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ABSTRACT 
 

Wheelchairs are used by people for whom walking is difficult or impossible due to 
illness (physiological or physical), injury, or disability. The earliest record of using 
Wheelchairs for mobility dates back 6th century however the first lightweight, steel, 
collapsible Wheelchair was invented by Harry Jennings and his disabled friend 
Herbert Everest in 1933. Today athletes with a disability use sport Wheelchairs that 
require speed and agility signifying the technological advances in Wheelchair 
usages. So it is essential to know how safe is the Wheelchair I am supposed to be in 
if I am unable to walk.   
International standard ISO10542 was adopted in 1984 to address the common 
problem of transportation of Wheelchair users. Hopes of the users have rightly 
increased to demand more from the systems available to them on a daily basis. 
Wheelchair manufacturers have addressed this to some degree and improved on 
their designs and functions of the Wheelchairs to match those expectations. What 
have not kept pace in this changing market are the testing criteria of the restraint 
systems that were once designed to ensure the safety of the Wheelchair user and 
others in the same vehicle. ISO10542 establishes general requirements and test 
methods for Wheelchair tie-down and occupant restraint systems (WTORS) that are 
designed for use with a wide range of Wheelchairs and adult occupants.  
The paper studies the major factors, through a structured questionnaire, of the Indian 
Wheelchair manufacturers to understand if all the safety nets recommended are 
provided and the disabled user conversant with what the manufacturer has provided. 
The paper also attempts to study the best practices prevalent in the Indian 
conditions.   
 
INTRODUCTION  
All living creatures have given different ways to move ─ some walk, some creep, 
some swim and some fly. Human beings, only, are bestowed with multiple ways of 
performing this activity and, this is possible because of the extraordinary shape and 
structure of the human body. A person strives to find out other possible ways of 
movement if the best possible way has somehow made him disabled (or physically 
challenged).   
A Wheelchair is a chair with wheels; it is designed for walking on chair. It is used for 
those peoples who can’t walk due to their illness or any injury. Wheelchair derived by 
the help of propelled motor or by turning the rear wheel by hand or there are handles 
were given for someone else to do pushing. It is the great invention for the human 
kind. Now-a-days it is not a simple wheel chair, and it is made up to such advance 



level that person who can’t walk can even play games like basketball and running.  
Table-1 provides salient developments and uses of a Wheelchair. 

 
Table-1: salient developments and uses of a Wheelchair 

S. No. Duration Use 
1. 6th century It is the first evidence of a Wheelchair, which is engraved on 

stone on a Chinese tomb.  

2. 16th 
century 

King of Spain Philip second used an intricate rolling chair 
which can be moved by the help of his arm and there is also a 
system for the foot rests. 

3. 17th 
century 

King Louis sixteenth used a roulette for moving about while 
recovering from an operation.  

4. 18th 
century 

It is the first Wheelchair which looks like the today’s design of 
Wheelchair. It is consist of two wooden wheels and a single 
wheel which helps to direct the direction.  

5. 19th and 
20th  

centuries 

American civil war and in duration of world war first, 
Wheelchair were developed in very advanced level now the 
frame of the chair were made by wood, adjustable arm rest is 
also introduced and footrests are also made according to the 
requirement. 

6. 1894 A U.S. patent was filed for Wheelchairs which have a fixed 
frame, adjustable surfaces, firm wicker seat, and large rear 
wheels for self-propulsion. 

7. 1932 Herbert Everest (an injured mining engineer) and Harold 
Jennings (a mechanical engineer) collaborated to design the 
first folding frame Wheelchair. They went on to form the 
company that is today known as Everest & Jennings or E&J. 

8. 1937 A patent was filed for the X-folding frame Wheelchair. 
9. 1950 Everest & Jennings developed the first powered Wheelchair. 

They followed the development of transistor-controlled motors 
and adapted it to their interest by adding a motor to their 
manual Wheelchair design. 

10. 1952 The beginning of Wheelchair sports occurred with the first 
games held at the Stoke Mandeville Rehabilitation Center in 
England. 

11. 1964 The first Paralympic games were held in Tokyo, Japan. 

12. 1975 Bob Hall competed in Boston Marathon. 
13. 1980 Microprocessor-controlled powered Wheelchairs were 

developed, which allowed customization of controls to meet 
the needs of more user needs. 

14. 1980-90s The revolution in powered Wheelchair design, control, styles, 
range or travel distance, suspension, maneuverability, seating 
and other user options. 

