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ORIGINAL ARTICLES

Anthropometric Foot Structure of Peripubescent Children
with Excessive versus Normal Body Mass

A Cross-sectional Study

Stewart C. Morrison, PhD*
Brian R. Durward, PhDt
Gordon F. Watt, DPM+t
Malcolm D. C. Donaldson, MD%

Background: A variety of musculoskeletal problems have been associated with exces-
sive body mass in children, including structural foot problems.

Methods: Two hundred children aged 9 to 12 years were recruited to evaluate the effect
of body mass on foot structure. Three reliable anthropometric measures were recorded:
foot length, forefoot width, and navicular height.

Results: Following independent sample t test analysis of the data, significant differences
were found for the three anthropometric variables when children with normal body mass
were compared with those with excessive body mass. The research indicates that foot
length and width increase with body mass, whereas navicular height drops.

Conclusions: Excessive body mass affects the discrete anthropometric structure of the
peripubescent foot. With the growing concern about childhood obesity, further research
is essential to develop a comprehensive understanding of the issues identified and to

quantify the findings presented here. (J Am Podiatr Med Assoc 97(5): 366-370, 2007)

The prevalence of obesity in children is now an inter-
national concern and one that is referred to by the In-
ternational Obesity Taskforce as a “pan-European
epidemic.”* According to the International Obesity
Taskforce, obesity in children is an acute public
health crisis with numerous long-term consequences,
including cardiovascular disease, type 2 diabetes,
and psychosocial problems.! Evidence is also emerg-
ing that excessive body mass can cause deformity of
the musculoskeletal system.2 It has been proposed
that obesity leads to structural deformity of the foot,
in particular pes planus.?* These structural changes
have been reported to result in further complications
of pain and discomfort, which in turn can reduce mo-
bility and limit the child’s ability to participate in
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physical activities.? ¢ The potential for damage to del-
icate, immature bone is highlighted by Dananberg,’
who reported that the magnitude of power required
to propel the body forward during gait multiplied by
the number of footsteps taken has the potential to
create cyclical forces capable of causing bone and
joint deformity. It has been reported that the foot is
particularly susceptible to deformity owing to its dis-
tal location, flexibility, and late ossification.®

The current study was undertaken to evaluate the
impact of excessive body mass on the anthropometric
structure of the peripubescent foot. Anthropometric
measures of foot length, forefoot width, and navicular
height are reported in the literature as appropriate
for identifying foot characteristics in the developing
child.”

Materials and Methods

Before data collection, the Glasgow City Council grant-
ed approval to conduct this investigation in primary
schools in the Glasgow postal area. The Glasgow Cale-
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donian University ethics committee also granted ap-
proval for the proposed research. Further permission
was obtained from the eight primary schools that par-
ticipated in the study. Data collection was conducted
between September 1, 2004, and March 31, 2005.

A pilot study was initially conducted to establish
the intrarater reliability of the lead researcher.® It was
necessary to establish levels of consistency of repeat-
ed measurements of the three selected variables.
Using type (2,1) intraclass correlation coefficient
analysis, the lead researcher was shown to be highly
reliable in making three repeated measurements of
the foot variables. Intraclass correlation coefficient
values of 0.98 to 0.99 were reported.

Anthropometric Measurements

To classify body mass status, height and weight were
recorded. Before data collection, participants were
asked to remove their shoes and socks. Height was
measured with a portable stadiometer (Leicester
Height Measure; Seca Ltd, Birmingham, England) in
accordance with the protocol advocated by the Na-
tional Center for Chronic Disease Prevention and
Health Promotion.? Each child was asked to stand
erect with his or her feet together and shoulders level.
The four contact points (head, back, buttocks, and
heels) were maintained against the spine of the sta-
diometer during measurement. The head was posi-
tioned in the Frankfurt plane, and the sliding bar was
then lowered onto the crown of the head. Height was
measured to the nearest millimeter and recorded by the
researcher. A pair of manual calibrated Seca scales
was used to measure body mass in kilograms. The
participants were fully dressed in the typical school
uniform.

Foot Variables

Foot length was recorded to the nearest millimeter as
the distance from the posterior aspect of the heel to
the most distal aspect of the longest toe. Foot length
was measured with subjects standing upright using a
foot board, a plastic device with calibrated lineation
(in centimeters and millimeters).

