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| NTRODUCTI ON SUMVARY OF | MPACT
An Adaptive Trunk Support Harness The Portable Support Frame and

was necessary to offer a young child with
cerebral palsy proper support while being
held in a seated position on the ground
under a special portable frame. This
harness permts trunk support to be

adj usted over a wide range by the

adj ustment of the angle of supﬁort straps
and the attachment points of the straps
on the harness itself. A spreader
assenbly above the harness facilitates
this angle adjustnment. These adjustments
were intended to make the patient work to
his linmt and facilitate devel opnent.
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Support Harness for a Congenital Cerebral
Pal sy Patient were designed to facilitate
i ndependent sitting and use of the upper
extreneties (UE’s). The child is
hypotonic with cerebral palsy. He is
unabl e to sit independently, has poor
head and trunk control, limted nmobility
and use of his UE’s. It is extrenely
difficult for this child to attain an
erect head and trunk position and then be
able to use his UE’s independently to
explore toys, play and interact with his
peers and environment. These activities
are so basic to |earning about our world
and ourselves. Learning is a sensory-
not or experience.

The Support Harness gives the child
trunk support, pelvic stability (through
the seat cushion and length of the
suspensi on straps) and the opportunity to
use the UE’s as descri bed above. The
device offers variability in the anmunt
of support given to the trunk and the
amount of excursion anterior/posterior
and lateral with diagonal novenents
avail able.  Through proper positioning,
strengthening of neck and trunk
nuscul ature is possible. Wth the
adjustments as nentioned it is possible
to increase the range the child can
safely perform in independently.



TECHNI CAL  DESCRI PTI ON

This trunk support harness was
designed to support a two year old who
wei ghed 25 pounds. It was intended to be
adaptable to the child in fit and
function in as nmany ways as could be
incorporated. These included first
adjustability of the vest and shorts for
fit as he grew. Next, a nethod for
adj usting support constraints to permt
control over the demands put on the
child's own nusculature was devel oped and
i ncl uded. Means for adjusting the
support height was also necessary to
adjust the vertical support position wth
respect to the play surface.

The harness is illustrated in the
figures below It consists of three
functional pieces: shorts, vest, and
support ring. The shorts and vest are
made from denim fabric which provides a
reasonabl y Ii%htmeight but strong
support. Both the shorts and the vest
are split on both sides and possess
velcro closures which make dressing the
child an easy task. A wide range of
adjustment to the child's size Is also
made possible by the design of these
cl osures.

Straps which function to both lift
the user a small amount and restrict
forward-backward and side-to-side nmotion
are attached to the shorts and the
support ring above, but renovable at both
ends. These straps are nade of a 3/4"
tubular nylon strapping nmaterial commonly
used in canping or climbing gear. It is
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Front view of harness

much stronger than necessary for the
aPpIication but is softer and nore
pliable than conparable flat strapping
Each strap may be attached to one of
three |l ocations on the support ring above
the user's head. The point of attachnent
is related to the angle of the straps for
each particular anount of support to be
gi ven.

Between the shorts and the support
ring above, the straps run along the
front and back of the vest passing
through various guideloops. These
gui del oops determ ne the point of
wi t hdrawal of the support along the upper
trunk of the body. Initially the
uppernost |oops are used. The child has
very little trunk and neck control
therefore with the support at the top of
the shoul ders he will not need to work
the trunk nuscles very much. This will
pernmit the concentration on devel opnent
of the neck for strength and control

As he devel ops the straps nay be
taken out of the top |oops to nove the
poi nt of support downward alon? t he
trunk. This will permt nore freedom of
novenent and denmand nore devel opnent of
strength and control. Eventually it is
expected that support straps wll be
passed only through the bottomloop in
the vest thus giving maxi mum freedom and
demandi ng maxi num sel f sufficiency on the
child's part.

Cost of materials for this harness
was $80. 44.
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Portabl e Support Frane
for a
Congenital Cerebral Palsy Patient
_Designers:  |van Howard, James Larson, Herb Sivitz, Hai Wu
Disabl ed Coordinator: Caudia Senesac, P.T., Kids On The Move
Supervising Professor: Dr. Robert J. Hrko
Aerospace Engineering, Mechanics, and Engineering Sciences
University of Florida
Gainesville, FL 32611
| NTRODUCTI ON SUMMARY OF | MPACT
The Portable Support Frame was The Portabl e Support Frame and
designed to offer a circular space on the Support Harness for a Congenital Cerebral

ground in which this child is safely
supported but still has some freedom to
nove and explore his toys and the
environnent. The frane was designed to
supply the support over this circular
range of motion while being light and
easily "broken down" for transport. It
is also brightly colored to appear like a
toy to the child and be as unobtrusive as
possible in his environnent.

