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Flatfoot among School-age Children in Almadinah
Almunawwarah: Prevalence and Risk Factors
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Objectives: Children with flatfoot are more vulnerable to have foot pain, foot injury, stress fractures, knee pain, and poor exercise performance.
Some children may not experience any of these symptoms and the only predominant complaint would be foot pain. Flatfoot is considered a
health issue that was not studied well in Saudi Arabia. The study aims to determine flatfoot prevalence among school-age children 7-14 years
in Almadinah Almunawwarah and to know the effect of age, gender, and body mass index on the prevalence of flatfoot. Furthermore, a
secondary aim is to find if there is a relationship between flatfoot and postactivity foot pain and participation in sports. Methods: This is a
cross-sectional analytic study conducted on children aged 7—14 years living in Almadinah Almunawwarah, Saudi Arabia. Flatfoot was diagnosed
using Staheli’s Plantar Index. Binary logistics regression was used to predict the likelihood effect of sociodemographic data among children
with flatfoot. Results: A total of 403 children had been voluntarily recruited in this study. Boys were 193 (47.9%) while 210 (52.1%) were
girls. The prevalence of flatfoot was 29.5% (119), 96.6% of them were flexible flatfeet and a relatively very low incidence (3.4%) of rigid
flatfeet. Age has a significant relationship on the prevalence of flatfoot (P = 0.050) where 7-8-year-old group was rated highest among other
age groups in the prevalence of flatfoot. Conclusion: We found 29.5% of the children had flatfoot in the study sample. This prevalence is
still high in comparison to developed countries. Furthermore, this study found a significant association between age and flatfoot in children.
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INTRODUCTION There are many causes of flatfeet, causes of FFF include
accessory navicular bone, generalized ligamentous laxity,
neurologic disorders (cerebral palsy and hypotonia), muscular
abnormalities (muscular dystrophy), genetic syndromes
(osteogenesis imperfecta, Down syndrome, and Marfan’s
syndrome), collagen disorders such as Ehlers—Danlos, and
other biomechanical causes such as ankle equines and valgus
deformities. On the other hand, most rigid flatfeet are related
to underlying pathology, including trauma, iatrogenic, tarsal
coalition, congenital vertical talus, and peroneal spastic
flatfoot.l*®

Flatfoot (pes planus) is a common condition.! It is diagnosed
when the foot has a low or no longitudinal arch during
weight-bearing. Around 90% of all clinical visits related to
feet problems in children are due to flatfeet. It rarely causes
disability but still stays one of the main concerns for the parents
and grandparents.”) In fact, it is a problem consisting of a
group of physical features that include extreme eversion of the
subtalar complex during weight-bearing, with plantar flexion
of the calcaneum in relation to the tibia, plantar flexion of the
talus, abduction and dorsiflexion of the navicular, abduction

of the forefoot, and valgus posture of the heel >4 _
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There are two major types of flatfeet as follows: flexible Taibah University, Almadinah Almunawwarah, Saudi Arabia.
flatfeet (FFF) and rigid flatfeet. FFF begins in childhood E-mail: abdulla-134@hotmail.com

and continued into adulthood and usually affects both feet.
It is the most common type. The term flexible defined as a
medial longitudinal arch of the foot that collapses in various
degrees when standing and returns to normal if the foot is not
weight-bearing.!!
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Flatfoot in Almadinah Almunawwarah children

Children with flatfoot are more vulnerable to have foot pain,
foot injury, stress fractures, knee pain, and poor exercise
performance. Some children may not experience any of these
symptoms, and the only predominant complaint is foot shape
or the fact that they get fatigued easily.”!

There are four methods that can be used to diagnose flatfoot,
including (a) visual inspection,!!” (b) anthropometric
values,!'12 (c) footprint parameters,'* and (d) radiographic
techniques.['*1*) Many studies have been conducted worldwide
about the prevalence of flatfeet in children. Many of these
studies have determined the relationship between the
prevalence of the flatfeet and the body mass index (BMI),
age, and gender. Pourghasem et al.'® found that obesity is
one of the significant factors that cause an increase in the
prevalence of flatfeet. A Nigerian study found that about one
in every five children (6-10 years old) would be diagnosed
with flat foot anomaly, and obesity further increased the risk.!”!
Vergara-Amador et al. performed a study in Colombia and
found a relationship between flatfoot with age, gender, and
BMI. However, male gender and obesity were considered as
risk factors.['¥! Another study was in Taiwan also approved
the relationship between flatfoot prevalence and obesity.'"? A
study performed in China on children 6—13 years old exhibited
that occurrence of FFF is directly proportional to BMI and
the height, but it decreases with age.”! A study done in
Pakistan showed that flat foot was more common in males.?!
The previous studies showed a positive correlation between
increased BMI, male gender, and flatfoot. In addition, they
stated that flatfeet prevalence decreased with age.!'s'! There
was another study done in Iran that showed there was no gender
difference in the flatfoot prevalence.*

Flatfoot is a health issue that was not studied well in Saudi
Arabia at school-age children.

