Summary of Presentation

This presentation will walk you through the verified historical developments and inventions
which have led us to the current art of power and manual seats used in the wheelchair industry,
both reclining and tilt. It will discusselreasons for and the mechanics of these developments,
the technology which allowed the developments to materialize. We will look at the time span
between major developments and in discussing the current state of the art | will issue a
challenge and invétion for the next major step.

Disclaimer

This portion of the presentation is the sole work of Greg Peek, based on historical patent
research and personal experiences and observations. | became involved in the wheelchair
industryin 1980when ask by theupplier to Craig Hospital to design an improved power
recliner. I had no prior involvement in this field but the opportunity led to the founding of
LaBac Systems, In@Bac was responsible for the innovation of many aspects of reclining back
wheelchaiswhich are still the standard today. Having sold LaBac in,19€&s not allowed to
work in the wheelchair field again until 2003. | started a new business in 2003 which has
become Seating Dynamics and although still in the industry | am not involdegdign or
manufacturingof wheelchairs or anything related to reclining or tilt seating.

A History of Reclining and Tilting Wheelchair Seating,

The Past, Present and the Future

Necessity is the mother of invention, we have all heard thatemtionseems to take place when a need
for improving efficiency, productivity and technology collidehink it is often a well defined need or
problem that spurs the thoughts that result in inventive solutior3ther and less often times it is shear
creativemadness. The Apple watch qualifies in that light but it was not Steve Jobs who was mad.
Chester Gould gets that credit by giving Dick Tracg-Mi&y Wrist Radio in 1946. It just took another
seventy years for technology to catch up with the id€ae hdustrial Revolutiors recognized as having
started in 1708 witrawell defined need to plant more seeds faster and efficienfigthro Tulnswered
the call withamechanical sower perntihg large-scale planting in rows, for easier cultivation between
the rows. The end of the Industrial Revolution is pegged at 1908 with Henry wbaldidn't invent the
automobile, just the assembly line!

Pre-Wheelchair Hardware:

Reclining wheelchairand tilt wheelchairs all originated from furniture.

The foundatia for reclinersvas laid by an old carpenteEphraim Colman in rur&lussexEnglanavho
perhaps, wasinspired by the need for something more comfortable to sit on at the end of a lordy har
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Company It featured an adjustable back, the ability to change the seat to back angle by removing
and replacing a peg between the armrest frame and the back cane. The name Morris chair is still
used today. Making its way to America, the Morris chair was widely produced in both England and
America.

The Reclining Past

Wars tend to have a way of defining needs and the Civil War in America was no exception. In
Washington D.C. on February 16, 1869 the first wheelchair was patented by A. P. BLUNT and
JACOB S. SMITH, of Washington D.C. There were many patents filed between 1863 and 1869 for
invalid chairs, but this was the first ever to specifically have wheels in place of legs. It also
incorporated a full reclining back and an elevating leg rest platform.
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It just so happened that the recliner was so gaeuth a slightly raised back pivot point, low profile
reclining armrest and elevatirlgg restplatform that there were no significant changes made to it's
design until January 198617 years after Blunt!

Fast forward to 1901 in Clinton, lowa where William J. Kelly deaiseechanizedersion of the Morris
chair which had a sliding seat with the back aktead so that the two had a coordinated movemamid
utilized extension springs to return the seat to the upright positidhe back angle could be adjusted
while sitting in the chairNo argument is made in his patent as to why he did this, presuntaiohake
achieving comfort more independentsS Patent # 677,234
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Furniture Compangre granted &JS Patent # 1,789,33Which for the first time ever address

(unknowingly) shear in the back. The first paragraph of the patent describegjiet of the invention

G 2 0 @ovidelazushioned chair having a swinging back that is so constructed as to prevent the
cushioned surface of the back from dragging tlathes of the user, as the back is swung forward or

ol O1 ¢ NR NXBf I TiheidiSsigiivas adkeSompl&xithiare Keélly's but improved function by
addressing sheailthey later held a contest with their employees to name¢hair. Shorthythereafterit

became thecompany name as wellaZ-Boy.