The parents of this child wanted a
support that could be used as easily in
the house as it could in the back yard or
pl ayground.  Conponent parts of the frame
di sassenbl e and pack in a carrying case
for ease of transport. The device has
al so been used in sessions with the
child's therepist.
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Pal sy Patient were designed to facilitate
i ndependent sitting and use of the upper
extreneties (ue’s). The child is
hypotonic with cerebral palsy. He is
unable to sit independently, has poor
head and trunk control, limted mobilityv
and use of his UE’s. It is extremely ~
difficult for this child to attain an
erect head and trunk position and then be
able to use his UE’s independently to
explore toys, play and interact wth his
peers and environment. These activities
are so basic to |earning about our world
and oursel ves. Learning is a sensory-
mot or experi ence.

The Portabl e Support Frame permits
the child to be supported seated on the
ground in a special harness anywhere
within a fixed radius fromthe center of
the frame. As the child gains strength
and control he may nmove at will within
that circle as he explores his world and
interacts with others all the while
benefitting fromthe support afforded by
the frame-harness system

!




TECHNI CAL  DESCRI PTI ON

Design of this portable support
structure was done under the follow ng
constraints. The structure must be self-
supporting through normal and routine
usage. Its static |oad capacity nust
ﬁossess an adequate safety margin to

andl e possible imulse loading, due to
bunping, etc., wthout serious structura
instabilities which could injure the
user. The structure should be as Ilight
as possible for ease of carrying. It
should be collapsible into as snall a
volume as practical. FEase of assenbly
and disassenbly should be high. Wen
assenbled it should yield a Targe area of
support for the child underneath.

The support is shown in the picture
on the previous page. The frame consists
of an al umi num 1.75"x3" box beam
approximately 4.5 feet in length
supported by four renovable legs. The
| egs are constructed out of i» dianeter
al um num tubing. These legs are
connected on their bottoms by snall viny
covered cables (like fishing line |eader)
for stability and to nininize the bending
moments generated in them  Special feet
were designed and constructed for the
ends of the legs. They are attached to
the cable and are renovable at
di sassenbly time. Tops of the legs are
held in specially nmilled blocks of
al um num which form receptacles for them
To make them easy to renove, the legs are
just a slip fit 1n the bl ocks. Integrity
of the structure is provided by the
tensioning cables on the bottom and once
assenbled the whole structure is quite
sturdy. Since this franme is a handmade
prototype and no two legs are identical
they are color coded to the blocks (each
one different) for proper assenbly.

SUPPORT FRAME /

(with harness) Zf’
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At the center of the beam a
rotating armis supported on a shaft
which is held in a bearing support bl ock
inthe beam This armis four feet in
| ength, and made up from a hardened .s5"
di aneter bar and a special two foot
suPPort "T" in its center span. The arm
follows and supports the child as he
nmoves about under the beam  For added
flexibility, a carriage riding on a
linear bearing on the rotating arm
permits novenent in a radial direction
around the axis of rotation of the arm
Speci al stops prevent the carriage from
running off the end of the bar.

Len?th of the legs is such as to
have sufficient clearance for the arm
above the ground to pernit the child and
harness assenbly to fit. This distance
was four feet, and the legs then are
slightly longer than that. \eight of the
entire apparatus including the carrying
case is twenty five pounds. This is of
the sanme order of welight as the child
himsel f and does not pose a burden when
carryin? over short distances. Limting
static |l oad capacity of the frame is the
|'inear bearing which rides on the
rotating arm  This wll support well

over four tines the 25 I b. weight of the
child in the |loading configuration we are
using. Wth the present abilities of the
child in question, inmpulse |oading on the
structure is not expected to be a factor.

Cost of materials for the support
frame was $389.24.




"Head Position Sensor"
A Programmabl e Head Position Sensor

for

the Devel opnentally Disabled

Designer:  Drew Amery o
Di sabl ed Coordinator: Mrk Frasier, sunland Training Center
Supervising Professor: Dr. Robert J. Hrko
Aerospace Engineering, Mechanics, and Engineering Sciences
University of Florida
Gainesville, FL 32611
| NTRODUCTI ON ) S
The Head Position Sensor(HPS) is a planes. — Time span between the initial
tool that can be used by physical stinulus (head in vertical) and the
therapists to help teach correct head activation of the positive reinforcer can

posture to people who |ack the necessary
motor control. The device consists of a
sensing helmet worn by the patient and a

sef)arate Control & Interface unit. The
Hel met and the Control unit are coupled
by a wireless infrared link. The hel net
transmits a signal to the control unit

whenever the patient's head is within the
progranmable X and Y inclination limts,
as set by the therapist. Upon receiving
the transm ssion, the control unit can
operate in one of two nodes - direct or
del ay. In the direct node, the
controller turns the selected output
device on when the signal is transmitted
and off when it is not. In the delay
mode, the therapist can programa time
delay for the turn on of the output.
This delay can be from 10 sec to 5

m nutes and 30 seconds.

