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Abstract
The study was to determine the influence of BMI on foot pos-

ture alignment in the resting gait of secondary school children. A
localized, two-stage, stratified, cross-sectional, and descriptive
survey was carried out in 10 secondary schools involving a sample
secondary student population of 518 students, 235 males, and 283
females. The result shows that there was a statistically significant
association (X2=32.4345, p=0.000) between the BMI of student’s

cohort and their age. There was also a statistically significant asso-
ciation between different age groups and gender at p<0.046. Using
the statistics of Pearson chi-square analysis, age-dependent vari-
ability of BMI (X2=32.4345, p=0.000) was established amongst
the study population. The BMI of students for the varying foot
alignment was not normally distributed, instead, it was skewed to
the right. According to the Kruskal-Wallis H test, there was no sta-
tistically significant difference in BMI between the three age
cohorts of student’s foot alignment in resting gait; Pearson chi-
square, X2 (2) = 4.575, p=0.1015. The distribution of the left foot
posture alignment according to the FPI scale indicates that overall,
82.13% of males and 84.40% of females showed normal foot
alignment whereas 10.64% and 9.22% of male and female students
respectively confirmed slight foot pronation while 7.23% of male
students and 6.38% of female students showed slightly supinated
feet. This study shows that BMI has no influence on FPI in resting
gait. The high incidence of underweight amongst the students’
population could be a reflection of the low socioeconomic status of
many families.

Introduction
Excessive body weight is exemplified by an increase in Body

Mass Index (BMI). In adolescents where morphological changes
are more apparent, an excessive weight thrust on the lower extrem-
ities would accordingly bring to bear structural changes in the foot
position. When this persists into adulthood, it leads to gait prob-
lems that usually bring about deformities.1 An elevated BMI level
has been observed as a key and identifiable risk factor that may
influence the core stability and Foot Posture Alignment (FPA).2

It has been established that weight-bearing like in obese cases
exert significant changes in the foot anatomy because of the
increased biomechanical loading which causes alterations in the
FPA.3-5 BMI is used to determine the prevalence of overweight as
shown by documentation of several Nigerian authors amongst
diverse population range.6-9 Being classified as overweight is con-
sidered a predictor for posture stability while a high BMI is seen as
an important risk factor for geriatric falling.10 The most profound
effect of overweight on the foot outside the bony frame stress is the
arch collapse that occurs over time.11,12 The occurrence of arch
collapse would more often result in foot pronation in which case
the heels are inclined outward while the ankles become projected
inward.13

The relationship between BMI and FPA remains contentious
although proponent against seems to be holding sway.14,15

However, the focus here is on the environmental impact factor. The
impact of urban residency is a major factor that influences wellbe-
ing and socio-economic changes which inadvertently affects
lifestyle that brings to bear changes in body structure. It is under-
stood that BMI in children and adolescents is affected by environ-
mental factors, such as unhealthy diet, sedentary leisure time, and
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physical inactivity.16 On the other hand, the environment has
equally been observed to affect foot posture due to its influence on
body size.17 It has been reported that the human foot is the part of
body structure mainly affected by anatomical variations in the
entire human body.18 The purpose of this study, therefore, was to
determine the influence of BMI on foot posture alignment in rest-
ing gait of secondary school children in Lagos metropolis with the
view to ascertaining environmental impact factor on body size and
its cumulative effect on FPA. It is equally intended to investigate
FPA distribution amongst the two genders and to also establish the
probable linkage of posture alignment in the two legs.

Materials and Methods
A localized, two-stage, stratified, cross-sectional, and descrip-

tive survey was carried out in 10 secondary schools involving a
sample secondary student population of 518 Nigerian adolescents
were taken of both male and female respondents across different
ethnic groups aged between 10 and 18 years. A total of 235 male
students representing 45.36% and 283 female students represent-
ing 54.63% were randomly selected from both public and private
secondary schools in Ikeja Lagos were recruited into the study. 

The Cochran method for sample size determination was used
where 518 students were eligible to participate in the study and the
sample population selected through a simple random sampling to
collect the data.

Criteria for selecting the subjects were: i) Being students with-
in secondary schools located within Ikeja Lagos and ii) Students
with no reports of lower limb problems congenital or acquired.

However, students with visible known foot deformities, previ-
ous orthopedic corrective surgery were excluded.

The questionnaire design was done following the study’s
objective protocol:

The research questionnaire captured: i) Demographic charac-
teristics of the respondents (age, gender, ethnicity); ii) General
anthropometric measurements; iii) Foot Posture Index Assessment
Scoring; iv) The measurements were recorded in the metric unit
centimeters (cm).

