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Comparative Evaluation of the

Foot Measurements of Women
Who Presented to the Obesity Outpatient
Clinic in Eskisehir Osmangazi University

Eskisehir Osmangazi Universitesinde
Obezite Poliklinigine Bagsvuran Kadinlarin
Ayak Olcilimlerinin Karsilagtirmali Olarak

Degerlendirilmesi

ABSTRACT Objective: Obesity, which shows ethnic differences, is a risk factor for many diseases.
Of those, foot problems are salient. This study aims to examine the effects of obesity on foot struc-
ture in obese Turkish women and compares them with the measurements in controls. Material and
Methods: This study included 100 obese and 84 non-obese women. Body mass index (BMI), percent
body fat content (BF) and waist to hip circumference ratio (W/H) were measured to detect body fat
mass and body fat distribution. Static weight-bearing ink footprints were taken from the right fo-
ot of each woman. Forefoot width and Footprint Angle were measured, and Chippaux-Smirak In-
dex was calculated to evaluate foot structure. Results: Medians in controls were 22.91 (21.45-24.47)
kg/m? for BMI; 34.30% (31.10%-36.57%) for BF; and 0.77 (0.74-0.79) for W/H and corresponding
values for obese women were 35.32 (32.55-40.52) kg/m?, 41.90% (39.60%-44.30%), and 0.82 (0.78-
0.86), respectively. Non-obese women had higher BF than other populations. All parameters except
age were different in obese women compared to controls. BMI increased with ageing in controls al-
though it did not change in the obese group. However, median footprint angle showed normal arch
foot type and median foot index displayed intermediary arch foot in both groups. In regression
analysis, foot index and foot angle were related to only BMI in the obese group. There was no such
correlation with foot parameters in the control group. Conclusion: Although excess body mass do-
es not cause serious foot discomfort in obese women it may limit physical exercise. In addition,
obesity can influence examination of foot impressions for example in a crime scene investigation.

Key Words: Obesity, foot, woman

OZET Amag: Etnik farkliliklar gosteren obezite birgok hastalik i¢in bir risk faktoriidiir. Bunlar-
dan ayak problemleri dikkat ¢ekicidir. Bu arastirmada, obez Tiirk kadininda obezitenin ayak ya-
pisina etkileri ele alinmig ve kontrollerle kargilagtirlmistir. Gereg ve Yontemler: Bu ¢aligmada, 100
obez ve 84 obez olmayan kadin incelemeye alindi. Viicut yag icerigi ve viicut yag dagilimi hak-
kinda daha dogru bilgi sahibi olmak iizere, beden kitle indeksi (BKI), beden yag kitlesi (BYK) ve
bel-kalga oran1 (BKO) belirlendi. Ayakta duran kadinlarin sag ayaklarindan miirekkeple ayak izi
alindi. Ayak genisligi ve ayak izi acis1 6lgiildii. Ayak yapisini degerlendirmek iizere Chippaux-
Smirak Indeksi (CSI) hesaplandi. Bulgular: Kontrol grubundaki ortanca degerler, BKI igin 22.91
(21.45-24.47) kg/m?, BYK i¢in %34.30 (%31.10-%36.57), BKO i¢in 0,77 (0.74-0.79) idi. Obez ka-
dinlar iginse ortanca degerler sirasiyla 35.32 (32.55-40.52) kg/m?, %41.90 (%39.60-%44.30), 0.82
(0.78-0.86) olarak bulundu. Obez olmayan kadinlarda BYK, diger popiilasyonlarda oldugundan da-
ha yiiksekti. Yas diginda biitiin parametreler obezitede degisiklik sergiledi. BKI yaslanma ile artis
gostersede, obez grupta herhangi bir degisiklik olmadi. Bununla birlikte, her iki grupta, ayak izi
acis1 normal, ayak indeksi ise ara form ayak tipi sergiledi. Regresyon analizinde, obez grupta ayak
indeksi ve ayak agis1 sadece BKI ile bagintiliydi. Kontrol grubu ayak él¢iimleri herhangi bir ba-
gintiya sahip degildi. Sonug: Asir1 kilo, obez kadinlarda ciddi bir ayak rahatsizligina neden olma-
sa da fiziksel egzersizi kisitlayabilir. laveten obezite, 6rnegin; bir su¢ alani incelemesinde ayak
izlerinin degerlendirilmesini etkileyebilir.

