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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Obe sity, which shows eth nic dif fe ren ces, is a risk fac tor for many di se a ses.
Of tho se, fo ot prob lems are sa li ent. This study aims to exa mi ne the ef fects of obe sity on fo ot struc-
tu re in obe se Tur kish wo men and com pa res them with the me a su re ments in con trols. MMaa  ttee  rrii  aall  aanndd
MMeett  hhooddss::  This study inc lu ded 100 obe se and 84 non-obe se wo men. Body mass in dex (BMI), per cent
body fat con tent (BF) and wa ist to hip cir cum fe ren ce ra ti o (W/H) we re me a su red to de tect body fat
mass and body fat dis tri bu ti on. Sta tic we ight-be a ring ink fo ot prints we re ta ken from the right fo -
ot of each wo man. Fo re fo ot width and Fo ot print Ang le we re me a su red, and Chip pa ux-Smi rak In -
dex was cal cu la ted to eva lu a te fo ot struc tu re. RRee  ssuullttss::  Me di ans in con trols we re 22.91 (21.45-24.47)
kg/m2 for BMI; 34.30% (31.10%-36.57%) for BF; and 0.77 (0.74-0.79) for W/H and cor res pon ding
va lu es for obe se wo men we re 35.32 (32.55-40.52) kg/m2, 41.90% (39.60%-44.30%), and 0.82 (0.78-
0.86), res pec ti vely. Non-obe se wo men had hig her BF than ot her po pu la ti ons. All pa ra me ters ex cept
age we re dif fe rent in obe se wo men com pa red to con trols. BMI in cre a sed with age ing in con trols al-
t ho ugh it did not chan ge in the obe se gro up. Ho we ver, me di an fo ot print ang le sho wed nor mal arch
fo ot type and me di an fo ot in dex disp la yed in ter me di ary arch fo ot in both gro ups. In reg res si on
analy sis, fo ot in dex and fo ot ang le we re re la ted to only BMI in the obe se gro up. The re was no such
cor re la ti on with fo ot pa ra me ters in the con trol gro up. CCoonncc  lluu  ssii  oonn::  Alt ho ugh ex cess body mass do -
es not ca u se se ri o us fo ot dis com fort in obe se wo men it may li mit physi cal exer ci se. In ad di ti on,
obe sity can inf lu en ce exa mi na ti on of fo ot im pres si ons for examp le in a cri me sce ne in ves ti ga ti on. 