This study aims to determine flatfoot prevalence among
school-age children (7-14 years old) in Almadinah
Almunawwarah and to know the effect of age, gender, and
BMI on the prevalence of flatfoot. Furthermore, to find if there
is any relationship between flatfoot and postactivity foot pain
and participation in sports.

MATERIALS AND METHODS

A cross-sectional analytic study was conducted in various
summer schools distributed within Almadinah Almunawwarah,
Saudi Arabia, on children (7-14 years old) from May to July
2018.

The sample size was calculated and found to be 384. After
obtaining informed consent from parents or legal guardians
and explaining the objectives of the study, an interview with
each child was started using a structured data collection sheet,
which was directed by the investigators. The data collected
included age, gender, participation in sports, history of pain
in the foot and ankle after physical activity, weight, and height
(BMI was calculated).

The participants were told and reassured that their participation
in the study was voluntary and confidential. The study
was anonymous; all information remained confidential.
Confidentiality and privacy were maintained by data coding
to eliminate identifying data with personal information.

The age was rounded off to the closest number, using 12 months
as a unit. The ones from 8 years and 7 months to 9 years and
6 months were grouped into age 9 group and the ones from
9 years and 7 months to 10 years and 6 months were grouped into
age 10 group. The footprint method was used on both feet (Foot
imprinter Apex Harris Mat Set) and calculated Staheli’s Arch
Index?*24 to diagnose flatfoot. For the footprint [Figure 1], we
drew a tangential line to medial side of the metatarsal and heel
region then, from midpoint of this line, we drew a perpendicular
line to cross the footprint (we measured the width that was
covered with ink from the medial side to the lateral side of the
midfoot and called it A value). We drew another perpendicular
line at the heel region from the tangential line across the
footprint (we measured the width that was covered with ink from
the medial side to the lateral side of the rear foot and called it B
value). Staheli’s Arch Index was calculated by dividing the value
of A by the value of B, a child was considered having flatfoot if
he/she had a Staheli’s Plantar Arch Index >1.15.124

A tiptoe standing test was done for each child with flatfoot from
the footprint test to differentiate between FFF and rigid flatfeet.
If the arch appeared and heels were turned into varus, then it
was considered a FFF, if not, it was considered a rigid foot.

Our inclusion criteria were age between 7 and 14 years and
living in Almadinah Almunawwarah city. Exclusion criteria were
neuromuscular patients, congenital anomalies in the lower
limb, and history of surgery, fracture, and dislocation in legs
or feet. Furthermore, young children who could not answer
the pain questions and were not accompanied by their mothers
were excluded from the study.

The statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS), version 22.0 (IBM,

Figure 1: Staheli’s Plantar Arch Index measures the width of the foot in

the area of the arch and heel and the index is the ratio between these
measurements
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Armonk, New York, USA). The Chi-Square analysis was
applied to compare the differences between the groups
included in the study, and P < 0.05 was considered statistically
significant.

RESULTS

A total of 403 children had been voluntarily recruited in
this study. Participants were divided into four age groups.
The sample was almost evenly distributed between the four
age groups. Age range was from 7 to 14 years old; Group A
(7-8 years old) were 102 (25.3%), Group B (9-10 years
old) were 106 (26.3%), Group C (11-12 years old) were
102 (25.3%), and Group D (13—14 years old) were 93 (23.1%).
Boys were 193 (47.9%) while 210 (52.1%) were girls.
Majority (65%) of the children were underweight (less than
the 5% percentile), 26.1% were normal weight (5 percentile
to less than the 85" percentile), 5.7% were overweight (85" to
less than the 95™ percentile), and 3.2% were obese (equal to
or greater than the 95™ percentile according to Centers for
Disease Prevention and Control.> Around one-third (32.5%)
of the children rarely participated in the sports, and 10.4%
of the children never participated in the sports [Table 1].
The majority of the study sample (73.7%) never had foot
pain after physical activity, and 5.2% were having foot pain
after physical activity [Table 1]. Among the total number
of children with foot pain, 33% had right foot pain, 21.7%
had left foot pain, and 31.1% had pain on both feet. Pain
started after a short duration of sports activity in 38.7%
of the participants, whereas the others had it after more
activity [Table 1].

Table 2 shows the prevalence of flatfeet among the study
participants.

Age was found to have a significant relationship to flatfoot
(P =0.050) where 7-8 years group was rated highest among
other age groups in the flatfoot category while 13—14 was more
in the normal foot category. Gender, classification according
to BMI, participation in sports, and history of foot pain after
physical activity showed no significant relationship to flatfoot
[Table 3].

A logistics regression analysis has been performed and
is shown in Table 4, to ascertain the likelihood effect of
sociodemographic characteristics among the children with
flatfoot. Analysis revealed that age in years such as 9-10 age
group (odds ratio 0.410, P = 0.009), 11-12 age group (odds
ratio, P = 0.039), and 13—-14 age group (odds ratio 0.468,
P=0.026) were all having a significant effect on the prevalence
of flatfooted group of children.

