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IHTEODUCTION 

The  footwear wearing habit ie slowly catching up in 
the developing nations even as they are   showing keen  inte- 
rest in developing  the footwear industry.     It  is at  this 
time we have to plan for achieving ite growth  in the right 
direction PO that the foot health of the people  is pro- 
tected.     The  Industry,  production, distribution and the 
management of these units are being organised, managed 
and financed by foreign companies mostly   Buropean.    They 
follow their own standards in sizing and fittings,   irres- 
pective of the fact the shoe may fit  or pinch.    People 
limping with new ill fitting pinching footwear for a few 
days until the shoe gets adjusted are quite  a common eight 
and experience.    In the case of leather used as footwear 
material,  this  sort of adjustment might be possible, but 
when the material happens to be a synthetic there is 
trouble and hence a shoe muet have a good fitting.     There 
is a need for correct programing and setting up of proper 
standards for these nations.     Most  of the children  in the 
developing countries do not wear any footwear either in 
or outside their homes.    Sven school going children are 
barefooted, unless they are compelled to have footwear by 
the authorities of the school where there is a dress and 
footwear regulation.    Even then,  the children go bare- 
footed outside school hours.     Shoes,  once purchased,  are 
rarely changed e voi though the foot overgrows the shoes. 
They wait until the shoe is almost damaged,  and then only 
think about replacing it by a new footwear and in the 
school,   children walk, run,   jump and  play with the foot- 
wear on.     This may lead to foot troubles which may even 
worsen bj wearing illfitting  shoes, distorting toes, 
causing calluses and bunions .    Bad shoes   may even con- 
tribute to poor foot posture with accompanying strain 



and  excessive fatigue.     The  problem of sizing, fitting and 
designing of footwear for the normal growing feet  of 
children still remains unsolved.     Por this  there  is a 
necessity for a  correct sizing and fitting based on  scien- 
tific facts and figures.     The different  sizing systems 
predominantly used are the British scale,   Paris  Point 
(Coitinental   Scale),  American scale and so  on. 

DIFFERENT 3IZINQ SYSTEMS AND  FITTINSS 

(a)    Length Scales 
The  British system of sizing is said  to have been 

based on the length of barleycorns, three of which make 
up one inch  on an average.     The sizes were   arrived  at by 
consecutive increase of the length by that   of one  barley 
corn viz.  1/3 of an inch with the scale,  starting at 4" 
being called the   '0'  size.     The children's sizes are  from 
1 to 13  i.e.  4  1/3" to 8 1/3",  whereas adult sizes 
again are from 1 to 12 starting from 8 2/3' • to 12  1/3". 
Half sizes of 1/6" are also used in between two full sizes. 
The size of the shoe corresponding to the  length of the 
foot  is obtained  from the formula 

(length of the foot  in Inches - 4)3. 
In the case of adult's foot it is        13-(length-4)3. 

In the American System,   the  zero position starts at 
3 11/12"  instead of 4"  as in the British  System.     Excep- 
ting for this, it is similar to the British system with 
a size interval of 1/3"  and half sizes intervening. 
Amercian sizes are shorter by 1/12'' as compared to the 
corresponding Bttgliah sizes.     But their sise markings are 
1| sizes greater than the English size. 

The  Continental system Paris Point has a size interval 

A 



of 2/3  cm  with no half sizes  intervening and  sizes are 
marked cent timo us ly without any break.     English  sizes 
are  convert*;,   into  Paris  Po  nt  fro fi the  formula, 
English f-ize converted into inches x 2.54   x 3/2 

(*>)     Girth  Scales 

Laste are made with different girth measurements  for 
the same length and also different girth measurements for 
different   lengths to enable  a greater number of feet  to 
be efficiently  fitted.     Thepe are called fittings.     Prom 
one fitting to another the increase  in girth measurement 
may be 1/4 * * on  the  English scale and 7.5 nun on Pai is Point. 
Each fitting for the same size is identified by the letters 
A,   B,   C,   D,   E,   P,   6,   H,   XH depending on the nature of the 
foot   fitting the shoe.     On Paris  Point  seals these are 
represented by the numbers 1,  2,  3f 4,  5,  6,  7,  8 and  9. 
Though the American sizes are marked li times more than 
the corresponding English sizes,   they are marked two fitt- 
ings less than  the English scale.     Thus an  English shoe 
7D would become 8i B on  the American scale. 

