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MANUAL WHEELCHAIRS: THE SCIENCE THAT SHOULD BE DRIVING YOUR CLINICAL CHOICES

This Presentation is Part of a Series
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Wheelchairs, and What Really Matters?

The Impact of Wheels and Tires on
Wheelchair Propulsion Efficiency

Optimizing a Wheelchair: Using the
Technology to Ensure Ongoing Success




Why are we tackling this subject matter?




WHEELCHAIR MACHINE

A Wheelchair is a Machine

&

It provides a mechanical advantage to
make mobllity easier




WHEELCHAIR MACHINE

The wheelchair as a machine has an
inherent mechanical efficiency

 There is nothing that the user, /in the
act of propelling it, can do to improve
it
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WHEELCHAIR MACHINE

What can be done to affect the inherent efficiency of this machine?

* \Wheelbase Adjustment
* Wheel and Tire selection
« Seating Adjustment
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WHEELCHAIR MACHINE

What can be done to affect the inherent efficiency of this machine?

 Wheelbase Adjustment
* Wheel and Tire selection
« Seating Adjustment
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WHEELCHAIR MACHINE

What can be done to affect the inherent efficiency of this machine?

* \Wheelbase Adjustment
 Wheel and Tire selection
« Seating Adjustment
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WHEELCHAIR MACHINE

What can be done to affect the inherent efficiency of this machine?

* \Wheelbase Adjustment
* Wheel and Tire selection
« Seating Adjustment
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WHEELCHAIR MACHINE

The Two Components of Propelling a Wheelchair
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WHEELCHAIR MACHINE

The Two Components of Propelling a Wheelchair




ROLE OF THE WHEELCHAIR FOR THE USER

Dissatisfaction and Abandonment of Wheelchairs

Dissatisfaction with, abandonment of, mobility equipment is high

Why?

» Lack of user opinion in selection (Phillips & Zhao, 2010)

* Improper fit to the user and to tasks the user wishes to undertake (Scherer &
Galvin, 1996)

* Myth that “a user’s assistive technology requirements need to be assessed
just once” (Scherer & Galvin, 1996)

What can we do to address it?




ROLE OF WHEELCHAIR FOR USER
Wheelchair ['(h)wel CHer]

NOUN

a chair fitted with wheels for use as a
means of transport by a person who Is
unable to walk as a result of illness,
Injury, or disability.

A type of mobility device for personal
transport

(Taber, 2005)




ROLE OF WHEELCHAIR FOR USER




ROLE OF WHEELCHAIR FOR USER

Wheelchair users are in .movemlenth )
only about 10% of the time up in the
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ROLE OF WHEELCHAIR FOR USER

Individuals who use wheelchairs do much more than propel from wheelchair

 For many, it is the position from
which they perform all ADLs




ROLE OF THE WHEELCHAIR FOR THE USER

How Do We Approach the Prescription Process?

1. Body Function & Structure
2. Activity & Participation
3. Environmental & Personal Factors




HOW DO WE APPROACH THE PRESCRIPTION PROCESS?

Body Function & Structure
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HOW DO WE APPROACH THE PRESCRIPTION PROCESS?

Activity & Participation

AssISTANCE LEVEL
MEeAL PREPARATION
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HOW DO WE APPROACH THE PRESCRIPTION PROCESS?

Environmental & Personal Factors
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HOW DO WE APPROACH THE PRESCRIPTION PROCESS?

START |
J

[ DON'T DIFFERENT SHAPES:]

MEAN DIFFERENT THINGS?

N v

HOW ABOUT WE
GO DOWN THIS
RABBIT HOLE?

WHY DID WE
JUST SKIP A
STEP?

J

END
(WHAT DID WE FORGET?)




HOW DO WE APPROACH THE PRESCRIPTION PROCESS?

Return to Evidence-based Practice

Best Research

Evidence

EBP

Clinical Client Factors

; &
Expertise Perspectives




HOW DO WE APPROACH THE PRESCRIPTION PROCESS?

Establish a Foundation Posture

We cannot consider
 functional activities
« wheelchalir propulsion

until postural stability has been
addressed




FOUNDATION POSTURE

Optimal Static Posture
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FOUNDATION POSTURE
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Optimal Static Posture




OPTIMAL STATIC POSTURE

An individual’s neutral alignment is dependent on:

 Range of motion

e Strength

 Muscle imbalances
 Endurance

 Muscle tone and response
« Lifestyle/habits




STATIC POSTURAL CONTROL

In order to maintain static postural control,
an individual needs to be able to maintain
a position of balance




DYNAMIC POSTURE

Dynamic posture is person’s
alignment during activity
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DYNAMIC POSTURAL CONTROL