Jan. 20, 1931. E. M. KNABUSCH ET AL 1,789,337
RECLINING CHAIR
Filed Jan. 24, 1928 3 Sheets-Sheet 1
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1952, McKibban and Bowen receive US Patent # 2,714,922 for an improvement-@#oy.aThe chair
combines a neafull recline, tilt and an elevating leg platform all actuated by sitgle actuating mass
- areversing motor with a screw drive and an up/down switdlme first power recliner is born.

It took almost 90 yearfor the reclining backo progresdrom removal and replacement gfegs to set
the angle to having a powered recliner that you @bplug into the wall

1956, Everest & Jennings designs and manufactures the first power wheelchair.
Medical Advancements:

Ascroll purchased by an American Egyptologist, Edwin Smith, in Luxor, Egypt, in 1862 and then

translated and published in 1930 comaidescriptions of 48 traumatic cases, 6 involving the cervical

spine, and? of those 6 are clearly injuries to the spinal cortihe author explains to the reader (his

students) how each of the 48 cases should be treategly & LJ O1 Ay 3 (KEK o ¥EY R®E 6 A G F
special interest to us are his instructions that those 2 cases of SCI are not to be treated @iall
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This ailment not to be treated remained the atatquo for 2500 years after this scroll was written. With
the status quo as it was, there was no need for what we might consider an ancient rehab wheelchair
Needs and technology were not scheduled to collide until the late 1950's.

Many medical advanceemts took place during the first half of the twentieth centuntlianksto two
World Wars. Both contributed to the awareness and advancemafrgpinal cord injury treatment with
two notableAmerican'sshampioning the cause.

Donald Munro (18981978) ha® SSy OF f £t SR 6@ &2 YS HekSablighedtlieMrStNI 2 T L.
spinal cord unit in the US at the Boston City Hospital in 1936

Approaches to treatment of SCI, with someceptions, remained fragmented.o@prehensive

rehabilitation for SCI failetb become widely adopted in the Western Hemisphere ubtil Johnyoung
(1919:1990)resolved to correct this. Yourgined Craig Hospitéth DenverasMedical Director in 1957

and later moved to PhoenixXYoung received a federal grant1971 to demonstte the superiority of
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These Model Systems have remainediis&nce over the decades; they now number 14 across the US

Denver becomes the epicenter of SCl wheelchair development:

Don Rugg, who was paralyzed in an automobile accident in 1954 shortly after his college graduation,
RARY QiU f Si (K GadriplegiastopdivhIritaad,2h& yolhd éectljical engineer went on to
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Institute, conducting classified research for the U.S. military. His projediglattcircuit design for

missile controls and antenna design for VLF radio used to communicate with submerged nuclear
submarines.In the late 1950s, Rugg and colleague Bill Orr designed a reclining power wheelchair, a

device that would become instrumentfdr the spinal cord injury rehabilitation program at Craig. It was
patented in 1965.
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While not widely commercially pratted,Falcon Manufacturing harbuilt approximately 20 of the
chairs The seating design was ported to early E&J power whaiedclThough not the most successful
or reliable design, it was the only one available for some number of years.

In the 1970's a new company was started in Denver to produce a recliner to fit on to E&J power chairs.
Folio Products was started by Gary Sandrittethe request oparaplegidick Devoe, Owner of
Wheelchairs Inc. Dick was dissatisfied with Falcon and needed something better. Folio produced the
parts to convert E&J chairs and sold them to the early MED member stores.

In 1981 sixMEDstores acrosghe country were sold to Abby Medical, Wheelchairs Inc was one of them.
Because of business politics Devoe was no longer able to purchase Folio recliner kits and at the same

time had become dissatisfied oaagain

In the spring of 1981 having met Didkef years earlier | was summoned to meet with him at his store.
Because of the sale of his business he had an urgent need for product to take care of Craig's patients. |
was presented with two boxes of parts, one produced by Folio and the other cregtad émployee of

one of the other six MED stores to sell to Abby. In Dick's gruff mahaexplained that neither of the

boxes of parts worked and instructed me of his needs. His needs were clearly defined: 1) rbaskthe
postpivot point three inties above the standard E&J pivot point to accommodate the height of a High
Profile Roho cushion. 2) Move the under seat actuator down to prevent the sling seat upholstery from

rubbing on the under seat actuator.

