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ABSTRACT

Background: Previous studies have shown that when standing height is difficult to measure, the length of other body
parts may be a reliable alternative. However, there is limited information about the use of foot length (FL) and foot
breadth (FB) in estimating standing height in the African population. The objective of this study was to investigate the
appropriateness of foot length and foot breadth in estimating standing height of adolescents in Yenagoa.

Methods: Using a multistage sampling technique, 1222 adolescents were recruited from secondary schools in the
Yenagoa local government area. Height, foot length, and foot breadth were measured using standard techniques. Data
was analysed and equations for prediction of standing height from foot length and foot breadth, were derived.

Results: The mean standing height of the females was significantly lower than that of males (p<0.001). The mean foot
length and mean foot breath for males were significantly higher than those for females. The mean foot length and mean
foot breadth were found to increase across all the stages of adolescence. There was a significant positive correlation
between standing height and foot length (r=0.700; p<0.001), foot breadth (r=0.543; p<0.001), and age (r=0.369;
p<0.001). Multiple linear regression was used to derive equations for the estimation of FL and FB.

Conclusions: This study found that FL and FB can be used in the estimation of standing height. For adolescents in
Yenagoa, the equations derived are recommended for predicting the standing height of those who have difficulty
standing upright.
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INTRODUCTION

Dimensional relationship between the body segments and
the whole body have been of interest to artists, medical
scientists, anatomists, anthropologists, and medico-
legalists for a long time.! Anthropometric measurements
and indices such as weight, weight-for-height/length, and
mid-upper arm circumference are also frequently used to
evaluate malnutrition in resource-poor clinical settings.?

Standing height responds the most to long term change in
nutrition and is a vitally important variable in Paediatric

practice because it can be used to assess nutritional status
and the growth of children, evaluate the basic energy
requirements, as well as in adjusting and predicting drug
dosage.?®> However, according to Quanjer et al the exact
standing height cannot always be measured in the
traditional way in critically ill children, who cannot stand
erect, in individuals with paralysis, fractures and
amputations of the lower limbs, spinal deformities
(scoliosis, kyphosis, lordosis) and various kinds of pain
especially lower back pain.® In such individuals, an
estimate of standing height is the alternative using other
reliable anthropometric indices such as sitting height, skull
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and facial measurements as well as foot length and foot
breadth.”®

In different parts of the world, many studies, mostly on
adult populations, have used anthropometric parameters to
estimate standing height viz; standing height to foot length
ratio, standing height to sitting height ratio, and standing
height to tibia length ratio.28° Many old methods of
estimating stature are limited to measuring whole limb
bone length and comparing with stature. Qamra et al, in
1990, carried out a study on the reconstruction of height
from foot measurements in an adult population in North-
West Indians, and reported that foot length (FL) or foot
breadth (FB) correlated significantly with standing
height.** However, this correlation was less accurate in FB
compared to FL.

Factors like ethnicity, race, and nutrition play important
roles in human growth and development and also influence
the variation in physical growth of individuals from place
to place. There is thus, the need for population-specific
nomograms for different races or ethnic groups.®>° This
study therefore aims to investigate the appropriateness of
estimating standing height, using FL and FB.

METHODS

This was an analytical cross- sectional study carried out
from October 2021-February 2022, among 1222
adolescents aged 10-19 years, living in and attending
secondary schools located within Yenagoa local
government area, Bayelsa State, Nigeria.

Ethical approval was obtained from the Ministry of
Education, Ministry of Health as well as the Research and
Ethics Committee of the Niger Delta University Teaching
Hospital (NDUTH), Okolobiri.

Inclusion criteria

Adolescents aged 10-19 years attending public or private
secondary schools in Yenagoa were included.

Exclusion criteria

Adolescents with following criteria were excluded (a) foot
anomalies e.g., talipes equinovarus and high arched feet;
(b) with spinal/lower limb deformities; and (c) with history
of foot and/or spine trauma or surgery.