A third generation device, this head
position sensor allows the therapist to
control the angle and time paraneters,
paraneters that were fixed 1n previous
generati ons.

SUMVARY OF | MPACT

The patients with Cerebral Palsy who
may benefit fromthis device are severely
invol ved, non-anbul atory individuals who

usual ly require external support to
maintarn a functional sitting position,
The inability to support their head in a

vertical position has a profoundly
negative inpact on their perceptual-
motor, cognitive, and social devel opment.
External head supports are usually

contraindicated since these tend to
inhibit the devel opment of
and subsequent devel opnental skills.
The head position sensor activates
any electrically operated device that
mght act as a positive reinforcer.
Activation occurs only when the head is
in a relatively vertical position. The
angles of activation are adjustable in
the forward/backward and side to side

head control
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al so be adjusted fromo seconds to 5
mnutes in 10 second increments. The
time delay and the angle limt
adjustments allow the device to be
gradual Iy re-adjusted as the individual's
head control inproves, so that he is
encouraged to support his/her head nore
¥ert|cally, and for longer periods of
i me

In the past, devices of this type
usual |y enpl oyed gl ass encased mercury
switches as position sensors. The
sensors on this device contain a saline

solution, thus elimnating problems wth
using mercury. In summré/, the
adjustability, safety, and |low weight of

this device nake it to

ot her devices that

vastly superior
we have used.




TECHNI CAL  DESCRI PTI ON

The device is divided into three
units, a helmet which contains all
inclination sensing and logic circuits, a
recei ver which contains a infrared
receiver and delay circuitry, and a
programm ng device to make the angle
programming of the helnmet easier.

The helnmet utilizes two electrolyte
bridge level sensors to separately
measure the X and Y angles of

inclination. FEach of the bridge units is
nmodul ated at khz with a 1 volt square
wave signal. The bridge signals are

rectified into bipolar DC |evels
(positive dc for clockwi se mvenent and
negative for counterclockw se novenent).
The output of the rectifier section is a
voltage proportional to the angle of
inclination from vertical. Both X and Y
signals are then fed into a 1LM308 opanp
to convert from a double ended to single
ended output. Each of these signals goes
into a window conparator constructed from
a IM339 (172 of a LMB39 for each). The
reference voltages for the detectors are
provided by 1 Meg trimpots tied to +/- V.
Qutputs of the two w ndow conparators
(logic high if within window) are anded

together. The anded logic signal is fed
M
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into two switching transistors to control
the power of an 1Ms56 dual timer which
Provides a 200 Hz nodul ating frequency on
a 40 KHz carrier frequency to drive the
six infrared LEDs (980nm).

The receiver detects the presence of
the infrared signal with a eriusa2x
infrared receiver/denodul ator nodule.
Qutput of the detector is logic | ow when
an infrared signal is detected. This
logic signal is then fed into an 1s7210
delay timer. The tiner is progranmble
through an 8 pin dip swtch accessible
through the front panel. The output of
the timer is fed into a four position
slide switch. This switch allows the
therapist to switch between three
different |owvoltage sw tching outputs
and one 110 volt swtching output.

The progranm ng device consists of a
four position switch, a five wire ribbon
cable and two jacks to which are attached
a digital voltmeter. This allows the
therapist to quickly adjust threshold
voltages for all four angles by just
turning a switch and adjusting a pot.

Parts and supplies for the Head
Position Sensor cost two-hundred ninety
five dollars ($295).
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e SCOOT.ER"
A Human- Powered Vehicle

for a Cerebral

Pal sy victim

Designer: Herbert L. Sivitz
Di sabl ed Coordinator: Richard Healy, Res-Care 39th St. Custer

Supervi sing Professor:
Aerospace Engineering, Mechanics

Dr. Robert Hirko )
and Engi neering Science

University Florida

Gai nesvi | | e,

| NTRODUCTI ON

The SSCOOT.ER (self-propelled
crui ser operating on therapeutically
engi neered rehabilitation) is a
t herapeutic devi ce designed for a
specific individual with congenital
Cerebral Palsy and severe Scoliosis. It
allows for self-propelled transportation.
The person lies in a prone face-down
position and pulls the up-right levers .
towards himself for forward motion. This
action can create nuscle strength and
tone in the arms and back of the
individual. Orthotic devices are used to
hold to his wists to the levers. This
will aid in the correction of the )
person's wist defornities. The chassis
is designed with a body-mold of his upper
torso and for his hips and |egs, cushions
are used as guides to keep himin a
confortable position. This will help to
correct his Scoliosis.