Anahtar Kelimeler: Obezite, ayak, kadin
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besity is a significant health problem in

most parts of the world and its frequency

has been increasing gradually. This fact
proves that the methods used for the prevention
and treatment of obesity is inadequate.'™

Various methods are used for the evaluation of
obesity. The BMI which has been traditionally used
does not provide the exact information about body
fat mass and body fat distribution. Anthropometry
is a simple and practical method which can be used
among large populations.'® Circumference measu-
rements and skinfold thickness measurements pro-
vide the opportunity for the evaluation of fat mass
content as well as fat localization.? Waist circum-
ference and waist-to-hip ratio were important in
assessing obesity in addition to BMI.® Considering
the body fat distribution, obesity types show vari-
ations in their threatening effects on health. The
increase in the abdominal fat tissue aggravates the
risk derived from obesity.?

Currently, early diagnosis and evaluation of
obesity is of great importance since obesity is a risk
factor for various disorders such as cardiovascular
diseases, type II diabetes, osteoarthritis and vario-
us musculoskeletal disorders. Diet and physical ex-
ercise are important factors for the treatment of
obesity. Decline in physical activity increases obe-
sity."* In addition, obesity was shown to have dif-
ferent ethnic characteristics and thus, related
population-based researches are needed.”

The problems about lower extremity and foot
are significant when musculoskeletal disorders are
concerned. However, there have been limited rese-
arches so far about the effect of obesity on foot
structure among adults.®!! Various methods were
used in these studies. In addition, some researches
have revealed that obesity can be a risk factor for
osteoarthritis because of increased mechanical ef-
fects. The findings show that the metabolic conse-
quences of obesity may be effective on small joints,
which are not subject to overweight.'?

In addition, footprint analysis is used for care-
ful examination of foot impressions in forensic sci-
ence to determine the identity of a victim or
suspect. A number of methods have been sugges-

1254

ted to estimate the height and sex of a person, using
foot measurements."

The objective of this study was to identify the
body fat content of normal-weight and obese Tur-
kish women, considering the values obtained thro-
ugh anthropometric measurements, to contribute
to the knowledge on ethnic differences and to ex-
amine the effects of obesity on foot structure,
which is important for physical activity.

I MATERIAL AND METHODS

This research included 100 Turkish women with a
BMI 30 or over and 84 control subjects whose BMI
was lower than 25. In this study, the subjects were
selected among women who had undergone medi-
cal examinations at the Eskisehir Osmangazi Uni-
versity Training, Practice and Research Hospital
from 2005-2006 and who had consented to the an-
thropometric measurements. Informed consents
were taken from all subjects. This study was plan-
ned based on Helsinki Declaration principles and
was approved by the local ethics committee.

The following anthropometric measurements
were done on the participants by an anthropomet-
rist successively:

1. BMI: The weight (kg) and height (m) of the
body were measured. BMI was obtained when the
weight was divided into the square of the height.

2. Circumference measurements (cm): When
the individual was standing straight with arms at
her sides, waist and hip circumferences were mea-
sured with a flexible plastic measuring tape starting
from certain standard points.' The ratio of waist to
hip circumference (W/H) was identified.