Anthropometers used for this survey include the following: i)
Modified Harris Matts and Ink Pad; ii) Stadiometer (Field Type);

iii) Tape rule; iv) Metal rule; v) Weighing scale.
All measurements were on a metric scale.
For each respondent, anthropometric measurements were col-

lected and physically recorded into data tables before conversion
to electronic data for statistical analysis.

Ikeja, Lagos was selected due to its cosmopolitan nature,
which is home to diverse varieties of ethnic groups in Nigeria (both
minority and majority), and being the hub of commercial activity
within Lagos State. The demography elicited in the results is thus
seen as reflective and representative of the Nigerian population.

The data collected was analyzed using STATA software ver-
sion 14.0 and the results of the continuous measurements were pre-
sented on Mean±SD (Min-Max) while results on categorical meas-
urements were presented in Number (%). The relationship of the
study group with BMI, Foot Posture Index, and Age distribution
was done using Descriptive statistical analysis. The Chi-square test
for assessing the statistical significance of associations at the 5%
level was also ascertained.

Study consent and ethics approval 
This study was carried out in line with the recommendations of

the Declaration of Helsinki with written informed consent/assent
was obtained from all subjects. The study protocol was approved
by the Lagos State University Health Research Ethics Committee
(LRC/ 06/10/1438). Written permission to conduct the study was
obtained from the Lagos State Government through the Ministry of
Education District VI, Ideal Primary School, C/O, Apapa-Oshodi
Express Way, Lagos. Written informed consent/assent was
obtained having provided necessary identification and study docu-
mentation to each school for students, parents, and school admin-
istration before the enrolment of their students to participate in the
study.

Results
BMI of the study population

Table 1 presents the study population of students’ BMI as
relates to the different age groups (<12 years, 12 – 17 years, and
18 years).  It was revealed that 49.66% of students within the age
group of 12 – 17 years had normal BMI. Also, 77.78% of students
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Table 1. Study population BMI of students regarding their age.

Body Mass Index (Kg/m2)                                          Age                                                                      Total                              p
                                                    < 12 years        12-17 years                18 years                                                                       
                                                     Freq. (%)           Freq. (%)                 Freq. (%)                                                                       

Underweight                                                33(89.19)                 193(43.37)                          6(16.67)                                       232(44.79)                               0.000
Normal                                                           4(14.29)                  221(49.66)                         28(77.78)                                      253(49.71)                                0.000
Overweight                                                    0(0.00)                     22(4.94)                             1(2.78)                                          23(4.52)                                 0.000
Obese                                                             0(0.00)                      9(2.02)                              1(2.78)                                          10(1.96)                                 0.000
Total                                                                37(100)                    445(100)                            36(100)                                         518(100)                                 0.000
Pearson chi2 (6) = 32.4345; *Significant at p<0.05                                                              

Table 2. Study population BMI of students regarding gender.

                                                      Total (n=518) Freq. (%)                  Male Freq. (%)           Female Freq. (%)                            

Underweight (<18.5)                                                 232(44.79)                                               124(52.77)                              108(38.16)                                        0.000*
Normal (18.5-25)                                                        255(50.09)                                               103(44.01)                              152(55.27)                                        0.000*
Overweight (25-30)                                                      23(4.51)                                                    7(2.99)                                    16(5.82)                                          0.000*
Obese (>30)                                                                  8(2.14)                                                     1(0.43)                                     7(2.55)                                           0.000*
Total                                                                                 518(100)                                                  235(100)                                  283(100)                                          0.000*
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in the age group of 18 years had normal BMI. On the other hand,
89.19% of students with the age range <12 years were underweight
as against a small fraction constituting 14% that had normal BMI.
The result of the Pearson chi-square, X2=32.4345, p=0.000 shows
that there is a statistically significant association between the study
population BMI of student’s cohort and their age.

The demographic data of Body Mass Index, BMI (kg/m2) dis-
tribution of secondary school students in groups of male and
female indicated in the study is shown in Table 2. The test revealed
that 52.77% (underweight) of males were in the BMI <18.5 while
44.02% (normal weight) were in the BMI range of 18.5 – 25 with
the remaining fraction of the population (3.42%) exhibiting BMI
>25 (Overweight). In the females, 38.16% were in the BMI <18.5
(underweight) and 55.27% were in the range of 18.5 – 25 (normal
weight). Those in the overweight/obese category (BMI >25) con-
stituted the remaining 8.37%.  The result of the Pearson chi-square
X2 = 19.8967, p=0.00 shows that there was a statistically signifi-
cant association between the gender groups and BMI. There was
also a statistically significant association between different age
groups and gender at p<0.046. However, there was no statistically
significant association between School type (p=0.703), class cate-
gory (p=0.282).