A pretested, validated and structured questionnaire was
administered to the recruited participants to obtain
information on sociodemographic characteristics of the
participants and, factors that may affect height and foot
measurements. Before taking the measurements of the
foot, the participant was made to sit upright on a chair, the
shoe and sock removed from the foot to be measured and
the foot placed on a low stool. FL was measured with a
non-elastic flexible measuring tape, as the maximum
distance from the most prominent posterior point of the

heel to the tip of the longest toe (Figure 1a).}> FB was
measured as the maximum distance between the most
prominent point on the head of the first metatarsal and on
the head of the fifth metatarsal, using a Vernier calliper
(RDDC 708, 200 mm/8-inch digital model) (Figure 1b).%?

FL 2 1Y

b

Figure 1: (a) Measurement of foot length (FL); and
(b) measurement of foot breadth (FB).*?

Standing height (SH) of each subject was measured to the
nearest 0.1 cm using a portable Stadiometer, SECA model
220. The subject was made to stand with shoes off, with
both feet together flat on the board and the back flattened
against the measuring stand. The knees were straightened
and the heels touching the back of the board. The head was
positioned so that the eye sockets were at the same level as
the external auditory meatus (Frankfurt plane). The head
piece was then lowered on top of the subject’s head and
the measurement was read off to the nearest 0.1 cm.®

The SPSS computer software package version 25 was used
for analysis. The Shapiro-Wilk test for normality showed
that the data was normally distributed with the level of
significance set at p<0.05. Frequencies and percentages
were calculated for categorical variables, while mean and
standard deviation were calculated to identify the central
tendencies and dispersion of the anthropometric variables.
Using linear regression analysis, models (equations)
defining the relationship between height and foot length
and foot breadth respectively were generated.

Pearson’s correlation coefficient was calculated to elicit
the correlation between height and foot length and height
and foot breadth. Analysis of variance (ANOVA) and t test
were used to compare means. Chi-square test was used to
test association between categorical independent variables
and the dependent variables in the study.
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RESULTS

As shown in Table 1, there were 547 (44.8%) males and
675 (55.2%) females giving a male to female ratio of 1:1.2.
The mean age of all participants was 14.2+1.6 years. Two
hundred and twenty-six (18.5%) participants were aged
10-13 years, eight hundred and twelve (66.5%) were 14-
16 years while one hundred and eighty-four (15%) were
17-19 years. Of the 1,222 participants,66.5% attended
private schools and about 67% lived in urban areas.
Majority (51.7%) belonged to the lower socioeconomic
class, 39% and 38.9% were from polygamous and
single/separated families respectively.

Mean foot length and mean foot breadth of participants
by stage of adolescence and gender

As shown in Table 2, the mean foot lengths for the
participants in early, mid, and late adolescence were
24.04+1.43 cm, 24.96+4.18 cm, and 25.56+5.42 cm,
respectively. The mean foot lengths of males were
significantly higher than those of females across all stages
of adolescence (p=0.004, <0.001, and 0.024 in early, mid,
and late adolescence, respectively). The table also shows
that, there was an increase in mean foot length of
participants from 24.04+1.43 cm in early adolescence to
25.56+5.42 cm in late adolescence (p<0.001).

The mean foot breadths for participants in early, mid, and
late adolescence were 83.62+5.31 mm, 85.32+5.53 mm
and 89.90+8.31 mm respectively. The mean foot breadths
of males were significantly higher than those of females in
early (p=0.001), mid, and late adolescence (p=0.000
respectively). Also, the mean foot breadth for all
participants steadily increased from early to late
adolescence.

Mean height of participants by stage of adolescence and
gender

Table 3 shows that the participants in late adolescence
were taller than those in mid-adolescence, with mean
heights of 168.58+6.89 cm and 161.95+7.37 cm
respectively (p<0.001). Although the female participants
in early adolescence were taller than their male
counterparts, the difference was not significant (p=0.090).
Irrespective of gender, the mean height of participants
increased from early adolescence to late adolescence,
155.23+6.41 cm, 161.95+7.37 cm, and 168.58+6.89 cm,
respectively (p<0.001).

