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1. INTRODUCTION

lel What is handicap’

3 in or

andicap 1s a Mmﬁ representing a decrease
W of abllity to perform various z’mam:
' partieularly thoseiof mamﬂﬁﬂm u?tm and
- sense mwm*

12 How much handicapped are they?

We suffer from a world designed for the normal man
and woman, In addition, many parts of our man-made
environment were not designed for any person at all

| m&&%&&@ ability of the human being t

mwﬂ and MMMMW The concept @t fitte
im the activity of m »

~ of the human being rather than vice versa, is not
very much applied anywhere, particularly so in India.

~ Apart from the physical environment, a man has an
~ emotional world of his own. But here too soeciety
 demands its share in his thinking and feelings in
‘order to sdjust with his fellow beings.

. To the handicapped persons, m mm mwmg |
ami iavolvement with the soelety for «mmm with



the existing community the less visib

groupthey will become: . This requires ai ;

ofthe builtin barriers araind us thatcan be rem

the benefit of all of us. "—Policy statement issued at the
Special'session on welfare at ICSID '73, in Kyoto, Japan

“The knobs

same could be

are frequently Il and diffic
addition, their placement whi
compounds the problem
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~ the normal, present formidable barriers. These .
~ barriers make it very difficult to project them
into normal situations of education, recreation and
employment, To the physically disabled individual,
“nfluenced by a society that holds productive actie
vity m personal mutonomy in esteem, it can mean a -
life of . mots s0Lf arttisianiond despals,

mﬁzf

he handieapped pwm hag to adjust w his ;msmm

i nm and that at’ the %m&w overcoming his phy-

/ aim disability, This would require him to gax’m
normal Mﬁ%&m which are impeded because of his

handicap, Thus he requires to use some external

device or aid to improve his 'Myﬁ#&i digability.

Although, the extent to which he could adjust with

normal depends on him and his eavironment.




2., HANDICAPPED =~ TRANSPORTATION

' m easy 'mode of transport for the lame person ' is
~conceptualised in this report.

An external aid or device is essential for the
mobility of a lame person, This would help him in
acquiring more personal freedom and improving his

physical funetions, '

-

wmber of lame persons exceed 7 mm in our
denotes the gravity of the situation,

The major portion of these dissbled come from
‘severely poor economiec conditions, Hence what they
~can afford to invest and maintain an external device
is also a bare minimum,

This means that a large number of these persons have
to be rehabilated into situations of earning their
own livelihood and leading an autonomots life.
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3, TYPES OF LAMEVESS

ameness ean aitm be temporary or permanent.
omporary lame persons are those who suffer temorery
 due to

. ﬂM%

+ injury |

, .;_ fracture or sprain

.+ fatigue

Permanent lame persons are those who have éhxmm or
permanent defect or allment in which the lower limbs
are offected, This may be due to ‘

« cerebral palsies = spasticity, ataxia, rigidity,
; tremoy : |

« arthriths

« 014 age

Depending on the type of lameness and the extent to
which they are affected, the lame persons can be
classified as groups able to

+ stand and walk without external device

« stand and walk with external device

« cannot stand and walk



e 8

: legia is mmm of the lower ;;wﬁ &t m
o “W‘ mmw both legs and the trunk below the
1 :wm of the lesion,

| : ‘mm 1imb ﬂw upper or lower extremity.
easons for a@ﬁtaﬁm are MW; infection,




e PRESEVF TRANSPORTATION SYSTRMS'
Various types of external devices used for mobility
of the lame person at present are

. wheel chairs

. mw wheelers

'+ artificial limbs

s+ knee calipers

« crutches

el Wheel chairs

Wheel chalrs are used by persons who have a lot of
diffieulty in supporting themselves.

Wheel chairs are meant for indoor use and need flat
 surface and enough space for movement, The wheel
chair user is in a comfortable position (sitting).
‘mn gpeed of travel is slow. m major problem
with the wheel chair is that they amﬁ go up or
down stairs.