KKeeyy  WWoorrddss::  Obe sity, fo ot, wo man

ÖÖZZEETT  AAmmaaçç::  Et nik fark lı lık lar gös te ren obe zi te bir çok has ta lık için bir risk fak tö rü dür. Bun lar -
dan ayak prob lem le ri dik kat çe ki ci dir. Bu araş tır ma da, obez Türk ka dı nın da obe zi te nin ayak ya -
pı sı na et ki le ri ele alın mış ve kon trol ler le kar şı laş tı rıl mış tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ça lış ma da, 100
obez ve 84 obez ol ma yan ka dın in ce le me ye alın dı. Vü cut yağ içe ri ği ve vü cut yağ da ğı lı mı hak -
kın da da ha doğ ru bil gi sa hi bi ol mak üze re, be den kit le in dek si (BKİ), be den yağ kit le si (BYK) ve
bel-kal ça ora nı (BKO) be lir len di. Ayak ta du ran ka dın la rın sağ ayak la rın dan mü rek kep le ayak izi
alın dı. Ayak ge niş li ği ve ayak izi açı sı öl çül dü. Ayak ya pı sı nı de ğer len dir mek üze re Chip pa ux-
Smi rak İndek si (CSI) he sap lan dı. BBuull  gguu  llaarr::  Kon trol gru bun da ki or tan ca de ğer ler, BKİ için 22.91
(21.45-24.47) kg/m2, BYK için %34.30 (%31.10-%36.57), BKO için 0,77 (0.74-0.79) idi. Obez ka -
dın lar için se or tan ca de ğer ler sı ra sıy la 35.32 (32.55-40.52) kg/m2, %41.90 (%39.60-%44.30), 0.82
(0.78-0.86) ola rak bu lun du. Obez ol ma yan ka dın lar da BYK, di ğer po pü las yon lar da ol du ğun dan da -
ha yük sek ti. Yaş dı şın da bü tün pa ra met re ler obe zi te de de ği şik lik ser gi le di. BKİ yaş lan ma ile ar tış
gös ter se de, obez grup ta her han gi bir de ği şik lik ol ma dı. Bu nun la bir lik te, her iki grup ta, ayak izi
açı sı nor mal, ayak in dek si ise ara form ayak ti pi ser gi le di. Reg res yon ana li zin de, obez grup ta ayak
in dek si ve ayak açı sı sa de ce BKİ ile ba ğın tı lıy dı. Kon trol gru bu ayak öl çüm le ri her han gi bir ba -
ğın tı ya sa hip de ğil di. SSoo  nnuuçç::  Aşı rı ki lo, obez ka dın lar da cid di bir ayak ra hat sız lı ğı na ne den ol ma -
sa da fi zik sel eg zer si zi kı sıt la ya bi lir. İla ve ten obe zi te, ör ne ğin; bir suç ala nı in ce le me sin de ayak
iz le ri nin de ğer len di ril me si ni et ki le ye bi lir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Obe zi te, ayak, ka dın
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be sity is a sig ni fi cant he alth prob lem in
most parts of the world and its fre qu ency
has be en in cre a sing gra du ally. This fact

pro ves that the met hods used for the pre ven ti on
and tre at ment of obe sity is ina de qu a te.1-4

Va ri o us met hods are used for the eva lu a ti on of
obe sity. The BMI which has be en tra di ti o nally used
do es not pro vi de the exact in for ma ti on abo ut body
fat mass and body fat dis tri bu ti on. Ant hro po metry
is a simp le and prac ti cal met hod which can be used
among lar ge po pu la ti ons.1,5 Cir cum fe ren ce me a su -
re ments and skin fold thick ness me a su re ments pro-
vi de the op por tu nity for the eva lu a ti on of fat mass
con tent as well as fat lo ca li za ti on.2 Wa ist cir cum -
fe ren ce and wa ist-to-hip ra ti o we re im por tant in
as ses sing obe sity in ad di ti on to BMI.6 Con si de ring
the body fat dis tri bu ti on, obe sity types show va ri -
a ti ons in the ir thre a te ning ef fects on he alth. The
in cre a se in the ab do mi nal fat tis su e ag gra va tes the
risk de ri ved from obe sity.2

Cur rently, early di ag no sis and eva lu a ti on of
obe sity is of gre at im por tan ce sin ce obe sity is a risk
fac tor for va ri o us di sor ders such as car di o vas cu lar
di se a ses, type II di a be tes, os te o art hri tis and va ri o -
us mus cu los ke le tal di sor ders. Di et and physi cal ex-
er ci se are im por tant fac tors for the tre at ment of
obe sity. Dec li ne in physi cal ac ti vity in cre a ses obe-
sity.1-4 In ad di ti on, obe sity was shown to ha ve dif-
fe rent eth nic cha rac te ris tics and thus, re la ted
po pu la ti on-ba sed re se arc hes are ne e ded.7

The prob lems abo ut lo wer ex tre mity and fo ot
are sig ni fi cant when mus cu los ke le tal di sor ders are
con cer ned. Ho we ver, the re ha ve be en li mi ted re se -
arc hes so far abo ut the ef fect of obe sity on fo ot
struc tu re among adults.8-11 Va ri o us met hods we re
used in the se stu di es. In ad di ti on, so me re se arc hes
ha ve re ve a led that obe sity can be a risk fac tor for
os te o art hri tis be ca u se of in cre a sed mec ha ni cal ef-
fects. The fin dings show that the me ta bo lic con se -
qu en ces of obe sity may be ef fec ti ve on small jo ints,
which are not sub ject to over we ight.12

