age [23]. From that 
point, walking cadence, stance time and step 
length become the most relevant parameters to 
determine gait maturity in childhood and ado-
lescence [23]. Stance time and single-support 
time experience a natural decrease from child-
hood to adulthood [23]. However, neither our 
EG nor CG showed this natural phenomenon 
probably because of the OW/OB, moreover the 
CG experienced even showed an increase in 
these two parameters. Compared with healthy 
normal-weight children of the same age, our 
sample already presented a longer stance time at 
pre-exercise (63 centiseconds vs. 67) confirming 
that an increase in this spatiotemporal parameter 
represents an alteration in the gait pattern [24]. 
Walking with relatively longer steps while main-
taining similar cadence is associated with lower 
mechanical efficiency, since it requires a 
higher force generation to re-accelerate the cen-
ter of mass in the step-to-step transition via a dis-
ruption in the normal stretch-shortening cycle of 
muscles and tendons [25, 26]. Based on all this 
evidence, findings from this study seem to indi-
cate positive effects of exercise on the mechanical 
efficiency of walking in children with OW/OB. 
In fact, this would be in line with the results 
of Delextrat et al. [7], who found a reduction in 
the energy cost of walking ranging from 10% to 
20% in adolescents with obesity after participat-
ing in a high intensity aerobic program.  

Our findings suggested some beneficial 
effects of our exercise program by stopping the 
progression of some gait biomechanical altera-
tions such as excessive pelvic anteversion and 
toe-out positioning. Compared with healthy 
children with normal-weight, our participants 
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presented excessive values in these two out-
comes, which lead us to interpret the increase in 
the CG as a progression in the gait deterioration 
[27, 28]. An elevated pelvic anteversion together 
with a toe-out position are intimately related bio-
mechanical alterations that reinforce each other, 
and are indicators of a hyperlordotic and pro-
nated gait pattern [27, 29, 30]. Lumbar hyper-
lordosis has been related with the presence of 
low back pain in childhood, and its progression 
through lifespan is considered a risk factor for 
severe spine pathologies such as herniated disc 
[31, 32]. An excessive foot pronation is associated 
with overuse musculoskeletal disorders in 
adults such as knee pain and structural damage 
in the medial tibiofemoral cartilage [33, 34]. Fur-
thermore, to increase the toe-out position in 
early- and mid-stance phases of gait, as observed 
in the CG, it seems to increase the knee adduc-
tion moment, which is considered a major bio-
mechanical factor for the development of knee 
osteoarthritis later in life [35–37]. Despite the en-
couraging results of this study, it is important to 
note that the EG still demonstrated a worrying 
pelvic anteversion and toe-out position during 
walking, so future studies should elucidate effec-
tive strategies to not only stop but reverse these 
gait deteriorations.  

Findings from this study are in line with 
those we reported in previous work with the 
same sample, which suggested positive func-
tional changes in foot biomechanics during 
walking induced by exercise [10]. Our hypothe-
sis is that the exercise program has induced the 
strengthening of key foot and ankle muscles 
(e.g., tibialis posterior and flexor hallucis longus) 
via barefoot training and the performance of 
highly dynamic tasks in the multi-games work 
[38, 39]. Although further study is still needed on 

this topic, a considerable body of evidence be-
gins to demonstrate that exercise interventions 
might be a potential treatment to stop and re-
verse the biomechanical alterations during walk-
ing in children and adolescents with OW/OB [8–
10, 40–42]. Improvements in biomechanics in-
duced by exercise could have a protective effect 
on the development of musculoskeletal disor-
ders, and preserve a more optimal mechanical 
efficiency during walking, but future longitudi-
nal studies should verify this [3, 43]. It is im-
portant to mention that exercise is not the only 
available treatment, since weight loss programs 
by nutritional modifications and surgical inter-
ventions (e.g., subtalar arthroereisis and bari-
atric surgery) have also demonstrated positive 
effects on the gait biomechanics of children and 
adolescents with OW/OB [44–46]. A possible in-
tervention strategy could be to start with more 
conservative treatments, such as exercise and 
nutritional interventions, and prescribe surgical 
interventions only in the most extreme cases.  

This study comes with a number of limi-
tations. First, this study only reported gait spati-
otemporal and kinematic outcomes, and addi-
tional biomechanical parameters such as gait ki-
netics, joint contact forces or mechanical effi-
ciency would could greatly benefit a deeper un-
derstanding of how benefits from exercise come 
about. However, (reliably) measuring those ad-
ditional parameters in the target population of 
children and adolescents with OW/OB comes 
with considerable challenges that our outside the 
scope of the current research project. Second, we 
used a standard marker model in our 3-D analy-
sis of gait, and currently there are more accurate 
models that are believed to better take into ac-
count morphological characteristics of children 
with OW/OB [15]. Third, our marker model con-
sidered the foot as a rigid segment, which means 
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that we could not gain insights into intersegmen-
tal foot motions in this population, such as mid-
foot eversion [47]. Fourth, due to a non-random-
ized assignment, the EG and CG presented base-
line differences that might be influencing the re-
sults. However, all statistical analyses were ad-
justed for baseline values based on the influence 
of potential confounders (i.e., age, gender, 
height, maturational stage and BMI), and were 
discarded after it was verified that none influ-
enced the results.  

Conclusions 

This study shows that a 13-week exercise 
intervention, based on “movement quality” and 
“multigames” work, stopped the progression of 
some biomechanical alterations during walking 
derived from childhood obesity. Those children 
who participated in the exercise program main-
tained a stable stance time, single support time, 
pelvic anteversion and foot toe-out position dur-
ing the stance phase of walking, while their peers 
who continued their daily life showed an in-
crease of all these biomechanical parameters. 
Findings of this research suggest that exercise 
leads to positive effects in the gait biomechanics 
of children and adolescents with OW/OB, which 
may ultimately contribute to the prevention of 
musculoskeletal disorders and the preservation 
of an optimal mechanical efficiency during walk-
ing in this population.  

REFERENCES 

1.  Abarca-Gómez L, Abdeen ZA, Hamid ZA, 
et al. Worldwide trends in body-mass 
index, underweight, overweight, and 
obesity from 1975 to 2016: a pooled 
analysis of 2416 population-based 
measurement studies in 128·9 million 
children, adolescents, and adults. Lancet. 
2017;390(10113):2627–42. 

2.  WHO | Why does childhood overweight 

and obesity matter? [Internet]WHO. 2014; 

3.  Molina-Garcia P, Migueles JH, Cadenas-
Sanchez C, et al. A systematic review on 
biomechanical characteristics of walking in 
children and adolescents with 
overweight/obesity: Possible implications 
for the development of musculoskeletal 
disorders [Internet]. Obes Rev. [date 
unknown]; available from: 
https://onlinelibrary.wiley.com/doi/full
/10.1111/obr.12848. 
doi:10.1111/OBR.12848. 

4.  Hortobágyi T, Herring C, Pories WJ, Rider 
P, De Vita P. Massive weight loss-induced 
mechanical plasticity in obese gait. J Appl 
Physiol. 2011;111(5):1391–9. 

