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INTRODUCTION

Motor cortex
{(part of the brain that controls
voluntary movement) -

Muscle
(controls all movement,
including breathing
MND stands for Motor Neuron Disease, which is a group of
progressive heurological disorders that affect the nerve
Upper motor neuron cells (neurons) responsible for controlling muscle
(neurons that connect the ' Lower motor neuron
brain to the spinal cord) \ {nu:rn—ni thatl connect the spinal m Ove m e n t .
cord to muscle)
: ‘.' The most common forms of MND are
Peripheral nerves | « Amyotrophic lateral sclerosis (ALS) and
R Spinal cord e Progressive bulbar palsy (PBP)

(an important site where information
between the brain and muscle are exchanged)

The affected nerves stop sending messages to the muscles gradually leading to weakness and thinning (atrophy/ wasting) of
those muscles. This is known as neurodegeneration.

Compact wheelchair for ALS/MND Patients
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Amyotrophic Lateral Sclerosis (ALS)

A L S normal nerve cell nerve with sclerosis

ALS iIs the most common type, characterized
by muscle weakness and stiffness,
overactive reflexes, and in some cases, rapidly
changing emotions. Initially, the limbs cease to
work correctly. The speech, swallowing, and
breathing muscles are usually also later
affected.

ALS is the term commonly applied to MND in —
many parts of the world. Average life muscle contracts muscle unable to contract
expectancy is on an average of 2 - 5 years

from the onset of symptoms.

Compact wheelchair for ALS/MND Patients 2
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RESEARCH

ALS and MND are relatively rare conditions in India, with a
limited number of patients and a limited amount of
research on the subject.

The prevalence of ALS and MND in India is estimated to be
between 2 and 4 cases per 100,000 people, although these
estimates may be underestimated due to a lack of data.

There is limited public awareness of ALS and MND in India,
leading to a lack of understanding and support for patients
and their families.

There have been a few studies conducted in India on the
genetics of ALS and MND, but further research is needed
to better understand the disease in the Indian population.

Compact wheelchair for ALS/MND Patients 3
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MND IN INDIAN CONTEXT

e Even with all the advancements in the field of medicine, the
cause of MND is uncertain.

e Medical science has not been able to identify a definite cause
for this disease but some of the risk factors have been identified.

e These risk factors may contribute to causing the disease but the
presence of these risk factors does not always lead to the
disease.

e MND has also been presumed to have a genetic origin where
the disease may be transmitted from one generation to the
other. When there is a gene involvement it is called familial
MND.

« However, MND may be present without any family history
(sporadic). But 90% of the time MND is sporadic and only 10% of
the time a definite genetic cause is identified.

e The incidence of ALS in the USA is 2 per 100000, in Canada it is
2.4 per 100000, and in the UK it is 2.16 per 100000 however the
incidence rate in India has not been identified.

Compact wheelchair for ALS/MND Patients 4
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FACTORS AFFECTING GROWTH OF MND

Factors that can affect the progression of the disease include:

Upper motor
neuron (Damaged)

o Age: Most people with ALS are diagnosed between the age of
55 and 795, although the disease can occur at any age.

e Gender: Men are more likely to develop ALS than women.

 Mental condition/health: Adaptability, acceptance, social
Interactions.

 Treatment: Assistance received in terms of physiotherapy,

diet, and therapy.
Synapses

Lower motor
neuron

Compact wheelchair for ALS/MND Patients 5
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1TYPES OF MND

These are various
types of MND and
how it progresses.

As we can see it
mostly affects
upper and lower
limbs of a person.

| LMN signs

B UMN signs

B Sensory changes

B Atypical features (others)
LMN + UMN signs

—* Progression (sequential)

~* Progression (slow,
non-sequential)

Compact wheelchair for ALS/MND Patients 6
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STAGES OF MND

Early stage Middle stage Advanced stage End stage
e Weakness in leg e Severe e Thinning of e Body paralysis
or ankle symptoms muscles e Respiratory
e Cramps e affects the brain e Slurred speech problems
e muscle twiching functioning e Difficulty in
swallowing
« Weak grip

Compact wheelchair for ALS/MND Patients /
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AREA OF INTERVENTION

Adequate Speech
Adequate Mobility Poor Mobility
| Adequate | Adequate Adequate Adequate
Hand Hand Hand Hand
Function Function Function Function
A B C D

NO
Assistive
Devices
Required

Wrist and

Hand
Assistive
Devices

Mobility
Aids

Wrist and
Hand
Assistive
Devices

Mobility
Alds

Poor Speech ‘
Adeguate Mobility Poor Mobility |
Adequate Adequate Adequate 1 Adequate
Hand Hand Hand Hand
Function Function Function Function
E F G H

Devices for
Communic
ation

Devices for
Communic
ation

Wrist and
Hand

Assistive
Devices

Devices for

Communic
ation

Hospice

Care

Mobility
Aids

The recommended use of assistive devices for ALS/MND patients based on disease stage
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ASSISTIVE AIDS
FOR PATIENTS :

There are several products currently available in the market
that can help people with Amyotrophic lateral sclerosis (ALS) to
maintain their independence and improve their quality of life. Crutches Wheelchair
These products include:

o Mobility aids, Wheelchairs
e Communication devices

e Adaptive equipment

e Breathing aids

e Orthotic devices

Sock helper Rollators Bed cane

Compact wheelchair for ALS/MND Patients 9
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POTENTIAL TREATMENTS

There is currently no cure for ALS (amyotrophic lateral sclerosis) or MND (motor neuron disease). However, there are several
treatments available that can help manage symptoms and improve the quality of life for patients.

Some potential treatments for ALS and MND patients include:

Medications that can help manage symptoms such as muscle cramps, stiffness, and excessive saliva production. These include
muscle relaxants, anti-spasticity drugs, and medications to manage respiratory function.

Breathing support options may include noninvasive ventilation or mechanical ventilation.

Speech therapy and communication aids, such as electronic communication devices or eye-gaze systems.

ALS and MND can also cause difficulty swallowing, which can lead to malnutrition and weight loss. Nutritional support, such as a
feeding tube, may be necessary to ensure adequate nutrition.

