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Abstract

BACKGROUND: Exercise devices are generally desigf@dhealthy individuals.
Most of these devices are built for fithess purposmwever, studies from exercise
physiology indicate that exercise is important fie&intaining normal physiological
functions, such as increasing circulation to ttial\argans and improve comfort level.
Designing an exercise device that can be used doplp with mobility issues or
other health issues can be challenging. METHODafirg such a device that could
be used in bed for exercise and that would beyeas#embled by one person is the
main objective for our design. We have designed eamrcise device named
Palliative-Pushing and Cycling (Pal-PAC) © specifig geared toward the
population with mobility issues. CONCLUSION: The vitee is dual purpose,
offering both pushing and cycling exercises. Theide has a simple, adjustable
conversion mechanism that enables the user to ehtitegmode from pushing to
cycling, or vice versa. Pal-PAC will help patients regain some of their
independence, distract them from their conditiod avorries, and promote better
quality of life.

1. Introduction

Exercise in healthy population can be easily cdrioat. Mobility in terms of
individual's willingness and physical tolerancedrercise is the key to any health
maintenance strategy. The abundance of exercisalityoprovides many options for
the normal population. However, to those who atglitigted physically, such options
can be very scarce. One such population that goften in the exercise arena is
those who are in palliative or hospice care settiffgese patients become mentally
strained with issues related to death and dying jpimgkically debilitated, thus,
exercise in this population can be extremely chaileg. An easy solution that
addresses these issues could be a device thatasseb in-bed, independently by the
patient with minimum assistance. Currently, theseno such device specifically
designed for these patients to re-condition thebildated bodies and promote a new
way of adaptation.
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1.1. Mind/Body Integration from Birth to
Death

Cancer, congestive heart failure, and chronic abstre
pulmonary disease comprise the majority of disedisas
palliative and/or hospice care patients suffer frdvtind

and body exercise has been emphasized as the mdR

important part of maintaining healthy living thrdwaut the
life span. Mind/body exercise cannot be viewed spdy;

rather, it is mind/body integration. Other than tiypical

avoidance of bedsores and muscle atrophy resuiitorg

prolonged disuse of the extremities, depressi@sramong
these types of patients must be addressed. Thspiie for
these particular palliative care patients are gibjconly 6-

12 months, so obtaining extreme fithess goals atethe

primary focus of the device. Physical exercise wiilp

distract patients from wherever their minds are aetp

promote mind/body health. The goal of this desigs to
develop a device that could be used to act as ataiivfor

these patients, by providing a sense of indeperdenc
purpose for patients who are confined to their b&usly

use of the device requires it to be durable, butfoaable
for continued usage. It should also be easily abksin
without using of outside help.

1.2. Design Research/Investigation
Methodologies

Prior to the designing process, random interviews
multiple patients in the palliative care unit at tAtlanta
Veterans’ Affairs Medical Center were conductedyather
information on specifics such as patients’ needbdesires
in the device. Specific questions that were askellided,
but were not limited to, the following: “If thereas an
exercise machine recommended to you, would yolt@se
“What sorts of exercises are your favorite?”, “tfuyhad an
exercise device, where would you likely want to it8&,
“Suppose you were promised some sort of rewardiorg
the device, would this entice you to use it morem?”.

The answers given provided two main exercise desi

although a pulley system was used to rotate ths tan
flywheel»? Any leg press design would have to be reliant
on the surrounding structures, such as the footbitself.
The dimensions of the footboard, 35.5 x 15 inclsesyed

as a template to constrict the design the devioeachieve
resistance in the longitudinal direction, variousds of
fings were considered, such as torsion springs an
compression springs, used in tandem. This creates a
opening in the market that the team could desigvatds.
Most in bed exercise device patents include cycling
components, but do not have any resistive leg press
capabilities.

1.3. Engineering Design Specifications (EDS)

Anthropometric data was gathered for the target
demographic, which were palliative care patients wiere
50 years of age and older. The average range gfheuf
the appendages was used in considering the range of
adjustability of the device. The mean arm spannfiates
within the target demographic, with a mean age ®@P6
years, is 62.4 + 2.3 inchdS’he mean arm span of females
within the target demographic, with a mean age 2#6
years, is 58.5 + 1.9 inchdsThe mean male knee height is
18.9 + 1.0 inched.The mean female knee height of this is
17.6 + 0.9 inche3.The mean male sitting height is 32.9 *
1.5 inches. The mean female sitting height is 30.5.2
inches®Hand grip strength is a useful gauge of overall

strength as it has been found to be correlatedatmuws

other muscle groupsThe average left- and right-hand grip
strength of elderly men between the ages of 61 %hd
years ranges from 10 to 46 kFhe average left- and right-
hand grip strength of women in the same age greup i
approximately 20 + 4.0 ky.These values were used to
determine the maximum weight the machine shouldbe
seen in Table 1.