 Wheel chairs are expensive,

4.2 Three wheelers

mm wheeler offer a w system equie
wvalent to that of a bieyecle for lame persons.

 These are used outdoors but they cannot go over
- steep inclines and uneven roads, The user has to
‘use some other device when he disembarks the tricycle.

”









ma@- cannot be driven by weak persons.

i

wxw mmﬁm :wt: of investment and maintenance.

4,3 Artificial limbs v
These are used by amputees. These are ideal for
amputees since artificial limbg m serve as an

other normal leg. But double mw:; would have
to use some other device for aid while walking,

. These require congiderable investment and maintene
4+4 Knee calipers
Knee callpers are used to make the paralysed leg
more rigid and stronger., These would have to be

used by patients with weak leg muscles. The patients
might need some other device while walking,

4.5 Crutches

- Crutches are mostly used by paraplegic patients.
Other lame persons alse make use of them, Crutches
are versatile, They can be usgd, both indoors and
outdoors, They can be helpful in going up or down
slopes. The speed of travel is equivalent to walke
ing, The user cannot use it over long distance. It

hem in mMam m muscles, m@ user occase
&emuy suffers Mm mm at mtm& wmtu‘

Invutmt and maintenance 3.3 very low, ‘



~ eapped are poor,

majority of the physically handis



. mg m drive wheel chair

<8 Notauy gl wioh 08 00 el e S chair
« Push and pull type wheel chal:
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, types of crutches used by lame persons are
. stick as oruteh
« -auxillary erutches (shoulder erutehes)
+ forearm crutches (Canadian crutehes)

Be1 gtick asj\mﬁe& Y

This 4s used by single leg lame person. A Sma
(about & £t,) wooden stick or bamboo stick is held
by both hands and is used such that it serves as one
legs The whole body is pivoted around this stick on
every step of walking, This method is tedious to
use, But many people in India use this because of
its low investment. :

Be2 Auxillary crutches

Various types of auxillary erutches used are

.. adjustable double bar erutches |

. adjustable single bar erutches

« mat crutches ’ ‘

« tripod crutches ‘ . ’ ' \ '

» quadrapod crutches

 + double amputee crutches

« elbow crutehes |
mmmu double bar auxillary crutches are the most

coumonly used crutches. ‘x;n India, wooden mm are
~ avallable, Other various types are requir|d for
specific cases. L S

' )
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eru sches are used by lame person for learning.

to walk,
‘Iripod and quadrapod erutches are used by very weak
* lame persons who woudd require more stability,
Elbow wu%mmam by persons with very %ak
arma; such that it makes use of ﬁw upper arm,

o

nmh&a mama use mm amputee ermma which
are suitable to their low heights.

' 548 Forearm crutches

These are Gsed by persons with strong arms. These
are elther adjustable or non adjustable,

544 Crutch analysis
Adjustable wooden Auxillary Crutehes:

These crutches support the shoulder thus supporting
the weight of the body with the shoulder pads, The
handle mﬁdad helpe 1in controlling and moving the
erutches, though part aﬁ‘ the welght could be awlmd
M gh@ hmdla* :

_ mxmm sizes are available suitable to all heights.

: Wooden crutches are cheap., The cost range is

bamm 80 = 50 rupees. Maintenance is also low.

The mw common part to be wplmd are m rubber

~ padss They get worn out in 2 - 3 months eud have to

" be replaced, Thay cost around 0.80 rupee. The life
of the crutches vary from 2 = 3 years.

-
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Sores i the armphits are regular Mwmﬁ m
mhm,y%m they are not able m use the
crutehes, : '

since the auxillary nerve is pressed when the weight

of the body is taken by the erutehes, it might get

affected and there is ;wsaimm&v of the upper limbs
: MM paralysed,

‘ whm wﬁm take the wﬁ@&w on the hmla mﬁgh
~ the palm and support the forearm, pifferent slzes
are available suitable to m heights,

ﬁm mﬁkw are very light mx compact for use,
do not affect the mmy nerve. The crutech
requires the user to practice before he could use

The present cost range is between 185 « 200 rupees.

o

o









6, PROBLEM ANALYSIS

- v
The problems of the user vary depending on the type
of lameness and the type of environment the lame
person has to face.