With those simple sounding instructionaditwo boxes of junk | set oint my total ignorance of
wheelchairsand went to work. Peek Brothers had already been in bssifier ten years doing race car
custom machinery desigand build as well ageneral production machine work. Technology had



presented itself several years before when we purchased our first CNC milling machine. Need and
technology collided and within thirty days of that meeting with Ciokithe problem was solved.

The first recliner kit was an assortment of machined partsufiiag a pivot extension, cam, @@tor and
mounting shafts antbrackets bell crankand replacemenback posts The illustration above shows the

heart of the design. All of these parts mounted on to an Everest & Jennings 3P power wheelchair which
was abelt drive, 24" rear wheel folding chair complete wittbdaces and sling upholstery. These were
initially sold tothose MED stores angith our limited productioncapabilities, wavorked hard to keep

up with the pent up demand. This was just the begigni

LaBac Systemgas incorporated in August 1983 for the specific purpose of building recliners. The word
osystems was in the name because | envisioned the power recliner becoming an integrated system, not
just a bunch of incompatible parts bolted togper. My stated desire and goal was to design and build

any component necessary for a HigQuad wheelchair.

During 1983 /1984 LaBac delivered 600 of these kits to Everest & Jennings. There was to have been an
additional 400 un#& during the next yearThe first 600 units never made it out of the E&J warehouse

and it became obvious thahere would not be a follow uprder for the additional quantity. Hearing

about a wheelchair trade show in Atlanta, The National Home Health Care Exposition, NHENOE the

Peek Brothers headed for Atlanta in November of '84. Backed up to a far wall in a little 10" booth with

no fancy signage in this massive 300,000 square foot hall the brothers were in the right place at the right
time. The aisle was blocked within mates of the show opning with people clamoring teee this new

power recliner. There was not much to see but it was something where previously there was nothing!

The stage was set to get serious, pick up the ball and run, and run we did.

1984 started tasee a system come together. In a conversation with a salesman at Care Medical in
Seattle something was said which sparked the idea which enabled the next step in the power recline
evolution. That salesman, David Hintzman later would found his compadyp8iot. Up to that point

we were working around the crogsaces of the folding chairDavid's question gave me the

opportunity to remove the crosbraces and replace the pile of parts with an integrated seat frame
which became the connection to holddghwo side frames together, effectively opening the bottom of
the wheelchair for batteries and ventilators. By this time we were working wittBB&bwer chairs

and a new Invacare Rolls Arrow which was very similar to the E&J making the seat framal|hptent



interchangeable between the two brands. A Highad wheelchair now typically looked like the photo
below and had no crodsraces.

Circa 1985 Invacare Rolls Arrow power chair with LaBac SystemsObtogpv shear recliner,
adjustable headrest, armoughs on reclining arms, leg troughs and automatic elevdéggests

Late 1985 brought about a rather revolutionary change to the wheelchair industry, this was a big step.
FortressScientific in Toronto, Canada introduced a new power wheelchais Wids not just a

wheelchair, but the first pwered mobility base producedgphaps inspired by a 1961 patent application
by Michigan Chiropractor, George Yatich. Yatich's conceptual design had a small wheel, front wheel
drive powered base with seatingadhwas somewhat inebendent of the propulsion basdt also

featured an integrated power reclin@nd looked typically like 1961, straight out of thetson's.



George W. Yatich, US Patent # 3,111,181 filed July 5, 1961

TheLaBac Drofn recliner nowbeing a self contained seat frame assembly was ready to go beyond the
24" rear wheel, belt drive side frame chairs and the 655 FS was just what it needed. It became a
comprehensive task to now build all of the components of the seating systenthat was completed

in relatively short order and was ready to go in early 1986. The Fortress 655 FS equipped with a
complete LaBac Seating System is shown below.




Invacare followed suit shortly with the XT power base and the days of the belt drive power wdieelch
were now numbered.