5.  Horsak B, Artner D, Baca A, et al. The 
effects of a strength and neuromuscular 
exercise programme for the lower 
extremity on knee load, pain and function 
in obese children and adolescents: study 
protocol for a randomised controlled trial. 
Trials. 2015;16(1):586. 

6.  Myer GD, Faigenbaum AD, Ford KR, Best 
TM, Bergeron MF, Hewett TE. When to 
Initiate Integrative Neuromuscular 
Training to Reduce Sports-Related Injuries 
and Enhance Health in Youth? Curr Sports 
Med Rep. 2011;10(3):155–66. 

7.  Delextrat A, Matthew D, Brisswalter J. 
Exercise training modifies walking 
kinematics and energy cost in obese 
adolescents: A pilot controlled trial. Eur J 
Sport Sci. 2015;15(8):727–35. 

8.  Horsak B, Schwab C, Baca A, et al. Effects 
of a lower extremity exercise program on 
gait biomechanics and clinical outcomes in 
children and adolescents with obesity: A 
randomized controlled trial. Gait Posture. 
2019;70(February):122–9. 

9.  Hainsworth K, Liu X, Simpson P, et al. A 
Pilot Study of Iyengar Yoga for Pediatric 
Obesity: Effects on Gait and Emotional 
Functioning. Children. 2018;5(7):92. 

10.  Molina-Garcia P, Miranda-Aparicio D, 
Molina-Molina A, et al. Effects of Exercise 
on Plantar Pressure during Walking in 
Children with Overweight/Obesity. Med 
Sci Sport Exerc. 2019;(12):1. 

11.  Cadenas-sánchez C, Mora-gonzález J, 
Migueles JH, et al. An exercise-based 
randomized controlled trial on brain , 
cognition , physical health and mental 
health in overweight / obese children ( 
ActiveBrains project ): Rationale , design 



Study 7: Effects of exercise on gait kinematics 
 

 172 

and methods. Contemp Clin Trials. 
2016;47:315–24. 

12.  Wu G, Siegler S, Allard P, et al. ISB 
recommendation on definitions of joint 
coordinate system of various joints for the 
reporting of human joint motion--part I: 
ankle, hip, and spine. International Society 
of Biomechanics. J Biomech. 2002;35(4):543–
8. 

13.  Linden L Van Der, Ph D, Kerr AM, et al. 
Kinematic and Kinetic Gait Characteristics 
of Normal Children. J Pediatr Orthop. 
2002;800–6. 

14.  Schwartz MH, Rozumalski A, Trost JP. The 
effect of walking speed on the gait of 
typically developing children. J Biomech. 
2008;41(8):1639–50. 

15.  Lerner ZF, Browning RC. Compressive 
and shear hip joint contact forces are 
affected by pediatric obesity during 
walking. J Biomech. 2016;49(9):1547–53. 

16.  Shultz SP, D’Hondt E, Fink PW, Lenoir M, 
Hills AP. The effects of pediatric obesity on 
dynamic joint malalignment during gait. 
Clin Biomech. 2014;29(7):835–8. 

17.  Zeni JA, Richards JG, Higginson JS. Two 
simple methods for determining gait 
events during treadmill and overground 
walking using kinematic data. Gait Posture. 
2008;27(4):710–4. 

18.  Lythgo N, Wilson C, Galea M. Basic gait 
and symmetry measures for primary 
school-aged children and young adults. II: 
Walking at slow, free and fast speed. Gait 
Posture. 2011;33(1):29–35. 

19.  Sangeux M, Polak J. A simple method to 
choose the most representative stride and 
detect outliers. Gait Posture. 
2015;41(2):726–30. 

20.  Varni JW, Thompson KL, Hanson V. The 
Varni/Thompson Pediatric Pain 
Questionnaire. I. Chronic musculoskeletal 
pain in juvenile rheumatoid arthritis. Pain. 
1987;28(1):27–38. 

21.  Moore SA, Mckay HA, Macdonald H, et al. 
Enhancing a Somatic Maturity Prediction 
Model. Med Sci Sport Exerc. 
2015;47(8):1755–64. 

22.  Nakagawa S, Cuthill IC. Effect size, 
confidence interval and statistical 
significance: a practical guide for 
biologists. Biol Rev. 2007;82(4):591–605. 

23.  Froehle AW, Nahhas RW, Sherwood RJ, 

Duren DL. Age-related changes in 
spatiotemporal characteristics of gait 
accompany ongoing lower limb linear 
growth in late childhood and early 
adolescence. Gait Posture. 2013;38(1):14–9. 

24.  Oudenhoven LM, Booth ATC, Buizer AI, 
Harlaar J, van der Krogt MM. How normal 
is normal: Consequences of stride to stride 
variability, treadmill walking and age 
when using normative paediatric gait data. 
Gait Posture. 2019;70(July 2018):289–97. 

25.  Kuo AD, Donelan JM. Dynamic Principles 
of Gait and Their Clinical Implications. 
Phys Ther. 2010;90(2):157–74. 

26.  Huang L, Chen P, Zhuang J, Zhang Y, Walt 
S. Metabolic Cost, Mechanical Work, and 
Efficiency During Normal Walking in 
Obese and Normal-Weight Children. Res Q 
Exerc Sport. 2014;84(sup2):S72–9. 

27.  Twomey D, McIntosh AS, Simon J, Lowe 
K, Wolf SI. Kinematic differences between 
normal and low arched feet in children 
using the Heidelberg foot measurement 
method. Gait Posture. 2010;32(1):1–5. 

28.  Mac-Thiong JM, Labelle H, Berthonnaud 
E, Betz RR, Roussouly P. Sagittal 
spinopelvic balance in normal children 
and adolescents. Eur Spine J. 
2007;16(2):227–34. 

29.  Zawadka M, Skublewska-Paszkowska M, 
Gawda P, Lukasik E, Smolka J, Jablonski 
M. What factors can affect lumbopelvic 
flexion-extension motion in the sagittal 
plane?: A literature review. Hum Mov Sci. 
2018;58(March):205–18. 

30.  O’Leary CB, Cahill CR, Robinson AW, 
Barnes MJ, Hong J. A systematic review: 
The effects of podiatrical deviations on 
nonspecific chronic low back pain. J Back 
Musculoskelet Rehabil. 2013;26(2):117–23. 

31.  Smith A, OʼSullivan P, Straker L. 
Classification of Sagittal Thoraco-Lumbo-
Pelvic Alignment of the Adolescent Spine 
in Standing and Its Relationship to Low 
Back Pain. Spine (Phila Pa 1976). 
2008;33(19):2101–7. 

32.  Asai Y, Tsutsui S, Oka H, et al. Sagittal 
spino-pelvic alignment in adults: The 
Wakayama Spine Study. PLoS One. 
2017;12(6):1–10. 

33.  Douglas Gross K, Felson DT, Niu J, et al. 
Association of flat feet with knee pain and 
cartilage damage in older adults. Arthritis 
Care Res. 2011;63(7):937–44. 