Forefoot width was measured as the widest hori-
zontal distance of the forefoot—from the most medi-
al aspect of the first metatarsal head to the most lat-
eral aspect of the fifth metatarsal head. With subjects
standing, forefoot width was measured with a cali-
brated caliper, and the values were recorded in cen-
timeters and millimeters.

The navicular tuberosity was palpated by the lead
researcher (S.C.M.) and with each subject in a stand-
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ing position; the vertical distance between the ground
and the bony medial tubercular protuberance of the
navicular was measured using a ruler.

Weight Classification

Participants were classified according to their body
mass index SD score.l Body mass index was calcu-
lated as the weight in kilograms divided by the square
of the height in meters. To allow for the effect of age
and sex on body mass index, the values were trans-
formed to SD scores. The body mass index SD score
(BMI SDS) was derived using the following formula:

BMI(of child) — Mean BMI(for child's age)
1.SD of BMI(for age)

The principle of this formula is that body mass
index is expressed in relation to normative data
(using the population data from the 1990 British
Growth Reference!!) so that information from chil-
dren of both sexes and of different ages can be
pooled. The software used for this BMI SDS conver-
sion was the LMS transformation program (LMS, Lou-
vain, Belgium).?? This method summarized the height
and weight of the recruited participant’s data using
three age-specific curves: L (lambda), M (mu), and S
(sigma). These curves are based on national age-ref-
erenced databases for height and weight and, there-
fore, enable the classification of body mass according
to national standards. In the absence of an agreed-on
criterion for the classification of severe obesity in chil-
dren, clinical guidance was sought; for this study it
was determined that an SDS of 2.64 or greater would
be adopted to classify severely obese subjects. The
following SDS criteria were used: —1.64 or less, under-
weight; greater than —1.64 to 1.04, normal weight;
greater than 1.04 (above the 85th percentile), over-
weight; greater than 1.64 (above the 95th percentile),
obese; and greater than 2.64, severely obese.

BMI SDS =

Results

Sample demographics of the 200 children aged 9 to 12
years recruited for the study are given in Tables 1 and
2. Descriptive information pertaining to the effect of
body mass on the anthropometric foot structure is
presented in Figures 1 to 3. To identify the differences
in anthropometric foot structure between children
with excessive body mass and normal-weight sub-
jects, t tests were conducted. The independent sam-
ples t test was used to determine whether differences
in foot variables existed between the mean scores of
the excessive body mass group and those of the nor-
mal-weight children (Table 3).
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Table 1. Sample Demographics

Subjects (No.) Age, Mean (+1 SD) (years)

Height, Mean (+1 SD) (cm)  Body Mass, Mean (+1 SD) (kg)

Female 110
Male 90

10.1 (0.8)
10.4 (0.9)

142.9 (9.2)
142.8 (8.3)

40.1(10.4)
40.1 (10.1)

Table 2. Weight Classification Distribution

Females (No.) Males (No.)
Normal weight 67 50
Overweight 17 13
Obese 24 23
Severely obese 2 4

Significant differences were evident in the vari-
ables between normal-weight children and those with
excessive body mass. Mean foot length in normal-
weight subjects was recorded as 21.7 to 22.0 cm, and
this value increased in overweight subjects (22.6 cm),
obese subjects (22.8-23.2 cm), and severely obese
subjects (23.3-23.5 cm). Mean forefoot width was
recorded in normal-weight subjects as 8.1 to 8.4 cm,
and this value increased in overweight subjects

26 -

25 -
244
IS
o
e
| i i
3 |
(]
-
<}
<)
-

. |
Expected Overweight Obese Severely
Weight Obese
Weight Category

Figure 1. Mean foot length for each weight category
used in this study. Foot length increases with body
mass. Vertical lines represent +1 SD.

(8.5-8.6 cm), obese subjects (8.6-8.8 cm), and severe-
ly obese subjects (9.3-9.6 cm). Differences in navicu-
lar height are less evident, and mean values were 3.8
to 4.0 cm in normal-weight subjects, 4.0 to 4.1 cm in
overweight subjects, 4.0 cm in obese subjects, and 3.7
to 4.0 cm in severely obese subjects.