The present  system  of sizes has been  subjected to con- 
troversy and criticism and yet  it is followed.    It is con- 
sidered by many that full size increases of 1/3"  are too 
large and half size increases of 1/6' »   are  too small  for 
a shoe with good fittings.    The  size denotes the measure- 
ments  on last and its relationship with foot  length of the 
given size is not known.    Tedious calculations  are involved 
in converting one system  to another and al30 the foot mea- 
surements to shoe sizes.     Also the fitting intervals vary 
from one manufacturer to another resulting in the shoes of 
the same size and fitting made by two manufacturers not 
fitting the saite foot.    Proper shoes are fitted on the 



foot  only by  trial and  error.     In  ehort,   a shoe  012e does 
not tell us the eize of  the  shoe either in length or in 
width  or the ratio  between  the length and the width   aßed 
in the sizing.     A particular sizing seal r adopted  t.y a 
country may cater to the needs of that   particular  country 
but when  it is the question  of one country  depending on 
the  other for footwear it is disastrous.     This may also 
result in large surplus stocks with the retailers at the 
end  of the season. 

BUROPOINT AND MONDOPOINT 

The various  difficulties experienced by the different 
scales of sizing have given rise to a new thinking for 
universal standardisation.     The first step in   this direc- 
tion was  'Europoint•  and later on modified by Manning into 

2 
•Mondopoint•.     Buropiont    is restricted to only the length 
scale,  the lower and upper fixed points on this  scale 
being 114 mm corresponding to a baby's size of 2-jr and 306mm 
corresponding to the adult size 13.     In between   there are 
193  possible sizes.    Eliminating odd numbers the number of 
sizes can be reduced to 97.     The size interval   is thereby 
made 2 mm.    Again this size interval depends on the type  of 
construction.     The size interval recommended was 6 mm for 
Derby and Oxford  construction,  4 mm for ladies court shoes 
and 8 mm for  Wellington and slippers. 

•5 
On the Mondopoint scale   ,  in addition to the length 

of the foot obtained in the weight on position,   one more 
factor,   * Width index',  is also included.     In  jther words 
Mondopoint size marking will comprise two numbers,   e.g. 
240/95.     The first number is the  size;  it is an Indication 
of the length of  the foot fitted by the shoe,  measured in 
millimeters;   the second  number is the width  index being an 
indication of the  joint girth of the foot  fitted,   expressed 

A 



as a percentage of  ito length. 

Though   Manning suggested  that  thi length of  ttu-   fuit 
in millimeters and  the joint girth of the  foot  eipr*et§«»d 
as a percentage of  its length  be  marked on the   «ho*»,   h«* 
later on favoured marking length of the foot  in olili- 
meters and  the width of the  foot     but not the girth of 
the foot expressed  as a percentago of Its length as  pre- 
viously suggested       tn this connection he  referred to   the 
author's work where relationships betweer.  the breadth  of 
the foot and  the other parameters of the foot weie esta- 
blished for the first   time. 

RJBSPLTS OBTAINED BY THE A imi ORS 

A study was initiated  by the authors to provide  com- 
fortable footwear for children.     This study   resulted   in 
the s s tabiif ornent of  (1) a relationship between  the various 
parameters of the foot5  (2)  scientific spacing in between 
sizes based on facts and  figures   (3) rate of growth of the 
feet of children    and   (4) a sizing scale    based on the above. 

PARAMETERS  STUDIED 

The parameters studied were length, width,   instep 
tfirth,   joint   girth,  short heel and ankle. 

1-      ¡£££th 

The length    of the foot  is the distance from the heel 
to the tip of the great toe or the tip of the second  to« 
whichever is  longer. 

2*      Breadth or Width 

The Breadth    is the distance between the first meta- 
tarsal head and the fifth metatarsal head.     Thse are indi- 
cated by  »A*   in fig.  1 and   'B'  xn fig.2 respectively. 

1 
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A Vernier Calipers with an attachment  for mak  .     th« 
jaws smooth to avoid hurting of the feet  of children vhll« 
taking measurements was used  to measure the length .-nd 
width of the  foot.     The length of the  foot  was œensured 
by keeping one   jaw of the   calipers  in contact  with  the 
heel and the other jaw in contact with the longest toe. 
The breadth was measured by placing one  jaw of the calipers 
in contact  with the metatarsophalangeal joint  of the big 
toe and the other jaw in contact with the metatarsophalan- 
geal joint  of the little toe. 

3. Instep girth 

This is the distance around the circumference  of the 
foot touching the tuberosity of navicular and the tuberosity 
of the fifth metatarsal.     This  is indicated by  C in fig.l 
and  D in fig.2 respectively. 

4. Joint girth 

The joint girth is the  distance around  the foot  touch- 
ing the first metatarsal head and the fifth metatarsal head. 
This is the circumference around the points measuring the 
breadth. 