SECTION 3 

 173 

34.  Dowling GJ, Murley GS, Munteanu SE, et 
al. Dynamic foot function as a risk factor 
for lower limb overuse injury: A systematic 
review [Internet]. J Foot Ankle Res. 2015;7(1) 
doi:10.1186/s13047-014-0053-6. 

35.  Van Den Noort JC, Schaffers I, Snijders J, 
Harlaar J. The effectiveness of voluntary 
modifications of gait pattern to reduce the 
knee adduction moment. Hum Mov Sci. 
2013;32(3):412–24. 

36.  Rutherford DJ, Hubley-Kozey CL, Deluzio 
KJ, Stanish WD, Dunbar M. Foot 
progression angle and the knee adduction 
moment: a cross-sectional investigation in 
knee osteoarthritis. Osteoarthr Cartil. 
2008;16(8):883–9. 

37.  Simic M, Wrigley T V., Hinman RS, Hunt 
MA, Bennell KL. Altering foot progression 
angle in people with medial knee 
osteoarthritis: The effects of varying toe-in 
and toe-out angles aremediated by pain 
and malalignment. Osteoarthr Cartil. 
2013;21(9):1272–80. 

38.  Hollander K, de Villiers JE, Sehner S, et al. 
Growing-up (habitually) barefoot 
influences the development of foot and 
arch morphology in children and 
adolescents. Sci Rep. 2017;7(1):8079. 

39.  Lizis P, Posadzki P, Smith T. Relationship 
Between Explosive Muscle Strength and 
Medial Longitudinal Arch of the Foot. Foot 
Ankle Int. 2010;31(9):815–22. 

40.  Riddiford-Harland DL, Steele JR, Cliff DP, 
Okely AD, Morgan PJ, Baur LA. Does 
participation in a physical activity 
program impact upon the feet of 
overweight and obese children? J Sci Med 
Sport. 2016;19(1):51–5. 

41.  Steinberg N, Rubinstein M, Nemet D, et al. 
Effects of a Program for Improving 
Biomechanical Characteristics During 
Walking and Running in Children Who 
Are Obese. Pediatr Phys Ther. 
2017;29(4):330–40. 

42.  Huang L, Liang. The Implications of 
Childhood Obesity on the Musculoskeletal 
and Locomotor Systems: Biomechanical 
Analyses and Exercise Intervention. 2014; 

43.  Wearing SC, Hennig EM, Byrne NM, Steele 
JR, Hills AP. Musculoskeletal disorders 
associated with obesity: a biomechanical 
perspective. Obes Rev. 2006;7(3):239–50. 

44.  Caravaggi P, Lullini G, Berti L, Giannini S, 
Leardini A. Functional evaluation of 

bilateral subtalar arthroereisis for the 
correction of flexible flatfoot in children: 1-
year follow-up. Gait Posture. 
2018;64(February):152–8. 

45.  Gill S V., Walsh MK, Pratt JA, Toosizadeh 
N, Najafi B, Travison TG. Changes in 
spatiotemporal gait patterns during flat 
ground walking and obstacle crossing 1 
year after bariatric surgery. Surg Obes Relat 
Dis. 2016;12(5):1080–5. 

46.  Peyrot N, Thivel D, Isacco L, Morin JB, Belli 
A, Duche P. Why does walking economy 
improve after weight loss in obese 
adolescents? Med Sci Sports Exerc. 
2012;44(4):659–65. 

47.  Mahaffey R, Morrison SC, Bassett P, 
Drechsler WI, Cramp MC. The impact of 
body fat on three dimensional motion of 
the paediatric foot during walking. Gait 
Posture. 2016;44:155–60. 

 

  



Study 7: Effects of exercise on gait kinematics 
 

 174 

  



GENERAL DISCUSSION 

 175 

GENERAL DISCUSSION  

GENERAL 
DISCUSSION



GENERAL DISCUSSION 
 

 176 

  



GENERAL DISCUSSION 

 177 

MAIN FINDINGS OF THE PRE-
SENT DOCTORAL THESIS 

The present doctoral thesis contributes to 
a better understanding of childhood obesity 
from a biomechanical perspective, describing its 
potential implications for the musculoskeletal 
health of this population and proposing exercise 
as a possible way to counteract the negative con-
sequences of obesity. To see a summary of the 
findings of this doctoral thesis, please refer to Ta-
ble 1. 

SECTION 1. SYSTEMATIC RE-
VIEWS AND META-ANALYSES: 
IMPACT OF CHILDHOOD OBE-
SITY ON THE MUSCULOSKEL-
ETAL STRUCTURE AND THE 
BIOMECHANICS OF WALKING 

The main findings in this section can be 
summarized as follow: 1) higher OW/OB degree 
was associated with the presence of five postural 
malalignments, namely rounded shoulders, tho-
racic hyperkyphosis, lumbar hyperlordosis, 
genu valgum and flatfoot (Study 1); 2) children 
and adolescents with OW/OB had 6.6 times 
higher risk of presenting genu valgum, 1.5 times 
higher risk of presenting flatfoot and 1.7 times 
higher risk of presenting any kind of postural 
malalignment compared to normal-weight 
(Study 1), and 3) in comparison with normal-
weight, children and adolescents with OW/OB 
walk with greater step width, longer stance 
phase, a lower limb valgus position, greater force 
moments at hip, knee and ankle, higher tibio-
femoral contact forces and greater calf muscle ac-
tivation (Study 2). These findings reveal the neg-
ative impact of childhood obesity on musculo-

skeletal structure and function, and this in ac-
tions that are fundamental to our daily life such 
as maintaining an upright posture and walking.  

The influence of age and gender 

The first question that arose in this sec-
tion was at what age the negative effects of obe-
sity are first observed. In Study 1, we found that 
those articles including new-born children until 
the age of four did not find associations between 
OW/OB and postural malalignment. It was not 
until the age of five and onwards when the exist-
ing evidence supports a relationship between 
childhood obesity and postural alterations. With 
regard to the walking biomechanics, included ar-
ticles in Study 2 only investigated children older 
than eight years, possibly to make sure that they 
had already acquired some maturity in the gait 
pattern [1]. Notably, all studies that included 8-9 
years old children found gait biomechanical al-
terations associated with the presence of 
OW/OB [2–9]. This makes us believe that, as 
with the body posture in Study 1, the negative 
effect of childhood obesity had already consoli-
dated in previous stages. Considering findings 
from Study 1 and 2 together, the first four years 
of life seems to be a particularly sensitive period 
when postural malalignments are developed as 
a consequence of OW/OB, while in the gait pat-
tern there are no studies in the pre-school popu-
lation that allow us to determine when biome-
chanical alterations arise. This situation is partic-
ularly worrying, given that the current world 
prevalence of OW/OB among preschool chil-
dren (i.e., under five years old) stands at 9% and, 
therefore, many children are at risk of develop-
ing the   
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above-mentioned biomechanical alterations. An 
urgent need to diagnose these structural and 
functional alterations from early ages is evident, 
in order to intervene as soon as possible and pre-
vent them from continuing to progress.  