Dynamic posture is person’s
alignment during activity

J

-
A

Requires ability to maintain
Center of Gravity (CG) over a
constantly changing Base of
Support (BoS)




DYNAMIC POSTURAL CONTROL

Dynamic posture is person’s
alignment during activity

For an individual who uses a ;
wheelchair, requires maintaining a -
changing CG over a fixed BoS
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DYNAMIC POSTURAL CONTROL

Dynamic postural control requires integration of sensory input for motor output

Sensorylnp/ut‘ Integration Motor Output




DYNAMIC POSTURAL CONTROL

Dynamic postural control requires integration of sensory input for motor output

Sensory Input | Integration Motor Output




DYNAMIC POSTURAL CONTROL




DYNAMIC POSTURAL CONTROL




DYNAMIC POSTURAL CONTROL




DYNAMIC POSTURAL CONTROL




DYNAMIC POSTURAL CONTROL







DYNAMIC POSTURAL CONTROL

Put stability of posture to the test
with dynamic functional activities

 Activities chosen by user




DYNAMIC POSTURAL CONTROL

Then we can put stability of posture to the test during propulsion




LE
ORIGINAL AT

W Purity

1der B\m\ec‘\\i‘u::‘ts

oW, n: AN

flue %mm\\smn.
influen

The in

LINICAL PRACTICE GUIDELINE
B
. Spinal Cord Medicine
MD, ory A :
o, MS. B et
" i Tolericd: L d ot B9
ager, B M Cenetie 17T e en DY
C,,mﬂgf‘m phit oot AN ot L e SO
anifer L2 =0 pT, MA e M Moy BN s B
h Jenl i nn i R Lt YL T et
on \Nhee\c sué ot Col et le\\ Cm‘;fkrﬂé\chi\t ‘?‘;’;“ms Med e d
At TD\cr'K e of n AT -
ABSTRA o TOS phese @ plegie
e BB P gt P art-
Pried ol ol L and COMER
L e Aysis ;
. epht it B 6671 ptive 30T g WO
JuiTe Lin &SP 208t S 2 S
et K e el

.

al
] g N M
AQVANCE i

- -
Preservation of Upper Limb
- - -
Function Following Spinal Cord
-
: Injury:
\:?;n;:‘; ‘w;:i;"‘:;‘,"u\;\inﬂ? :’“Wc;‘\::m
g, Alici® M.} ﬁ:\\c“:’“
piGieine oS ¥
Cﬂﬂﬂ"“P'

£
ﬁqa“:

eI Cna

s T
il i 1 \'n\ca\ et r\
eV e an

A Clinical Practice Guideline
for Health-Care Professionals

o sy

&
st on Bes=
sy 4
; on R o U0
et s '.‘@»}‘M b 3
i 8 5 05 e
gooat W mport ety : g
A L and o I
he 'nu'\g“‘“%“- {y\\;'\d\lﬂx-‘,* Pk
\b\‘,"“‘no\ . For i b
e &

consortium for

SPINAL CORD
MEDICINE
[‘mﬁ{nﬁ for Spanal Gixrd Ms;l-:i.l-czlne

Admintstrattve and finsnetal suppont provided by Paralyzed Veterans of America
0 Copyright 2005, Paralyzed Veterans of Amertea

vice ©O0 iom. ond

pilitaio™

et ol f;;?:“l- perint O

5 \sion mi:\k\ =

pre

o 3 yersity Infted Sta
gotoE: (Rivers ¢ L
0 i

Mo copyright ownership claim 15 made to any portion of these materials conribied by departments or employees

herein is consistend with cwrren! reasonable clinical proctice.
April 2005

This guideline hos been prepored bosed on the scientific and professional infrmation availoble in
2004y, Users af this guideline should periodically review this materiol to ensare that the odvice



OPTIMIZING THE WHEELCHAIR SETUP

Setup Factors
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AXLE POSITION IN HORIZONTAL PLANE

Influences two important aspects of wheelchair mobility

« Stability
* Propulsion efficiency

(Medola, 2014)







AXLE POSITION IN HORIZONTAL PLANE

Center of Gravity (CG) Location vs. Mass Distribution

CG Location in Wheelbase




AXLE POSITION IN HORIZONTAL PLANE

Center of Gravity (CG) Location vs. Mass Distribution

CG Location in Wheelbase




AXLE POSITION IN HORIZONTAL PLANE

Center of Gravity (CG) Location vs. Mass Distribution

CG Location in Wheelbase




AXLE POSITION IN HORIZONTAL PLANE

More rearward drive wheel position CG Location in Wheelbase

* Decreases system mass over drive wheels
* Improves rearward chair stability

* Increases rolling resistance
 Decreases user access to drive wheel

(Gorce, 2012, Boninger, 2005, Freixes, 2010, PVA, 2007, Mulroy,
2005, Brubaker, 1986, Slowik et al., 2013) :
Z0N