A standard Hill-Rom VersaCare® Med Surg Bed system
was used to constrain the size limit of the devidee bed
sleeping area was measured using a tape measuee. Th

g(iii'mensions are 35.5” x 75” but can be extendeds5t&"3x

considerations; (1) the patients wanted a deviee ¢buld S© 0 accommodate taller patients. With regardstie

be multimodal, (2) there was more emphasis on #egl o
work one extremity over another,
wanted to work their lower extremities more so thiagir
upper limbs.
interested in some form of “chair yoga”, though wented
to constrain the device to just the hospital bethis phase
of the design so as to achieve a more universaicapipn.

Patients also answered that they wer?

anthropometric data, 90% of patients in this desigope

mainly the paE'sentWi” not cover the whole sleeping area. This alldasthe

footprint of the device to have a maximum dimensidn
.5" x 15" to be used at the footboard (or bagehe bed.
The height limit will vary with the restrictions afieight
and material.

Manufacturing cost was calculated based on similar

The device is named Pal-PAC®, which stands foProduct comparison. Typical small exercise machiest

Palliative-Pushing and Cycling, stemming from itsed

effects. The device needed to be portable, and bean

securely fixed to the hospital bed, often in a fesdashion.
One of the most important design considerations hag

to achieve resistance for a cycling component. rRsite

N0.929 and Patent No.223 are examples of using arid

flywheel to provide resistance in an exercise dgvic

between 90-110 dollars, dependent on the exerciddhe
added components such as calories burned and distan
traveled. Because of these competitive productstaiget
cost of the proposed device will be the averagsimilar
products with similar components, which is approadiaty
$100.00. The target manufacturing cost will be esdst
below the target cost by 15%.Manufacturing costs will

be alleviated through manufacturing processes and
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purchasing raw bulk material. Similar to other tpbte By clinical observation, we concluded that it was
exercise machines, this device will have a standaydar necessary for the device to include both a leg spres
warranty and will be packaged pre-assembled anédt@mt mechanism as well as a cycling mechanism for eserci
room temperatur@As it is not considered “durable medical variability. The device originally had a 50 ft-ltag spring
equipment”, the device would not be covered in manyesistance system to accommodate the hospitalTiiedleg

insurance policies.

Table 1. Pal-PACparameters and specifications.

PARAMETER METRIC

Size Maximum (I x w): 15 in. x 35.5 i
Weight Maximum: 20 lbs

Safety FDA Standarc

Adjustable Height Range: 54 in. — 78 in.

Arm Span Range: 54 i~ 72 in

Manufacturing Co: $100 * 159

\oltage Range: 100-240V AC for
rechargeable batteries 20
(Dependent on  choice  of
components

Power Requirement

Leg Press Resistar 15 ft-lbs

resistance was later changed to a 15 ft-lb gasgpwhich
offered increasing resistance as the spring is cesspd to
accommodate for the patient’s usage.

2. Design Concepts

Four concept designs were considered after resegrch
prior art, the details of each are as follows. Besioncept
1 was a portable, torsion spring push pedal systeah
hooks onto the footboard of the bed, and included
resistance band attachments for arm exercises.gbesi
concept 2 was a collapsible cycling device thalizeti
electromagnetic or centrifugal force to create peda
resistance. Design concept 3 was a dual exercighinga
that contained a roll out mat for user support aodld be
able to switch between cycling and leg presses.igbes
concept 4 was a fully collapsible, portable, spring
resistance joint exercise device that could be dsedhe
arms or legs depending on the position of the @evithe
four design concepts can be seen in Figure 1.

Table 2. Pugh Decision Matrix analyzing the various designaepts on each criterion compared to a simpleirgehachine such as that of Patent No.

‘571.

Criteria Weight (%) Design 1 Design 2 Design 3 Design 4 Final Design Simple Cycling Machine
Size 125 -1 -1 -1 1 1 0
Weight 125 1 1 1 1 1 0
Safety 15 0 0 0 0 0 0
Usability Range 10 1 2 1 1 1 0
Price 7.5 0 0 0 1 0 0
Exercise Variability 10 2 2 15 0 2 0
Enjoyment 12.5 1 1 0 0 2 0
Interest 12.5 1 0 1 0 1 0
Aesthetics 7.5 1 1 0 -1 0 0
Net Score: 100 0.625 0.6 0.375 0.35 0.925 0
Rank e 2 3 4 5 1 N/A

All design concepts were taken into consideratind a

Pugh decision matrix was used to weigh out eackgdes

Aspects of each design that were evaluated thrdabgh
matrix, in order of importance were: safety, simgight,
usability range, exercise variability, price, am$thetics. A
generic cycling machine was used as the simpléstergce
to compare with the design concepts. After analysisugh
the Pugh Matrix, it was determined which designoegmts
were most viable and how the synergetic desigrdfari¢h
the individual designs, as seen in Table 2. As alte
different design concepts from each individual gesiere
used to make up the first prototype.
incorporated both cycling and leg press exercisEghich
each operated independently. The user has thenoptio
switch between cycling and push. Both the pedatstha
leg press exercise can use a joint resistancensystawo
independent resistance systems. Ideally, the jesistance
system is preferred as to reduce manufacturing desice

The deviceeclined position in

weight, and possible mechanical system errors. Wthae
system will be packaged into a lightweight, duratdse of
which the patient can carry with a maximum weigh20
Ibs. There will be minimal assembly for each usettso
patient can set-up and store the device with ease.

