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Disclaimer:

This handout was originally written, in part, in response to requests for
more detailed explanations of the purpose and application of positioning
belts and harnesses, with explanations of the differences between the
types and styles available and their uses. Although | have tried to
address the subject with a general overview, this handout has been
written by and for a manufacturer of such devices and naturally may
reflect biases concerning the subject. This pamphlet is intended as an
overview of the application of such devices; it cannot and should not
serve as the primary source of knowledge for seating and positioning
using belts and harnesses.

While this work is offered as a description of the concepts involved, when
it comes to the practice of seating and positioning there is no substitute
for experience and a good guide.

It is only possible to keep such a work current if those who have new and
differing views share them. Although | am no longer with Bodypoint | do,
on occasion, receive requests for this booklet. | always welcome
recommendations about how to improve the material, and the
corrections and updates that will inevitably be needed.

Kirk Sigveland

Now with Minomech Enterprises
Edmonds, Washington
kirk@minomech.com

July, 2003
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Where to Start?

No two people are completely dike. This becomes particularly apparent when fitting individua
persons with seating sysems.  Recognizing each individud's needs, and sdecting and adapting
equipment to address those needs, requires experience and cregtivity. Therefore, as a practitioner
involved in the sdlection and fitting of wheelchair seeting systems, your most important tool is yoursdf.
The more you know about the principles and the products involved, and the more you develop your
own skills in observation, the easer it will be for you to find successful solutions to the problems you
face.

This pamphlet is written for individuas who aready have some level of education and experience
regarding sedting and positioning. With that in mind, let us begin with a concept so Smpleit is easy to
overlook, and yet so fundamentd to thiswork that we are doomed to fail if we skip over it:

The proper use of anterior postural supports for wheelchair users is an extension of the
seating system and can not succeed unless the fundamental seating systemis providing optimum
support.

In other words, always dart and finish with the seeting system: seet, back, foot-redts, lateral
supports and headrest. There are a number of works exploring the principles and practice of proper
sedting. This short work can only be a supplement to such works, yet it relies on a good understanding
of the theory and agpplication of those principles. In the midst of a seating assessment it can be easy to
get o focused on one particular problem that we try to address the symptoms, instead of looking for
the root problem: “She keeps diding out of her chair, shouldn't we just add a bt to keep her in?’
The belt might hold her in, but there may be other less restrictive solutions available smply by modifying
or adjusting her seeting system. Having awdl adjusted system will dso greatly improve the function of
any anterior supports that may be used. Postioning bets and harnesses should only be seen as
secondary support surfaces which assig the primary support surfaces-- the seat, back and foot

supports.

Preliminaries:

PRIMARY SUPPORT SURFACES

Before consgdering new anterior supports, or when addressing problems with an existing belt or
harness, reviewing several important aspects of adjusting the primary supports can reduce or sometimes
even diminate the need for secondary supports. If the primary supports are not well fitted to the
individud, they will often prevent the secondary supports from working properly—e.g., if the seat
cushion is too deep the pelvis will not be able to reach the back-insert for support, and adding a belt
will only pull the pelvisinto a pogterior tilt! What follows here is a very brief review of some important
aspects of the seating system and how they can result in poor posture.
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The Wheelchair
If the chair does not fit the person using it, it is likdy to cause a umber of complications.
Sometimes it is easer to adjust or modify the chair, other timesit is better to replace it.
- If the chair istoo wide, latera support and mobility become difficult. Can modifications be made
to the cushion, arm-rests, or even whedls, to help compensate?

If the chair is too short, front to back, it is difficult to provide good support or rolling stability.
Can the back canes be moved or modified, or can the back be moved in relaion to the canes?
Can the location of the whedls be modified for better sability? Can the leg-rests or foot-rests be
moved, modified or replaced so as to better support the legs?

If the seat is too deep the person using it cannot it dl the way back, this promotes sacra Sitting
and akyphotic posture. Can the back be moved forward, or the cushion be shortened or moved in
relation to the back?