Physical therapy can help maintain muscle strength and flexibility, prevent muscle atrophy, and improve mobility.

Occupational therapy can help patients adapt to changes in daily living activities, such as dressing and grooming, and provide
strategies to maintain independence.

There are ongoing clinical trials investigating potential treatments for ALS and MND. Patients may be able to participate in these

trials and receive experimental treatments.

Compact wheelchair for ALS/MND Patients 10
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COMPREHENSIVE CARE FOR PATIENT NEEDS

Patients with MND and ALS require comprehensive care that addresses their unique needs throughout the course of their disease.

The key needs and aspects of care that should be considered:

Patients with MND and ALS may experience a range of symptoms such as muscle weakness, spasticity, difficulty swallowing,
and breathing problems. Comprehensive care should involve managing these symptoms with medications, rehabilitation
therapies, and other interventions as appropriate.

Patients may experience difficulty with swallowing and eating. Nutritional support, such as a feeding tube, may be necessary to
ensure adequate nutrition.

Care should involve regular monitoring of respiratory function and the provision of respiratory support, such as noninvasive
ventilation or mechanical ventilation as needed.

MND and ALS can have a significant impact on a patient's emotional well-being and quality of life. Care should involve providing
psychosocial support and counseling to help patients and their families cope with the emotional and psychological challenges of
the disease.

Caregivers play a critical role in the care of MND and ALS patients. Care should involve providing education and support for
caregivers to help them manage the daily challenges of caregiving, prevent caregiver burnout, and maintain their own physical
and emotional health.

As the disease progresses, patients with MND and ALS may require end-of-life care. Comprehensive care should involve
providing palliative care and support for patients and their families throughout the end-of-life process.

Compact wheelchair for ALS/MND Patients 11
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PROBLEMS OF PATIENTS

e Limited treatment options

e The feeling of frustration and helplessness among families

« The cost of treatment puts a financial burden on families

e Difficulty in dressing, eating, and other daily activities

« Makes communication difficult for Bulbar palsy patients

o Difficulty in mobility while going to washrooms

« Had a risk of respiratory infections

e Physical challenges

« Emotional impact, feelings of anxiety, and loss of self-esteem
« Need to ask for a caretaker if they lose their initial position

Compact wheelchair for ALS/MND Patients 12
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DESIGNING A BETTER PRODUCT

ALS/MND is a progressive neurological
disease that affects muscle function,
leading to mobility, communication, and
coordination difficulties. The disease
often results in the patient's reliance on
others to carry out activities of daily
living, making them a significant target
group for products that can help them
maintain their independence.

Designing products for ALS/MND
patients requires considering their
physical and cognitive limitations and
finding solutions that address their
needs to improve their quality of life.
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FIELLD VISIT

NeuroGen Brain and Spine Institute is not just an organization, but a
collective, committed concept, of paving the way to a brighter future, and
a life of independence, for individuals with incurable neurological

disorders, through the combination of revolutionary regenerative medicine,

holistic comprehensive neurorehabilitation and medical intervention.

NeuroGen Brain and Spine Institute was established with a vision to aid
patients suffering from various incurable neurological disorders like
Autism, Cerebral Palsy, Muscular Dystrophy, Intellectual Disability, Spinal
Cord Injury, Brain Stroke, Head Injury etc. Their multidisciplinary approach
attempts not only to treat these conditions, but also to restore health and
vitality.
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Dr. Hemangi Sane has been named one of the
"Leading Physicians of the World, 2013-2014", and is
dedicated to finding cures for neurological disorders,
through research.

It's been 11 years since she was diagnosed with MND.
There was progressive weakness and the symptoms
worsened. She also suffers from Bulbar palsy. She
underwent Stem Cell Therapy (SCT) and her condition
became stable.

She is the founding president of Asha Ek Hope
foundation, the only NGO for MND patients in India.
They have published more than 25 medical research

DR HEMANGI SANE papers and 10 books.

Consultant Physician,
Deputy Director at Neurogen

Compact wheelchair for ALS/MND Patients 15
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Discussion with Dr. Hemangi Sane during a field visit to Neurogen hospital, and addressing the issues she faces
with her electric wheelchair in her regular activities.

Compact wheelchair for ALS/MND Patients 16
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INSIGHTS GAINED FROM THE INTERVIEW

No organized pattern Sometimes controls

Motorized vehicle Manual vehicle has No alert button in .
and floorplan for the . are hard to interact
easy to maneuver lot of problems need of assistance .
caretaker with
Not comfortable on .
, Absence of . Two levers to switch
No one pushes for harsh roads In . Height and hand rest
. handlebar grip for a . from manual to auto
longer duration absence of must be adjustable
caretaker mode

suspensions

Battery should be
accessible for
caretaker

Weight of wheelchair
matters

Economical product
needed

Compact enough to
fit in sedan trunk

Proper cushioning for
handrest

She had to extend
the seat to ingress

properly

Improper footrest,
she had to cut and
adjust for herself

No radium strips on
the wheelchair

Accessible storage Alexa- bring my

wheelchair!

space

Compact wheelchair for ALS/MND Patients 17
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OBSERVATIONS

e She can control the wheelchair when its in electric mode

e For other tasks, she has to call for a caretaker to help

e She can't manage to use the features of the wheelchair by herself

e For charging the battery, the charging port is beneath the controller but she's unable to connect the cable

e The Caretaker has to push the backrest in absence of proper grip handles, which makes it difficult for her to maneuver
e [ts a hassle for the caretaker to take out the battery and reinsert it, the battery itself weighs around 7 kg

e She has to call her caretaker as there's no alert button on the device

e There is a need for adjustments in hand rest, seat, and seat height according to various body types of patients
e The motor output power should not exceed 99 kWhr

e She doesn't need other hand rest as she keeps her hand close to her body resting on her lap

e She can't access her storage space where she keeps her purse and other belongings

e Wheels can deflate, but the maintenance cost is low for tires with tubes

Compact wheelchair for ALS/MND Patients 18
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Product:
Pride |1 Go Plus

Specifications:

Brand: Pride

Max range- 10 km to 19 km
Max speed- under 6 km
Battery- 18.2 Ah lithium-ion
Battery weight- 3.4 kg
Weight capacity- 108.7 kg
Ground clearance- 4.4 cm
Total weight- 24 kg
Overall length- 101.6 cm
Overall width- 59.7 cm
Turning radius- 61.6 cm
Seating- Saddle back seat
Tires- Pneumatic rear tires
and solid front castors
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There is no sufficient cushioning on
the armrests or backrests, and there is
ho proper ergonomics for sitting.

lack of a sufficient grip hold allowing the caretaker
to easily maneuver the wheelchair

Compact wheelchair for ALS/MND Patients
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On the control handle, there is no The user is unable to access the The user can grasp the joystick
adequate palm rest for the user controller's control buttons. between her thumb and index finger

Compact wheelchair for ALS/MND Patients 21
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They had to manually cut the surplus
footrest because it interfered with folding
and took up too much space.

She has difficulty in correctly adjusting
her legs on the footrest due to the excess
length of the seat.

Compact wheelchair for ALS/MND Patients
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Because the battery is located at the bottom and is inaccessible, the
caretaker was forced to go down on her knees and loosen the lever and
slider towards herself, which was quite a hassle.

The battery weighs roughly 7kg, making it challenging for a female
caretaker in these conditions, and they had to slide it horizontally.

Compact wheelchair for ALS/MND Patients
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DR. ARNAB GHOSH

Medical Specialist,
Nanobios lab

Insights from the interview

There should be

voice-controlled
devices to minimize
physical strain

Lightweight tools for
patients

Eye-tracking for
communication and
movements of
vehicle

Wearables that can
track physical activity
and remind one to
perform exercises

Ergonomic controlled
devices, foot
operated devices

Accessible and
specialized mobility
devices

Safety features
around patients's
environment

Use of home
automation and
smart devices

Compact wheelchair for ALS/MND Patients
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DR. NILESH BHANDARI

Neurologist,
Bhandari Speciality

He addressed some specific challenges and limitations associated with the disease.

Insights from the interview

Easy to maneuver
with Intuitive controls
that don't require fine

motor control

The device should
promote safe and
Independent mobility

Safety: minimize the
risk of falls or injuries

Accessible to
patients as well as
caregivers

Attachment for tablet
or communication
device

Removable parts to
clean

Adjustable seating
system, footrests,
armrests to minimize
pressure

Made of high-quality
materials to ensure
reliability

Compatible with Accessory
other medical
equipments

attachments for
personal items

Compact wheelchair for ALS/MND Patients
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Using a gait belt to
hold the patient while
lifting

Compact wheelchair for ALS/MND Patients 27
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PRODUCTS - MANUAL

Aurora 4 VIP Tilt

Invacare

Adaptive Start M5

Compact wheelchair for ALS/MND Patients 28
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PRODUCTS - ELECTRIC

GM Lite E-Thorone Folding Forest 3

Timix SU Conqueror RS2 Quantum Q6 edge Jazzy Elite

Compact wheelchair for ALS/MND Patients 29
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PRODUCTS - ELECTRIC

P Access Nuk Eco
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Luggie P4 Country Gochair Bounder plus Electric scooters
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PRODUCTS - PEDIATRIC

Gemini 2 b-convertible KM 7501 KM 7520

Compact wheelchair for ALS/MND Patients 31
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PRODUCT - LIFTZY

A Breakthrough innovation that enables effortless movement like lifting, transporting & repositioning of people immobilized due to
physical challenges.

Compact wheelchair for ALS/MND Patients 32
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PRODUCT - ARISE

A ‘standing wheelchair’ called ‘Arise’, was developed at the TTK Center for Rehabilitation Research and Device Development
(R2D2) at the Indian Institute of Technology, Madras.

A hand-operated, linkage-based mechanism was developed to
achieve the standing functionality.

Arise was designed such that the user can actuate it from the sitting
position to the standing position and vice versa independently and
iIn a controlled manner. This can be done using the power of the
user's arms.

With optimal one-time fitting, the effort required is no more than that
required to propel the wheelchair.

The wheelchair has been designed and built in such a way that the
effort required for the user to stand using it is equal to or less than
that of moving the wheelchair, as they have used a linkage with a
spring balancing system.

Compact wheelchair for ALS/MND Patients 33
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WHEELCHAIR ERGONOMICS

The most important measurements are seat width, back height, seat depth, and seat-to-floor height. By providing a wheelchair
with the proper dimensions in these four areas, we can avoid some of the most common and dangerous positioning concerns.

Measuring all fields will help ensure optimal comfort and safety.

Resident's seat width Resident's seat depth

e Measure the resident’s hip width across the e Measure resident’s rear of buttocks to the back

widest point of hips or thighs of the knee
e Add 1" e Subtract 252"
« Add thickness of side cushions (if a cushion is e Add the thickness of the back cushion (if a

used) cushion is used)

Resident's back height Seat-to-floor height

e Measure the resident’s buttocks to the underside e |f aresidentis under 5'5" tall, use a Hemi-size

of the extended arm wheelchair with a 172" seat height
o Add half the thickness of the seat cushion (if o |f resident is between 5'5" and 6’2", use an Adult
used) size wheelchair with a 19%2” to 20V2" seat height

e Subtract 4" for residents with good trunk muscles
e Subtract 3" for residents with poor trunk muscles

o |f aresidentis over 6'2" tall, use a Tall size
wheelchair with a 212" seat height

Compact wheelchair for ALS/MND Patients
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MEASUREMENTS

Seat Width
Calculate Resident’s Seat Width Requirement;

1. Measure resident’s hip width across widest
point of hips or thighs
2. Add T°
3. Add thickness of side cushions (if cushion is used)

TOTAL [ \

Back Height

Seat Depth

Calculate Resident’'s Back Height Requirement:

1. Measure resident’s buttocks to underside of

axtended arm
2. Add half the thickness of seat cushion (if used)

3. Subtract 4° for residents with good trunk muscles
4. Subtract 3" for residents with poor trunk muscles

ToTAL | |

Calculate Resident’s Sear Depth Requirement:

2. Subtract 2%
3. Add thickness of back cushion {if cushion is used)

1. Measure resident’s rear of butiocks to back of knee =

rorau ||

seat-to-Floor Height

Hemi 1777 under 5'5°

Adult 19%2" to 20" 55"to6'2"
Tall Y B over 62’

Compact wheelchair for ALS/MND Patients
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MEASUREMENTS

- Shoulder width
- Chest width
- Hip width

*
O N | W P

- Between knees

E - Top of head

F - Seat to occiput

G - Top of shoulder

H - Inferior angle of scapula

| - Seat to elbow

J - Elbow to tip of fingers

K - Upper leg length

L - Lower leg length
M - Foot length

Shoulder Width (A)

Chest Width (B)

Hip Width (C)

Between the Knees (D)
Top of Head (E)

Occiput (F)

Seat to Top of Shoulder (G)
Inferior Angle of Scapula (H)
Seat to Elbow (l)

Elbow to Tip of Fingers (J)
Upper Leg Length (K)
Lower Leg Length (L)

Foot Length (M)

Compact wheelchair for ALS/MND Patients
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SEATING AND POSITIONING

Posterior View Right Lateral View

Cervical
Curvature | %5

Thoracic
Curvature |

Lumbar ._ _—-,.:i L
Curvature | — ===
e

Coccyx __ Sacral
L ¢ | Curvature
Posterior Superior Anterior Superior
lliac Spine (P515) . lliac Spine (ASIS)

\

=1
i
rd

é}'fﬁi‘-;r—r
ol o

Ischial
Tuberosities (ITs)

Greater
Trochanter

Neutral Spinal Anatomy Neutral Pelvic Posture
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ABNORMAL POSTURLES
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Anterior Pelvic Tilt Posterior Pelvic Tilt
Tilt with lumbar Tilt with thoracic
lordosis with or Kyphosis with or
without neck without forward
hyperextension neck flexion; also

referred to as
sacral sitting.

Pelvic Obliquity

Obliquity with
scoliosis with or
without lateral
neck flexion.

Pelvic Rotation

Rotation of the
spine with or
without lateral
neck flexion.

Windswept Posture

Compact wheelchair for ALS/MND Patients
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REDUCIBLE POSTURES

The goal when correcting a reducible posture is to achieve their most neutral posture that can be maintained over time with
proper support in order to optimize function.

Reducible to Neutral

Posture can be moved with
support to a neutral/midline
position. If they cannot
maintain midline over time, the
goal is to find the most neutral
position for the client and
support them to that point.

Reducible NOT to Neutral

Even if a patient cannot
achieve a truly neutral/midline
posture, if the posture can be
adjusted with support towards
the midline, it is considered
reducible.

Reducible PAST Neutral

With support, if a posture can
be moved beyond a
neutral/midline position, it is
reducible with the goal to
position them in midline.

Compact wheelchair for ALS/MND Patients
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WHEELCHAIR CUSHION

If the pelvis is in a non-reducible posture, we have to accommodate that posture through cushion geometry and medium.
If the posture is reducible, we will look for contours and a medium that can correct the pelvic position.

Reducible PAST Neutral

Pressure on small  Pressure over larger
surface area surface area

Pressure cannot be eliminated in seating, so instead, we must focus on the redistribution of pressure.
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Offloading/Partial
Offloading

Immersion

Immersion and Envelopment

The principle of taking pressure off of
a small surface area and loading it
onto a greater surface area that can
withstand more pressure and prevent
unwanted skin breakdown.

The principle in which a material
allows the body to compress or “sink”
Into it to provide some pressure
redistribution with increased surface
area contact.

The principle in which a material
allows the body to compress or “sink”
into it and the material conforms to
the body’s shape to provide further
pressure redistribution and reduction
of peak pressures.

Compact wheelchair for ALS/MND Patients
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CUSHION GEOMETRY

Each style of cushion geometry had different benefits and considerations associated with it.
Anti-Thrust

Posterior
Pelvic Well

Front View

Rear

Medial Abductor

Contoured Straight Adductors

1% Trochanter

Rear View

Rear Rear View
Rear

Tapered Adductors Posterior Pelvic Wall
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LINEAR VS ANTI-THRUST

LINEAR
o g
ANTI-THRUST
W 0 e
Rear
Anti-Thrust
Rear
LINEAR VS WEDGE
LINEAR WEDGE
€ oo rennnin i, f 7 Y. N
Front View | .. Fﬂ:rl'lt View
Wedge Medial Abductors
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FOAMS USED IN CUSHIONS

High Resiliency (HR) Foam Visco Elastic Foam

. b
| "
- |
High Resiliency Foam Wnesiiiena; Foam | VISCO Ers=eic Foam
Before Compression During Compression After Compression Before Compression During Compression After Compression
e |nstantly "springs" back to its original shape post « Memory foam, meaning it takes time to resume the
compression original shape post compression
e Durable foam, can withstand repeated compression and e Allows for the most immersion and envelopment,
maintains resiliency over time contouring to the unigue shape of the user
e Provides structure and stability e Great to use as top layer of a cushion

e Great for use as the base layer of a cushion
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BACKSUPPORT

Lateral Contoured Posterior Open Posterior Planar

—

e Provides depth and angle adjustability through the hardware

e Provides trunk stability to promote functional sitting

 Works with the cushion to provide pelvic stability

e Provides increased pressure redistribution at the trunk and pelvis
e |t can minimize the progression of abnormal postures

e Decreases pain by increasing stability and pressure redistribution

Compact wheelchair for ALS/MND Patients 45



M.Des Industrial Design Project Il Pranay Gurumukhi | 206130013 | 2023

WHEELCHAIR SAFETY

« Do NOT force your chair down or up staircases, slopes, and inclines.

e LOCK the brakes before getting out or into the wheelchair. The power should be
turned off for motorized wheelchairs before transferring.

e Lift up or adjust the foot rests and arm rests before transferring.

o Attach flashy items such as flashing taillights and flags to your wheelchair so that
other pedestrians can see you quickly in the dark or at night.

e Service and replace the casters regularly. If you are experiencing a side-to-side
motion while going at high speeds this is a sign it needs replacing.

e Adjust and program your motorized wheelchair settings to be comfortable with the
Speed.