6,1 Mobility
Walking :
A erutch user who is strong
~« puts the crutches forward
_« swings over the crutches to front
» again brings forward cruteches
A cruteh user who is weak
 + puts the crutches forward
'« moves hisg :mﬂg leg forward
+« moves his weak leg forward
+ again puts forward crutches

For mw step of his travel he does two or three
actions, This offects the speed of his travel,

The crutches move in an are when the Mngﬂ!g is done,
This results in the user having an up and down motion
for every step of his travel, This would be une
nmm strain on the user. ‘ '

~ In crutches the speed of travel can be increased by
~ increasing swing or increasing the 'rate of swing
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.~ both at the same time. / ,

or. 1 Lisveasts
The erutches belng an external device, any effort to
increase the speed of travel would tire the user

easily. This invariably results in sores at contact
points or resting areas i.e, armpits, forearm, palm,

Strong cruteh users are found to.walk faster than
normal walking speed. '

4 Normal walking distance ‘%M% reasting is about
150 - 250 m for a strong cruteh user and half that
: é&ama for a weak person.

~ The user mqmm to rest after this amount of travel.
_ Auxillary erutch user does that by resting his weight
~ on the shoulder pads, Resting is difficult for fore-
~arm crutch user,

Bug = Traing o
Boarding and travelling in buses and trains pose
hurdles to the crutch users, Auxillary crutch users
try to shift both the crutches to one arm and use |
tm other arm for holding on to hangers etc, In

] erutches it is much easier since the hands

L e g steps s . - =
' rm ﬁmv case presents a m hagzard for the lame

S









J
ywm ‘They usually make use of the side railings
to pull th*mmea up while gaw up stairs., "Othere
wige the wuteh user |
'+ places the eruteh (tovards the weak leg) w

¢« places w strong leg wp
'« places the weak leg up by pushing cgalnst the
cruten (towards the strong leg) | |
+ Then brings up the erutch (towards the strong leg)
Though | similar pwwm@a is ‘involved for forearm
crutches, they are much more diffiecult to uge while
going up stairs, sinve they are less stable than
auxillary @WWW%

The user tires easily while going up stairs.

Coming down stairs:

Coming down stairs for the erutch users isc mueh
more easier than going up stairs. They

» place the weak leg down or
~ place both the legs down at the same time.
- wam.m crowd :
%‘ha ﬁmﬁﬂ& user requires mofe space for walltdng
. a@ml wm because of the extra area mw te

e



/

‘The required space is about two times that of a normal

" person, Space is -required on eithersides, in front

 and at the back. Hence he has difficulty while moving

in a erowd, ‘

 The best vay for the crutch user to carry weight is on '
~ the shoulder like a havesack., At present crutch users
‘uge swing bags hanging across shoulders. But they

cannot earry much weight (1/2 to 1 kg.) since ¥t would

increase thelr effort to walk,.

sai’aw features:

There are chances of the erutches mm:m especially
in rainy season and on very smoth surfaces. The user
can loose his balance and fall down, If he falls down
the crutech user has difficulty in getting up.

Sores:

gince wmtmt wmaat and rubbing ocecurs at t&m
contact areas, sores are regular occurance among users.
In this period it is a:tmmz for them to use erutches.

Compactness

‘ﬁm &M&b}.e mmy wooden wﬁqhu are Mlky In
bﬁsm and um it is troublesom to the Wpammwa
:%mam alﬁm‘m awmaxm erutches are compact

| mwmsa to the auxillary wooden crutches.

15



 Welght of the aruteh:

‘The available wooden and aluminium crutches welgh
about each. This welght is considerable and
has an effeet to the performance of the user.

6,2 Investment and maintenance s

Wooden au:illary crutches cost about 30 « 50 rupees.
luminium erutches cost about 1850 « 200 rupees.