The Base of Support: Cushions
Since the pelvis is the key to pogtioning, problems with the seat and back can make dramatic
differencesin postura stability and function.

If the seating surface is not stable, the pelvis resting on it cannot be stable. Does the cushion
move around on the insart? How stableisthe support provided by the cushion?

If the cushion does not fit it can cause problems. |s the cushion too short to provide a good
support surface? Isit so long that is prevents the back of the pelvis from being supported by the
back insert?

The materid and the contours of the cushion will affect the stability of the person Sitting on it.
Has the nature of the cushion been considered as a possible source of problems? Can the cushion
be modified to help? Arethere other types of cushion which could be tried?

Supporting the spine is vital to good posture for long term sitting.  Does the angle between the
seat and back properly balance the needs of support and function? Are the height and the shape of
the back insert gppropriate for the needs of the person using it? Would contouring of the back
insert or latera pads provide the needed support?

Legs, Legs, Legs
The upper body and lower body are balanced on the pelvis; if the legs are not supported the torso
and head will be directly affected!

If foot-rests are not adjusted properly the legs can pull the pelvis out of dignment. Are the leg
rests so short that the thighs are lifted off of the cushion? Arethe leg-rests so long that the weight of
the leg is pulling the pdvis forward?

If there are no leg-rests the floor serves as the leg support and the same questions apply. Isthe
char so high that the legs are unsupported and pulling the pelvis forward?

- The angle of the legs affects the direction of pusvpull from muscle movement. Will changing the
angle of the leg-rests improve the effect of leg movement on posture?

Tight hamatrings can pull the pevis forward and out of pogtion if the legrests do not
accommodate the available range of motion. Does the client have a range of motion a the knee
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joint which is greater than the angle of the legrests? If not, can the legrests or foot-rests be
modified or replaced to dlow the system to accommodeate the user?

The Setting
No matter how perfectly the equipment works during the fitting, it might till be ingppropriate due to
the daly environment whereit will be used.
- If the equipment is not being used properly it cannot function properly. Are dl of the parts of the
chair attached and in use as intended? Will they stay that way?

If the caregivers are not well trained it is unlikely the system will be used properly. What can be
done to help train staff, parents and other caregivers? Are there aternatives to components of the
system which are smpler to use and which perform aswel|?

- The more those in and around the whedlchair understand its parts and their proper use the better
the odds of success. Are there individuas who could be trained as assstant seating specidists?
Are there other ways in which to help motivate the person in the chair and those around to

participate in its proper use?

SECONDARY SUPPORT SURFACES

To take a smple view, let us condder the skeleton as the structura foundation of the body, with
naturd movement resulting from muscles pulling on skeletd components, or from gravity pulling on
unsupported components. A good posture is the result of balancing the skeleton in relaion to gravity in
order to reduce demands on muscles. Long term condderations in assessing a “good posture” include
maintaining positions which improve function and which provide pressure rdief through digtribution of
force over alarger surface area. Where externd intervention is necessary for good posture it is helpful
if we congder the nature of the support surfaces, the forces gpplied and their effects.

A quick review of the literature available on seating establishes the pelvis as the foundation of good
positioning. It is the center of mass for a typicad human body, and therefore the center of gravity. It
participates in more gross movements than any other part of the body. Other important surfaces
through which we can support the skeleton are the thighs, the feet, the stlernum and ribcage, and the
clavicles. When supporting a body from other areas it is important to consder how the gpplied force
will be carried to the skeletd foundation. Supports which involve connective tissue require that those
tissues have good integrity. When soft tissue is involved in support it is important to consider how the
externd support force is trandated to force on the skeleton and how the soft tissue in-between is
involved: is there arisk of skin bresk-down, are internal organs going to be affected, will the force
applied limit function?

Start with Pelvic Support
There are severd reasons for using anterior pelvic supports. the client tends to dide out of the chair,
the client is subject to uncontrolled movement and cannot maintain a good seated position or is at risk
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for throwing himsdf out of the chair, the dient has high tone and is unable to relax into the seeting
surfaces, or the client isusng her legs for sdf propulson which tends to pull the pelvis out of postion.
In each of these cases an anterior support may make the difference between a seating system which is
successful and one which is not.