« Do not go out in rainy weather. Wheelchairs can lose traction and the controls of a
motorized wheelchair can get wet.

e Avoid having a large heavy bag or items on the back of the wheelchair. This can
cause the wheelchair to tip backward during transferring.
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FAIL PREVENTION

Don’t over-stretch or overreach for an object - the
user may tip over the wheelchair.

Avoid leaning forward - the user may tip themselves
out of the wheelchair.

Lock the brakes before trying to move out of the
wheelchair.

Avoid sliding or positioning them too far forward on
the seat.

Move any footrests out of the way to avoid tripping
on them during transfer.

Compact wheelchair for ALS/MND Patients
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DESIGN BRIEF

To design a wheelchair for ALS/MND patients that could be:

e A lightweight, foldable, and compact wheelchair with
an adjustable and ergonomic seating system.

« The wheelchair could have intuitive controls and anti-
tipping features for safety and stability, as well as
accessibility features to make caregiving easier.

o Additionally, it could have accessory attachments for
medical equipment or personal items to improve the
patient's independence and quality of life.
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FACTORS TO BE CONSIDERED

Needs

e Easy and intuitive controls that don't require fine motor control or excessive effort
o Adjustability to accommodate varying levels of mobility and comfort

e Lightweight materials to minimize physical strain on the user and caregiver

o Stability and safety features to prevent falls and injuries

o Accessory attachments for medical equipment or personal items

Caregiver Perspective

e Easy maneuverability to minimize caregiver strain and improve the patient's mobility
e Foldable design to promote portability and storage
o Accessibility features, such as removable armrests or easy-to-clean materials, make caregiving easier

Ergonomics

e Supportive and comfortable seating that minimizes pressure points and promotes proper posture
o Adjustable footrests, armrests, and headrests to promote comfort and prevent injury
o Anti-tipping features to ensure stability during transfers and daily use
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FACTORS TO BE CONSIDERED

o Improved mobility and independence for ALS/MND patients

« Reduced strain on caregivers

» Increased safety and stability features, adjustable design to accommodate varying levels of mobility and comfort.
o Cost of the equipment

e The potential difficulty with maintenance or repair

« Weight and size limitations.
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FIELD VISIT

Nuk Healthcare is based in Goregaon. They have
emerged as the prominent Manufacturer and
Importer of Electronic wheelchairs, Power
Wheelchairs, Mobility Scooters, Commode chairs,
Paediatric wheelchairs, Paediatric walkers,
Reclining wheelchairs, Patient Lifting Hoists, etc.

Recently they won an award for the patent design
and development of the LIFTZY Transfer
wheelchair. It has changed the way patients are
transferred from one place to another.

NuK Healthcare
Goregaon, Mumbai

Compact wheelchair for ALS/MND Patients
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Power Wheel Chair
For Indoor & Qutdoor use

¥ Venante

] 1\-”“]{]'&1{,‘,’ .._\.'r.- Ts
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Compact wheelchair for ALS/MND Patients

54



M.Des Industrial Design Project Il Pranay Gurumukhi | 206130013 | 2023

MORE INSIGHTS

« The wheelchair has a scissor mechanism, is lightweight, and folds easily
« Because of the small size of the wheels, it was difficult to push forward on

the slope
e As aresult, the caretaker must rotate and push backward in order to climb

from the larger wheel at the back
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MORE INSIGHTS

« The wheelchair has a scissor mechanism and folds easily.

« However, it folds with respect to breadth but not length, making it difficult to place flat on the ground in small spaces.
e |t was also difficult to maneuver, as it rotates in its castor wheels turning radius.

e SO the nurse had to hold the handrest and push forward in order to move it straight.
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MORE INSIGHTS

e Putting the wheelchair on the top carriage is a e Even is difficult to adjust the wheelchair in car
hassle for the caregiver seats

e The problem gets more prominent as e You need to have additional equipment for
wheelchair size increases holding the wheelchair in place

« The major problem of putting a wheelchair that e |t needs constant attention as it doesn't affect
cant be folded into compact one the car interior parts

Compact wheelchair for ALS/MND Patients
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MORE INSIGHTS

e Some had arranged a
setup for attaching the
wheelchair on rear side of
the car

e The problem arises while
parking the vehicle

e Even it tasks time to
disassemble the whole kit
from car body

e Boot space matters, some
wheelchairs gets easily
Into sedan boot spaces,
but it gives problem in
hatchback boot space

e Or some users have to
Keep the hatch door open
while driving
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DESIGN DIRECTIONS

By exploring various ideas and insights from experiences related to
patient transfer and engaging in brainstorming sessions, | aim to gather
insights that will guide the development of multiple design directions for
improving patient transfer methods focused on wheelchair.

Developing three design directions that address the needs and challenges
associated with wheelchair and exploring further ideations in that context,
| started with understanding various types of wheelchairs based on
wheel positions.

Compact wheelchair for ALS/MND Patients
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WHLEEL POSITION EXPLORATION
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\_-Direction 1: Patient transfer

Foldable links - for bed transfer

Sliding backrest for easy transfer from back

Tilt-in-space features P
o~

J
%
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Direction 2: Compact wheelchair

Compact footrest o

€ _
use of lightweight materials

Smaller wheel sizes

Foldable frames
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Removable parts Easy to carry

Compact wheelchair for ALS/MND Patients 63



M.Des Industrial Design Project |l

Pranay Gurumukhi | 206130013 | 2023

~Air pockets

Detachable Hub

G65MM
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Direction 3: Modular wheelchair

Configurable seating

Adjustable height m \ = A\
and widtr i 7 Interchangeable
) @ 2 wheels
g (@ = S J
- Luggage . C/g AR L~
compatible [ ¢

Custom
options

Modular power
assist Interchangeable parts

Easy assembly
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LINKAGES AND FOLDING MECHANISMS

e Accordion design: This design features a folding
mechanism that allows the wheelchair to collapse
down like an accordion, taking up minimal space
when not in use.

e Telescoping design: This design features a
telescoping mechanism that allows the wheelchair
to collapse down to a smaller size.
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LINKAGES AND FOLDING MECHANISMS

e Scissor design: This design features a scissor-like
linkage system that allows the wheelchair to fold
up into a compact size.

