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Abstract

Postural faults in children and adolescents represent one of the most popular yet
underestimated health problems because of the subsequent complications they may produce.
One of the causes that can contribute to the young organism's posture disorders are the
alterations in the foot's structure and functionality, which are more and more frequently
discovered. This study aimed to investigate the postural changes induced by foot deformities
and/or dysfunctions in children and adolescents. The methodology involved a systematic
search using Clarivate Analytics, PubMed, ResearchGate, and Google Scholar databases in
order to obtain information regarding the postural changes associated with foot
abnormalities; 188 articles were found after we applied the inclusion criteria, but finally,
only 17 were relevant to our research. The analysis of these showed that: there is evidence
for poor postural stability in the pronated and supinated foot, foot deformities are a risk
factor for injuries of the lower extremity due induced postural changes, foot position can
influence the pelvic alignment in children (especially, an increased anteversion of the pelvis
on those with hyper pronated foot), can produce trunk asymmetries, and also can change the
gait kinematics and create an excessive load on various joints of the spine and lower limb. In
conclusion, is confirmed the idea that even a minor alteration in foot structure and/or
functionality is followed by poor postural habits based on feedback and other advanced
control mechanisms. These changes could lead to more complicated health issues.
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Rezumat

Deficientele posturale la copii si adolescenti reprezinta una dintre cele mai populare, dar
totusi subestimate probleme de sanatate din cauza potentialelor complicatii ulterioare. Una
dintre cauzele care pot contribui la tulburarile posturale ale organismului tanar sunt
modificarile structurii si functionalitatii piciorului, care sunt descoperite din ce in ce mai
frecvent. Acest studiu a avut ca scop investigarea modificarilor postural induse de
deformarile si/sau disfunctiile piciorului la copii si adolescenti. Metodologia a implicat o
cautare sistematica utilizdnd bazele de date Clarivate Analytics, PubMed, ResearchGate si
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Google Scholar pentru a obtine informatii cu privire la modificarile posturale asociate
anomaliilor piciorului. Au fost gasite 188 de articole care indeplineau criteriile de includere,
dar, in final, doar 17 au fost relevante pentru cercetarea noastra. Analiza acestora a aratat ca:
existd dovezi pentru o stabilitate posturala slaba la piciorul pronat si supinat, deformarile
piciorului sunt un factor de risc pentru leziunile extremitatii inferioare datorate modificarilor
posturale induse, pozitia piciorului poate influenta alinierea pelviana la copii (in special, o
anteversie crescuta a pelvisului la cei cu picior hiperpronat), poate produce asimetrii ale
trunchiului si, de asemenea, poate schimba cinematica mersului si poate crea o sarcina
excesiva asupra diferitelor articulatii ale coloanei vertebrale si ale membrului inferior. In
concluzie, se confirma idea ca si 0 modificare minora a structurii si/sau a functionalitatii
piciorului este urmata de modificari posturale defectuoase bazate pe feedback si pe alte
mecanisme avansate de control. Aceste schimbari ar putea determina probleme de sanatate
mai complicate.

Cuvinte cheie: postura, deformarea piciorului, postura piciorului, copii, adolescenyi

Introduction

Posture is described as a set of interactions between the musculoskeletal system and the
central nervous system and its main role is to keep the body in a state of balance by protecting its
supporting structures against injuries or progressive deformities [1].

Movement and postural patterns are essential components of a child’s physical and
emotional development [2]. Body posture failures in children and adolescents constitute one of the
most popular yet underestimated health problems. A sedentary lifestyle among children and
adolescents is an important factor that intensifies incorrect body postures in daily activities [3, 4].
Nowadays, we are dealing with an increased number of children and adolescents who have
musculoskeletal pain without trauma [4, 5].

The human foot plays a fundamental role by linking the body with the ground. Therefore, it
is a significant contributing factor in the overall development of the musculoskeletal system in
children [6]. Foot misalignment is one of the most common orthopedic issues in pediatric health and
it leads to many injuries in the foot, knee, and lower back. If normal foot posture does not develop
during the elementary school period, foot misalignment continues to evolve during adolescence and
into adulthood. Therefore, the development of normal foot posture during childhood is essential [7].