Moving to the last stage of childhood and 
the beginning of adolescence, both Study 1 and 
Study 2 show that the detrimental effect of 
OW/OB on posture and gait biomechanics is al-
ready consolidated.  What is not clear is whether 
this detriment is similar in boys and girls, since  
puberty is when differences in the musculoskel-
etal system between sexes become more evident 
[10, 11]. Girls tend to demonstrate more lumbar 
hyperlordosis and genu valgum whereas boys 
show more thoracic hyperkyphosis and flatfoot 
[10, 12]. This influences not only their body 
shapes but also the way they move [10]. We hy-
pothesized that the impact of OW/OB in the 
musculoskeletal structure and function could be 
manifesting differently in girls and boys, proba-
bly aggravating postural dimorphisms that nat-
urally occur in both genders. However, we have 
barely been able to find evidence that supports 
our hypothesis. In Study 1, only a few authors 
studied the effects of OW/OB on body posture 
in boys and girls separately, while in Study 2 no 
study considered sex-differences in the biome-
chanical gait analyses. Thus, the present doctoral 
thesis cannot answer whether the impact of 
childhood obesity on body posture and gait bio-
mechanics differs between genders, and further 
research in this regard is warranted.  

Is it just a matter of excess mass?  

Given that the vast majority of articles in 
Study 1 and 2 used BMI to determine the pres-
ence of OW/OB, it seems evident that excess of 
body mass is playing a major role in structure 
and function of the musculoskeletal system. In 

Study 1, we discuss that excess body mass could 
be altering the mechanical stability of the spine 
as well as collapsing lower limbs into a valgus 
and flatfoot position [13, 14]. Moreover, a greater 
difficulty decelerating and reaccelerating their 
heavier body mass for the next step was consid-
ered as the most plausible explanation for the 
biomechanical compensations found in Study 2 
[15]. Given the relevance of body mass from a 
biomechanical perspective, it seems logical to as-
sume that recovering an adequate (age depend-
ent) body mass should have positive conse-
quences to body posture and gait biomechanics. 
In fact, previous intervention studies based on 
weight loss programs by nutritional modifica-
tions and bariatric surgery found positive effects 
on the gait biomechanics of adolescents with 
OW/OB [16, 17].  

In this section we provide additional evi-
dence suggesting that the biomechanical altera-
tions observed in this population are not only ex-
plained by the presence of excessive body mass. 
In Study 1, some authors reported that fat mass 
and muscle mass were independently associated 
with a hyperlordotic posture in children, which 
could be indicating differentiated roles in the on-
set of these postural malalignments [13]. They 
argued that fat mass accumulation might have a 
greater implication in the spinal imbalance, 
while a consequent increase in muscle tone is 
necessary to restore spinal balance [13]. Some-
thing similar was found in Study 2, in which sev-
eral authors reported that children and adoles-
cents with OW/OB still presented alterations in 
their gait biomechanics after taking into account 
body mass [18, 19]. These findings reveal that 
biomechanical alterations in this population go 
beyond having to support and transport a 
greater body mass, and point to modifications in 
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the neuromuscular pathways involved in con-
trolling the body positioning and the gait pat-
tern.  

Apart from body composition indicators, 
in this section we have discovered some other 
factors likely influencing the posture and gait of 
these children and adolescents. It is important to 
bear in mind that children and adolescents with 
OW/OB spend more time in sedentary behav-
iours and less practicing physical activity, and 
these lifestyle factors seem to be affecting their 
musculoskeletal structure and function. One ar-
ticle from Study 1 found in adolescents that an 
increased television use was associated with a 
thoracic hyperkyphosis posture during sitting 
[20]. Moreover, we highlighted in Study 1 and 
Study 2 that higher levels of physical activity in 
childhood and adolescence was related to a more 
aligned body posture and less foot pronation 
during walking [21, 22]. Having all this in mind, 
it seems that promoting less time in sedentary 
behaviours and more in physical activity could 
be a strategy to fight against all these biomechan-
ical alterations, but the level of evidence found 
in our systematic reviews remains limited. This 
is a question that we will address in SECTION 3 
with the intervention effects. 

Implications of an altered posture and 
gait 

The major implication of an altered pos-
ture and gait that we discuss in this section fo-
cuses on the onset and progression of musculo-
skeletal disorders. In both Study 1 and Study 2 
we provide ample arguments supporting that 
the biomechanical alterations found in children 
and adolescents with OW/OB could have harm-
ful implications on their musculoskeletal system. 
In Study 1, five articles analysed the relationship 

between postural malalignments and musculo-
skeletal pain, and four of them observed signifi-
cant associations [20, 23–25]. For instance, a non-
neutral position of the spine in the sagittal plane 
(i.e., hyperkyphosis and hyperlordosis) and an 
overall poor posture were associated with a 
higher incidence of pain in the cervical spine and 
low back of children and adolescents. Further-
more, the progression of this hypercurved spine 
through lifespan is considered a risk factor for 
severe spine pathologies such as herniated disc 
[26, 27]. Focusing on the lower limbs, the genu 
valgum position in static and dynamic situations 
reported in Study 1 and Study 2 is considered a 
risk factor for the development of knee osteoar-
thritis in adulthood through a progressive de-
generation of the tibiofemoral and patellofemo-
ral cartilage [28–30]. The presence of flatfoot 
(Study 1) and a pronated pattern during walking 
(Study 2) were recently identified in a systematic 
review as risk factors for patellofemoral pain, 
Achilles tendinopathy and non-specific lower 
limb overuse injuries, although evidence is still 
very limited [31]. In Study 1 we also reported 
that higher contact forces applied on the hip and 
knee joints during walking could lead to long-
term mechanical damage. Besides, it has been 
demonstrated that the skeletal structures of these 
children and adolescents are not adapted to sup-
port the greater mechanical stresses in their 
joints [7]. Although there are serious reasons for 
considering biomechanical alterations as a po-
tential factor in the development of musculoskel-
etal disorders in children and adolescents with 
OW/OB, the truth is that there is currently no 
longitudinal evidence supporting it. Prospective 
cohort studies should determine whether these 
biomechanical alterations are associated with the 
future presence of musculoskeletal disorders.  
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Mechanical inefficiency during walking 
and a subsequent increase in the energetic cost 
have also been proposed in Study 2 as a potential 
implication of an altered gait pattern in this pop-
ulation. Children and adolescents with OW/OB 
have demonstrated between 22 and 25% higher 
energetic cost (also called net metabolic cost) 
than their normal-weight peers walking at the 
same speed [32, 33]. While the initial impression 
is that an elevated walking energy cost might be 
beneficial, with obesity being an energy imbal-
ance between calories consumed and expended, 
it also comes with a relatively greater effort for 
walking. This extra effort for walking has been 
suggested as an important limiting factor for 
these children and adolescents to be physically 
active [34]. Now that we have defined the gait 
biomechanical characteristics of these children 
and adolescents in Study 2, we can begin to get 
an idea of how biomechanics is influencing the 
high energy cost during walking. For instance, a 
longer and wider step, greater joint force mo-
ments and muscle overactivation observed in 
this population are factors associated to an in-
creased energetic cost in walking [33, 35, 36]. 
However, most of these associations have been 
reported in adults, and future studies should still 
determine the real influence of these biomechan-
ical alterations on the energetic cost of walking 
in children and adolescents with OW/OB.  