 Rotary design: This design features a rotary
mechanism that allows the wheelchair to fold up
Into a compact size.
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CONCEPT 1
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CONCEPT 1

Scissor cross-linkage
mechanism
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CONCEPT 2

[ ] i
- 5N o
i s
(elegcop e

]
1

Telescopic frames

| e T

Trolley conversion

Easy transportation
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CONCEPT 2

Footrest folding
iInwards

Supporting linkage
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CONCLEPT 2
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CONCLEPT 5

> Ul‘f"u"
headrest

Adjustment according
to user
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CONCLEPT 5

Tilt and Pull

detachable wheels
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CONCEPT 2
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FINAL CONCEPT
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ANTHROPOMETRY
1.10 E‘
2 N 1l ) Height 1.50 m - 1.90 m
— " ; Fye 1.40m - 1.75 m

Shoulder 1.20m-1.55m

0.70-0.75

Dimensions shown in the figure are of a
conventional manual wheelchair. The larger,
encircled dimensions refer to electric

wheelchairs.

Dimensional data to a normal person
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ANTHROPOMETRY
Max. reach up 1.80m-2.10m
Oblique reach up 1.65m-2.00m
Forward reach 1.30m -1.45m

X =

Dimensional data of a wheelchair user Reaching zones of a normal person
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ANTHROPOMLETRY

1.47-1.79
1.28-1.49

0.95-1.08

D.67-0.72

Vertical reaching zones of
a Wheelchair user

Eye 1.16m-1.33 m
Shoulder 0.99m-114 m

Horizontal forward reach of
a wheelchair person
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ANTHROPOMLETRY
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ANTHROPOMLETRY

Pathway dimensions
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ANTHROPOMLETRY

1.70

1.20

1.20

1.80 (Comfortobla)

Complete turn

Wheelchair maneuvering space Maneuvering at doors
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ANTHROPOMLETRY

Dimension Overall sample (n = 46) Manual chair users (n = 28) Power chair users (n = 18) Dimension Overall sample (n = 73) Manual chair users (n = 37) Power chair users (n = 38)
Mean SD  5th S0th 95th Mean 5D 5th Sih 95th Mean S§D 5th 50th 95th Mean SD 5th  50th 95th Mean 5D 5th 95th Mean 5D 5th  50th 95th
Age (years) 495 150 28 48.5 531 33 5l a2 440 150 22 41 72 Age 156 23 w1l 3713 1536 33 81 46.5 138 22 46 70
Heights Heights
Overall height 125.1 6.3 1139 1258 1343 1254 1139 1255 1343 1246 7.0 1132 126.1 1355 Overall height 6.0 121.6 131.2 1394 1306 4.7 123.6 1379 131.2 7.1 1214 131.2 1494
Eve height, left 1139 6.3 1043 114.7 1237 113.6 1048 1147 1237 1143 76 996 1154 124.1 Eve height, left 57 111.0 1195 127.2 1192 44 1118 126.0 1200 6.7 1109 1199 1378
Eve height, nght 114.2 6.5 103.0 1150 1255 1140 1046 1149 1255 1147 79 1020 116.1 1257 Eye height, night 58 1105 1193 1270 1188 4.7 1125 126.6 1200 6.6 109.8 1200 1367
Acromion height, lell 0997 52 913 100.5 1069 993 918 994 1069 1003 57 886 100.7 1099 Acromion height, Left* 54 941 146 1140 1038 38 941 1096 1046 66 936 1044 1203
Acromion height, nght 098 54 920 996 1097 995 0231 989 1099 1003 59 903 1009 1097 Acromion height, right™? 50 946 1046 1134 1038 42 930 1099 10483 5.6 946 104.7 119.1
Elbow rest height, lefi 734 49 658 734 719 658 T30 TI6 T56 55 643 T6.6 BH2 Elbow rest height, left 58 639 84.0. 731 51 639 804 Til 6.2 623 THR B4.8
Elbow rest height, right 729 4.1 664 737 718 658 724 T60 746 I8 687 742 Bl.3 Elbow rest height, right 49 64.7 83.7 T2E 4.1 642 93 752 5353 657 739 Esl
Wrist height, lelt 71 6.6 649 7110 5.7 626 768 872 94 63 702 T9.7 9.6 Wrist height, left 1.2 667 D1, 765 6.6 664 94.3 TBO9 T 6719 T8I 915
Wrist height, right 8.2 95 633 Ti4 75.1 22 754 90.1 &3 96 666 849 101.6 Wrist height, right 1.7 648 #89.2 754 6.3 0635 87.3 T95 85 648 T3 9.2
Sitting height 3.6 63 621 74l f i 663 749 B33 Tl 7.3 589 730 B6.X Situng height® 6.0 678 850 796 4.7 694 86.7 T30 63 60.1 756 B4.5
Knee to footrest height, Left™ 453 7.5 38 458 47.8 328 434 562 413 76 230 420 555 Knee to footrest height, left™™ 7.1 378 590 5319 T4 378 594 491 6.6 378 503 578
Knee to footrest height, nght®™™ 448 7.8 300 450 46.8 300 474 53535 4177 74 254 424 56.6 Knee to footrest height, nght™™ 8.1 359 5T.3 497 938 215 589 496 6.2 332 508 568
Knee height, left? 621 54 339 614 6.4 338 34 T04 6406 406 583 639 T4 Knee height, left 6.0 537 713.5 6Hl4 62 515 24 042 35 563 636 752
K nee height, rnight 628 58 546 623 61.2 532 609 T10 652 57 555 643 ElLO Knee height, nght™™ 6.7 550 748 639 T8 511 83.7 650 54 550 649 T4.8
Breadths Breadths
Overall breadth™™ 708 79 61.3 69 B2 696 608 675 B44 728 B2 616 721 906 Owerall breadth™™ 8.2 o604 839 698 68 389 839 TJ28 92 608 7246 8RS
Bideltond breadth 506 6.8 392 499 632 512 9.1 506 620 496 74 392 484 639 Bideltoid breadth 6.0 41.5 61.1 334 52 46.7 633 510 65 397 519 604
Biacromial breadth 335 4.1 2069 337 405 3346 269 338 406 334 40 255 333 405 Biacromial breadth 36 306 423 386 28 338 424 3575 38 217 366 4272
Forearm to lorearm breadth M9 81 448 5597 726 585 449 592 716 610 BS5S 424 61.2 765 Forearm to forearm breadth 8.2 475 737 590 65 4917 0.1 612 95 391 60.7 74.7
Hand breadth, left 80 08 66 8.1 94 BI 1.1 &, 1 5 9 67 62 79 93 Hand breadth, left 1.0 7.0 10.6 90 0% 1.2 10.4 8.8 1.1 68 4.7 109
Hand breadth, right 81 06 70 81 &8 5.1 1.0 8.1 8.8 a1l 06 6% 32 91 Hand breadth, night™ 09 72 10.5 92 08 1.2 10.4 a3 09 7.1 a.8 105
Hip breadth™F 2T 52 26 264 383 279 216 268 383 274 54 212 243 418 Hip breadth 4.1 207 339 263 39 224 8.7 258 40 184 255 328
Waist breadth 431 51 366 430 43.1 366 427 508 432 60 3124 437 538 Waist breadth 6.1 304 530 443 54 308 53.6 41.7 6.6 292 420 53.0
. . Thigh breadth 444 82 3318 4312 43.6 338 428 596 455 91 317 436 655 Thigh breadth 9.1 27.0 625 451 6.7 303 329 432 11.0 252 415 09.6
Data COI IeCtlon Wlth an Bimalleolar breadth, left 8.1 14 63 79 7.9 62 7.7 105 84 14 65 82 115 Bimalleolar breadth, left™™ I3 66 110 86 13 7.1 110 85 14 64 84 112
Bimalleolar breadth, rnght 54 14 67 8.1 8.2 6.4 1.9 106 8.6 3 67 84 107 Bimalleolar breadth, right™™ 1.5 69 11.2 90 14 7.2 12.3 87 15 57 85 11.1
electromechanical probe Bl sl ik
. Owverall depth 119.0 10,0 148 1189 1340 116.8 102.5 1161 1329 1224 104 1068 1222 1529 Owverall depth® 122.5 10.1 109.2 1230 1419 1235 109 107.1 1230 146.5 1216 94 1096 118.9 138.1
'to g et q u |C k a n d a CC u ra‘te Abdominal extension depth 365 56 284 358 36.1 264 349 457 372 55 273 365 463 Abdominal extension depth 37.1 5.5 282 474 356 50 270 355 437 385 S§57 306 376 488
Buttock—knee length, left® hry 68 552 B2Y 63i.5 852 637 692 609 91 MT 610 7.l Buttock—knee length, left™™ 62.3 74 489 732 624 6.1 511 638 712 622 B85 449 638 716
. Buttock—knee length, nght® 6.4 6.2 548 6215 628 56.5 6LE 674 0619 &7 387 613 V7.9 Buttock—knee length, right 62.5 7.0 514 73.6 632 50 547 632 705 618 85 470 621 743
IT ea S U re m e ntS Of e I eCt rl C Buttock—popliteal length, left 321 52 451 519 52.7 469 518 589 512 67 351 518 654 Buttock—popliteal length, lefl SI.E 7.1 394 26 S1.7 58 405 527 598 518 B2 3446 520 6319
. . Buttock—popliteal length, right™™ 528 7.2 41.5 526 3.6 434 529 646 515 B8O 317 526 6712 Buttock—pophteal length, right® 520 74 37.0 629 322 68 392 5311 609 518 T9 351 531 631
mobility wheelchairs and
body dimensions. Female wheelchair users Male wheelchair users
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DESIGN DETAILS
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Folding steps for caregiver