Pelvic stabilization can be seen as a three-point system: the seet, the back and an anterior support.
The anterior support usudly comes from a combination of things: the effects of properly supported legs,
friction resgting the legs and pelvis diding forward, an anti-thrust cushion increasing that resistance, or a
positioning belt. All of theseforces are passive, they resist movement. The more cosdy they arefitted
the less room for movement. In other words proper placement and adjustment of these
componentsis essential for good support.

The “hip-bdt”, or “pelvic-postioning-bet” is the most common form of anterior pelvic support.
Another form of anterior pelvic support is the “sub-ASIS’ bar, most often used with the more severely
involved clients and requires a clear understanding of its proper application and use. Its gpplication fals
beyond the scope of this work, but it is recommended that seeting practitioners at least learn the
principles of itsuse,

For everyone's sake please do not mistake a positioning-belt with a “ seat-belt.” The
requirements of a belt used for postural support are very different from the requirements of a
belt used for transportation safety. In a pinch, would you use the belt holding your pants up
as a substitute for the seat-belt in your car? The principle is the same as relying on a
positioning belt for transportation safety.

Positioning Belts

Pelvic bdts are used to maintain the pelvis
postion in the seeting sysem. Typicaly a belt
comes from the frame of the chair, over the
users lap and back to the frame. Its angle is
normaly described as somewhere between
vertical, 90° and horizontal, @ . These two
angles represent the two primary forces involved
in pelvic pogtioning. The firg is a downward
pressure, perpendicular to the cushion. With
this the wearer is pulled into the seating system,
alowing the advantages of its shape and materids to comeinto play. This can be achieved with alap or
thigh belt coming over the thighs from the segt rails at about 90°. A second directiond force is often
gpplied by adding a horizonta or rearward pull, with the belt located on the lgp just in front of the
ASIS's. This rear-ward component helps resst the tendency to dip forward undernegth the belt.
Traditiondly the rule of thumb has been an angle of 45°, which is hdfway between the rearward and the
downward forces. However, for severa reasons we recommend an angle of 60°. Please see the
attached article, “Potential Hazards of Whedlchair Lap Belts’ for details on the mechanica reasons this
angle tends to hold better.
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Moving the bet angle from 45° to 60° dso pulls the pad down flat, in front of the pelvis. We
believe this provides more control: In postioning it is common to use our thumbs underneath the
ASIS swhile locating the pelvisin the seeting sysem. Imagine trying to use the flat of your pam. Usng
a pad across the front of the pelvis is, in effect, the same as your pdm-- it may apply pressure but it is
difficult for it to control tilt. In addition a rearward pressure againg the top of the pelvis actudly
encourages a pogterior tilt; most of the time thisis what we are trying to prevent.

ASSESSING FOR POSITIONING BELTS

- Start with reviewing the seating system. Have the “preiminaries’ been checked?

Define objectives for the belt in relation to the seating system and end user.  Is the belt intended
to improve posture, to keep the user from dipping out, to overcome tone or to reduce risks from
uncontrolled movements?

Consgder specific needs of the user. Does it look good? Will it be used congtantly, or only at
certain times?

- Condgder needs of the person operating the belt. How easy isit to buckle? Tighten? Clean?
- Congder the seating system and the chair. Where will it mount? Are there lateral pads or other
parts of the system which might interfere?

A specific note on deeply molded and otherwise over-sze cushions Much of the postioning

control islogt if abdt is pulled too far away from the pelvis, ether by a cushion that is wider than

the pelvis or by having laterd components which the belt wragps around. The positioning vaue of a
belt will be much improved in a degply contoured system when alowances are made for the belt to
wrap as closely around the pelvis as possible. A lot of time and trouble can be saved by accounting
for the belt during the process of making, ordering or molding the cushion.