5. Short heel 

This is  the distance around  the foot  passing the point 
G (in fig.2) which is the extreme end of the heel and H 
(in fig.2) called throat,  the measurement being made    by 
passing the tape just below the internal Malleolus E in Fig.l 
and External Malleolus P in Pig.2 respectively. 

6. Ankle. 

Hie ankle is the distance around the smallest part of 
the leg above the internal Malleolus and external Malleolus. 

A centimeter tape graduated in milliaetera vas made 
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use   of to obtain the measurements on Instep and  joint 
girth,  short heel and  ankle.    This study  vac carried on 
about  five hundred  school-going children  of both  sexes 
aged between five and  eleven years and  on   both habituated 
to footwear and  those   who  are not habituated to wearing 
footwear.     The data thus  obtained was analysed statisti- 
cally,  agewise and sexwise separately  for children with 
footwear and children  without footwear  habits. 

RESULTS 

Statistical analysis  was carried   out   to arrive at 
the   ratio  of (1) length  to breadth (2)   instep girth to 
breadth   (3) joint girth to breadth (4)   heel  to breadth 
and   (5)  ankle to breadth.     ïhe mean and standard deviation 
were  calculated in each  case agewise and sexwise separately 
for the children with  footwear habits and  for children  with 
out footwear habits.      These results are  given in  Tables 1 
and  r       The results   show  that ti e average   ratios  of length 
to  breadth,  instep to   breadth and joint  girth to breadth 
is 2.58.     The mean ratios   of heel to breadth and ankle  to 
breadth are 3.37 and   2.08  respectively.        That is for all 
age  groups between five  and eleven for both  maJ e and  female 
children whether they  are  habituated to  wearing footwear 
or not,   there was no  change in the ratios.     It is seen  that 

(1)  Length    _ 2 cQ 

Breadth 

=2.58 

(3) ¿2 
Breadt 

rth 2.58 

fe 
eel 

eadth 
Ankle 
Breadth 

= 3.37 

* 2.03 



1 

TAgLfi   Hi 

Ratio 
Increase in 4 months 
——iSJ"     
Length    Breadth    Mean*1" 
     ÏS 

Male 
(19) 
Female 
(14) 

Male 
(56) 
Farnal. 
(53) 

Male 
(21)        „ 
Female 
(3D 

Increase in 8 months 

length    Breadth   Mean"??" 
 „     dB 

Less than 
2.5 

Betwssn 
2.5 and 2.6 

More than 
2.7 

4 

6 

3 

3 

3 

3 

1 

1 

1 

1 

2 

2 
1.5 

7 

9 

7 

7 

6 

5 

2 

3 

3 

3 

4 

5 

3.25 

2.3 

1.25 

Figur., in parsntheei. in Ool.l repr sent the number of casis síudleT 



STUDIES ON THE PATE OF GROWTH  OF THE FEET OF CHILDREN 

This study  was conducted at two different  schools 
where the children  are not habituated to wearing any foot- 
wear so that  the rate of growth may be assessed without 
any impediments  to natural growth.     Length and breadth 
measurements were  retaken on  the same children at inter- 
vale of four months and eight months. 

EFFECT OF THE RATE  OF GROWTH   OF THE FOOT  ON THE RATIO 
yÎMTH OF THE FOflJ/BREADTH OF THE FOOT1 

It  is seen from the  foot  parameter study  that  the 
ratio of length to breadth of the foot  is  on an average, 
is 2.58 + 0.1.     In  other words it can vary between  2.5 
and 2.7 with an average of 2.58.    However, there were 
cases of children where  this  ratio was less than 2.5 and 
more tnan 2.7.      The rate of growtn of the feet,   lengthwise 
and breadthwise  during four months  and  eight months was 
worked out  separately  for children having their length 
to breadth ratio  lest  than  2.5 and more than 2.7 and bet- 
ween 2.5   and 2.6.     Theee  results are given in  Table  3. 
Table 3 also contains the ratio of increase in length to 
the increase   in breadth  (represented by  the symbol aL/dB). 

It  is  seen   that for a foot having length/breaath 
ratio below 2.5   increase along its length is more.   On the 
other hand,   if this ratio  ìB more  than 2.7 the  foot deve- 
lopment along  its  breadth  is  more.     Also  the dL/dB ratio 
for children  with normal length to breadth ratio of 2.5 
to 2.6 is  3,   for children with this ratio less  than 2.5 
the dL/dB ratio  is 5 and  for children with length breadth 
ratio more   than  2.7,   the dL/dB is 1.5.     The corresponding 
dL/dB values  in   eight months are 2.3,  3.25 and 1.25.    It 
is thus  obvious   that the growth in length and  breadth 
dimensioni*  of  the  feet  of children  studied takes place  in 



euch a manner that the length/breadth ratio adjusts   it- 
self to the normal value which  lies between 2.5  and   2.6. 
Perhaps this  is referred to as   'spurt growth1   in  the  feet 
of children. 