i
\

IR \

e
/ &)
&4
/.
7 & _
! O ' J
O . R
as (>~

Compact wheelchair for ALS/MND Patients

37



M.Des Industrial Design Project Il Pranay Gurumukhi | 206130013 | 2023

Battery removing
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REVIEWS

For the first trial, | discussed the design with Dr. Bhandari and received the following suggestions for

Improvement:
e Placing your batteries on the front side of the seat will provide balance to the wheelchair and the weight will

ald in the seat readily slipping down while unfolding
e The wheelchair's adjustable handle height is pretty useful, since it will be useful for various caretakers of

varying heights
e Because of the dead weight of the patient's body, we can provide rest to calves when dealing with als mnd

patients
e The slider mechanism will be quite heavy, therefore the lock or mechanism must be quite sturdy to support

all weight
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REVIEWS

For the second trial, | discussed the design with Dr. Hemangi Sane and received the following suggestions for
Improvement:

Batteries should only be placed on the back side, where they can be easily removed

What if a female user is wearing a saree? It will be impossible to remove it from the front.

Giving control to the caretaker allows him or her to maneuver effortlessly from behind.

Headrests should be removable because some patients do not require them.

These manual brakes will not function; instead, electric brakes that perform as a good stopper in electric
wheelchairs must be provided.

Or magnetic brakes/auto-brakes

My hand tends to fall on the control, so the palm rest will be useful, and because it is adjustable, it will be
beneficial to users.

Your wheelchair proposal appears to be functional, and | am confident that it will serve its purpose.

The cushioning on the hand rest needs to be enhanced because my hands tend to fall down due to the lack
of cushioning.