 
Guinness World recently reported Mr. Haidar, a 47-year-old Emirati, rising to national 
fame after setting a record for the longest distance travelled in a motorized solar-



powered Wheelchair, when he travelled 14 hours non-stop from Masdar City to 
Sharjah. As another example, Wayne and Trevor Brocket have built up a unique 
operation that just makes a difference for each of their unique customers - people 
with disabilities - primarily those who have to use a Wheelchair. Their business VAS 
(Vehicle Adaptation services) modifies vehicles to enable people with disabilities to 
regain their mobility and independence. This might involve fitting a simple hand 
control or providing ramps or hoists. Till date, they have built 68 of the first generation 
models and completed 107 in total. 
A Wheelchair can be powered by battery and is rechargeable and can travel 
independently for 25 kilometers. It is controlled through its gear installed on the arm 
brace.  The effect of any variants e.g., seat sizes, backrest angles, adjustable 
elements, accessories also affects the performance of movement.  For the occupant 
restraint assembly combines both a pelvic belt and diagonal shoulder belt that 
connect near the hip of the user. This is also called as a three-point restraint. In the 
two-point restraint an occupant restraint assembly consisting of a single length of 
webbing and related components that anchors at two separate points (see Figure-1).  
 

 
 

Figure -1: Wheelchair reference point P and Wheelchair reference plane 
 
A reference point that lies at the cross-sectional center of a 100-mm-diameter 
cylinder positioned with the longitudinal axis perpendicular to the Wheelchair 
reference plane such that the curved surface of the cylinder contacts with the 
backrest and the upper surface of the seat (see Figure-2 below). 

 
 

Figure -2: Wheelchair reference point P and Wheelchair reference plane. 
 
 



This paper through a structured questionnaire of the Indian Wheelchair 
manufacturers (as listed at Table-2) attempted to understand if all the safety nets 
recommended by them and the disabled user conversant with what the manufacturer 
has provided. It also attempts briefly to study the best practices prevalent in the 
Indian conditions.    
 

Table-2:  India – Wheelchair Manufacturers and their product profile 
Name Description 

Carevel Medical 
Systems Private Ltd. 
(Ghaziabad) 

Manufacturer and exporter of Wheelchair which includes 
manual, foldable, patient, handicap, commode, pediatric, 
travel and folding Wheelchairs. 

A.M. Technologies 
(Panchkula) 

Manufacturer, exporter and supplier of Wheelchairs, 
hospital, medical, deluxe model, basic model, patient, 
operation theatre equipment’s, dressing drums and suction 
machines. 

MASS, Chennai Manufacture and supplier of Wheelchairs, manual, foldable, 
patient, handicap, commode, pediatric Wheelchairs, travel 
and folding Wheelchairs. 

Apothecaries 
Sundries 
Manufacturing Co.  
(New Delhi) 

Exporting, supplying and manufacturing of Wheelchairs 
including manual, folding and non-folding manual 
Wheelchairs. Also offering orthopedic extension device, 
hydraulic operation table, baby cribs, crash cart, etc. 

India Medico 
Instrument Co.  
(New Delhi) 

Manufacturer & trader of wheel chair - folding, economy 
and aluminum wheel chair. 

Rajas Enterprises 
(Ambala) 

Exporting and manufacturing Wheelchairs such as folding 
Wheelchairs, hospital folding Wheelchairs, Wheelchair with 
plastic handles, invalid folding Wheelchairs, epoxy powder 
coated Wheelchairs and Wheelchair with arm rest cushion 
padded. 

Kanteen India 
Equipment Co. 
(Kolkata) 

Specialized manufacturer & exporter of Wheelchairs 
ergonomic series ergo lite, Wheelchairs premium series km 
at 20, Wheelchairs standard series sunny 1-c, Wheelchairs 
premium series km 8020 x and Wheelchairs standard 
series sunny 3. 

Royal Chemists 
(Mumbai) 

Supplying wheel chair such as steel wheel chairs, standing 
wheel chairs, one arm drive wheel chairs, customized 
wheel chairs, foldable wheel chairs and standing wheel 
chair with arm handles and steel wheel chairs with chrome 
finish. 

AOV International 
(Greater Noida) 

Manufacturing, supplying and exporting of Wheelchairs and 
stainless steel wheel chair. Also offering hand pumps, 
treadle pumps, cold chain equipment, galvanized pipes, 
casings, hand tools, emergency relief items, chalk board 
drawing set. 