In ad di ti on, fo ot print analy sis is used for ca re -
ful exa mi na ti on of fo ot im pres si ons in fo ren sic sci-
en ce to de ter mi ne the iden tity of a vic tim or
sus pect. A num ber of met hods ha ve be en sug ges -

ted to es ti ma te the he ight and sex of a per son, using
fo ot me a su re ments.13

The ob jec ti ve of this study was to iden tify the
body fat con tent of nor mal-we ight and obe se Tur -
kish wo men, con si de ring the va lu es ob ta i ned thro -
ugh ant hro po met ric me a su re ments, to con tri bu te
to the know led ge on eth nic dif fe ren ces and to ex-
a mi ne the ef fects of obe sity on fo ot struc tu re,
which is im por tant for physi cal ac ti vity.

MA TE RI AL AND MET HODS
This re se arch inc lu ded 100 Tur kish wo men with a
BMI 30 or over and 84 con trol sub jects who se BMI
was lo wer than 25. In this study, the sub jects we re
se lec ted among wo men who had un der go ne me di -
cal exa mi na ti ons at the Es ki şe hir Os man ga zi Uni-
ver sity Tra i ning, Prac ti ce and Re se arch Hos pi tal
from 2005-2006 and who had con sen ted to the an-
t hro po met ric me a su re ments. In for med con sents
we re ta ken from all sub jects. This study was plan -
ned ba sed on Hel sin ki Dec la ra ti on prin cip les and
was ap pro ved by the lo cal et hics com mit te e.

The fol lo wing ant hro po met ric me a su re ments
we re do ne on the par ti ci pants by an ant hro po met -
rist suc ces si vely:

11..  BMI: The we ight (kg) and he ight (m) of the
body we re me a su red. BMI was ob ta i ned when the
we ight was di vi ded in to the squ a re of the he ight. 

22..  Cir cum fe ren ce me a su re ments (cm): When
the in di vi du al was stan ding stra ight with arms at
her si des, wa ist and hip cir cum fe ren ces we re me a -
su red with a fle xib le plas tic me a su ring ta pe star ting
from cer ta in stan dard po ints.14 The ra ti o of wa ist to
hip cir cum fe ren ce (W/H) was iden ti fi ed. 

33..  Skin fold thick ness me a su re ments with skin-
fold ca li per (mm): Subs ca pu lar, sup ra i li ac, tri ceps
and bi ceps skin fold thick ness we re me a su red with
a mil li me ter-sen si ti ve Hol ta in Tan ner/Whi te ho u se
(T/W) Skin fold Ca li per, using stan dard tech ni qu -
es.14 The sum of the va lu es ob ta i ned from the fo ur
folds of the body was used to iden tify the per cent
body fat mass (BF), using the for mu la de ve lo ped by
Dur nin and Wo mers ley.14,15

44..  The eva lu a ti on of the fo ot struc tu re: This
eva lu a ti on was car ri ed out on fo ot prints, which
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we re ob ta i ned thro ugh sta tic we ight ef fect.16 A fo -
ot print system was de sig ned as shown in Fi gu re 1.
Sirc hi e fin ger print ink was spre ad on a smo oth
thick glass sur fa ce by a spe ci al rol ler. The sub jects
we re as ked to step the ir right fo ot first on the glass
sur fa ce and then on a pi e ce of pa per. He re, equ al
we ight dis tri bu ti on was ta ken in to con si de ra ti on.
So me ink was ad ded on the glass sur fa ce af ter
every 4-5 ca ses. The in di vi du al was as ked to re mo -
ve her fo ot from the pa per af ter stan ding stra ight
on it for 2-3 se conds. The Fo ot print Ang le (FA)
and Chip pa ux-Smi rak In dex (CSI) we re cal cu la ted
for each fo ot print, fol lo wing the pro to col of For ri -
ol and Pas cu al, as rep re sen ta ti ve me a su res of plan-
tar con tact are a with the gro und, which was an
in di rect met hod to me a su re the fo ot arch he -
ight.16,17 Fi gu re 2 il lus tra ted the po ints ta ken in to
ac co unt for cal cu la ting the ang le and the in dex: aaââ:
The li ne which com bi nes the me di al po ints on the
he el and on the fo re fo ot. aadd: The li ne which com-
bi nes po int aa and the apex of the me di al arch con-
ca vity. The ang le bet we en the se two li nes at po int
aa is FA (αα).

