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The VA also realized that the state of the art in limbs and braces was primitive and
ineffectual, The orthoses and prostheses available in the 1940s were uncomfortable,
heavy, and offered limited function. As a result, the federal government :!.mhhs'r_l:d
the Vererans Administration Prosthetics Research Board, whose mission was to im-
prove the orthotics and prosthetic appliances that were available. Scientists and
engineers formerly engaged in defeating the Axis powers now trned th‘“’_ ENErgies
roward helping people, especially veterans with disabilities. As a result of their efforts,
artificial limbs, electronic travel guides, and wheelchairs that were more rugged,

lighter, cosmerically appealing, and effective were developed.
isti agy and rehabilitation engineering was nurtured by a

The
rwo-pronged approach in the federal government. One approach dirccﬂ funded
research _and development efforts thar would ugilize the rech advances
ng the functioning and independence of

created by the war effort toward im 4
The other approach helped to establish centers for the training of

Injured veterans.
prosthetists and orthotists, forerunners of today’s assistive technologi

ineering came from birth

S ————

" In the early 1960s, another impetus to rehabilitation engi h
defects in infants born to expectant European women who took thalidomide to

combat “morning sickness.” The societal need to enable children with severe deform-
ities to lead productive lives broadened the target population of assistive technology
and rehabilitation engineering to encompass children as well as adult men. Subse-
quent medical and rechnical collaboration in research and development produced

externally powered limbs for people of all sizes and genders, auromobiles that could
be driven by persons with no arms, sensory aids for the blind and deaf, and various

assistive devices for controlling a person’s environment.
Rehabilitation engineering received formal governmental recognition as an engin-

ecring discipline with the landmark passage of the federal Rehabilitation Act of 1973.
The act specifically authorized the establishment of several centers of excellence in
rehabilitation engineering. The formation and supervision of these centers were put
under the jurisdiction of the National Institute for Handicapped Research, which later
became the National Institute on Disability and Rehabilitation Research (NIDRR). By
1976, about 15 Rehabilitation Engineering Centers (RECs), each focusing on a
different set of problems, were supported by grant funds totaling about $9 million
per year. As the key federal agency in the field of rehabilitation, NIDRR also supports
rehabilitation engineering and assistive technology through its Rehabilitation Re-
search and Training Centers, Field Initiated Research grants, Research and Demon-
stration program, and Rehabilitation Fellowships (NIDRR, 1999).

The REC grants initially supported university-based rehabilitation engineering
research and provided advanced training for graduate students. Beginning in the
mid-1980s, the mandate of the RECs was broadened to include technology transfer
and service delivery to persons with disabilities. During this period, the VA also
established three of its own RECs to focus on some unique rehabilitation needs of
veterans. Areas of investigation by VA and non-VA RECs include prosthetics and
orthotics, spinal cord injury, lower and upper limb functional electrical stimulation,
sensory aids for the blind and deaf, effects of pressure on tissue, rehabilitation
robotics, technology transfer, personal licensed vehicles, accessible telecommunica-
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Another

rions, applications of wireless technology, and vocatio nal rehabilitation. !
milestone, the formation of the Rehabilitation Engineering Sociery of Morth Amernca

(RESMA) in 1979, pave greater focus and visibility to rehabilitation engineering.
Despite its name, RESNA is an inclusive professional society that welcomes everyone
involved with the development, manufacturing, provision, and usage of technology
for persons with disabilities. Members of RESMA include occupational and physical
therapists, allied health professionals, special educators, and users of assistive rech-
nology. RESNA has become an adviser to the government, a developer of standards
and credentials, and, via its annual conferences and its journal, a forum for exchange

of information and a showcase for stare-of-the art rehabilitation technology. In
RES™MA

recognition of its expanding role and members who were not engineers,
modified its name in 1995 to the Rehabilitation Engineering and Assistive Technology