3. Skinfold thickness measurements with skin-
fold caliper (mm): Subscapular, suprailiac, triceps
and biceps skinfold thickness were measured with
a millimeter-sensitive Holtain Tanner/Whitehouse
(T/W) Skinfold Caliper, using standard techniqu-
es." The sum of the values obtained from the four
folds of the body was used to identify the percent
body fat mass (BF), using the formula developed by
Durnin and Womersley.!*

4. The evaluation of the foot structure: This
evaluation was carried out on footprints, which
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were obtained through static weight effect.'® A fo-
otprint system was designed as shown in Figure 1.
Sirchie fingerprint ink was spread on a smooth
thick glass surface by a special roller. The subjects
were asked to step their right foot first on the glass
surface and then on a piece of paper. Here, equal
weight distribution was taken into consideration.
Some ink was added on the glass surface after
every 4-5 cases. The individual was asked to remo-
ve her foot from the paper after standing straight
on it for 2-3 seconds. The Footprint Angle (FA)
and Chippaux-Smirak Index (CSI) were calculated
for each footprint, following the protocol of Forri-
ol and Pascual, as representative measures of plan-
tar contact area with the ground, which was an
indirect method to measure the foot arch he-
ight.!®1” Figure 2 illustrated the points taken into
account for calculating the angle and the index: aé:
The line which combines the medial points on the
heel and on the forefoot. ad: The line which com-
bines point a and the apex of the medial arch con-
cavity. The angle between these two lines at point
ais FA (o).

b: The line extending from point a to the late-
ral, the largest point of the forefoot. It was measu-
red and determined as forefootprint width. c: The
line which is parallel to b and which is between the
narrowest points of the medial arch. CSI = ¢/b; %
(in percentage)

Foot angle values were classified as flat arch,
(0-29.9°), low arch (30-34.9°), intermediary arch
(35-41.9°) and normal arch (42° +) foot types. CSI
values were categorized as high arch (%0), normal

roller, smooth thick glass and a piece of paper.
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FIGURE 2: The points used in Footprint Angle (FA) and Chippaux-Smirak
Index (CSI). FA (o), CSI (c/b;%).

arch (%0.1-29.9), intermediary arch (30-39.9), low-
ered arch (40-44.9) and flat arch (%45 +) foot
types.'s"’

STATISTICAL ANALYSIS

The SPSS 10.0 and SAS 9.1 for Windows program
were used for the analysis of the data. Tests of nor-
mality for all variables were performed using Kol-
mogorov-Smirnov with Lilliefors Significance
Correction. The results of the normality test sho-
wed that all variables were not distributed nor-
mally. Spearman correlation analysis was used to
determine the relationship between parameters.
Regression analysis was used to describe the relati-
ons of foot measurements with all other parame-
ters. Comparison of the two groups was made with
Mann-Whitney test. Data were expressed as medi-
ans and 25%-75% percentiles.

I RESULTS

Age had a positive correlation with body fat mass
in control (r= 0.56, p< 0.01) and in obese subjects
(r=0.77, p< 0.01). BMI increased with age in con-

1255



Giiven ve ark.

Anatomi

trols, but did not show any correlation with age in
the obese group. There was a significant correlati-
on between BMI and BF in the control (r= 0.66, p<
0.01) and obese groups (r= 0.37, p< 0.01). However,
waist/hip ratio had no correlation with BMI and BF
in both groups. On the other hand, W/H was cor-
related with age (r= 0.22, p< 0.05) in obesity altho-
ugh it did not show a significant correlation in the
control group.

Percentiles of control and obese subjects for
each variable were given in Table 1. All parame-
ters (p< 0.001) except age (p> 0.05) in obese women
had significant differences compared to controls,
although the BF rate was higher than 30% in Tur-
kish women.

Age had a positive correlation with foot index
only in controls (r=0.23, p< 0.05). In the obese gro-
up, a negative correlation was detected between fo-
ot angle and BF (r=-0.22, p< 0.05). However, when
foot measurements were classified according to the
protocol of Forriol and Pascual, median footprint
angle showed normal arch foot type and median fo-
ot index (CSI) displayed intermediary arch foot in
both groups. In regression analysis, CSI and foot
angle were related only to BMI in the obese group
whereas foot parameters did not show any correla-
tion in the control group (Table 2). The finding that
forefootprint width did not have any correlation
with BMI, BF or W/H was noticeable. Similarly, age
and BF did not correlate with each other.