1986was a big year for LaBac atme wheelchairindustry, we were growing up and addressing needs
beyond the simple and obviou®uring 1985 | designed and danuary 13, 1986 the patent application
which resulted in US patent4¢655,471 was filed for a "Wheelin having adjustable backrestThis
development specifically addressed shear in the back of a reclining wheelchair. In simple terms it
defined a sliding bacwhich moved downward duringgcline which was adjustable aweduld be
adjusted to fine tune the amount of travel to the specific needs of the user.

U.S. Patent  Apr. 7, 1987 Sheet 2 of 3 4,655,471

FIGURE 4

With this invention shear in a wheelchair back could be eliminafggdthis time | thought that recline
had been perfected and other than mentally dream up thetrg@neration did no further work on



recline because technology did not petnrie to pursue my new thinking, but ore on that later. By
1986- 1987 Tilt seating was starting to become the next wave.

A New Tilt on Seating

I must admit that | was hesitamd move toward tilt only seating for one simple reason, a recliner is a
passive range of motion machine. If you sit in a tilt all day and do weight shifts for pressure relief you
might avoid a pressure sore but you might loose your range of motion inhjpur was dragged into

the world of tilt kicking and screaming. It does not take a skilled therapist to achieve a weight shift and
not experience any shear in a tilt only system, the janitor could da thdt is simple, both in design and
function.

Let's take a look at the mechanical waydilkling a wheelchair seat. h€re are only three andivided
into power and manual with some crossover.

1) Pivoting about a point. This is the simplest way and has been used on both power and manual chairs.
This method is simply a matter of overpowering the weight of the occupant either by means of

relocating the pivopoint to use the occupant as a counter balamcedding a actuator to do the

lifting.

2) Sliding seat This method utilizes an actuator tolptine seat forward over the base and as it moves a
cam or linkage asses the front of the seat tdge putting the occupant into a posterior tilt by at least
45°. This has become the defacto standard for power chairs due to the @samnpact packaging

The primary benefit is to move the center of gravity forward to prevent the wheelchair from tipping
rearward.

3) The rocking chaas | call it. This design utilizes a tracthe shape of a circular anchichwhen

properly adjustedmore or less maitains the center of gravity of the occupied wheelchair regardless of
the tilted position of the seat. This has lbete the defacto standard amoradl major manufacturers of
manual tilt wheelchairs in North America. The original design work was donedipyatent granted to
Sunrise Medical, US Patent # 7,007,965 granted in 28@&gnificant advantage of thisedign is to

make it easier foattendant to tilt the occupant.

Sunrise Medical Patent # US 7,700,965 filed 3/2003, Granted 3/2006



As | stateckarlier, tilt is simple and once you get the occupant into the full tilted position as longas th
journey from upright to tilteds smooth it does not matter which deg or application of force issed.
The end result is the same in all cases.

Tilt and Recline

Combining tilt with reclinevas a natural progression but the original reasons probably had more to do
with functional issues than any potential health benefits. Some transiergasier, bowebladder
care is simplified, positioning is certairdasier.

| believe that at LaBac weere producing Tilt and Reclining seats by 1996 th customer demand.
Twentyto forty years ago there were no formal definitive studies on the benefits of any powered
seating nor was there the technology to objectivéest for any changes in conditions. Testing for the
most part was grass roots, seat of the pawith some photography and a little math thrown in. Today
the RESNA Position paper on the Aggaions of Tilt, Recline, and Elevatireg resthas considrable
information from testing and should be considered and used as an educational tool.

The Future of Recline

Recline is an important aspect of wheelchair seats. In the almost twenty years since | made the biggest
mistake of my life in selling LaBaca companywho did not know what to do with the driving force in a
market segment recline and specifically elimination of shelaas fallen off the radar screen. Shear was

my passion for many years and today it needs to be brought back to the foteffdrere simply is no

reason to tolerate shear in a reclining back! Look at the four sets of images to follow, taken from a
brochure LaBac printed in very late 1989 or early 1990.