The entire kinematic chain can be disrupted by any minor dysfunctions within the foot and
consequently affects its motility. Dysfunctions of the locomotor system, though, may cause lower
limb failure, translating into degenerative changes in the peripheral and spinal joints [8]. From a
biomechanical point of view, foot posture can influence postural stability, bodyweight distribution,
change the normal kinematics of gait, it can alter the position of the pelvis, and increase the risk of
injuries.

Obijective. The aim of this study is to investigate the effect of foot deformity, dysfunction, or
both on postural alignment.

Materials and Methods

A computerized database search was performed to identify relevant articles for this review.
The following databases were searched Clarivate Analytics, Pubmed, ResearchGate, and Google
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Scholar. Selection criteria were based on the publication date (between 1990-2020), their
accessibility (free full text), and using the following keywords: posture, foot deformity, foot posture,
children, and adolescents. The studies involving adult subjects and the articles that do not have
their main topic foot deformity in associations with posture were excluded.

A total of 188 studies were found in selected databases. After analyzing their content, a total
of 17 articles were eligible to be included in this review.

Results
The results obtained were divided according to the effect described by certain pathology of
the foot on the posture or posture-related conditions in children and/or adolescents.

e Postural stability

Four studies investigated how foot abnormalities correlate with postural stability. Cote et.al
(2005) included children and adolescents with foot structural classification (supinated, pronated,
and neutral) and they measured center of balance, stability index, and postural sway during static
single-limb stance under eyes-open and eyes-closed conditions. They found that postural stability is
affected by foot type under both static and dynamic conditions [9].

Szczepanowska-Wolowiec et al. examined (in 2019) 200 children by measuring the center of
pressure (COP), using a dynamometric platform and they found a correlation between
morphological variables of the foot and postural stability [8].

The effects of flexible pes planus on postural stability examined by EI-Shamy and Ghait
determined that there was a decrease in postural stability in adolescent females with flexible pes
planus compared with normal subjects [10].

In another study, the authors measured ground force reaction (GFR) in children with flat feet.
They found that flexible flat feet were associated with a reduction in the second peak of the vertical
GREF, a reduction in peak ankle inversion, external rotation moments, and an increase in peak ankle
eversion moment impulse. These findings add support to the belief that flexible flat feet lead to
instability and abnormal foot and ankle loading [11].

e Pelvic position

Two studies identified a correlation between foot posture and pelvic alignment. One study found
significant relationships between the position of heel valgus, hip rotation, and pelvic tilt. A higher
anterior tilt of the pelvis was found in children during the whole gait cycle [6].

The second study involved 651 children whose footprints and internal, external rotation of both
hips were measured. All of 151 children with flat feet had presented an increased internal rotation
of hip; a highly significant correlation was found between flat feet and increased hip internal
rotation in children [12].

e Trunk parameters

One study investigated the relationship between selected parameters of feet and trunk in
children aged 4 to 6 years. Parameters of feet were significantly correlated with the angle of the
body bent to the left in the frontal plane (63.01%), the height of lumbar lordosis (52.15%), the
inclination of upper thoracic region (41.29%), and length of lumbar lordosis (39.11%). Foot
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parameters were reported to correlate significantly with the length of thoracic kyphosis (13.04%),
the inclination of the lumbosacral region (10.86%), and asymmetry in the distance between lower
angles of the scapula from spinous process, with the lower angle of the left scapula being more
distant. The authors revealed a significant relationship between foot parameters and trunk
parameters especially in the sagittal plane than in the frontal (very low in the transverse plane); also,
the authors established that left foot parameters are better correlated with trunk parameters than the
ones in the right foot [13].

A positive correlation was found in one study between abnormal foot pronation and the
development of scoliotic curves. The study suggests that asymmetrical pronation patterns may be a
critical factor in the development of scoliotic curves.

The authors described that if a foot pronates more than the other the pelvis will rotate
counterclockwise and tilt downwards towards the foot that pronates more [14].

e Kinematic gait parameters

Children with heel misalignment were examined and pressure distribution on the foot during
gait was analyzed on a force platform. The results show the heel's valgus positioning influences foot
loading in children during gait and the presence of pathological changes[15].

Another study investigated the relationship between foot arch and dynamic plantar pressure in
preschool children. They measured 27 children for static foot posture, including navicular height
and plantar pressure force, and contact areas using a 3D foot scan. They concluded that the foot
arch is a factor which will influence the pressure distribution under the foot. Therefore, children
with flatfeet may shift their body weight to a more medial foot position when walking and could be
at a higher risk of soft tissue injury in this area [16].