TABLE 1: Median, and 25 and 75 percentile values concerning all parameters in control and obese women.

Parameter Group
25
Age Control 31.00
Obese 31.00
BMI Control 21.45
Obese 32.55
WH Control 0.74
Obese 0.78
BF Control 31.10
Obese 39.60
csl Control 25.05
Obese 33.04
FA Control 40.00
Obese 36.00
b Control 8.20
Obese 8.60

Percentiles Significance (p)
50 75
38.00 43.00 =0.060
40.50 50.00
22.91 24.47 <0.001
35.32 40.52
0.77 0.79 <0.001
0.81 0.86
34.30 36.57 <0.001
41.90 44.30
32.20 37.75 <0.001
37.86 4412
43.50 48.00 0.047
42.00 48.00
8.50 8.90 <0.001
9.00 9.20

Body mass index (BMI), ratio of waist to hip circumference (W/H), percent body fat mass (BF), Chippaux-Smirak Index (CSl), Footprint Angle (FA), forefootprint width (b).

TABLE 2: Regression analyses of foot measurements with other parameters in both groups
(Parameters with p> 0.05 were excluded).

Nonstandardized Regression Coefficients

Dependent variable Constant Independent variable

BMI Age
FA {obese group) 56.782 {p< 0.001) -0.414 {p=0.0186) -0.131 (p=0.122)
CSI (obese group) 24.994 (p< 0.001) 0.376 (p=0.017) 0.144 (p=0.062)
CSl {eontrol group) 22.032 {p< 0.001) 0.901 (p=0.112) 0.258 (p=0.027)

Body mass index (BMI), Footprint Angle (FA) Chippaux-Smirak Index (CSl).
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I DISCUSSION

Recently, there has been an increase in obesity
among children, and 30% of obese children grow

into obese adults.!*!®

The frequency of obesity varies from one soci-
ety to another.”"* Furthermore, body composition
displays ethnic differences.'”” Some studies repor-
ted that the age was correlated with only body fat
mass."? BMI, waist circumference and waist-to-hip
ratio, as indicators of obesity, were strongly associ-
ated with the risk of death.® Our study revealed
that BF, BMI values of control subjects and BF,
W/H values of obese women increased with age. In
a previous study, waist/hip ratio had no correlation
with BMI and body fat mass,” similar to the results
of our study where W/H had no correlation with
BMI and BF in both groups.

Foot structure varies among populations as
well.?% Various techniques have been reported to
be used for the evaluation of medial longitudinal
arch in foot. Footprint analysis was one of the most
common methods to asses plantar contact area.?! A
research among prepubertal children displayed that
excessive weight had an effect on foot structure and
that there was a significant decrease in FA and a
significant increase in CSI (p< 0.001) among obese
children as compared to non-obese children.!® We-
aring et al found differences in arch index values
in overweight and obese subjects.?? Our results re-
vealed a significant increase in CSI (p< 0.001) and
a significant decrease in FA (p< 0.05) in obese wo-
men compared to controls. Excessive weight had
an adverse impact on medial longitudinal arch
structure of the foot.

A decreased FA indicated lower medial longi-
tudinal arch of the foot and an increased CSI indi-
cated a broader width in the arch area of the
footprint.'” Given the evaluations concerning foot-
print in our study, CSI values corresponded to in-
termediary arch foot index in both groups
according to the classification of Forriol and Pas-
cual.'” However, FA values in both groups corres-
ponded to normal arch foot type.

The changes in FA and footprint index were
reported to be associated with the changes in plan-
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tar pressure.” BMI had a positive correlation with
total plantar contact area and total plantar force.
Another study on plantar pressure changes revea-
led that the plantar pressure and forefoot width in-
creased in obese individuals as compared to the
non-obese. Besides, plantar pressure was higher
among women than among men and this differen-
ce was attributed to the weakness of foot ligaments
in women®. Kanatlo et al showed a positive corre-
lation between BMI and plantar pressure although
BMI was normal.?! Our study also showed an in-
crease in forefoot width in obesity (p< 0.001).