SECTION 2. CROSS-SECTIONAL 
STUDIES:  ROLE OF PHYSICAL 
FITNESS IN THE BIOME-
CHANICS OF CHILDHOOD 
OBESITY 

Overall, the main finding of the present 
section is  that physical fitness components (i.e., 
cardiorespiratory fitness, muscular strength, and 

speed-agility) are positively related to the body 
posture configuration and fundamental move-
ments quality (Functional Movement Screen TM) 
in children with OW/OB. Particularly, in Study 
3 we examined the associations between BMI, 
physical fitness components and fundamental 
movements quality with body posture (whole 
body 2D photogrammetry). Moreover, Study 4 
shows the associations between some fatness in-
dicators (i.e., BMI, waist circumference, body fat 
percentage and fat mass index) and physical fit-
ness components with the fundamental move-
ments quality. In SECTION 1, we already evi-
denced that OW/OB is associated with postural 
and gait biomechanical alterations in children 
and adolescents, and in the present SECTION 2 
this was confirmed in our own sample. The 
higher the BMI is, the more pronounced are 
some postural alterations such as head protrac-
tion, thoracic hyperkyphosis, lumbar hyper-
lordosis and genu valgum (Study 3). Through 
Study 4, we further evidenced that a greater BMI 
is related to biomechanical alterations in more 
complex patterns than posture or gait, such as 
fundamental movements. Only three previous 
studies had investigated the relationship be-
tween fatness and fundamental movements in 
children [37–39], and Study 4 is the first to do it 
in a homogenous sample of children with 
OW/OB. Furthermore, we found that BMI was 
the strongest fatness indicator related to a wors-
ened fundamental movements quality, which re-
iterated that the mechanical factor of carrying 
additional mass is the primary biomechanical 
constraint.  

The positive effects of physical fitness in 
the biomechanics of childhood obesity 

Study 3 revealed for the first time that 
physical fitness and fundamental movements 
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quality were overall associated with a better 
aligned posture of the head, thoracic spine, lum-
bar spine and lower limbs. Concretely, cardi-
orespiratory fitness was related to a better 
aligned position of head and lower limbs. Up-
per-extremity muscular strength (i.e., 1RM arms 
and handgrip) was associated with a better 
aligned thoracic spine, while lower-extremity 
muscular strength (i.e., 1RM legs and long jump) 
was associated with better aligned lower limbs. 
Lastly, speed-agility was related to a better 
aligned lower limb posture. Something similar 
was found in Study 4, where most of physical fit-
ness measures, with the exception of 1RM arms, 
were associated with a better overall fundamen-
tal movements quality (i.e., total Functional 
Movement ScreenTM score). Among the physical 
fitness components, cardiorespiratory fitness, 
long jump and speed-agility were most consist-
ently associated with fundamental movements 
quality, even after adjusting by participants’ BMI 
that already demonstrated to be a relevant fac-
tor. A possible explanation we provided is that 
fundamental movements quality could be asso-
ciated with locomotor activities that require both 
power generation and efficiency during long dis-
tance running, rather than absolute muscle activ-
ities such as 1RM or handgrip [40, 41].  

What is more determinant: fatness or   
fitness? 

Once we analysed the role of fitness in 
posture and fundamental movements, the next 
question that arose was: what is more determi-
nant, the fatness or fitness of these children? To 
answer this, in Study 3 we identified the best 
predictor of body posture among BMI, physical 
fitness and fundamental movements. Results 
showed that BMI was the best predictor of head 

and lumbar spine posture, cardiorespiratory fit-
ness and speed-agility of lower limb posture, 
and fundamental movements of thoracic spine 
posture. On the other hand, in Study 4 we inves-
tigated the separate and interaction effects in 
fundamental movements between OW/OB cate-
gories (overweight vs obese) and physical fitness 
groups (fit vs unfit). Our findings suggest 
that, whereas being fit seems to moderately at-
tenuate the negative influence of fatness, chil-
dren´s weight status still was more determinant 
in their fundamental movements quality. Put-
ting all this evidence together, the present sec-
tion evidences for the first time the important 
role of physical fitness in presenting a more op-
timal body posture and fundamental move-
ments quality in children with OW/OB. How-
ever, although physical fitness seems even more 
determinant than OW/OB level in the position-
ing of some musculoskeletal structures, the ex-
cess of body mass plays a major role in the pos-
tural malalignment of these children.  

Practical implications of this section 

Based on findings from this section, the 
message we send to professionals who work 
daily with this population (e.g., paediatricians, 
physical education teachers, physical trainers or 
physical therapists) is that strategies aimed at re-
ducing BMI together with improving both phys-
ical fitness and fundamental movements quality 
could be a promising treatment to prevent or 
even reverse the biomechanical alterations nor-
mally experienced in children with OW/OB. In 
this sense, to follow the internationally accepted 
physical activity guidelines for children could be 
a good starting point, since it promotes to de-
velop both aerobic and musculoskeletal condi-
tioning [42]. However, we strongly recommend 
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to move towards a more integrative exercise pro-
gramming that not only focuses on the quantita-
tive aspects of physical activity (e.g., accumulate 
60 min of daily moderate to vigorous physical 
activity) but also considers qualitative aspects 
such as movement quality acquisition (i.e., fun-
damental movements and skills) and body pos-
ture awareness [43, 44]. However, to date there 
are hardly any intervention studies in this re-
gard, and therefore our ability to guide practical 
applications from a scientific basis remains lim-
ited. In SECTION 3 we will give some recom-
mendations based on the outcomes of our own 
exercise program. 