Discussion

This study was conducted to establish the effect of
excessive body mass on foot structure in peripubes-
cent children aged 9 to 12 years. The results indicate
that differences in foot length, forefoot width, and
navicular height were present in children of excessive
body mass compared with those of normal body
mass. It was observed that children with severe obe-
sity had the longest feet (Fig. 1). These findings are
consistent with those of Mauch et al,'*> who reported
an increase in foot length and foot width with body
mass index.
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Figure 2. Mean forefoot width for each weight cate-
gory. Forefoot width increases with body mass. Verti-
cal lines represent +1 SD.
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Figure 3. Mean navicular height for each weight cate-
gory. There is no obvious change with body mass.
Vertical lines represent +1 SD.

An increase in forefoot width was also observed
(Fig. 2). There was no evident increase or decrease in
navicular height with differences in body mass (Fig.
3). It was expected that increased body mass would
be associated with decreased navicular height due to
changes in foot structure. This relationship was not
apparent; this may be related to the small sample
sizes for the different weight categories. Further in-
vestigation is warranted.

Independent ¢ tests were calculated to compare
mean values in normal-weight children with those in
children of excessive body mass. This analysis indicat-
ed that there was a significant difference between the
two weight groups for the variables measured (P < .05)
(Table 3). Thus body mass is apparently associated
with anthropometric foot structure.

It is difficult to postulate why there may be observ-
able differences in foot length and forefoot width in
subjects with excessive body mass compared with
normal-weight children and whether excessive body
mass causes such changes. The findings from this
study are in agreement with those from Dowling et
al,? Riddiford-Harland et al,? and Mauch et al.’® The re-
sults are also similar to those of Hills et al,'* who re-
ported increased forefoot width with increased body
mass. Hall et al” proposed that increased forefoot
width in adults with excessive body mass was caused
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Table 3. Independent Samples t Tests for Foot Variables

Mean Difference: ~ 95% Confidence
Normal Weight versus Interval
Excessive Body Mass  of Difference

Foot Variable

Foot length (L) 0.8 0.4to01.2
Foot length (R) 0.9 0.5t01.3
Foot width (L) 0.4 0.3t0 0.6
Foot width (R) 0.4 0.2t0 0.6
Navicular height (L) 0.1 —0.0006t0 0.3
Navicular height (R) 0.1 0.018t0 0.2

Abbreviations: L, left; R, right.
Note: P < .05 for all.

by decreased ligamentous strength. A potential rea-
son for this may be ligamentous creep. The term liga-
mentous creep refers to stretching and decreased
strength in ligaments caused by continuous stresses
on them, which in turn causes instability of the fore-
foot during weightbearing.’> Numerous reasons for
such structural foot changes can be postulated: 1)
biomechanical deformity (pes planus), 2) a hormonal
cause of excessive mass (eg, increased height seen in
subjects with excessive body mass), 3) an excess of
adipose tissue, 4) increased bone formation and sub-
periosteal expansion resulting from increased plantar
forces and pressures experienced during gait, and 5)
a combination of these factors.

Further research is required to identify the specific
causative factors associated with obesity and struc-
tural foot changes. Particular attention should be
given to establishing the relationship between exces-
sive body mass and the development of pes planus.
This study evaluated the effect of body mass on dis-
crete parameters of the anthropometric foot struc-
ture. The results of the study cannot support or refute
the theory that excessive body mass leads to the de-
velopment of pes planus. It would be beneficial for
future research to extend the anthropometric evalua-
tion of the foot to include biomechanical evaluation
of foot structure.

The findings from this research contribute to the
understanding of the effect of body mass on the
structural development of the pediatric foot and mus-
culoskeletal system. Excessive body mass seems to
lead to increased foot length and width. It is postulated
that biomechanical changes in the behavior of forces
and the configuration of the complex joint interac-
tions in the foot may result in disruption to foot align-
ment and function. Further research is required to
support these results.
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Conclusion

The results of this study indicate that children with
excessive body mass have longer and wider feet com-
pared with children of normal body mass. This work
focused on discrete anthropometric features of the
peripubescent foot. Additional research is needed to
examine other aspects of foot structure—in particu-
lar, factors causing pes planus. The findings reported
support previous research indicating that excessive
body mass may have a detrimental effect on the
structure of the pediatric foot.
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