Body mass index on foot posture alignment
The result of the histogram plot as presented in Figure 1 shows

that Body Mass Index (BMI) distribution amongst students for the
varying foot alignment is not normally distributed but instead
skewed to the right.

Kruskal-Wallis H test (Table 3) assumes no normality in the
distribution; hence it was conducted to determine if the BMI of stu-
dents was statistically different for the three (3) groups of foot
alignment; Pronated (51), Normal posture (432), and Supinated
(35). The test showed that there was no statistically significant dif-
ference in BMI between the three (3) groups of student’s foot
alignment in resting gait; Pearson chi-square, X2 (2) = 4.575,
p=0.1015.

Standard deviation error bars on mean body mass
index 

The result of the bar chart as presented in Figure 2 shows that
the BMI distribution amongst students (male and female) for the
varying foot posture alignment/resting gait had an overlap in the
standard deviation error bars, hence the BMI of students is not sta-
tistically different for the three groups of foot alignment; normal,
pronated and Supinated. 

Foot posture alignment Index (resting gait) distribution
in males and females

Foot Posture Index (FPI) is a revised clinical tool aimed at
quantifying the degree to which a foot is aligned and can be con-
sidered to be in a pronated, supinated, or normal position. The dis-
tribution of the left foot posture alignment according to the FPI
scale is listed in Table 4 below. In all, 82.13% of male students and
84.40% of female students showed normal the foot. 10.64% and
9.22% of the male and female students respectively confirmed
slight foot pronation while 7.23% of male students and 6.38% of
female students showed slightly supinated feet. The result of the
X2=0.4778, p =0.788 shows that there was no statistically signifi-
cant association between gender and left foot alignment; that is
both male and female students in the majority equally presented a
normal left foot alignment.

The distribution of the right foot posture alignment according
to the FPI scale is listed in Table 4. In all, 78.30% of male students
and 75.09% of female students showed normal foot 15.32% and
18.51% of the male and female students respectively confirmed
slight foot pronation while 6.38% of male students and 6.41% of
female students showed slightly supinated feet. The result of the
X2=0.9340, p =0.627 shows that there was no statistically signifi-
cant association between gender and the right foot alignment; that
is both male and female students in the majority equally presented
a normal right foot alignment.
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Table 3. Kruskal-Wallis equality-of-populations rank test.

Foot Posture Alignment (Resting Gait)                      Freq.                   Percentage (%)                Rank Sum                                p

Pronated                                                                                                     51                                          9.86                                      13876.50                                        0.1015
Normal                                                                                                       432                                        83.40                                    106863.00                                       0.1015
Supinated                                                                                                   35                                          6.77                                      10588.50                                        0.1015
*Significant at p<0.05 Pearson Chi Square, c2 = 0.564; df = 2 

Table 4. Total FPI score distribution in girls and boys studied.

Foot Alignment                            Gender                                                                                         Total (%)                                    p
                                              Males Freq. (%)                Females Freq. (%)                                                                                       

Left Foot
Normal                                                       193(82.13)                                       239(84.40)                                                       432(83.37)                                            0.788
Pronated                                                     25(10.64)                                          26(9.22)                                                            51(9.86)                                              0.788
Supinated                                                    17(7.23)                                           18(6.38)                                                            35(6.77)                                              0.788
Total                                                             235(100)                                          283(100)                                                           518(100)                                             0.788
Right Foot
Normal                                                       184(78.30)                                       213(75.09)                                                       397(76.64)                                            0.627
Pronated                                                     36(15.32)                                         52(18.51)                                                          88(17.05)                                             0.627
Supinated                                                    15(6.38)                                           18(6.41)                                                            33(6.40)                                              0.627
Total                                                             235(100)                                          283(100)                                                           518(100)                                             0.627
Left foot - Pearson chi2 (2) = 0.4778 *Significant at p<0.05. Right foot - Pearson chi2 (2) = 0.9340 *Significant at p<0.05
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Discussion
The objective of this investigation was to determine how the