The individual will be closely
moni tored by physical therapists and
ai des when usi n? the SCOOTER. Due to the
person's disabilities, he is unable to
operate conventional apparatus of this
type.

Florida 32611

SUMVARY OF | MPACT

Tony is a 25 year old young man who
is profoundly nentally retarded and non-
verbal. He also has Cerebral Pal sy which
effects the nmuscle tone in his arns,
legs, and trunk (severe spastic
quadri pl egi a) . He has severeScoliosis
of the spine and linmted range of motion
of his arns and legs. He is unable to
roll over or sit up. Tony can extend his
neck and turn his head from side to side
He is also able to reach for objects with
his left arm He appears to have good
vi sion and comruni cates by either smling
and laughing or by grimacing and
groaning. Tony is totally dependent on
others to provide for all his self-care
and daily living activities. Heis
totally dependent on others for nobility.

The primary goal of the custom prone
scooter is to give Tony the ability to
move himself through space for the first
time. He may learn to control his
novenents without depending on staff.
Qutdoors, Tony coul d experience self-
powered nobility for the first time and
per haps benefit fromthe cardi ovascul ar
demands of the arm punping mechani sm
Beyond these benefits, the feeling of
acconpl i shment would certainly have
positive effects on Tony.

The scooter mayalso yield severa
secondary benefits. The contoured nolded
trunk support corrects Tony's scoliosis
and maintains his trunk in better
alignment than when he is in other
positions. His legs are also maintained
in better alignment when in the device
This custom zed prone position is far
superior to the prone position in which
Tony can be placed using comercially
avai | abl e equipnent. This inproved
positioning should hel p prevent the
progression of Tony's deformties,

I mprove circulation, and increase lung
expansion.  Also, because of its height

it all ows Tony to make eye contact with

t hose around hi m wi t hout hyperextending
his neck. This will allow staff to run a
variety of progranmng with Tony while he
is positioned on the device.



TECHNI CAL DESCRI PTI ON

The specifications for the physica
design criteria were; his weight, 70
| bs-m the maxinumforce in his arms, 10
Ibs-f in his left armand 4 Ibs-f in his
right arm his linited range of notion,
+90 degrees to -45 degrees forward to
backward of his upper arm about his
shoul der with respect to the body line
zero degrees to +90 degrees outward away
from his body of his upper armand +30
degrees to +170 degrees for an el bow
angle and little control of his wists
and his cognition. For nodeling
conputations, the weight of the vehicle,
70 Ibs-m and the maxi mum accel eration of
the SCOOTER, 1 ft/sec2, were arbitrarily
chosen. A factor of safety of two was
selected in order to assure the security
of the individual

The overal |l dinensions of the
SCOOTER 64 inches long, 33 inches wide,
42 inches high and wei ghs approxi mately
55 Ibs-m  The chassis is constructed
entirely of 6061-Teé al uninum The
supported pan is one piece of 50
t housandth inch al um num riveted
together. The pan is supported by a
truss of one inch by one inch by one-
eighth inch angle and is capable of
wi t hst andi ng | oads greater than 200
I bs-f. The rear wheels are 20 inch
wheel chair wheels and are fixed to the
rear axil. The front wheels are 8 inch
casters, also from a wheel chair.

There are two sets of drive systens,
one for each lever arm  The drive
systems consists of three free-turnin
sprockets, one ratcheting sprocket and a
I'1ght weight polyurethane chain. The

’L. LEVER ARM

master |link also acts as the connection
point for the nenbers attached to the
lever arm  The lever arms rotate about a
bar fixed to the chassis and extend
uEmard by the head. They are fixed
shoul der " width apart. Othotic devices,
nmol ded plastic wth velcro straps, are
attached to the lever arns at shoul der
height. These orthosis are used to
secure the individual's hands and wists
to the lever armin order that he may
concentrate his strength on working the
I evers and not holding up his arms. The
i ndi vidual normally uses this device to
correct his wist and hand deformties
The action of puIIin? the | evers towards
hinmself facilitates forward motion. The
| evers are then free to ratchet back for
the next stroke. For safety, the chain
drive systemis shielded by an al um num
sheet .

Due to the individual's cognitive
skills, the SCOOTER is not equipﬁed with
steering capabilities, and for the sane
reason, there is no reverse node. There
is a wheel lock and this is to be used by
the nonitor to aid in turning the
vehicle. The SCOOTER is nmeant to be used
on flat level ground such as a hallway or
si dewal k.

The SCOOTER cost five-hundred three
dollars and el even cents ($503.11) to
build. It was created to be highly
specialize for the intended individual,
wth sone nodifications it could be
redesigned to be a useful node of
transportation to others capabl e of
mastering a nore conplex vehicle.
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