GRF and support moment in normal and flat-feet children were investigated by Pauk and
Griskevic¢ius. They investigated GRF and were quantified by three vectors, in the vertical, anterior-
posterior, and medial-lateral planes. They suggest that children with flat-feet tend to walk with a
reduced compliance in the loading response phase due to the impaired function of the hindfoot. The
amplitude of the force in posterior direction was significantly lower in flat feet children compared
with normal subjects. They also study the support moment of all the joints of the lower limbs and
concluded that the support moment was lower in the flat-feet group (the hip joint 21.3% for control
group vs. 15.6% for flat feet subjects; the knee joint 20.3% for control group vs. 17.7% in flat feet
subjects) [17].

e Whole-body flexibility

The relationship between foot posture and body flexibility in healthy asymptomatic children
aged 7 to 15 years was assessed by Hawke and colleagues. They found that children with increased
pronation of the foot type exhibited greater lower limb and whole-body flexibility but not greater
ankle joint flexibility [18].

e Lower extremity injuries

Five studies identified foot posture as a risk factor for the development of injuries in the lower
extremity. Two studies evaluated athletes with either pronated or supinated foot and reported a
higher incidence in knee pain and risk of overuse injuries [19, 20].
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A 125 high school cross-country runners were measured for tibiofibular varum, resting
calcaneal position during gait stance, and gastrocnemius length. They supported the hypothesis that
a pronated foot type is related to medial tibial stress syndrome (MTSS) with an accuracy of 76%
[21].

Two studies investigated symptomatic flat feet and proximal joint problems. Both pieces of
research reported that flatter foot posture is more likely to have pain or discomfort at the hip, knee
or back. These results suggest that foot motion in the transverse plane is closely associated with the
presence of symptoms in flat feet and is accompanied by changes in the ankle, knee, and hip
kinematics [22, 23].

Discussions

This review reports data on the relationship between foot posture and association with the
whole body or conditions related to a bad posture among children and adolescents.

Findings showed that foot type could be a risk factor for developing pathological changes in
the kinematic chain. The results confirm the findings of previous reviews as we found that. B. Neal
and colleagues investigated foot posture and function as a risk factor for lower limb overuse
injuries. Studies were classified based on foot assessment method using foot posture index (FPI),
navicular drop, and the longitudinal arch angle. They found a strong correlation between pronated
foot posture and medial tibial stress syndrome and minimal evidence that a pronated foot posture
was a risk factor for patellofemoral pain development. They investigated foot posture as a risk
factor for the development of foot/ankle injury and bone stress reaction but they did not find any
association between them [24].

Another study found that body posture influences load distribution in the lower limbs. They
examined body posture among 78 children using the photogrammetric method and for plantar
pressure they used a baropodometric pressure platform. In this study, the results showed a
significant relationship between body posture failures in children such as the increased angle of
thoracic kyphosis and the angle of lumbar lordosis and the load transferred by the forefoot/hindfoot.
A greater angle of inclination in the thoracolumbar segment correlated with greater load transferred
by the forefoot as a consequence of the forward shift of the center of gravity. Postural defects in
children can influence the load distribution of both feet and the position of the center of gravity
which suggests that not only foot posture can create asymmetries and compensation mechanisms
inthe kinematic chain but also any alteration in body posture can influence the whole alignment
[25].

Zaharieva investigated foot posture (flat feet, prone feet) in relation to posture and their
association in children. A strong correlation was found between pronation and postural deviations,
pronation being the leading factor for the variation in the children’s posture [26]. Outcome
measures are important when evaluating the effectiveness of treatment and progress towards a final
goal in pediatric populations. There are a lot of conditions seen in pediatric orthopedic clinics and it
is not clear how and when children develop normal foot posture and function and also when a
deformity is defined as pathological.

The reliability of clinical foot measures commonly used in pediatric foot assessments has
been previously investigated in various ways and for different purposes.

In one study the examiners found largely good intra-rater and inter-rater reliability for the
FPI-6, Lunge test, the Beighton scale, and the lower limb assessment score (LLAS). Navicular
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height (NH), the Foot Posture Index (FPI), resting calcaneal stance position (RCSP), neutral
calcaneal stance position (NCSP), navicular drop (ND) were examined in young children(4 to 6
years) and adolescents (8 to 15 years) in an intra-rater and inter-rater reliability study [27].