BMI of secondary school students in a cosmopolitan city would
affect their FPA in a resting gait. The investigation, which was on
students of age range 10 – 18 years, indicated variability in BMI
levels. BMI is arguably the most frequently used clinical parameter
for body size assessment. The result of this research shows that
most of the students of age cohort less than 12 years were under-
weight (89.19%). Although the underweight incidence decreased
considerably (43.37%) amongst students of age cohort 12-17
years, the number nonetheless was still significant. However, for
students, 18 years of age, only 16.67% of the population exhibited
underweight. Using the statistics of Pearson chi-square analysis,
age-dependent variability of BMI (X2=32.4345, p=0.000) was
established amongst the study population. It further validated
reports that showed BMI to be age-dependent.15,19 In all, the
anthropometric measures show a tendency towards low BMI val-
ues in the population investigated. The foot posture index status
however revealed that 83.40% of students had normal posture,
9.86% with pronation, and 6.77% with supination. On the balance
greater proportion of the students’ population exhibited normal
foot alignment. Indeed, using the Kruskal-Wallis H test for the
analysis, no probable relationship was established between BMI
and FPI (X2 (2) = 4.575, p =0.1015) in resting gait. Also, the
observed overlap in the standard deviation error bars for the vary-
ing foot posture alignment/resting gait further buttressed that the
BMI of students was not statistically different for the three groups
of foot alignment. These findings confirm earlier reports.14,15,20

The histogram for the BMI distribution curve for the varying
foot alignment of the students was not normally distributed but
skewed to the right. The justification for the observed pattern was
obvious from the students’ weight status descriptive statistics
which indicates that only 6.48% of the students exhibited BMI >25
(overweight) in the study population while the greater proportion
of the age cohort exhibited BMI <25. The weight disparity which
tended towards the lower weight status triggered the skewness of
the curve tail to the right. By implication, it depicts that the “bell”
of the curve drifted to the opposite side (the left side), which was
a measure of the high density of students with low BMI levels. The
skewed mode of BMI distribution was however not restrictive but
shows a sequence of consistency in the three varying students’ foot

alignment. The apparent high incidence of low BMI values
amongst the students’ population was a product of several factors.
Apart from the inherent genetic predisposition, there was the more
encompassing environmental impact factor. Most of the students
below the age of 12 years in this study were first-year secondary
school students. Interestingly they constituted the greater popula-
tion of the underweight (89.19%) students with BMI <18.5.
Obviously, at this stage, the challenge of adjusting to secondary
school life more often coincides with important social, emotional,
and psychological changes that negatively impact wellbeing. It has
been asserted that more often when students change school or class
there is the need to adjust to the new surroundings.21 However, it
was probably too that a significant number of the students were
malnourished because cumulatively 44.79% of the entire students’
population were underweight. This might be predictable in the cur-
rent circumstances of a high rate of inflation in the Nigerian econ-
omy that has driven many families to lower socioeconomic strata
in which case a significant proportion may well have resorted to an
unhealthy dietary lifestyle. This allusion is in tandem with the ear-
lier reports which stressed that adverse economic condition influ-
ences diet and subsequently, the health status of the citizenry.22-24

It has also been reported that being underweight in adolescence is
associated with low socio-economic status.25

The effect of age and gender on FPA has been reported.20

However, separate postural status on the two legs has not been ade-
quately highlighted amongst the two genders. In this study, the
postural status of the left and right leg was discretely assessed in
both sexes. The findings indicate that 82.13% of male students and
84.40% of female students exhibited normal left foot posture in
resting gait whereas 10.64% and 9.22% of the male and female stu-
dents respectively had slightly pronated left foot posture. The dis-
tribution on the right foot indicates the normal posture of 78.30%
in male students and 75.09% in female students while 15.32% and
18.51% of the male and female students respectively confirmed
right foot pronation. Foot supination however was concurrently
least occurring in both genders’ feet. Pearson chi-square analysis
shows no significant (X2=0.4778, p=0.788) association between
gender and left foot alignment. Similarly, no significant
(X2=0.9340, p=0.627) association was established between gender
and right foot alignment. It was therefore evident from this analy-
sis that foot posture score distributions between the male and the
female students did not exhibit remarkable difference thus con-
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Figure 1. Histogram showing the distribution Body Mass Index
on Foot Posture Alignment.

Figure 2. Standard deviation error bars showing the mean Body
Mass Index (BMI) by resting gait. 
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firming the reports of previous studies.14, 20

The analysis of foot alignment measures amongst the two gen-
ders displays more unevenness in both legs of females’ foot align-
ment. The disparity in FPA in females was more evident in the nor-
mal and pronated postural status. According to this study, the
females recorded a total of 84.40% normal left foot alignment and
75.09% normal right foot alignment postures while in pronation,
9.22% for left foot posture, and 18.51% for right foot posture. The
cause of the significant difference remains vague. Nevertheless, it
has been made obvious that statistically determined reference
ranges for postural variations such as in standing foot position are
inherently wide, consequently, it should be used as a general guide
only in interpreting FPI scores in a clinical context.14

Conclusions
It was established in this study that BMI has no influence on

FPI in resting gait. The high incidence of underweight amongst the
entire students’ population suggests the likely influence of socioe-
conomic factors. However, amongst the two genders, the females
display more unevenness in foot alignment between the two legs.
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