3. Final Design

The final design of the device consisted of a mutilal
cycling and leg press device that would simulatydling,
lunges, and squats, while the user remained inpmeLor
the hospital bed. This was
accomplished by having an axle that held crank aants
pedals to apply resistance from the exercise deziche
user's legs. The position of the pedals needed do b
adjustable in order for them to be able to be @ ghme
plane and axis for when the user wishes to perflagn
presses. Human factors, such as safety, usability a
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various other restraints were taken into accounerwh A magnetic resistance unit was used to create rxycli
creating the final design of the device. Size arglgit  resistance, and a locking gas spring was used dater
were still of much concern, as the user would nieede resistance for the leg press portion of the deviseel
able to pick up and move the device as neededs®rand drawer slides were used as a means of support éetihe
storage. Thus the final device was constrainedtpdunds, two sections of the device, as well as to guidediéhace as
with overall dimensions of 14 x 4 x 10 inches wherthe user performed leg press/lunges. An acrylic ey
collapsed, and 22 x 4 x 10 inches when fully exéeh@in  fabricated that could be inserted beneath the thagcki
the cycling position). The device needed a meaiggiie it mechanism on the spring in order for the patiergvtitch
back and forth as the user performed leg pressg®tuthat easily between cycling and leg press/lunges. Amalum
would maintain the device’s structural integrityaking the structure and polycarbonate enclosure was constiuitt
device safe was of the utmost importance, as iscés® house and provide support for all of the internal
with any device design that will have human intécac To  components.

ensure a high level of safety, all parts were desigto
move easily when required to move, and to remain
stationary or fixed when necessary. All edges aomhars

of the device were designed to be smooth or rounsteds

to not bring harm to the user. Levels of resistaneze
chosen to be within certain scopes, as previousigtioned

in the EDS section, so as to not overstrain the, me to
provide a sensible amount for exercise.

4. Prototype

Each component needed to be sturdy and durablegbnou
to endure continual, frequent use. For the purpoke
prototyping, most components would be fabricatemmfr
aluminum, since it is fairly durable, affordablightweight,
and easy to cut or otherwise form or manipulatee Th
materials for the final marketed device would bghhi
durability plastic, such as polypropylene, whichulbalso
make the device lighter and more cost effectivprmuce.
These plastic parts would likely be produced by an
injection molding process. Components that could be kigyre 2. Photograph of device being demoed on actual hdspita.
bought and integrated into the device, such asirgsar
pedals, springs, resistance unit, slides or raits,would be The prototype also has a Wi-Fi-capable microcolerol
purchased and incorporated into the prototype deioto to collect usage data from the device. The datiecmn
properly demonstrate the functionality of the olledlasign was accomplished via the use of a reed switch fier t
of the device within the time frame given. Whileeth cycling portion, and a gyroscope/accelerometer aefts
original prototyped model, discussed and shownha t the leg press portion. An LED module was incorpaaan
following section, cost roughly $200 to construétthe order to show data collection was occurring, shynied
device were to be carried into the manufacturingsgh when the device was on but not in use, green when t
projected market cost of the device would be arabh@0 microcontroller was collecting cycling RPM datadanue
+ 15%. This price range is based off of similarcarets on  when the device was collecting distance/repetitdata
the market and the manufacturing methods previouslguring leg presses or lunges. This data would Ipored
discussed. wirelessly to an external app running on a tablet o

As seen in figures 2 and 3, a functional prototyses smartphone to give the user detailed, useful feddlzes
designed and constructed to give a definitive regmeation well as make the device more stimulating and ictére.
of the device’s size, usage, and functionality.cidecrank  The possibility of incorporating this data into s®sort of
arms were designed to give the unit the abilithawe the game to further encourage the patients to use éhiea is
pedals on the same plane and axis for when thewishes something the team wishes to explore further. Thia d
to perform leg presses. This is accomplished védtsicut could also be sent to a different app for the dwctnd
out of the crank arms, in which the axle and pedatsbe nurses in order to keep track of patients’ progarss use
adjusted to the proper position needed for theresi of the device for the keeping of medical records.
exercise; for switching from cycling/lunges to legss, the
user loosens .the bolts of both pedals and o?(_ae)fat&he 5. Future Improvements
bolts, then spins the loosened crank arm 180" asgland
slides both pedals toward the axle and re-tightenbiolts. The next steps in improving this device would be to
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work on the display and data exporting discusseth@n
previous section. This would be accomplished bting

an application to run on a tablet device that iliplay
feedback information and allow for further inteianot [2]
between the user and the device. For additional fuini-
games would be used to motivate the user to wortteha
longer, and more often. These games could alsarined

into a multiplayer platform game, so that userstlé [3]
device could compete with one another, further
encouraging use of the device and thus increadieg t
health and wellbeing of the patient. Another immment

of the device would be moving the gas compresgwimg

to be even with the cycle axle, removing the opputy  [4]
for a moment to be created, increasing structatabrity.
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