The rubber pads get worn out very fast and hae to be
replaced every 2 - 3 months, They cost about .50 « 1,80
rupees each.

Life span of the wooden crutches are about 2 = 3 years
and that of the aluminiua ones are 4 - 5 years.

16



shoulder pad should be ia contact with maximus area
of the muscles.




rom the study wt data it was felt that one common
solution to solve all the problems at the same time

" would complicate the solution to the extent of becom=
ing impractical., Also the needs of each individual
user and “the type of user varies a lot, Hence accord= '
ing vo m different needs of the user, the following

 solutions have been conceptualised such that the user
ean use the one most sultable 1o him, o

'« versatile erutches

redesign of forearm crutches

« increasing speed and comfort of walking
. staircase climbing attachment

. ideas for future crutches

- 7.1 solution = Vwmﬁla eruteh :

This emﬂan is designed for the user to utilise his
gupporting points effectively.

1t consists of a shoulder rest, forearm rest and a
hand grip., The shoulder rest can be pushed down and
only thu forearm mat and hand grips can be ma&.

m this ‘erwm the user has the choice of ‘aistribute
ing his velaht at various resting points depending on

@

rong m mm user can apply most e: hs.s |
'waim m w« nandle and :emm rest and use the

: ’17 :
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:m mw rest as a pivet point,
| ?hamm&aahtheMameémaMumm
erutch like forearm crutchess
For resting the user can make use of shoulder pads,

The pivoting of the forearm rest is uséful when the
‘uger needs to grasp anything. The shoulder straps
can also be used for the same purpose.

fThe erutches can be made compact by pushing tRe
jown and by using the telescopic

For those who have weak arms the arutches can be made
of a single tube, since they whll not be able to use
it as forearm crutches.

The crutches are made out of available material and
designed for small-scale production,

7.2 Solution - Redesign f;t;f Forearm Crutches &

For those who have strong arms shoulder rests are
not necessary and hence forearm crutches would be
idﬁah '

. Rma it was decided to ngn m“
¥ mm.uy _;sswg available materials and for small-scale

. The ﬁrﬁm m Mamd :Lu m glzes suitable to
i nll mm

o



~ The erutches move in an arc while swinging ﬁwm
step of the travel. This generates an up and down
motion for the user which is uncomfortable and strains
the shoulder resting points.

7o avoid this the base of the erutch is made in an
" areof a éwm; the radius being the length of the
crutch and the chord 1

This would ensure that the height of \
constant, Hence strain on shoulder resting points
are less. |

The user now swings an aima distance equal to the
length of the base, Hence the distance travelled in
every step of nis travel increases. The stability of
the crutches is also mores ‘

This crutch requires ﬁm‘ the surface the user uses
should be even. It is ideal for indoor uge and if
the is even it can be used outdoors.

These crutches are suitable for patients in hospitals
who are wesk, by old people and by wesk lame persons.

et to

These crutches are suggested as an attachm
normal crutches.

| 7.4 Attachment - stalr case climbing:

?ébme wrm steps are imlm in going up stairs,

g
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' One of the main problems for the erutch user is that)
that he is not steble and has to 1ift his :Mxht up

by the stair helght, To reduce the steps involved and
malte 1t easier to go up stairs the following solution
is suggested. '

It consist of an L shaped grip which vould grip the
 stalrs, The user places this on one step ahead of
him gripping it vhile going up stairs, Then he pushes
himself up against both the handles and pm?g,m

legs on to the next step, The grip ensures balance to
the user and raises the crutch height by 3 - 4 inches.

Also vhile coming down stairs the L shaped grips
and use ﬁw gripping m_ﬁmm

This solution is suggested as an. , attachn
~ all erutch users have to use a atm cases

7.5 Solution - new crutch ideas:
These crutches make use of alternate points of support
for carrying the weight of the user. |

The first idea has belts worn around the hips of the
: ammmm{gmaxmwm mmuywm
armm by means of m cords which are fixed to the
 erutches. The total eruteh height is less than that
of t&u& mazmz Level.

mnmmimmmmmmm mmmms
: ,,wg the wwm m'a pwa%ﬁ tm belt at %he hips.