THE BASICSOF BELTS

If a bt isto be used for positioning, it is necessary to be able to postion the bdt itsdlf. It can be
very important to place the buckle such that it is accessble to the user, and that it is not near a bony
prominence or near afeeding tube. Using specia mounting methods and hardware can prevent the belt
from bunching-up or from tearing out; proper mounting can aso extend the life of the belt and
improve its pressure didribution. The use of end-fittings and diders dlows just this sort of adjugtability
and force digtribution. When feeding the webbing through the dider and end-fitting, afind, or third pass
is very important. When only one bar of the dider is visble and the dider is placed very cdose to the
end fitting the webbing islocked in place.

Padded bdlts have the advantage of a lower risk of skin break-down and higher odds of attendants
being willing to tighten them properly. Pads that are sewn to the belt won't dide away and leave bony
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prominences unprotected, nor can they be over tightened once they are adjusted properly. Well made
sewn pads dso have the advantage of providing attendants with a visual cue: if the bet is postioned
and tightened properly, the pads will be touching. This gives the attendants a smple way to recognize
if abdt is not properly tightened or if the client is not Stting properly, eg. the pelvis is not dl the way
back or the cushion is not in the chair properly. It can aso indicate a need to re-adjust the seeting
system due to growth or other changes. Washability, durability of materids, and congtruction should
aso be a congderation when choosing positioning belts.

NON-PADDED BELTS /

Let's gat with the most basc bdt: a
buckle and webbing. In genera, non-padded
belts are best used where there will not be a
risk of skin break-down over bony prominences.

There are avariety of buckles and sizes of webbing available. The Sde-Release buckle, dso called
a back-pack or Fastex™ buckle, is made of plastic and releases by squeezing its Sdes. 1t is light-
weight and comes in many szes, it can dso be difficult for some people to rdlease. There are dso
plastic push-button buckles, usudly lighter weight than the Sde-release buckles and aso alittle lighter
duty but they are very easy to reease and have a brightly colored button to aid occasond caregiversin
releasing the buckle. The most common buckle used for positioning beltsis the push-button. Itisvery
grong and usudly easy to release, dthough buckles vary according to manufacturer. Push-button
buckles are however, bulkier and heavier than plastic buckles. The aircraft-latch style buckleis often
easer to reease for persons with limited hand function, but it is only available for 2” (50cm) webbing.
These vary in weight according to manufacturer but can be heavier than push-button buckles. Hook-
and-loop closures are aso used on some lgp belts but due to the nature of the closure they are most
often used only across the thighs and not againg the pelvis.

l--—__J

PADDED BELTS

It follows then, that to provide pressure near the ASIS s one ought to use a padded belt. The pads
need to be long enough to fully protect the bony prominences. In measuring for padding area one can
generdly use the pelvic width, trochanter to trochanter. Otherwise, measuring ASIS to ASIS and
adding an inch-and-a-haf or two inches works fine.

Center-Pull:  The dmplest gyle of bdt. It is
tightened from the buckle, pulling avay from the
center. There are more varieties of center-pull belts
than any other. This is the foom we are most
accustomed to seeing and is a good genera purpose
belt.
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Dual-Pull: Dud-pull bets gtill adjust from the buckle but rather than just one tab for tightening, there
aretwo. This requires a specid buckle made such that it adjusts from both sdes. Not many buckles
are made like this and very few work well for
pogtioning belts. Fortunately a dual-side-release
buckle is available. The main advantage to a dua-
pull bet isthat it has twice the length for adjustment
without having a teb that is twice as long. This
helps when postioning “thrugters” dince there is
twice as much room to work with as you fasten the buckle before tightening. 1t aso alows extra room
for temporary changes, such as winter coats during transportation, dthough, much of the positioning
value is lost when the belt isover heavy clothing.

Rear-Pull: Rear-pull belts have two specid fittings just for tightening, they are located at the rear of
each pad. One adjustment point over each side of

the pelvis dlows the attendant to tighten one side of {L‘E

the pdvisa atime. Thisis paticulaly ussful ona No—==——"

rotated pelvis. It also makes it easier to rock the ‘]ll_li —

client into the seating system by moving each sde e

back alittle a atime. The mechanical advantage

provided by this belt quadruples the operator’s hand strength, alowing the belt to be used to bring the
pelvis into postion, not just hold it there. This mechanicd advantage is dso ussful for overcoming high
tone.