bb: The li ne ex ten ding from po int aa to the la te -
ral, the lar gest po int of the fo re fo ot. It was me a su -
red and de ter mi ned as fo re fo ot print width. cc: The
li ne which is pa ral lel to bb and which is bet we en the
nar ro west po ints of the me di al arch. CSI = c/b; %
(in per cen ta ge)

Fo ot ang le va lu es we re clas si fi ed as flat arch,
(0-29.9o), low arch (30-34.9o), in ter me di ary arch
(35-41.9o) and nor mal arch (42o +) fo ot types. CSI
va lu es we re ca te go ri zed as high arch (%0), nor mal

arch (%0.1-29.9), in ter me di ary arch (30-39.9), lo w-
e red arch (40-44.9) and flat arch (%45 +) fo ot
types.16,17

STA TIS TI CAL ANALY SIS

The SPSS 10.0 and SAS 9.1 for Win dows prog ram
we re used for the analy sis of the da ta. Tests of nor-
ma lity for all va ri ab les we re per for med using Kol-
mo go rov-Smir nov with Lil li e fors Sig ni fi can ce
Cor rec ti on. The re sults of the nor ma lity test sho -
wed that all va ri ab les we re not dis tri bu ted nor-
mally. Spe ar man cor re la ti on analy sis was used to
de ter mi ne the re la ti ons hip bet we en pa ra me ters.
Reg res si on analy sis was used to des cri be the re la ti -
ons of fo ot me a su re ments with all ot her pa ra me -
ters. Com pa ri son of the two gro ups was ma de with
Mann-Whit ney test. Da ta we re ex pres sed as me di -
ans and 25th-75th per cen ti les.

RE SULTS
Age had a po si ti ve cor re la ti on with body fat mass
in con trol (r= 0.56, p< 0.01) and in obe se sub jects
(r= 0.77, p< 0.01). BMI in cre a sed with age in con-
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FIGURE 1: The footprint system composed of Sirchie fingerprint ink, special
roller, smooth thick glass and a piece of paper.

FIGURE 2: The points used in Footprint Angle (FA) and Chippaux-Smirak
Index (CSI). FA (α), CSI (c/b;%).



Parameter Group Percentiles Significance (p)

25 50 75

Age Control 31.00 38.00 43.00 =0.060

Obese 31.00 40.50 50.00

BMI Control 21.45 22.91 24.47 <0.001

Obese 32.55 35.32 40.52

W/H Control 0.74 0.77 0.79 <0.001

Obese 0.78 0.81 0.86

BF Control 31.10 34.30 36.57 <0.001

Obese 39.60 41.90 44.30

CSI Control 25.05 32.20 37.75 <0.001

Obese 33.04 37.86 44.12

FA Control 40.00 43.50 48.00 0.047

Obese 36.00 42.00 48.00

b Control 8.20 8.50 8.90 <0.001

Obese 8.60 9.00 9.20

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

Nonstandardized Regression Coefficients

Dependent variable Constant Independent variable

BMI Age

FA (obese group) 56.782 (p< 0.001) -0.414 (p= 0.016) -0.131 (p= 0.122)

CSI (obese group) 24.994 (p< 0.001) 0.376 (p= 0.017) 0.144 (p= 0.062)