DiscussioN

The prevalence of flatfoot in this study was 29.5% (119/403).
Several published studies in the same context showed similar
findings.l'”18221 A study from Pakistan reported the lowest
prevalence with 14.8%.2" A study from Iran reported the

Table 1: Foot pain with flatfoot (n=403)

Study variable n (%)
History of foot pain after physical activity
Never 297 (73.7)
Rarely 46 (11.4)
Sometimes 39 (09.7)
Always 21 (05.2)
Location of pain
Cannot localize 15 (14)
Right 35(33)
Left 23 (21.7)
Both 33 (31.1)
Duration of activity that causes pain
Cannot decide 18 (17)
Any activity 41 (38.7)
Around half an hour 25(23.6)
Around an hour 12 (11.3)
More than an hour 10 (9.4)

Table 2: Prevalence of flatfoot among participating
children (n=403)

Factor n (%)
Foot findings
Normal foot (SPI1<1.15) 284 (70.5)
Flatfoot (SPI >1.15) 119 (29.5)

SPI: Staheli’s Plantar Arch Index

highest prevalence among primary school students with
74%.129 This prevalence is far too high compared to our study
findings and the other published papers.

In this study, we found that 96.6% out of 119 children with
flatfoot were FFF and a relatively low incidence (4; 3.4%)
ofrigid flatfeet. Among total children with flatfoot, 46.2%
were unilateral and 53.8% were bilateral. Our result showed
that rigid flatfeet was close enough to the study published
in Iran where they reported an incidence of 6.1% of rigid
flatfeet.??! In Nigeria, they reported that among 106
participants with flatfoot, 12.3% were rigid flatfeet, with
8.5% unilateral, and 91.5% bilateral.l'”? Our study results
had shown identical findings of the type of flatfoot. This
outline can be further validated from the study published
in Pakistan where they found the incidence of rigid flatfeet
to be 10% of participants while bilateral flatfeet were seen
in 76.4%.21

When measuring the relationship between sociodemographic
data to the groups of children with flatfoot it shows; age
has a significant relationship with flatfeet while gender,
classification according to BMI, participation in sports,
and history of foot pain after physical activity showed no
significant relationship to flatfoot. Binary logistics regression
analysis revealed that age has a significant effect on the
children with flatfoot. Few of the published articles indicated
the association between sociodemographic characteristics
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Table 3: Relationship between sociodemographic data of children and flatfoot category

Factor Total (n=403), n (%) Flatfoot (n=119), n (%) Normal foot (7=284), n (%) Ps
Age-group (years)
7-8 102 (25.3) 36(35.3) 66 (64.7) 0.050**
9-10 106 (26.3) 33 (31.1) 73 (70.9)
11-12 102 (25.3) 33(32.4) 69 (67.6)
13-14 93 (23.1) 17 (18.3) 76 (81.7)
Gender
Male 193 (47.9) 59 (30.6) 134 (69.4) 0.660
Female 210 (52.1) 60 (28.6) 150 (71.4)
Classification according to BMI 0.636
Underweight 262 (65.0) 76 (29.0) 186 (71.0)
Normal 105 (26.1) 34 (32.4) 71 (67.6)
Overweight 23 (05.7) 07 (30.4) 16 (69.6)
Obese 13 (03.2) 02 (15.4) 11 (84.6)
Participation in sports
Never 42 (10.4) 18 (42.9) 24 (57.1) 0.221
Rarely 131 (32.5) 34 (26.0) 97 (74.0)
Sometimes 117 (29.0) 34(29.1) 83 (70.9)
Always 113 (28.0) 33(29.2) 80 (70.8)
History of foot pain after physical activity
Never 297 (73.7) 87(29.3) 210 (70.7) 0.955
Rarely 46 (11.4) 13 (28.3) 33(71.7)
Sometimes 39 (09.7) 13 (33.3) 26 (66.7)
Always 21(05.2) 06 (28.6) 15 (71.4)

$P-value has been calculated using the Chi-square test, **Statistically significant at P<0.05 level. BMI: Body mass index

Table 4: Regression analysis to predict flatfoot from age

Factor OR 95% CI P
Age group (years)
7-8 Reference
9-10 0.410 0.211-0.797 0.009%**
11-12 0.495 0.254-0.965 0.039**
13-14 0.468 0.239-0.914 0.026%*

**Statistically significant at P<0.05 level. CI: Confidence interval,
OR: Odds ratio

and participants with flatfoot.'’”??) On the contrary, Askary
Kachoosangy and Aliabadi failed to prove the association
between age and gender among primary school students
with flatfoot.[! While Vergara-Amador et al. found that age,
city, gender, and BMI were likely to have a significant effect
on children with flatfoot.!'8 In general, although each study
has their own description of children with flatfoot, still the
finding of our study is substantial enough to supplement the
findings of those researchers examining the phenomena of
this study discipline.

Limitations

We faced some limitations while conducting this study such as
there was inconsistency in evaluation methods and definitions
of flatfoot used by other studies, also the foot pain was very
subjective, which was based on children description. Finally,
lack of prior studies to compare with on the same topic and
same age group in our region.

CONCLUSION

We found 29.5% of the children in our sample from Almadinah
Almunawwarah had flatfoot. This prevalence is still high in
comparison to those of developed countries. Furthermore,
this study found a significant negative association between
age and flatfoot.
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