 

Name  Description  
Shamboo Scientific 
Glass works 
(Ambala) 

Established in 2004 we are a leading manufacturer of 
Wheelchair. Also deals in Wheelchairs from India. 

Edutek 
Instrumentation 

Deals in supplying and exporting Wheelchair and folding 
wheel chairs. Also offering other hospital furniture like 
hospital beds, hospital trolleys. hospital lockers and 
operation table etc. 

Surqitech (New delhi) Engaged in manufacturing and supplying of Wheelchairs, 
non-folding wheel chairs. Also offers invalid crutches, 
invalid walkers, hydraulic surgical operation table and 
hospital bed 

Ruby Safe Company 
(Mumbai) 

Exporter and manufacturer for hospital, metal frame and 
metal wheel chairs.  

Jupiter Manufacturing 
works (Coimbatore) 

Engaged in manufacturing and exporting of Wheelchairs, 
stainless steel, hospital, manual, adjustable and folding 
hospital Wheelchairs. Also offering hospital beds and 
hospital trolleys. 

Barod Basic 
Appliances & 
Research Center in 
Orthopedics  

Manufacturing and supplying of wheel chair - lightweight, 
disabled wheel chair, prosthetic, incorporate, mobility, 
comfortable and metal wheel chair. 

 
Safety nets as recommended by the manufacturers as a result of the questionnaire 
indicates  
• On manual chairs, folding frames are the usual conventional type having an X 

brace in the center allowing the frame to be folded sideways. Folding is simple, 
but a chair of this type tends to be bulky as well as quite heavy.  

• An angle footrest is measured from the horizontal or is regarded from the side, 
whereas tapered footrests are regarded from the front, and joins both feet at the 
bottom, providing more clearance when turning. However, if you have limited hip 
and knee joint flexibility, this can be uncomfortable. 

• The overall diameter of a hand rim will affect its propulsion. This means that 
having a large diameter climbs will be easier and with a diameter that is much 
smaller, it brings about a lot of speed on a flat surface. 

• While spoked wheels are lighter, they require extra maintenance with continued 
use. Composite wheels on the other hand usually wear out at the bearing 
escalations. Then, the zero camber gives a slender Wheelchair measurement. 
When the camber is increased, the measurement at the wheel’s bottom is also 
increased and the measurement at the top is decreased, providing steadiness 
and turning can be done with ease. 

• Comfort - the footrest to be angled perfectly for under-seat and the side mounted. 
The side mounted type provides easy operation, though one has to be careful 
when pushing as thumbs can easily be caught in the wheel lock. Whereas the 
under-seat type can pass up to this problem, it is much difficult to use since it calls 
for reaching under the seat. 



 
ISO10542 establishes general requirements and test methods for Wheelchair tie-
down and occupant restraint systems (WTORS) that are designed for use with a wide 
range of Wheelchairs and adult occupants.  The general guidelines for manufacturers 
include that a) Wheelchairs must be forward facing, b) The restrain system should be 
able to be attached, adjusted and removed without the use tools, c) The restraint 
assembly must only apply forces to the occupant’s skeletal regions, d) The 
Wheelchair, including the seating system, must be restrained independently of the 
occupant, i.e. occupant restraints must function independently of the Wheelchair 
restraints.  
There are five major highlights of ISO10542 meant for a Wheelchair tie-down and 
Occupant Restraint Systems (WTORS) and include:  

Part 1: General Requirement 
Part 2: Four Point Strap Type Tie-Downs 
Part 3: Docking Tie-Down Systems 
Part 4: Clamping Tie-Down Systems 
Part 5: WTORS for Specific Wheelchairs 

 
For the occupants’ restraints provided by the WTORS manufacturer shall: a) have 
both pelvic and upper torso belts designed to apply forces to the occupant skeletal 
regions, b) function independently of the Wheelchair, such that the restraint belts 
anchor to either the vehicle or, c) Wheelchair tie-down components so that occupant 
restraint loads are not transmitted through the wheel chair, and d) have belts 
restraints that can be adjusted in length without the use of tools. 
 
Best practices adopted by Wheelchair manufacturers were identified as:  

 
1. The performance of wheel chair brakes on slopes or ramps, 
2. The potential for reduced surface friction due to rail, dust, surface materials etc. 
3. The different mass and mass distribution of the range of the users that the 

Wheelchair is intended to accommodate, 
4. The effect of user body on the wheel chair, 
5. The effect of control setting and control operation, 
6. The effect of any variants e.g., seat sizes, backrest angles, adjustable elements, 

accessories. 
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