Factors that may affect foot length and foot breadth

One hundred and thirty (10.6%) of the participants walked
barefooted (Table 4).

The mean foot length of those participants who walked
barefooted was significantly longer (24.89+2.16 cm) than
those who did not (22.80+4.37 cm) (p<0.001). The mean
foot breadth of participants who walked barefooted

(84.86+0.48 mm), was significantly wider than that of
those who did not (68.34+3.25 mm) (p<0.001).

Two hundred and eighty-four (23.2%) participants wore
tight covered shoes consistently and had lower mean foot
length (21.20+4.06 cm) than those who did not
(24.52+2.24 cm) with p<0.001.

The participants who wore tight covered shoes also had
significantly lower mean foot breadth (74.46+4.48 mm)
than those who did not (86.42+1.51 mm) (p<0.001).

Pearson correlation between standing height and foot
length, foot breadth and age

There was a significant positive correlation between
standing height and foot length, foot breadth and age;
p<0.001 (Table 5). However, the strength of the linear
relationship between standing height and foot length
(r=0.700) was stronger than that between standing height
and foot breath (r=0.543) while the strength of the linear
relationship between standing height and age was weak
(r=0.369).

Figure 2 and 3 further display the correlation between
standing height and foot length, and standing height and
foot breadth respectively, in scatter plots. Each dot on the
scatterplot represents one individual from the data set. The
locations of the points on the graph indicate that standing
height of the participants increase as the foot length and
breadth increase.

Regression analysis to determine the relationship and
prediction of standing height from foot length, foot
breadth, age, and sex

Table 6 displays the parameters estimated by the six
different linear regression models developed to express
relationship and predict height from foot length, foot
breadth, age, and sex and their respective statistical
significance. The size of the coefficient (B) for each
variable (foot length, foot breadth, age, and sex), which
depicts the magnitude of the variable's effect on standing
height, was statistically significant for all the models fitted.

The R-squared, which is the coefficient of determinant of
the predictors and represents the goodness of model fit, is
also as shown in Table 6.

Model 1, shows the goodness of fit for foot length, and has
the R-squared (0.49) while model 2, shows the goodness
of fit for foot breadth, and has the R-squared (0.29).

From model 1 and 2, the equation that predicts standing
height can be expressed as follows:

Height = (B, x foot length) + constant

Height = (B, x foot breadth) + constant
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Where: Height = [0.57xfoot breadth (mm)] + 111.9 using model 2

B, is the coef ficient for foot length in centimetre With approximation of the coefficients to the nearest
whole number, the equation can be written as:

B, is the coef ficient for foot breadth in millimetres
Height=3.5 FL (cm)+73

Height = [3.53xfoot length (cm)] + 73.4 using model 1
Height=0.6 FB (mm)+112

Table 1: Sociodemographic characteristics of participants.

. No. of respondents (n=1222)  Male (n=547) Female (n=675)
Variables N % N % N %
Age (years)

10-13 226 18.5 103 18.8 123 18.2
14-16 812 66.5 364 66.5 448 66.4
17-19 184 15.0 80 14.6 104 15.4
Type of school

Public 409 33.5 181 33.1 228 33.8
Private 813 66.5 366 66.9 447 66.2
Place of residence

Urban 821 67.2 363 66.4 458 67.9
Rural 401 32.8 184 33.6 217 32.1
Family type

Monogamous 270 22.1 122 22.3 148 21.9
Polygamous 477 39.0 202 36.9 275 40.7
Single/separated/divorced 475 38.9 223 40.8 252 37.3
Socioeconomic class (SEC) of parents

Lower SEC 632 51.7 289 52.8 343 50.8
Middle SEC 362 29.6 172 31.4 190 28.2
Upper SEC 228 18.7 86 15.7 142 21.0

Table 2: Mean foot length and foot breadth of participants by stage of adolescence and gender.