This set shows me sitting on a Jay cushion in a standard E&J maninak reldiote the pink arrows at all
three points in the upright position and the fully reclined position. Note that at the lateral support and
head there is approximately 6" of shear. In the seat thereli®1of displacement of the tape between
the cusion and my thigh. Many people thought and | am shiat some still do think thatecline takes
place at the hip joint which is incorrect. The body pivots on those two little bones at the bottom of the
pelvis, thelschial tuberosity The pelvis goestma posterior pelvic tilt moving everything with it. Want



further proof, using a standard high pivot elevatieg rest go into a full recline, use an old LaBac sliding
back if you can and have it perfectly adjusted for your body. Now what happeneséetthe footplate

and the bottom of your foot? The answer, your foot pulled away from the footplate by a few inches.

That happened because the hip socket is a few inches above the anatomical pivot point and as the pelvis
went into the posterior tilt, the hip socket rotated in an arc about thechial tuberosity It's really

simple geometry!

The shear in the back is caused because the pivot point of the wheelchair back is inline with the back
post and the anatomical pivot point of the body is severah@scforward of the wheelchair pivot point.

With the LaBac Low-Shear Recliner System, shear has been reduced to

approximately 1 to 14 inches

This set shows the same setup as the previous set, this time in an E&J power chair with a LaBac Low or
Reduced Shear recliner, raised pivot point only. Note that the shear in the back is reduced by about half
and the displacement between the cushion and thigh is approximately the same.

With the LaBac Zero-Shear Recliner System (“Adjustable” Sliding Back

Assembly), shear has virtually been eliminated

This set shows an Invacare Arrow power chair with a LaBac Adjustable Sliding Back Rettregaiio
that the upright photoon the left is virtually identical to the two pvious ones. The fully reclined photo
on the right shows no measurable shear in the back and a drastic reduction in the seat.



shearing forces do not apply
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SYSTEMS

This set shows an E&J power chair with a LaBac power tilt seat. It shows exactly what you would expect
which is nothing, nthing moved because the body geometry did not change.

Unfortunately in November 1989 when these photos were taken ljustsa few days out of the
hospital,recovering from a broken hip arfthcturedpelvis During the photo shoot | was not
repositionedto make things look good or bad. Also at this tifik and Reclinbadyetto be
developed

There are several different approaches to eliminating shear but the most successful way to date was the
LaBacaisedpivot and the adjustable sliding baclt the time | was doing all of what | thought was

creative and originahinkingthere was no convenient way to know what prior art may have been in
existence other than pay to have a patent search performed. Today we live in a different world and two
thingsl have learned in writing this paper is that you can't believe everything on the internet and that |
am not as smart as | thought | waswas just in the right place at the right time with appropriate tools
available to meand not afraid to try

| havenever considered myself to be an inventor even though | have seven patents, but think of myself
as a problem solver. Solving problems and designing mechanical contraptionslikeectmking. You
may not get it right the first time but you have todq trying until you taste the sweetness of success!



Conclusion and Challenge for the Future

Shear must be eliminated and anyone who thinks contrary does not know what they are talking Bbout.
am going to offer ideas that | had in the early 1990'soltiechrology prevented fro happening at
that time. Today ishould be a smart phone app! My ultimate recliner for the 21st century would have:

1
1

A sliding back that with an actuator which is independently powered.
A lineartransducer to measure back tralv

A rotary encoder / transducer another linear transducer on the recline actuatormeasure
back rotation.

A micro processor for data logging and control.
A means of disengaging the actuator so that the sliding portion of the back is free to float.

A'"Learn" mode where the user sits in the chair properly seated with normal pressure applied to
the back surface, then the system is actuated from a smart phone to disengage the actuator of
the sliding back and turn on the recline actuator to run througk ogcline and return cycle.

During that cycle the transducers would talk to the micro processor to tell it how much sliding is
needed at each degree of rotation. Upon return to the upright position the sliding back actuator
would reengage with the slidig back. During subsequent recline cycles the micro processor
would simple coordinate the speeds of the two actuators to duplicate the parameters from the
learn mode cycle.

This system would be so simple to operate that it could be run numerous timetagevhen any
positioning condition changed.

| offer this as a challenge to anyone who manufactures or would like to manufacture the ultimate power
recliner, royalty freé It has been thirty years since anyone has donelaingtto improve power
recliners. It's time to make a difference.