CSI (control group) 22.032 (p< 0.001) 0.901 (p= 0.112) 0.258 (p= 0.027)

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

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

Body mass index (BMI), Footprint Angle (FA) Chippaux-Smirak Index (CSI).

trols, but did not show any cor re la ti on with age in
the obe se gro up. The re was a sig ni fi cant cor re la ti -
on bet we en BMI and BF in the con trol (r= 0.66, p<
0.01) and obe se gro ups (r= 0.37, p< 0.01). Ho we ver,
wa ist/hip ra ti o had no cor re la ti on with BMI and BF
in both gro ups. On the ot her hand, W/H was cor-
re la ted with age (r= 0.22, p< 0.05) in obe sity alt ho -
ugh it did not show a sig ni fi cant cor re la ti on in the
con trol gro up.

Per cen ti les of con trol and obe se sub jects for
each va ri ab le we re gi ven in Tab le 1. All pa ra me -
ters (p< 0.001) ex cept age (p> 0.05) in obe se wo men
had sig ni fi cant dif fe ren ces com pa red to con trols,
alt ho ugh the BF ra te was hig her than 30% in Tur -
kish wo men. 

Age had a po si ti ve cor re la ti on with fo ot in dex
only in con trols (r= 0.23, p< 0.05). In the obe se gro -
up, a ne ga ti ve cor re la ti on was de tec ted bet we en fo -
ot ang le and BF (r= -0.22, p< 0.05). Ho we ver, when
fo ot me a su re ments we re clas si fi ed ac cor ding to the
pro to col of For ri ol and Pas cu al, me di an fo ot print
ang le sho wed nor mal arch fo ot type and me di an fo -
ot in dex (CSI) disp la yed in ter me di ary arch fo ot in
both gro ups. In reg res si on analy sis, CSI and fo ot
ang le we re re la ted only to BMI in the obe se gro up
whe re as fo ot pa ra me ters did not show any cor re la -
ti on in the con trol gro up (Tab le 2). The fin ding that
fo re fo ot print width did not ha ve any cor re la ti on
with BMI, BF or W/H was no ti ce ab le. Si mi larly, age
and BF did not cor re la te with each ot her.
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DIS CUS SI ON
Re cently, the re has be en an in cre a se in obe sity
among chil dren, and 30% of obe se chil dren grow
in to obe se adults.14,18

The fre qu ency of obe sity va ri es from one so ci -
ety to anot her.7,14 Furt her mo re, body com po si ti on
disp lays eth nic dif fe ren ces.19 So me stu di es re por -
ted that the age was cor re la ted with only body fat
mass.1,2 BMI, wa ist cir cum fe ren ce and wa ist-to-hip
ra ti o, as in di ca tors of obe sity, we re strongly as so ci -
a ted with the risk of de ath.6 Our study re ve a led
that BF, BMI va lu es of con trol sub jects and BF,
W/H va lu es of obe se wo men in cre a sed with age. In
a pre vi o us study, wa ist/hip ra ti o had no cor re la ti on
with BMI and body fat mass,2 si mi lar to the re sults
of our study whe re W/H had no cor re la ti on with
BMI and BF in both gro ups.

Fo ot struc tu re va ri es among po pu la ti ons as
well.20 Va ri o us tech ni qu es ha ve be en re por ted to
be used for the eva lu a ti on of me di al lon gi tu di nal
arch in fo ot. Fo ot print analy sis was one of the most
com mon met hods to as ses plan tar con tact are a.21 A
re se arch among pre pu ber tal chil dren disp la yed that
ex ces si ve we ight had an ef fect on fo ot struc tu re and
that the re was a sig ni fi cant dec re a se in FA and a
sig ni fi cant in cre a se in CSI (p< 0.001) among obe se
chil dren as com pa red to non-obe se chil dren.16 We -
a ring et al fo und dif fe ren ces in arch in dex va lu es
in over we ight and obe se sub jects.22 Our re sults re-
ve a led a sig ni fi cant in cre a se in CSI (p< 0.001) and
a sig ni fi cant dec re a se in FA (p< 0.05) in obe se wo -
men com pa red to con trols. Ex ces si ve we ight had
an ad ver se im pact on me di al lon gi tu di nal arch
struc tu re of the fo ot.