SECTION 3. EFFECTS OF A 13-
WEEK EXERCISE PROGRAM 
ON THE BIOMECHANICS OF 
CHILDHOOD OBESITY 

In this section we include three interven-
tion studies (i.e., Study 5, 6 and 7) about the ef-
fects of our 13-week exercise program, based on 
movement quality and multi-games, on the bio-
mechanics of children with OW/OB. In Study 5, 
we found that our exercise program leads to pos-
itive effects on several body posture indicators 
(i.e., 2D photogrammetry), global fundamental 
movements quality (i.e., Functional Movement 
ScreenTM) and some muscular strength compo-
nents (i.e., 1RM arm and leg press, and ALPHA 
test battery). Particularly, children who partici-
pated in the exercise program developed a more 
vertical alignment of head, pelvis and lower 
limbs, improved their performance in the total 
FMS score, and obtained better results in 1RM 
arm press, handgrip strength, and standing long 
jump tests. Our main conclusion from Study 6 
was that the exercise program led to positive 
functional changes in plantar pressure (i.e., 

baropodometric analysis) during walking. Chil-
dren in the exercise group did not continue to in-
crease the total plantar pressure surface, as the 
control group did, which is an indicator of flat-
foot and pronated foot pattern during walking 
[45, 46]. Furthermore, the maximum force sup-
ported beneath the forefoot increased in the ex-
ercise group participants more than in the con-
trol group participants. This shift toward fore-
foot forces occurs with the development of a ma-
ture gait pattern and is observed in an optimal 
push-off phase in adults [47, 48]. Lastly, in Study 
7 we found that children in the exercise program 
maintained a stable stance time, single support 
time, pelvic anteversion and foot toe-out posi-
tion during the stance phase of walking (i.e., 3D 
motion capture analysis), while their peers in the 
control group increased all these biomechanical 
parameters. In line with Study 6, these results 
suggest that exercise could have stopped the 
progression of some biomechanical alterations 
during walking such as a mechanical ineffi-
ciency, excessive foot pronation and lumbar hy-
perlordosis.  

 Previous interventions and what this 
section adds 

To our knowledge, there are six previous 
studies separately investigating the effects of ex-
ercise on body posture and gait biomechanics 
(i.e., plantar pressure and gait kinematics) in 
children and adolescents with OW/OB [22, 49–
52], but no studies on fundamental movements. 
The only precedent we found concerning body 
posture is the study of Schwanke et al. [49], in 
which a 4-month exercise program induced im-
provements in the thoracic spine posture of ado-
lescents with OW/OB. In contrast with 
Schwanke’s study (35), we could not determine 
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a direct improvement in the thoracic spine align-
ment in our Study 5, but rather we found im-
provements in the head, pelvis and lower limb 
alignment. With regard to plantar pressure dur-
ing walking, Riddiford et al. [22] reported no sig-
nificant changes after their 8-month physical ac-
tivity program (10-week face-to-face + 22-week 
self-imparted training), while Steinberg et al. 
[50] found a reduction in some foot pressure 
measures after their 6-month intervention con-
sisting of exercise and diet.  Unlike Steinberg’s 
results, in Study 6 we did not find a reduction 
but a stabilization in plantar pressure surface, as 
well as an increase in the peak forces supported 
beneath the forefoot (i.e., medial and lateral fore-
foot). It is important to note that growing chil-
dren increase body mass and foot size, and, thus, 
reductions in plantar surface and maximum 
forces are unlikely to occur. Results from Riddi-
ford-Harland’s study resemble more what we 
found in Study 6, and it might be because we 
both examined children in barefoot conditions 
whereas Steinberg et al. did in in-shoes condi-
tions. In terms of gait kinematics, Horsak and 
Hainsworth’s exercise interventions (12 and 8 
weeks of duration respectively), found a reduc-
tion in the genu valgum position during the 
stance phase of walking [51, 52]. In Study 7 we 
did not find modifications towards a more opti-
mal gait pattern after our exercise program, but 
a stabilization in the progression of some kine-
matic alterations. A possible explanation for 
these contrasting findings is that their partici-
pants had already reached a mature gait, since 
they were over 13 years old on average, while 
ours were still consolidating their gait pattern 
before puberty [1].  

Our main contribution in the present sec-
tion was to demonstrate that a well-designed 
and supervised exercise program can induce 

simultaneous positive effects on body posture, 
fundamental movements quality and gait bio-
mechanics in a population of children with 
OW/OB. It is noteworthy that we found all these 
benefits in only 13 weeks of exercise program, 
four weeks less than the average duration of pre-
vious exercise interventions. It demonstrates 
that it is possible to obtain short-term benefits in 
the biomechanics of this population through ex-
ercise. Moreover, all these biomechanical im-
provements came together with muscular 
strength gains, even when our exercise program 
was mainly focused on movement quality rather 
than quantity and intensity. This confirms the 
believe that muscular strength development 
during childhood is more influenced by neuro-
muscular stimulus (i.e., learn to execute a move-
ment pattern) rather than changes in the muscu-
lar structure via hormonal mechanisms (i.e., tes-
tosterone) [43]. It is important to highlight that 
all these results occurred without significant re-
ductions in weight or BMI, demonstrating that 
exercise has the capacity to induce biomechani-
cal modifications in this population by mecha-
nisms other than merely body composition. 
Lastly, another important contribution is that we 
provided a detailed explanation of our exercise 
program in an open-access source, our official 
website (http://profith.ugr.es/pages/investi-
gacion/recursos/mubi?lang=en), in order to be 
replicated by other researches or put into prac-
tice.  

How can exercise lead to these improve-
ments? 

Three possible explanations were con-
templated for biomechanical changes induced 
by our exercise program [53–55]: 1) weight loss, 
2) muscle strengthening and 3) neuromuscular 
re-education of posture and movement patterns. 
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We consider that a combination of the last two 
mechanisms would seem the most plausible. The 
first comes from the logical assumption that any 
induced weight loss would induce positive ef-
fects on posture, gait biomechanics and funda-
mental movements. This idea must be rejected, 
however, since neither the EG participants nor 
the CG experienced any reduction in body 
weight. The second is related to the strengthen-
ing of key muscles involved in improving the 
structure and function of the musculoskeletal 
system, such as deep cervical flexors, intrinsic 
core musculature or foot invertor muscles. Un-
fortunately, we could not measure muscle struc-
ture (e.g., MRI or echography) but we assessed 
muscle function through the 1RM leg press and 
long jump tests (Study 5). Possibly, improve-
ments found in the performance of these tasks 
come both from a better muscle function and 
more optimal biomechanics that maximizes 
force transfer between ankle, knee and hip joints 
[56]. The third explanation suggests that the sim-
ple act of gaining postural awareness and learn-
ing fundamental movements and skills would 
make children maintain a better posture and 
move better. As we mentioned in the description 
of the exercise program, it includes several as-
pects (i.e., barefoot training, integrative neuro-
muscular training and dynamic neuromuscular 
stabilization) specifically targeting the above-
mentioned goals.  

Practical implications of this section 

We have in SECTION 1 thoroughly dis-
cussed the potential implications of altered bio-
mechanics on the onset and progression of mus-
culoskeletal disorders. Hence, it is logical to as-
sume that exercise-induced improvements 
found in this section could be beneficial for the 
overall musculoskeletal health of these children. 

For instance, having a more aligned lower limb 
posture, as we found in Study 5, is associated 
with less likely suffering knee cartilage damages 
and the consequent development/progression 
of osteoarthritis compared to when having incor-
rect lower limb postures (i.e., varus and valgus 
positions) [30, 57]. Some authors suggest that an 
excessive foot pronation during walking is asso-
ciated with overuse injuries in adults [31, 58]. 
Therefore, the stop in the progression of exces-
sive foot pronation, as we found in Studies 6 and 
7, could help prevent these movement-derived 
musculoskeletal disorders from appearing in the 
future. With regard to the FMS improvements 
that we found in Study 5, the systematic review 
and meta-analysis of Bonazza et al. (6) shows 
that people with optimal total FMS scores had a 
lower likelihood of injuries than those with non-
optimal scores. It is logical that if our partici-
pants are now moving better they would reduce 
the risk getting injured whilst practicing physi-
cal activities, which in fact occurs more fre-
quently in children with OW/OB [59]. Despite 
the promising role of these results in the preven-
tion of musculoskeletal disorders, we must be 
cautious interpreting them because to date there 
is still no longitudinal evidence supporting it. 
Thus, future follow-up studies should determine 
whether all these biomechanical modifications 
have an implication for the prognosis of future 
musculoskeletal disorders.  