I\ Foot length (cm Foot breath (mm

adoles- Range Mean+SD  MD! t Pvalue Range Mean+SD  MD' t P value

Early (10-13 years)
Male 103 19.50-27.30 24.39+1.67 056 2.92 0.004* 74.40-96.95 85.01#5.96 2.81 3.36 <0.001*
Female 123 19.22-26.40  23.83%£1.21 60.21-92.30  82.20+6.50
Total 226 19.22-27.30 24.04+1.43 60.21-96.95  83.62+5.31
Mid (14-16 years)
Male 364 22.15-31.28 25.41+154 107 995 <0.001* 66.50-101.10 90.06+8.29 7.41 14.14 <0.001*
Female 448 21.60-29.00 24.34+1.51 67.24-98.65  82.65+6.64
Total 812 21.60-31.28  24.96+4.18 66.50-101.10 85.32+5.53
Late (17-19 years)
Male 80 25.00-34.50 25.70+6.95 159 228 0.024* 74.40-114.16 92.96+6.61 9.22 8.81 0.000*
Female 104 22.60-28.40 24.11+1.39 67.89-101.29 83.74+7.35
Total 184 22.60-34.50  25.56%5.42 67.89-114.16 89.90+8.31
Note: MD- mean difference, f-Difference between male and female mean values, *-Significant p values, t - Student’s t-test.

Table 3: Mean height of participants by stage of adolescence and gender.

Early (10-13 years)

Male 103 135.0-169.0 154.97+9.23 1.81 -1.71 0.090
Female 123 139.0-168.0 156.78+6.68
Total 226 135.0-169.0 155.23+6.41
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Range (cm) MeanSD (cm)  MDf

Mid (14-16 years)

Male 364 155.0-174.0 164.12+8.49 4.56 8.78 <0.001*
Female 448 151.0-171.0 159.56+6.30

Total 812 151.0-174.0 161.95+7.37

Late (17-19 years)

Male 80 168.0-198.0 169.06 +8.19 9.74 8.59 <0.001*
Female 104 156.0-178.5 159.82+7.16

Total 184 156.0-198.0 168.58+6.89

Note: MD- mean difference, f-Difference between male and female mean values, *-Significant p values, t - Student’s t-test.

Table 4: Factors that may affect foot length and foot breadth.

Foot length (cm) Foot breadth (cm)

Characteristics N (%) Mean+SD P value Mean£SD P value
Walking bare footed?

Yes 130 (10.6) 24.89+2.16 <0.001** 84.86+0.48 <0.001**
No 1092 (89.4) 22.80+4.37 68.34+3.25

Frequency of walking bare footed (N=130)

Twice weekly 38 (29.3) 24.3042.07 <0.001** 86.34+2.64 <0.001**
3-4 times per week 18 (13.8) 24.62+5.06 86.62+2.53

5-6 times per week 9 (6.9) 24.48+4.28 86.40+1.77

Everyday 65 (50.0) 25.30+3.18 87.71+4.38

Wearing tight covered shoes

Yes 284 (23.2) 21.20+4.06 <0.001** 74.46+4.48 <0.001**
No 938 (76.8) 24.52+2.24 86.42+1.51

Frequency of wearing tight cover shoes (N=284)

Twice weekly 147 (51.8) 23.5044.37 0.016** 86.33+4.25 <0.001**
3-4 times per week 28 (9.8) 22.23+4.88 81.96+4.42

5-6 times per week 35 (12.3) 22.03+4.16 81.04+4.38

Everyday 74 (26.1) 22.1243.22 78.22+4.15

Note: **-Significant p value

Table 5: Pearson correlation between standing height and foot length, foot breadth and age.