It is known that foot posture and ankle range may influence the entire postural alignment
and it is pertinent to identify the most useful measures for the clinical evaluation of these
parameters. These findings indicate that the presented measures are useful in assessing the
deformities of the foot that may lead to postural abnormalities [28].

The Foot Posture Index (FPI-6)was assigned to a predetermined category: highly pronated
(FP1-6 score 10 to 12), pronated (FPI-6score 6 to 9), neutral (FPI-6 score 0 to 5), supinated (FPI-6
score -1 to -4) and highly supinated (FPI-6 score -5 to -12). The inter-rater reliability when the
actual score was compared and when the score was categorized showed almost perfect agreement.
The findings of this study show the FPI-6 has almost perfect inter-rater reliability and suggests that
the FP1-6 may be of value in clinical practice [28].

Conclusion

This review identified evidence on the effects of foot posture on the entire postural
alignment. We found a strong correlation between foot types and lower limb injuries and postural
stability in children and adolescents. However, in the studies evaluated we found that foot posture
can alter kinematic gait parameters and create an excessive load on the various joints. Any
abnormality in foot posture or its functionality will create methods of compensation in the kinetic
chain by postural adjustments based on feedback and advanced control mechanisms. Evaluation of
static foot posture and dynamic foot functionality should be included in a multifactorial assessment
in children and adolescents with foot deformities.

References

1. Posturology (2016, september 16). A scientific Evaluation of Postural Alignment,
americanpostureinstitute.com; retrieved on 14-10-2020;

2. Solberg G. (2008). Postural disorders & Musculoskeletal Dysfunction 1% Edition. The
integrative approach to posture, Churchill Livingstone Elsevier, 1(18);

3. Oravitan M. (2009). Posturology - fundamental concepts and practical applications. Analele
UVT- Seria EFS,11: 61-69;

4. Oravitan M., Oravitan S., Gheorghita O.M., Somicu C. (2012). The incidence of
developmental disorders linked to stature and weight in the case of secondary school pupils,
Timisoara Physical Education and Rehabilitation Journal,5(9): 28-35;

5. Macialczyk-Paprocka K., Stawinska-Witoszynska B., Kotwicki T. et al .(2017). Prevalence
of incorrect body posture in children and adolescents with overweight and obesity,
European Journal of Pediatrics, 176(5): 563-572. doi: 10.1007/s00431-017-2873-4. Eur J
Pediatr;

6. Svoboda Z., Honzikova L., Janura M et al. (2014). Kinematic gait analysis in children with
valgus deformity of the hindfoot. Acta of Bioengineering and Biomechanics, 16(3): 89-93.
doi: 10.5277/abb140310;

19



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Revista Romadnd de Kinetoterapie
Vol. 26 / Nr. 45/ Decembrie 2020

. Tashiro Y., Fukumoto T., Uritani D et al. (2015). Children with flat feet have weaker toe

grip strength than those having a normal arch. Journal of Physical Therapy Science, 27(11):
3533-3536. doi: 10.1589/jpts.27.3533,;

Szczepanowska-Wolowiec B., Sztandera P., Kotela I. et al. (2019). Feet deformities and
their close association with postural stability deficits in children aged 10-15 years. BMC
Musculoskeletal Disorders, 20(1):1-9. doi: 10.1186/s12891-019-2923-3;

Cote K., Brunet M., Gansneder B et al. (2005). Effects of Pronated and Supinated Foot
Postures on Static and Dynamic Postural Stability. Journal of Athletic Training, 40(1):41-
46.pmdi: 15902323;

El-Shamy F., Ghait A. (2014). Effect of Flexible Pes Planus on Postural Stability in
Adolescent Females. International Journal of Science and Research, 3(7): 2012-2015;
Kothari A. (2015). The evaluation of flexible flat feet in children aged eight to fifteen years
old Doctor of Philosophy. PhD thesis, University of Oxford;

Zaflropoulosa G., Danisb G. (2009). Flat foot and femoral anteversion in children-A
prospective study. The foot, 19(1): 50-54. doi: 10.1016/j.foot.2008.09.003;