3I2ES AND FITTINGS 3ÜSGESTED 

The study   on the various parameters of the children 
together with the rate of growth studies can bettex   be 
utilised for arriving at a scientific size interval.   Now 
it ie seen that  on an average  the  length to breadth ratio 
ifl  2.58.     The length of the foot can be obtained by multi- 
plying its breadth by 2.56. 

It is seen from the rate  of growth calculations  in 
Table III that  for a normal foot having a ratio of 2.5 
to 2.6, breadthwise increase during 4 months and 8 months 

period is 1 mm and  3mm respectively.     In other words  average 
increase during 4 to 6 months  period  may be  (1  + 3)/2  or 
2 mm.    The corresponding length  increase would  be 2.58 x 2= 
5.16 mm or 5 DOT.     This gives rise   to a scientific  spacing 
between any two  sizes as 5.16  mm which may be adopted  as 
our future sizing for the feet   of growing children. 

This results  in 14 sizes starting from K9.6 mm and 
ending with 216.7 mm with a width of 58 mm and  84  mm res- 
pectively corresponding to the minimum and maximum length 
and breadth recorded for the children of 5 - 11 years.   The 
same can also  be worked out by  taking the minimum length 
recorded  as 150 mm and maximum length recorded  as 217 mm 
and dividing this  range in steps of  5 mm,  each length  being 
divided by the  factor 2.58 to obtain  the width of the  foot 
for that corresponding length. 

When once  the length and breadth of the foot  are   fixed, 
the instep girth,   joint girth and  heel can be worked   out 
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by multiplying the breadth of the foot  by 2.58 in the case 
of  joint girth and instep girth,  and by 3.37 to obtain the 
heel measurement.     To  obtain the various fittings for the 
name length,  the breadth of the foot can be increased  in 
steps  of 2 ma (in  the  case of broad  foot) or decreased  in 
steps  of 2 mm (in  the case of narrow foot') and the corres- 
ponding joint  girth or instep girth can be obtained by 
multiplying by 2.58.     The same interval of 2 mm oan    be 
multiplied by 3.37  to obtain the heel measurement for the 

same  fitting. 

For  example,  the breadth of the foot * 60 mm 
Length of the    foot - 2.58 x 60=155inm 

For the same length,   joint girth and instep girth for 

different fittings are 

1. 2.58 x 60 « 155 mm Medium fitting 
2. 2.58 x 62 = 160 mm     ]    ^^ mting8 

3. 2.58 x 64 = 165 mm     ] 
4. 2.58 x 58 - 149.6 mm]    Narrow fittings 
5 .  2.58 x = 144.5 mm] 

and the corresponding heel measurements are 

1. 3.37 x 60 * 202.2 mm      Medium fitting 

2. 3.37 x 62 - 208.9 mm]    BrQad f±tting 

3. 3.37 x 64 = 215.7 mm] 
4. 3.37 x 58 - 195.5 mm]    Narrow fitting 

5. 3.37 x 56 - 188.7 mm] 

Ine various sizes worked out with the corresponding 
length and    other fittings are given in the  Table 17. 

In general,   if b is the breadth of the foot in milli- 
meters, the length is 2.58 b,   joint or instep girth is 
2.58 x (b+2) or 2.58  (b+4) mm for broad fittings and 2.58 

j 
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(b-2)  or 2.58  (b -4) for narrow fittings 2.56 b  can  be 
termed as medium fitting.     The heel measurements for the 
corresponding instep or joint  girth workout  to 3.37(b+2) 

mm,  3.37(b+4)mm,  3.37(b-2 )mm,  3.37(b-4)mm and 3.37 b. 

CONCLUSION 

The size markings on the shoe  suggested are   (1) 
length of the foot in millimeters taken in weight  on posi- 
tion and  (2) the width of the foot.    The other  parameters 
viz.,   instep,  joint girth and heel will have to be  taken 
care  of in the manufacture of the shoe,  these parameters 

being obtained by multiplying the breadth of the foot  by 

2.58 and 3.37. 

These results are based  on actual measurements and 
would therefore  be nearer to proper sizing and     fittings. 
The method followed here can be profitably made uee of, 
to evolve suitable sizes and fittings for any regions  or 

ethnic groups. 
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