Four-Point or “Y” belts. So caled because they are made such
that each sde splits into two sraps, for a tota of four mounting
points. The objective is greater stability than a sandard belt can
provide. There are severd vaiations of this belt and more
variations on how it is believed to work. There are two distinct
origins for the concept. For the firdt, the four-point belt provided
an dternaive to two separate belts which were being used. For
the second, it is an gpplication of the principle of triangulation:
When it is under tension, the split point of the belt, or apex of the
triangle, can only be in one location. The bdt is therefore more
dable. Sometimes the idea of specific tenson on each drap is
added: having the belts pull 60% down and 40% back. The
congruction of this bet usudly involves a D-ring, with the straps
able to move dong the ring, however, rather than lend sability this
acts as aswivd point. These belts il have the advantage of a shorter length of rotation than a standard
belt, and therefore, less free play which would alow the pdvisto dip.
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M edial-Four-Point:

This bet re-works the origind ideas of a four point bet in pursuit of greater
dability. Rather than splitting into two straps on each end, it works from a primary belt which is fitted

N\

1& solit point is media of the ASIS. This belt takes

and functions jus as a normd bet would. The
difference is it has two drgps which come from
mounting points medially placed in relation to the
ASIS's. This provides a smple tether to keep the
bet from riding up. The principle of triangulation ill
gpplies but rotation beyond the split point is not an
issue due both to how it is sawn and the fact that the

longer to set up than a two-point belt and holds the

pelvis dgnificantly more aggressvely. It is recommended only where standard belts have not been

successtul.

Quad Bdt:

Versions of some of the above styles

exist with specia loops to make it eader for people
with limited hand function to hold the buckle. One
verson of the Latch buckle bdt includes a specid
diffener to hold the tongue rigidly in reation to a
thumb socket or loop.
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Anterior Torso Supports
Never use an anterior trunk support without a properly adjusted pelvic support!

Just as with belts there are several reasons for considering anterior torso supports. to provide a
limit of movement for persons with limited trunk control, as a limit to the range of involuntary
movement, to asss trunk support for individuals who lack the strength or control to remain upright, to
provide more stable head control, or as additiona support during feeding, driving or performing other
dally activities. Before sdecting an anterior torso support al of the considerations for the pelvic belt
apply, now with added emphasis on the shape and contour of the back, the seet-to-back angle, and the
use of lateral pads. Evenin the cases where it is being used only as a limit to range of movement, the
importance of proper supports remain, and the risks of strangulation or other injury incresse in the
absence awdl fitted seating system and properly tightened pelvic belt.

SUPPORT SURFACES

The best surfaces for support, once again, are the structura rather than movable surfaces: The
sternum, upper rib-cage, and the clavicles. As part of fitting any anterior device it isimportant to check
its orientation and consider where pressure is being applied.  Although bones provide good sructure
they are dso literdly behind most skin breakdown. Distributing pressure and padding the support
surfaces are very important. Which surfaces are to be used will be determined by the objectives for the
support and specia needs of the client.

There are four main varieties of anterior trunk supports. chest belts, shoulder harnesses, butterfly
harnesses, and shoulder retractors:

The chest belt isjudt like algp bet but it is used to hold the user againgt the back insert. Itissmple

to use and may be used where the back is below the shoulder line, or where there is only a ding

back in use. It alows more upper torso movement but for the same reason it provides very little
shoulder support. It can aso restrict breathing.

Shoulder retractors are padded rigid bars which provide pressure againgt the clavicles to maintain
an upright podture, these are intentionaly redtrictive of torso movement with the objective of
providing postural stability. Used properly they can hold the user in agood posiure, They are often
used where they are not needed dl the time. Like the sub-ASIS bar they must be fitted and used
with care so as not to exert too much force in the wrong place.