Mrozkowiak M., Sokolowski M. et al. (2018). The incidence of significant relationships
between selected parameters of feet and parameters of trunk in children aged 4, 5 and 6
years. Journal of Education, Health and Sport, 8(2):330-333. doi:
http://dx.doi.org/10.5281/zenodo0.1188405;

Rothbart B. (2014). Preliminary Study: Adolescent Idiopathic Scoliosis Linked to Abnormal
Pronation. Podiatry Review, 70(2): 8-11;

Martinaskova E., Honzikova L., Lucie J. et al. (2012). The influence of valgus heel position
on foot loading in a child's gait. Acta Universitatis Palackianae Olomucensis, Gymnica,
42(4):57-63.doi: 10.5507/ag.2012.024;

Chang H., Chieh H., Lin C. et al. (2014). The relationships between foot arch volumes and
dynamic plantar pressure during midstance of walking in preschool children. Plos
One,9(4):1-7. doi: 10.1371/journal.pone.0094535;

Pauk J., Griskevicius J. (2011). Ground reaction force and support moment in typical and
flat-feet children. Mechanika, 17(1):93-96. doi: 10.5755/j01.mech.17.1.209;

Hawke F., Rome K., Evans A. (2016). The relationship between foot posture, body mass,
age and ankle, lower-limb and whole-body flexibility in healthy children aged 7 to 15years.
Journal of Foot and Ankle Research, 9(1):10-14. doi: 10.1186/s13047-016-0144-7;

Dahle L., Mueller M., Delitto A. et al. (1991). Visual assessment of foot type and
relationship of foot type to lower extremity injury. Journal of Orthopaedic and Sports
Physical Therapy, 14(2):70-74.doi: 10.2519/jospt.1991.14.2.70;

Cain L., Nicholson L., Adams R et al. (2007). Foot morphology and foot/ankle injury in
indoor football. Journal of Science and Medicine in Sport, 10(5): 311-319. doi:
10.1016/j.jsams.2006.07.012;

Bennet J., Reinking M., Pluemer B. et al. (2001). Factors Contributing to the Development
of Medial Tibial Stress Syndrome in High School Runners. Journal of Orthopaedic &
Sports Physical Therapy, 31(9):504-510. doi: 10.2519/jospt.2001.31.9.504;

Kerr C., Zavatsky A., TheologisT.et al. (2019). Kinematic differences between neutral and
flat feet with and without symptoms as measured by the Oxford foot model. Gait & posture,
67:213-218. doi:10.1016/j.gaitpost.2018.10.015;

20


https://doi.org/10.1016/j.foot.2008.09.003
http://dx.doi.org/10.5281/zenodo.1188405

23.

24,

25.

26.

27.

28.

Revista Romadnd de Kinetoterapie
Vol. 26 / Nr. 45/ Decembrie 2020

Zavatsky A., Theologis T., Kothari A. (2016). Are flexible flat feet associated with proximal
joint  problems in  children?  Gait and Posture,  45:204-210.  doi:
10.1016/j.gaitpost.2016.02.008;

Neal B., Griffiths 1., Dowling G.et al. (2014). Foot posture as a risk factor for lower limb
overuse injury: A systematic review and meta-analysis. Journal of foot and ankle research,
7:55. doi: 10.1186/s13047-014-0055-4;

Wojtkow M., Szkoda-Poliszuk K., Szotek S. (2018). Influence of body posture on foot load
distribution in young school-age children. Acta of bioengineering and biomechanics /
Wroclaw University of Technology, 20(2): 101-107. doi: 10.5277/ABB-01079-2018-01,
Zaharieva D. (2014). Flat feet, prone feet, posture and dependency between them in first
grade children. Scoliosis Journal, 9(Suppl 1):016.doi: 10.1186/1748-7161-9-51-016;

Evans A.M., Rome K., Peet L. (2012). The foot posture index, ankle lunge test, Beighton
scale and the lower limb. Journal of Foot and Ankle Research,5(1):1-5. doi: 10.1186/1757-
1146-5-1;

Morrison S., Ferrari J. (2009). Inter-rater reliability of the Foot Posture Index (FPI-6) in the
assessment of the pediatric foot. Journal of Foot and Ankle Research, 2(26): 1-5. doi:
10.1186/1757-1146-2-26.

21