Variables Correlation coefficient (r) P value
Foot length (cm) 0.700 <0.001
Foot breadth (mm) 0.543 <0.001
Age (years) 0.369 <0.001

1
1

Height (cm) = 0.57 x foot breath (mm) + 111.9

1

R-squared = 0.29 °
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Figure 3: Relationship between standing height and

Figure 2: Relationship between standing height and foot length among participants.

foot length among participants.
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Table 6: Estimates of Linear regression models for relationships between height and foot length, foot breadth.

Variable Coefficient () 95% CI of f t-value **P value *R-squared
Model 1

Foot length (cm) 3.53 3.33,3.73 34.22 <0.001 0.49
Constant 73.47 68.73, 78.75 28.85 <0.001 )
Model 2

Foot breath (mm) 0.57 0.52, 0.62 22.56 <0.001 0.29
Constant 111.91 107.93, 116.45 51.62 <0.001 '
Model 3

Foot length (cm) 2.92 2.68, 3.16 23.96 <0.001

Foot breath (mm) 0.22 0.17, 0.27 8.82 <0.001 0.52
Constant 69.72 64.77, 74.66 27.65 <0.001

Model 4

Foot length (cm) 3.10 2.86, 3.35 24.71 <0.001

Foot breath (mm) 0.26 0.21, 0.30 9.95 <0.001 0.53
Sex (M=1, F=2) 2.00 1.25,2.75 5.23 <0.001 '
Constant 59.05 52.73, 65.37 18.33 <0.001

Model 5

Foot length (cm) 2.76 2.52,2.99 23.19 <0.001

Foot breath (mm) 0.19 0.15, 0.24 7.89 <0.001 0.55
Age (years) 0.97 0.77,1.18 9.22 <0.001 ’
Constant 61.56 56.47, 66.65 23.73 <0.001

Model 6

Foot length (cm) 2.99 2.70, 3.18 23.92 <0.001

Foot breath (mm) 0.20 0.18, 0.27 9.02 <0.001

Age (years) 0.99 0.75, 1.16 9.15 <0.001 0.56
Sex (M=1, F=2) 1.98 1.17, 2.62 5.13 <0.001

Constant 51.97 45.26, 57.90 16.01 <0.001

Note: **P values are for the hypothesis test using the t-test to find how each estimated coefficient is significantly different from zero,
*R-squared is the numerical value for fraction of the variation in the dependent variable that can be explained by the independent

variables.

DISCUSSION

The mean foot length of adolescent school children in
Yenagoa LGA showed a steady increase from early
adolescence to late adolescence. This study further found
that the mean foot length of male participants was longer
than that of the females in all stages of adolescence. This
is similar to reports from the study on stature estimation
from the length of the growing foot in North Indian
adolescents by Krishan et al who found that height and
individual foot measurements increased with age
especially between 13-18 years.*** This can be attributed
to advanced pubertal development and accelerated bone
maturation in this age group, particularly in females.t>%
Findings by Ozden et al and Zeybek et al are also
comparable, though their studies were on adult Turks.81°

In this study, the mean foot breadth of male participants
was wider than that of the female participants in all stages
of adolescence. The foot breadth increased in both sexes
from early adolescence to late adolescence. These findings
are similar to studies carried out by Tomassoni et al in
Italy, Danborno and Elukpo in Zaria, Northern Nigeria and
Egwu et al in South-Eastern Nigeria.2>?> The process of

foot development as individuals grow results in
differences in shape and function. This in turn leads to
alterations in the bone, ligament, tendon and skeletal
muscles.?32* In addition, as individuals grow older, the
flexible and articulated structure of the foot required for
body support and balance begins to lax, also functional and
morphological changes develop due to the continuous
demands of standing and walking resulting in flatter and
wider feet.2