Ce

ent since not
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Thus he moves the crutehes forward using his hands -
but the load is teken through the pivot Ly the crutches
from the hips. '

The main advantage in both these cases would be that
the hip region would be supporting the weight of the
body. Hence it would be more comfortable and less

" gtraining to the user.

@

@ @ -
//



8, DETALLs’
8,1 Material i

The vw&m materials which could be used for conste
ruetion of crutches are wood, sluminium and i gteel.
Wood has short life and less strength. ;%wl is very
heavy. Aluminium is light and has high strength %o
welght ratio, Hence Aluminium was choosen as the
material to be used, Tube sections {cireular) were
used in construction of the crutches, -

8.2 Brgonomical

The crutches are designed to suit all heights
variations in the body dimensions of the disabled
people, For this they are divided into three groups
of 3= 4 ft,y 4= 5 ft, and 6 » 6 1%, and three siges
of arutehes are constructeds m eruteches have
telescopic arrangement to sult variations in their
body dimensiong (arm length and ghoulder to foot
helght ) |

 The areas of support are 4nereased in the *m»mmm

~ erutch design such that more migsecles are used %o

- support the w&g&w of the body. The shoulder rest,
forearm ;m@t and the hand grip are designed such that
there E i.s‘ maximm contact with the muscles.
8,3 amm point

The z.m esf wxamamu of the welght of the body is

27



: MM thﬁ% when the user applies wedght on the
. erutches there is a moment forvard, This helps the
ﬁaw in moving forward with less effort. Thus when
h#éw&ﬁm welght on the handle, the application of
load gives him a forward moment which hﬁlpa the user
in ww or gwinging forward,

%m crutches act ag wim; the foree acting
W the axig of the tube. Using Bulers @lﬁg
load equation, the tubes were choosen such that they
~ ean support three times the normal load,

8,6 part details .
Tube selection and bending :

The tubes for :3 different MWI; variations in users
were o

hoosen on the strength caleulations. An inner
tube coneentric with the outer tube with minimum
clearance was necessary for telescopic arrangement.
From the available tubes in the market, tube combis
nations were choosen as shown in the table,

~ The basie %M&ﬁhmmaMMWMMW&W
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bent at right angles at the top of the erutchis
It consigts of a wooden plece fastened to the

aluminiun tube which is padded with foan rubber.
 This is covered by rexin and a remvable cloth
 covering. A shoulder strap made of spring steel

and ensmel painted is fixed to the aluminium

Forearm ”’“t 3

The forearm rest is made of heat formed P.V.Cs
sheet, This is fixed to the aluminium tzde. In
case of forearm erutches it is fixed to the hinge
which in turn is fixed to the pressed aluminium
tube. ‘

O

Handle 3

Handle is made of turned aluminium or wooden piece
covered with rubberised plastic handgrip., The

andle is fixed to the tube by means of a screw or
nium plece.

a east alum

Telescopic extension :

~ m; consists of two concentrie tubes with mind

¢learance, the inner one sliding inside the outer
‘ g at different lewels a M.S. pin

ube, For fixin
with spring backing is provided in the inner tube.
This locks into different holes in the outer tubes




i \% .

~ shoes 1
- The available rubber pads are made useof These are

© fized to the aluminium tube at the bottom by means

of an aluminium or PeVaCe A

bottom such that 1t can become perpendicular to the
This is fixed to an offset wm* ‘Rubber

sreasing speed and comfort attachment s

It has an aluminium rod bent in an arc equal to the
average length of the cruteh, Rubber padding is
provided on the bottom surfaoce.

< 05



ter 16,06 mm-

» Outer dlameter 19,20 mm, Inner dlameter 15,96 ma
® e : L%w - -

The cost of various eruteches and attachments are

« Versatile cruteches (palr);
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jation for Infantile Paralysis

Abrary = All India Institute of Physical Mediein
d Rehabilitation.