Mass Distribution




AXLE POSITION IN HORIZONTAL PLANE

CG Location in Wheelbase

More forward drive wheel position
p 356

* Increases system mass over the drive wheels i*
» Decreases rearward chair stability :
« Decreasing rolling resistance

* Increases user access to drive wheel

Mass Distribution




AXLE POSITION IN HORIZONTAL PLANE

May

S



AXLE POSITION IN HORIZONTAL PLANE

For others you may need to pnorltlze agility concurrent with their skill level




AXLE POSITION IN HORIZONTAL PLANE

CG is impacted by physical characteristics

CG Location in Wheelbase

30%[170%




AXLE POSITION IN HORIZONTAL PLANE

CG is impacted by physical characteristics

CG Location in Wheelbase CG Location in Wheelbase

30%| 70% 70% [30%

Mass Distribution




AXLE POSITION IN HORIZONTAL PLANE

CG can be impacted by changes in posture resulting from changes to the chair

CG Location in Wheelbase

135% 165%1

§

Mass Distribution




AXLE POSITION IN HORIZONTAL PLANE

CG can be impacted by changes in posture resulting from changes to the chair

CG Location in Wheelbase CG Location in Wheelbase
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AXLE POSITION IN HORIZONTAL PLANE

CG can be impacted by frame length

CG location in Wheelbase

Mass Distribution




AXLE POSITION IN HORIZONTAL PLANE

CG can be impacted by frame length

CG location in Wheelbase CG location in Wheelbase

|25%-l 18‘y_

Mass Distribution

Mass Distribution




AXLE POSITION IN VERTICAL PLANE

Vertical axle position impacts

« Stability
* Propulsion efficiency







AXLE POSITION IN VERTICAL PLANE

Rear seat height relative to the drive
wheel




AXLE POSITION IN VERTICAL PLANE

Rear seat height relative to the drive
wheel

* Determines available wheel arc
for propulsion

(Van der Woude, et al., 1989)




AXLE POSITION IN VERTICAL PLANE

Higher seat heights for a given
wheel diameter

 Reduces available
wheel arc

8
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(Van der Woude, et al., 1989)




AXLE POSITION IN VERTICAL PLANE

Higher seat heights for a
given wheel diameter

e Shown to increase
push frequency

* Increased potential
for muscular fatigue
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AXLE POSITION IN VERTICAL PLANE

Eloow Angle VS Elbow Flexion Angle

110°

| [ As opposed to
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Elbow ANGLE Elbow FLEXION




AXLE POSITION IN VERTICAL PLANE

100-120 degrees of elbow angle when
hand is at top of handrim (12 o’clock)

 Maximizes user access to handrim
throughout push stroke

* Places shoulder and elbow in most
mechanically advantageous positions

* Protects the upper extremity by
eliminating harmful ranges for
shoulder and elbow

(Van der Woude, et al., 2009, Van Der Woude, et
al., 1990, Megjis, et al., 1989)
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AXLE POSITION IN VERTICAL PLANE

100-120 degrees of elbow angle when
hand is at top of handrim (12 o’clock)

» Associated with improved propulsion
efficiency

» Associated with decreased energy
expenditure

(Van der Woude, et al., 2009, Van Der Woude, et
al., 1990, Mejis, et al., 1989)
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AXLE POSITION IN VERTICAL PLANE

Lower seat heights for a
given drive wheel diameter

» |_ess efficient handrim
forces

 |ess efficient
cardiorespiratory
parameters

(Van der Woude, et al., 2009)




AXLE POSITION IN VERTICAL PLANE

Vertical axle placement
can be impacted by
seat cushion height




AXLE POSITION IN VERTICAL PLANE

Vertical axle placement
can be impacted by
seat cushion height




AXLE POSITION IN VERTICAL PLANE

Vertical axle placement
can be impacted by the
need for seat slope




AXLE POSITION IN VERTICAL PLANE

Vertical axle placement
can be impacted by the
need for seat slope




AXLE POSITION IN VERTICAL PLANE

Vertical axle placement
can be impacted by rear
wheel diameter




can be impacted by rear

Vertical axle placement
wheel diameter

AXLE POSITION IN VERTICAL PLANE
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AXLE POSITION IN VERTICAL PLANE

Elbow angle can be
affected by other set up
choices




AXLE POSITION IN VERTICAL PLANE

Horizontal axle
placement can impact
elbow angle




placement can impact

elbow angle

AXLE POSITION IN VERTICAL PLANE
Horizontal axle
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AXLE POSITION IN VERTICAL PLANE