Butterfly harnesses focus on the sternum and rib-cage as a support surface to limit forward range

of movement. Butterfly harnesses involve semi-rigid, usualy padded, butterfly shaped pieces held

by four straps, two coming over the shoulders and two coming around the middie of the torso and
attaching behind the back insert. These can be good for more rigid support, especialy with children
and smaller persons. They can be harder to remove, and are not adjustable in size.

Shoulder harnesses, depending on the design, can have the advantages of both the butterfly and the

retractor. They are aso much more adjustable, and as they are not rigid, they easily conform to the

wearer’ s shape, helping to spread the pressure over alarge surface area
Here again, since the aher forms fal outsde of the scope of this work we shall concentrate now on
shoulder harnesses.
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ASSESSING FOR SHOULDER HARNESSES

- Start with reviewing the seating system. Have the “preiminaries’ been checked?

Define objective for the harness in relaion to the seating system and end user. Isiit for posturd
support or to provide alimit to movement?
- Congder specific needs of the user. How will it affect daily activities? Will it be used congtantly
or only at certain times?

Consder needs of the person operating the belt. How easy is it to buckle? To tighten? To
clean?
- Condder the seating system and the chair. Where will it mount? Are there laterd pads or other
parts of the system that will interfere?

SHOULDER HARNESSES

As arule, a shoulder harness provides the best support and
leverage if it is mounted so that it pulls straight back from the top
of the shoulder; this requires the solid back to be the same height
as the shoulder, or perhaps 1" shorter. (With some clients there
are reasons to expect a “righting response’” from a downward
pressure caused by a lower back height; however, this is a
technique best used only when it is well understood.) It is dso
important to mount the top straps of the harness so that the pads
are dose to the neck but not chafing. This usudly requires the
straps to be mounted only afew inches apart. Otherwise, thereis
arisk of the strgps pulling on the shoulder joint or dipping entirdy
off.

Postural Control: How the harness is fitted and adjusted affects
how it functions. If no sernum strap is used then the two strgps
come draight down over the davicles and function smilarly to the
shoulder retractors. The placement of the lower strap affects how
aggressively the harness pulls up and back: the higher the mounting
point the more aggressive the pull, but likewise the more redrictive
it is of movement, especidly am movement. In the more aggressive
uses scapular relief in the back insert is recommended.
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Defining Range of Movement: By using the sernum drap the
padded straps are pulled onto the ribcage and sternum, relieving some
of the more aggressive support in favor of more passive support. This
is the s0 cdled “H-gyle” The levd of support depends on the
adjusment of the sternum strap; by tightening the strap the pads are
pulled onto the sternum, providing anterior support and establishing a
limit to forward movement, and a the same time alowing greater am
mobility. The extreme of this gpplication is to use the harness without
the sternum strap again but criss-crossing the harnessin an “X” syle.
The placement of the lower mounting points will ill affect the posturd

support.

/’7% ’m Rear-Pull Harnesses. The “rea” here, refers to the point from which the

[ f | L rf \\ harness is adjusted. Since the release and cinching points are behind the user,
{ g f{f-f.-' } this harness is intended as an attendant operated system. This keeps the
. 5! / hardware out of reach, which may be needed for client Safety. This can be

made even more effective by mounting inan “X” syle.

§
“% ti. Front-Pull Harnesses. Front-pull harnesses
{ move the atachment and adjustment points
forward to the top of the pad just over the top of
the shoulder. This dlows the attendant to face the dient while making
adjugments. It aso moves much of the hardware away from behind the
back; this can be important where the back aready has alot of hardware.
Another advantage is that this style has a shorter attachment point and is
much lesslikely to dip off of the user’s shoulder.

Conclusions

The variety of hip-belts and harnesses available reflects directly the variety of client needs. When
the products are understood in terms of the client, and not the client in terms of the products, the
chances of having a sedting system that works well improve greetly. The answer to the question of
which product to use is often a smple one when we look at the question one step a atime. Remember
adways. if you get logt, go back to the fundamentals and work your way up from there.
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