An additional implication of this section 
is related with the predisposition of these chil-
dren for keeping practising physical activity in 
the future. As we discussed in SECTION 1, a 
mechanical inefficiency contributes to these chil-
dren experiencing greater effort of walking than 
their peers with normal-weight, which means an 
important barrier to be physically active. Results 
in the spatiotemporal parameters of gait found 
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in Study 7 seem to indicate positive effects of ex-
ercise on the mechanical efficiency of walking in 
children with OW/OB. This will be in line with 
a previous exercise-based intervention study 
that found improvements in the energetic effi-
ciency of walking, ranging from 10% to 20%, in 
adolescents with obesity [60]. Moreover, in 
Study 5 we found that children were stronger 
and more competent in terms of movement qual-
ity after the exercise program, which led us to 
think that this puts them in a better situation to 
continue practicing physical exercise. Notably, 
longitudinal studies have evidenced that move-
ment competence during childhood is predictive 

of physical activity levels during adolescence 
[61]. Follow-up studies should investigate 
whether all these changes in the biomechanics of 
walking, muscular strength and fundamental 
movements are predictive of a greater physical 
activity participation in adolescence and adult-
hood. 

OVERALL LIMITATIONS AND 
STRENGTHS 

An integrative view of the general limita-
tions and strengths of the present International 
Doctoral Thesis can be found in Table 2.

Table 2. Overview of the limitations and strengths present in this Doctoral Thesis 
 Limitations Strengths 

SE
C

TI
O

N
 1

 

• Findings from both Study 1 and 2 are mainly 

based on cross-sectional studies and it does not 
allow to establish firm causality conclusions 
between childhood obesity and the presence of 
biomechanical alterations.  

• A wide variety of assessment protocols were 
used to measure body posture (Study 1) and gait 
biomechanics (Study 2), which restricts inter-
study comparisons.  

• The majority of the included articles in both 
Study 1 and 2 did not accounted for potential 
confounders such as age, maturational stage or 
gender, which have demonstrated to influence 
in body posture and gait biomechanics.  

• There is no current evidence supporting that the 
biomechanical alterations experienced by this 
population predict musculoskeletal disorders in 
adulthood, and therefore, any conclusion 
around that have a theoretical basis.  

• All information included in both systematic 
reviews were synthesize with standardized 
protocols, eigther a qualitative evidence 
synthesis (Studies 1 and 2) or a meta-analysis 
(Study 1).  

• Findings from Studies 1 and 2 
were summarized in graphical and schematic 
figures to facilitate understanding those readers 
less experts in the topic. 

• Both systematic reviews include enough studies 
(Study 1: 68; Stydy 2: 25) to draw solid 
conclusions about the biomechanics of 
childhood obesity.  

•  Study 1 synthesis observations from close to 2 
million children and adolescents from twenty-
three countries around the five continents.  

• Study 2 include observations from close to 800 
children and adolescents, which is a 
considerable sample size given the difficulty 
and complexity of biomechanical analyzes. 

SE
C

TI
O

N
 2

 • All studies in this section had a cross-sectional 
design, and therefore, drawing causal 
associations is not possible. 

• All outcomes included in this section (i.e., body 
posture, fundamental movements and physical 
fitness) have domenstrated to be valid and 
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Table 2. Overview of the limitations and strengths present in this Doctoral Thesis 
 Limitations Strengths 

• Study 3 and 4 did not include gold standard 
methods for assessing body posture (i.e., X-Ray 
analysis) and body composition (i.e.,  dual-
energy x-ray absorptiometry), however, two-
dimensional photogrammetry and 
bioimpedance are considered valid and reliable 
alternatives. 

• The sample of both Study 3 and 4 is limited in 
size and only composed of children with 
overweight/obesity from a specific re-gion, and 
thus results may be extrapolated to a general 
childhood population.  

reliable in the childhood population.  

• The inclusion of different fitness component 
(e.g., cardiorespiratory fitness, muscular 
strength and speed-agility) together with 
fundamentas movements give us a vision of the 
physical fitness level from both a quantitative 
and quaalitative perspective.  

• Functional Movement Screen were evaluated by 
two certified evaluators with extensive 
experience, and exercise were videotaped in 
order to solve any discrepancy between both 
evaluators.   

 
 

SE
C

TI
O

N
 3

 

• The no-randomized assignment to the exercise 
or control group led to differences between both 
groups at baseline. Although these were subject 
to statistical control (adjustment for the baseline 
values and/or potential confonders such as sex 
and maturational stage), they may have had 
some influence on the results.  

•  Our limited sample size did not allow to detect 
small changes between groups.  

• No structutal measurements of the 
musculoskeletal sysytem were taken via 
imaging (e.g., X-ray or magnetic resonance 
imaging) which would have allowed the impact 
of the intervention on structural changes at for 
instance the knee or foot. 

• There is no longitudinal evidence 
demonstrating whether biomechanical changes 
found in this section have positive implication 
on the muskuloskeletal system and, therefore, 
results should be considered with caution.  

•  The exercise program was specifically designed 
to target the biomechanical alterations that 
children with overweight/obesity normally 
experience, and it is explained in detail in a 
open-access source (our official web site) in 
order to be replicated by other researches or put 
into practice.  

• This trial is the first in studying the 
simultaneous effects of exercise on different 
biomechanical dimension, such as body posture, 
fundamental movements and gait 
biomechanics, in a population of children with 
overweight/obesity.  

• The inclusion of Statistical Parametric Mapping 
allowed us to test the effects of exercise on the 
entire kinematic curves during walking (Study 
7).  
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CONCLUSIONS 

Overall conclusion 

Findings from this Doctoral Thesis evi-
dence that childhood obesity is associated with 
the presence of postural malalignments and bio-
mechanical alterations during walking, which 
could be playing a major role in the onset and 
progression of musculoskeletal disorders (SEC-
TION 1).  Notably, although BMI has demon-
strated to be a determining factor for the biome-
chanics detriments, physical fitness seems to be 
playing a positive role in the body posture and 
movement competence of children with over-
weight/obesity (SECTION 2). Finally, results 
from SECTION 3 demonstrate that a 13-week 
exercise program can lead to positive effects on 
body posture, functional movement quality, 
muscular strength and gait biomechanics (i.e., 
plantar pressure and kinematics) in children 
with overweight/obesity. This suggests that 
physical exercise could be a promising action 
against the biomechanical alterations normally 
experienced in these children.  