Formula for Wheel Size

« Measurements needed:
o Seat to Palm (SP)

e measured in the desired seated
posture

« with an elbow angle of 110°
* Rear Seat Height (RSH)
* Wheel Diameter (WD)

SP + RSH = WD




SEAT ANGLE

Often thought of as the difference between Front Seat Height and Rear Seat Height
or “Dump”




SEAT ANGLE

Often thought of as the difference between Front Seat Height and Rear Seat Height
or “Dump”
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SEAT ANGLE

Angle is the figure formed by
two rays, sharing a common
endpoint ¢

o Seat Inclination relative to
the Horizontal Plane




SEAT ANGLE

Formula for Seat Angle

Measurements needed:

* Front Seat Height
(FSH)

« Rear Seat Height
(RSH)

« Seat Depth (SD)

e FSH-RSH=“"Dump”
Dump/SD =sine

* Inverse of sine converted to
degrees = Seat Angle




SEAT ANGLE

IlDumpll
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Seat Depth
0
14
15
16
17
18
19
20
14
15
16
17
18
19
20

Seat Angle
0°
8.2°
7.6°
7.1°
6.7°
6.4°
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5.7°
12.2°
11.4°
10.7°
10.1°
9.5°
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Rise over Run
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SEAT ANGLE

Can be important to functional stability

-




SEAT ANGLE

The higher one’s CG the more postural stability is challenged

’ [
" o

\

‘l

,, /




SEAT ANGLE

 Lowering CG improves
seated stabillity

« Can impact weight
distribution over rear
wheels

Mass Distribution




SEAT ANGLE

» Lowering CG improves
seated stabillity

« Can impact weight
distribution over rear
wheels

Mass Distribution

|
Mass Distribution KI/
N



BACK ANGLE

Measurement of back cane angle in relation to seat rall




BACK ANGLE




BACK ANGLE

Like seat angle, often used to facilitate

Improved seated stability
Functional use of upper extremities




BACK ANGLE

« Can impact access to rear wheels for propulsion

« Can impact weight distribution over rear wheels




BACK ANGLE

May be altered throughout “life of the chair”




BACK ANGLE

May be altered throughout “life of the chair”

w
JV -
,lv‘
e
\ s

AL

\ -
£ o
A Y

T

S~ ——

>

.

3
t ! Ml‘y,
/./NQJ/V

W

D

W




BACK ANGLE

Back Upholstery

 Back Angle




BACK ANGLE

Back Upholstery

« Back Angle vs. Support Angle




BACK ANGLE

Solid Backrest




BACK ANGLE

Solid Backrest




BACK ANGLE

Solid Backrest




BACK ANGLE

Solid Backrest




BACK ANGLE

Solid Backrest




BACK ANGLE

Solid Backrest
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BACK HEIGHT

« Can impact postural stability

« Can impact upper extremity range of motion for function




BACK HEIGHT

Higher support

 Provides more
posterior trunk
stability

« May decrease
shoulder extension
range of motion




BACK HEIGHT

Lower support

Provides less

posterior trunk

stability

May increase
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BACK HEIGHT

A pilot study on the impact of solid back o .
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BACK HEIGHT

L ower backrest

» Greater shoulder
range of motion

* Longer push stroke
» Greater push time

* Reduced push
frequency

* No significant impact
on handrim forces

Yang et al., (2012)




FRONT FRAME ANGLE

Measurement of lower leg support angle




FRONT FRAME ANGLE

Measurement of lower leg support angle




FRONT FRAME ANGLE

Measurement of lower leg support angle




FRONT FRAME ANGLE

Measurement of lower leg support angle
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FRONT FRAME ANGLE

Considerations
 Hamstring length
* Range of motion (hip/knee/ankle)
e Spasticity/Tone
e Seated stability
 Maneuverabllity




PUTTING IT ALL TOGETHER




PUTTING IT ALL TOGETHER

A wheelchair needs to be set up for all the activities that a user performs
from the device




PUTTING IT ALL TOGETHER

A wheelchair needs to be set up for all the activities that a user performs
from the device

It requires adjustability to optimize the setup for changes in functional ability
and need




PUTTING IT ALL TOGETHER

A wheelchair needs to be set up for all the activities that a user performs
from the device

It requires adjustability to accommodate changes in functional ability and
need

Adjustments to a single set up factor do not happen in isolation




PUTTING IT ALL TOGETHER

A wheelchair needs to be set up for all the activities that a user performs
from the device

It requires adjustability to accommodate changes in functional ability and
need

Adjustments to a single set up factor do not happen in isolation

Using Evidence Based Practice provides a framework to plan for potential
changes in wheelchair setup




PUTTING IT ALL TOGETHER

Optimize the Wheelchair to Take Advantage of the Technology to Get Best
Outcomes, Now and In the Future!
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