A dec re a sed FA in di ca ted lo wer me di al lon gi -
tu di nal arch of the fo ot and an in cre a sed CSI in di -
ca ted a bro a der width in the arch are a of the
fo ot print.17 Gi ven the eva lu a ti ons con cer ning fo ot -
print in our study, CSI va lu es cor res pon ded to in-
ter me di ary arch fo ot in dex in both gro ups
ac cor ding to the clas si fi ca ti on of For ri ol and Pas-
cu al.17 Ho we ver, FA va lu es in both gro ups cor res -
pon ded to nor mal arch fo ot type.

The chan ges in FA and fo ot print in dex we re
re por ted to be as so ci a ted with the chan ges in plan-

tar pres su re.23 BMI had a po si ti ve cor re la ti on with
to tal plan tar con tact are a and to tal plan tar for ce.11

Anot her study on plan tar pres su re chan ges re ve a -
led that the plan tar pres su re and fo re fo ot width in-
cre a sed in obe se in di vi du als as com pa red to the
non-obe se. Be si des, plan tar pres su re was hig her
among wo men than among men and this dif fe ren -
ce was at tri bu ted to the we ak ness of fo ot li ga ments
in wo men8. Ka nat lo et al sho wed a po si ti ve cor re -
la ti on bet we en BMI and plan tar pres su re alt ho ugh
BMI was nor mal.21 Our study al so sho wed an in-
cre a se in fo re fo ot width in obe sity (p< 0.001).

The fe et we re con ti nu ally ex po sed to high gro -
und re ac ti on for ces ge ne ra ted du ring ac ti vi ti es of
da ily li ving. Ex cess body we ight or ex cess adi po sity
was a ma jor li mi ting fac tor in mo ve ment.3,18 Ex ces -
si ve in cre a ses in we ight-be a ring for ces ca u sed by
obe sity may be det ri men tal to the lo wer limbs and
fe et. In ad di ti on, body com po si ti on chan ges as a
func ti on of age ing. Age-re la ted chan ges are the in-
cre a ses in fat mass and re duc ti ons in the musc le
mass and strength.3 CSI in cre a sed with aging in our
con trol sub jects. Both gro ups had cor re la ti ons bet -
we en age and BF. The re fo re, body fat con tent of
non-obe se Tur kish wo men was hig her than the
stan dards ac cor ding to Dur nin and Wo mers ley.15

Hills et al conc lu ded that in cre a sed body we -
ight wo uld re sult in hig her plan tar fo ot pres su res.
Mo re o ver, it was emp ha si zed that this ef fect wo -
uld apply me rely to wo men du ring wal king sin ce
the ir fo ot li ga ments are we ak. An in cre a se in both
fo ot width and fo ot pres su re was ob ser ved in over-
we ight in di vi du als of both se xes du ring stan ding
and wal king.3 The re was evi den ce in our study that
fo re fo ot print width had no re la ti ons with BMI, BF
and W/H in reg res si on analy sis. Fo ot and sho e di-
men si ons we re re por ted to be used to es ti ma te the
sta tu re and sex of an in di vi du al.13

Obe sity is an im por tant he alth prob lem in the
world. Obe sity pre va len ce is hig her in fe ma les than
in men. It is a risk fac tor for nu me ro us me di cal di s-
or ders, inc lu ding car di o vas cu lar di se a ses, di a be tes,
os te o art hri tis and va ri o us mus cu los ke le tal di sor -
ders, es pe ci ally in the lo wer limb and fe et.3,24 Ho -
we ver, im pro ve ments oc cur red in mus cu los ke le tal
fin dings af ter tre at ment of obe sity.24 Only li mi ted
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