Specific conclusions 

SECTION 1. Systematic reviews and meta-anal-
ysis: impact of childhood obesity in the muscu-
loskeletal structure and the biomechanics of 
walking 

• Study 1: overweight/obesity is associated 
with the presence of rounded shoulders, 
thoracic hyperkyphosis, lumbar hyper-
lordosis, genu valgum and flatfoot in child-
hood. Children and adolescents with over-
weight/obesity have 6.6 times the risk of 
presenting genu valgum, 1.5 times the risk 
of presenting flatfoot and 1.7 times the risk 

of presenting any kind of postural malalign-
ments compared with their NW peers. 
These postural malalignments might be be-
hind the higher prevalence of musculoskel-
etal pain in this population and, in if it per-
sists into adulthood, could lead to more se-
vere musculoskeletal disorders.  

• Study 2: children and adolescents with 
OW/OB walk with greater step width, 
longer stance phase, a lower limb valgus po-
sition, greater force moments at hip, knee 
and ankle, higher tibiofemoral contact 
forces and greater calf muscle activation, all 
in comparison with their normal-weight 
peers. These alterations observed in 

OW/OB could be determinant in the short- 
and long-term development of musculo-
skeletal disorders and could be a key factor 
to understanding the energetic inefficiency 
experienced by this population during 
walking. 

SECTION 2. Cross-sectional studies:  role of 
physical fitness in the biomechanics of child-
hood obesity 

• Study 3: BMI was the strongest predictor of 
cervical and lumbar spine posture, cardi-
orespiratory fitness and speed-agility of 
lower limb posture, and functional move-
ment quality of thoracic spine posture. In 
view of this, although BMI is a determining 
factor for body posture detriments, physical 
fitness and functional movement quality 
seem to be positively affecting musculoskel-
etal positioning in children with OW/OB. 

• Study 4: children with greater fatness indi-
cators demonstrate lower functional move-
ment quality, whereas children with better 
fitness level (i.e. cardiorespiratory fitness, 



CONCLUSION AND FUTURE PERSPECTIVES 
 

 196 

lower limbs muscular strength, and speed-
agility) demonstrate greater functional 
movement quality. Children´s weight status 
seems to be more determinant than their fit-
ness level in terms of functional movement 
quality, whereas being fit seems to moder-
ately attenuate the negative influence of fat-
ness. 

SECTION 3. Effects of a 13-week exercise pro-
gram on the biomechanics of childhood obesity 

• Study 5: children with OW/OB who partic-
ipated in the exercise program developed a 
better alignment of the head and lower limb, 
improved their performance in functional 
movement patterns and experienced global 
muscular strength gains compared with the 
peers who continued with their usual lives. 
Among other potential implications, these 
improvements could contribute to the pre-
vention of musculoskeletal disorders associ-
ated with childhood obesity and could in-
crease adherence by positioning these chil-
dren in a better physical status to keep prac-
ticing exercise. 

• Study 6: the exercise program led to positive 
functional changes in the plantar pressure 
during walking of children with OW/OB. 
The increase in maximum force supported 
by the forefoot in the exercise group might 
indicate a change toward a more normal 
foot rollover pattern and a more adult gait.   

• Study 7: children who participated in our 
exercise program stopped the progression 
of some gait biomechanical alterations (i.e., 
excessive stance time, toe-out position and 
pelvic anteversion) compared with peers 
who continued with their usual lives. These 
findings could contribute to preventing 

common movement-derived musculoskele-
tal disorders in this population, as well as 
preserving an optimal mechanical efficiency 
during walking. 

FUTURE PERSPECTIVES 

• In SECTION 1 we have demonstrated that 
OW/OB is associated with biomechanical 
alterations in two situations as basic as sup-
porting one’s body weight and walking, but 
future research should elucidate whether 
the biomechanics deterioration also occur in 
more demanding activities such as running 
or jumping.  

• To date there is no evidence demonstrating 
that the biomechanical alterations we found 
in childhood obesity (SECTION 1) are re-
lated to the development of musculoskeletal 
disorders in adulthood such as injuries, os-
teoarthritis, low back pain or disc herni-
ation. Thus, future longitudinal studies are 
needed in this regards.  

• In the present Doctoral Thesis we could not 
answer whether the impact of childhood 
obesity on body posture and gait biome-
chanics (SECTION 1) differs between sexes, 
and further research in this regard is war-
ranted. 

• Since the postural malalignments and bio-
mechanical alterations seems to develop at 
an early age (SECTION 1), a premature di-
agnosis is necessary in order to intervene as 
soon as possible. Thus, it is necessary to 
agree on the different health agents in-
volved in this field of knowledge such as 
paediatricians, orthopaedics, endocrinolo-
gist and podiatrists, to create common diag-
nostic strategies.  



CONCLUSION AND FUTURE PERSPECTIVES 

 197 

• Included articles in SECTION 1 presented 
considerably different assessment protocols 
to analysis the body posture and gait pat-
tern, and a unification of all these protocol is 
needed to make the results more compara-
ble.  

• SECTION 2 shows the associations of phys-
ical fitness with body posture and move-
ment competence, but there are no studies 
investigating the association of physical fit-
ness with the biomechanics of walking (e.g., 
plantar pressure or kinematics).  

• The main limitation in investigating move-
ment competence in childhood is that avail-
able instruments are considerable  time-con-
suming. Fundamental movements, since are 
more analytic and controlled tasks, are eas-
ier and faster to evaluate than Fundamental 
Movement Skills. We encourage further in-
vestigation on Fundamental Movement in 
childhood, and that new assessment instru-
ments be designed that allow us to have in-
formation on movement competence 
quickly and easily (e.g., mobile apps).  

• In our intervention studies (SECTION 3), 
we found several biomechanical changes 
that could be beneficial for the musculoskel-
etal health of these children. However, fu-
ture follow-up studies should determine 
whether these changes have a real positive 
effects on the musculoskeletal system of this 
children.  

• Future exercise interventions should addi-
tionally include assessment such as MRI 
(magnetic resonance imaging) and TAC (to-
mography axial computerized) of the joints 
to investigate whether biomechanical 

changes are related to structural changes on 
the musculoskeletal system.  

• We really believe that schools are the ideal 
place to evaluate several biomechanical di-
mensions in children and adolescents. Com-
plex motion capture analysis are not feasible 
since they require since very expensive in-
struments and a long time of data pro-
cessing. However, body posture assessment 
only require one of two photos of each chil-
dren, which makes it reasonable feasible to 
be incorporated into schools. Recent studies 
were able to estimate complex body compo-
sition indicators through a simple photo [1, 
2], so it is not unreasonable to think that 
something similar could occur with body 
posture in a near future. Can you imagine 
that from a simple photo we could have in-
formation on the body composition and 
posture of a child? This kind of tools will 
empower physical education teacher to 
raise red flags on the childhood obesity pan-
demic and its associated postural malalign-
ments, and furthermore will give them the 
opportunity to evaluate the effect of possi-
ble interventions carried put inside schools. 
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