The feet were continually exposed to high gro-
und reaction forces generated during activities of
daily living. Excess body weight or excess adiposity
was a major limiting factor in movement.>'® Exces-
sive increases in weight-bearing forces caused by
obesity may be detrimental to the lower limbs and
feet. In addition, body composition changes as a
function of ageing. Age-related changes are the in-
creases in fat mass and reductions in the muscle
mass and strength.® CSI increased with aging in our
control subjects. Both groups had correlations bet-
ween age and BF. Therefore, body fat content of
non-obese Turkish women was higher than the
standards according to Durnin and Womersley."

Hills et al concluded that increased body we-
ight would result in higher plantar foot pressures.
Moreover, it was emphasized that this effect wo-
uld apply merely to women during walking since
their foot ligaments are weak. An increase in both
foot width and foot pressure was observed in over-
weight individuals of both sexes during standing
and walking.? There was evidence in our study that
forefootprint width had no relations with BMI, BF
and W/H in regression analysis. Foot and shoe di-
mensions were reported to be used to estimate the
stature and sex of an individual.’®

Obesity is an important health problem in the
world. Obesity prevalence is higher in females than
in men. It is a risk factor for numerous medical dis-
orders, including cardiovascular diseases, diabetes,
osteoarthritis and various musculoskeletal disor-
ders, especially in the lower limb and feet.>?* Ho-
wever, improvements occurred in musculoskeletal
findings after treatment of obesity.?* Only limited
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research has considered the effects of obesity on fo-
ot structure in obese people. Examination of foot-
print is frequently used to measure the dimensions
of the foot indirectly. Foot type and the effects of
some parameters can be investigated with this sim-
ple method.>” Body fat content in the obese group
had a correlation with FA in the correlation analy-
sis. In addition, BMI had relations with FA and CSI
in obese women in the regression analysis (Table
2). These parameters can be used to examine the
structure of the foot in obesity. Few studies repor-
ted that foot length and especially foot width we-
re increased in obesity. Hills et al showed increased
foot width and higher plantar pressures in obese
adults.®

In forensic sciences, significant correlations
were found between foot length, width and statu-
re in relation to ethnic group. Height estimation by
foot length measurements were reported to give
better results than width measurements.! Jasuja
and Manjula used footprint measurements to esti-
mate stature and they stated that it was better to
prefer foot length rather than foot width.?

Ozden et al saw the important relationship
between height and foot width for males where-
as they could not determine a relationship for fe-
males.’® Our study revealed a significant increase
in forefoot width in obese women. However, re-
gression analysis did not show any relations with
BMI, BF and W/H in both groups. Analysis of fo-
refootprint width can be used to estimate body-

height, and CSI and FA may be helpful to investi-
gate BMIL.

In conclusion, body fat mass and BMI are of
great importance for the evaluation and follow-up
of obesity if they are considered together. Further-
more, these anthropometric parameters have some
different correlations compared to some studies ba-
sed on other populations. It is noticeable that body
fat content of non-obese women in our Turkish po-
pulation was higher than in other populations. It
may be useful to determine the body fat content of
Turkish women whose BMI are within normal ran-
ge, to prevent the effects of excess body fat content,
which is a risk factor for various diseases.

On the other hand, excessive body weight and
body fat content have different but not serious ad-
verse impacts on foot structure in Turkish women
although previous studies have shown more adver-
se effects on other populations. Women have we-
ak foot ligaments and excess body mass may limit
physical exercise in obese women; thus, it is nec-
essary to investigate their foot structures. In addi-
tion, examination of foot impressions in females
and some measurements of foot may cause mista-
kes in the estimation of the stature and in identif-
ying possible individuals in a crime scene
investigation.
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