The finding that the females in early adolescence were
taller than their male counterparts is attributable to the fact
that girls attain puberty at an earlier age than boys.*>*" In
mid and late adolescence however, the males were taller
than the females. This may be due to accelerated growth in
males at these stages of puberty.®'7 This is similar to
findings by Tanko et al in Kaduna, Udoh et al in Akwa
Ibom in Nigeria and Patel et al and Pinhas et al on Asian
children.?®?52” They found that target height can be
influenced by gender associated genetic factors like
parental height and hormonal factors like growth, thyroid
and sex hormones.?-° Testosterone and oestrogen are very
important for growth during puberty. Adolescent males
tend to have a major growth spurt at the onset of puberty,
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about 2 years after their female counterparts, but they may
continue to grow for longer than females. This is because
as the females attain menarche, their growth velocity
reduces and may subsequently stop by 16-17 years of age
when their growth plates are thought to fuse.333%

The present study observed that participants who walked
bare footed had significantly longer and wider feet which
may be attributed to less restriction by shoes.®1:% The main
developmental result of growing up wearing shoes appears
to be narrower feet and by contrast, those who grow up,
most of the time barefooted, have wider feet.3! This finding
is similar to that of Trinkaus and Shang, whose study
portrayed increased foot length and foot width among
those who walked barefooted.®? Peter and Simon et al also
found that walking barefooted resulted in increased foot
length and also wider feet.3:-3® Walking barefooted for
prolonged periods causes the foot ligaments to become lax,
the plantar fascia then becomes weak and may result in a
flat arch (flat foot).33-%

Another finding in this study is that those adolescents who
wore tight covered shoes had shorter foot length and
smaller foot breadth. Wearing tight - fitting shoes for long
periods of time, may result in restriction of muscle and
bone growth, thereby, causing a narrowing effect of the
forefoot.’>3 This is because the morphology of children
and adolescent feet is such that, their feet are more
malleable than adult feet, and also do not stop growing till
age 20-21 years.*® Therefore, wearing the correct shoe size
is of paramount importance, as constantly wearing tight
covered shoes will negatively impact on the growth of their
feet and thus affect the foot length and foot breadth.

In the index study, foot length was found to have a strong
linear relationship and better correlation with standing
height (r=0.700) compared to foot breadth (r=0.543). This
indicates that foot length provides a higher reliability and
accuracy than the foot breadth in estimating height in the
study population. This finding agrees with that of Tanko et
al and Paul et al in Kaduna and Imo states, Nigeria,
respectively.?>% Mansur et al in Nepal and Sanli et al in
Turkey also reported similar findings.3*® Patel et al in
India, also noticed foot length as a better predictor for
standing height though in adults.?

Various researchers have derived regression equations for
calculating standing height from different parameters such
as armspan, femur and humerus and foot
measurements.%3%-42 Foot measurements however, have
rarely been used in adolescents especially in Bayelsa and
Nigeria as a whole. In this study, regression models were
formulated for standing height prediction using foot length
and foot breadth, with regression coefficients of 3.5
derived for foot length and 0.6 for foot breadth. This
finding is similar to that of Qamra et al in Northwest Indian
adults, Patel et al, Singh et al in North Indian Rajputs and
Sanli et al in Turks,!:26:38:44

The equations derived from the data for the estimation of
standing height are similar to those of Trotter et al and
Sjovold et al who developed regression equations for the
estimation of standing height though they used skeletal
long bones instead of foot dimensions.043

Limitations

A limitation in this study was that, out of school
adolescents were not sampled so results may not be
representative of the general adolescent population in
Yenagoa.

CONCLUSION

In conclusion, the mean height, foot length and foot
breadth increase across all stages of adolescence in both
genders. There is a linear association between standing
height and foot length and foot breadth of adolescents in
Yenagoa LGA.

Recommendations

It is therefore recommended that, clinicians should adopt
the use of foot length and foot breadth in estimating
standing height of adolescents, in situations where actual
height cannot be measured. The derived formulae may also
be used to estimate standing height in Nigerian adolescents
especially in critically ill children and those with spinal
deformities.
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