Compact wheelchair for ALS/MND Patients 99



M.Des Industrial Design Project Il Pranay Gurumukhi | | 2023

Compact wheelchair for ALS/MND Patients | 100



M.Des Industrial Design Project Il Pranay Gurumukhi | | 2023

Compact wheelchair for ALS/MND Patients 101



M.Des Industrial Design Project Il ¢ Pranay Gurumukhi | | 2023

Compact wheelchair for ALS/MND Patients 102



M.Des Industrial Design Project Il Pranay Gurumukhi | | 2023

103




Pranay Gurumukhi | | 2023

104



M.Des Industrial Design Project Il Pranay Gurumukhi | | 2023




206130013

+:.::.:;:.1.1.=hii'l“}:"jj'f'ﬂ'f

- 4 "l o o

-

» Compact wheelchair for




y,
|".’-’
r‘fl
esign Project lli Pranay Gurumukhi |

Compact wheelchair for ALS/MND Patients




M.Des Industrial Design Project Il Pranay Gurumukhi | 206130013 | 2023

LINKAGE MECHANISM
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FOLDING
STEPS
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DIMENSIONS

Overall Length (mm) Overall Width (mm) Overall length Overall width

1140 630 1041 810

Overall Height (mm) Seat Width (mm) . v S H. '
980 450 Overall length Overall length
1182 530
Standard electric Electric wheelchair
wheelchair concept
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TECHNICAL DETAILS

Electric motor

e MY1016ZL Electric Wheelchair Motor

e Model: MY1016ZL

 Working voltage: 24V

 Wheelchair motor output power: below 1100W

e Operating speed: un-load 75 rpm or 120rpm;

e |nstallation structure: end face

e Function type: wheelchair

e Protection form: IP44

e |[nsulation class: E

e Power supply type: DC

e How It works: permanent magnet DC

e Product Description: With small size, low speed high torque output, low noise, high reliability, easy
maintenance etc
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TECHNICAL DETAILS

Battery

o Battery cells Details -

e Cell - Roofer 2500 mah 3C EV Grade

e Total no of cells used - 7x5=35pcs

e Charge Cycle with full Capacity - 1200 aprox

e BMS Specification - 7s20A, with Heat Sink protection
« Maximum Battery Capacity - 12.5AH or 12,500 mah

e Battery Energy — 300wh

e Maximum Power Motor you can attach — 480 watts

o Battery standard voltage - 24v

e Back up on 250 watts E cycle Motor -

e On full charge 35Km aprox Back Up time of battery( tested with a 55 kg person)
 Charger Voltage- 29v

e Charger Current — SAmps max
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MANUFACTURING PROCESS

e Stage 1: Building upper frame with lengths of extruded aluminium are cut, drilled and shaped for
components

o Stage 2: CNC machines for bars, angle and plate stock

e Stage 3: Seat, back, and footrest plastic blanks are drilled at workstations set up with jigs for multiple
drilling to ensure maximum adjustments. The steel chassis frames complete with front jockey wheels are
assembled with seat units, footplates and brake units to form complete chairs

e Stage 4: Wheelchairs are put through an alignment checking process and front pivot wheel bearings are
checked and adjusted if necessary. A wheelchair is tested to WHO guidelines, including one which
performs timed duration tests on simulated rough terrain and the other drop / impact testing.

e Stage 5: Packing and Ancillary items

e Stage 6: Testing to International Standards ISO/176
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PROTOTYPE DEVELOPMENT

 Material Selection: factors such as strength, weight, durability, and cost.

e Design iterations

« 3D modeling and CAD

e Rapid prototyping

e Component assembly

e Testing and validation: performance, functionality, and ergonomics of the prototype.

o User feedback: feedback from potential users, caregivers, and healthcare professionals.
e Cost optimization

e Documentation
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REFERENCLES

e ALS Association (www.alsa.org)

e Muscular Dystrophy Association (www.mda.org)

e Motor Neurone Disease Association (www.mndassociation.org)

o National Institute of Neurological Disorders and Stroke (www.ninds.nih.gov)

e ALS News Today (www.alshewstoday.com)

e NUK Healthcare (http://www.nukindia.com/)

e Invacare (www.invacare.com)

e United Spinal Association (www.unitedspinal.org)

e Permobil (www.permobil.com)

e Sunrise Medical (www.sunrisemedical.com)

e Indian Journal of Medical Research - Motor Neuron Disease in India: An Exploratory Study
(www.ncbi.nlm.nih.gov/pmc/articles/PMC4200572)

e Neurology India - Motor Neuron Disease: Experience from a Tertiary Care Teaching Hospital in India
(www.neurologyindia.com/article.asp?issn=0028-
3886:year=2019;volume=67/;issue=3;spage=//1:epage=//4;aulast=Kumawat)

e Indian Journal of Neurology - Motor Neuron Disease: An Indian Perspective (www.neurologyindia.com/article.asp?
1ssn=0028-3886;year=2013;volume=61;issue=6;spage=59/;epage=604:aulast=Nalini)

e ALS-MND-India (www.alsmndindia.org)

« Muscular Dystrophy Foundation India (www.mdfindia.org)
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REFERENCLES

o www.directsupply.com/blog/selecting-the-right-wheelchair/

e hub.permobil.com/wheelchair-seating-positioning-guide

e WWW.Mmayoclinic.org/diseases-conditions/amyotrophic-lateral-sclerosis

e« WwWWw.ncbi.nlm.nih.gov/books/NBK564305/

o« www.saintlukeskc.org/health-library/transfer-bed-wheelchair

e WWWw.Wikihow.com/Safely-Transfer-a-Patient

e https://www.mid-day.com/lifestyle/infotainment/article/nuk-healthcare-introduces-liftzy-transfer-chair-a-patient-
ifter-for-immobilized-people-2318037/9

e https://www.wionews.com/india-news/arise-iit-madras-affordable-standing-wheelchair-to-be-commercially-
available-260180

e« WWW.humanics-es.com/anthropometry-disabled.htm

e https://www.healthnetcafe.com/content/day-to-
day_care/general/wheelchair_safety.htmi#:~:text=Don't%200over%20stretch%200r,may%20tip%200ver%20the%20whe
elchair.&text=Avoid%20leaning%20forward%20%2D%20You%20may % 20tip%20yourself%200ut%200f%20the%20whe
elchair.&text=Lock%20the%20brakes%20before%20trying%20to%20move%200ut%200f%20the%20wheelchair.&text=
Avoid%20sliding%200r%20positioning%20yourself%20too% 20far% 20forward%200n%20the% 20seat.

e https://www.alimed.com/optimal-wheelchair-positioning-blog/
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