Society of North America.
Despite the need for and the benefits of providing rehabilitation engincering

zervices, reimbursement for such services by third-party payers (.8, iNsSurance com-
panies, social service agencies, and government programs) remained very difficult to
obtain during much of the 1980s. Reimbursements for rehabilitation engineering
services often had to be subsumed under more accepted categories of care such as
client assessment, prosthetic/orthotic services, or miscellaneous evaluation. For this
reason, the number of practicing rehabilitation engineers remained relatively static

despire a steadily growing demand for their services.
The shortage of rehabilitation engineers with suitable training and experience was

specifically addressed in the Rehab Act of 1986 and the Technology-Related Assis-
tance Act of 1988. These laws mandated that rehabilitation engineering services had
to be available and funded for disabled persons. They also required an individualized
work and rehabilitation plan (IWRP) for each vocational rehabilitation client. These
two laws were preceded by the original Rehab Act of 1973 which mandated reason-
able accommodations in employment and secondary education as defined by a least
restrictive environment (LRE). Public Law 95-142 in 1975 extended the reasonable
accommodation requirement to children 5-21 years of age and mandated an individ-
ual educational plan (IEP) for each eligible child. Table 5.1 summarizes the major
United Stated Federal legislation that has affected the field of assistive technology and
rehabilitation engineering.

In concert with federal legislation, several federal research programs have at-
tempted to increase the availablity of rehabilitation engineering services for persons
with disabilities. The National Science Foundation (INSA), for example, initiated a
program called Bioengineering and Research to Aid the Disabled. The program’s goals
were (1) to provide student-engineered devices or software to disabled individuals
that would improve their quality of life and degree of independence, (2) to enhance
the education of student engineers through real-world design experiences, and (3) to
allow the university an opportunity to serve the local community. The Office of
Special Education and Rehabilitation Services in the U.S. Department of Education

funded special projects and demonstration programs that addressed identified needs
such as model assessment programs in assistive technology, the application of technol-

ogy for deaf-blind children, interdisciplinary training for students of communicative
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TABLE 5.1 Recent Major U.5. Federal Legislation Affecting Assistiv
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e Technologies

Major Asslstive Technology Impact
red environment in federally

Leglslation

Rehabilitation Act of 1973, as
amended

Individuals with Disabilities
Educarion Act Amendments of
1997

Assistive Technology Act of 1998
{replaced Technology Relared
Asgistance for Individuals with

Disabiliries Act of 1998)
Developmental Disabilities
Assistance and Bill of Rights Act

Americans with Disabilities Act
{ADA) of 1930

Medicaid

Early Periodic Screening,
Diagnosis, and Treatment
Program

Medicare

Mandates reasonable accommodarion and least restric f
assistive technology devices

funded employment and higher education; requires 'l-n..'uh . ogy d
and services be included in state plans and Individualized Written Rehabiliation
508 mandates equal access 1o electronic office

Plans (TWRFP) for each client; Section _
equipment for all federal employees; defines rehabilitation technology as
rehabilitation engineering and assistive technology devices and services; mandates
—rehabilitatinn technology as primary benefit to be included in IWRP
priate cducation; includes

Recognizes the right of every child to a free and appro
concept that children with disabiliries are to be educared with their peers; extends

reasonable accommodarion, least restrictive environment (LRE), and assistive
dares Individualized

technology devices and services to age 3=21 education; man
Educational Plan for each child, 1o include consideration of assistive technulogics;
also includes mandared services for children from birthto 2 and expanded emphasis

on educarionally related assistive rechnologies
First legislation to specifically address expansion of assistive technology d"f"‘r.'“" and
services; mandates consumer-driven assistive technology services, capacity
building, advocacy activities, and statewide system change; Supports prants 1o
ShEms

expand and administer alternative financing of assistive rechnology
=5 councils, university-affiliated

———
Provides grants to states for developmental disabiliti
for persons with developmental

programs, and protection and advocacy activities
dizabilities; provides training and technical assistance 1o improve access to assistive

technology services for individuals with developmental disabilities
Prohibits discrimination on the basis of disability in employment, state and local
government, public accommodarions, commercial facilities, transportation, and
telecommunications, all of which affect the application of assistive technology; use
of assistive technology impacts requirement that Tatle Il entities must communicate

effectively with people who have hearing, vision, or speech disabilities; addresses
relephone and television access for people with hearing and speech disabilinies

Income-based (*‘means-tested”) program; eligibility and services differ from state 1o
state; federal government sets general program requirements and provides financial
assistance to the states by marching stare expenditures; assistive technology benefits
differ for adults and children from birth to age 21; assistive technology for adults
must be included in state’s Medicaid plan or waiver program

Mandatory service for children from birth through age 21; includes any required or

jonal service listed in the Medicaid Act; service need not be included in the

state's Medicaid plan

Major funding source for assistive technology (durable medical equipment); includes
individuals 65 or over and those who are permanently and totally disabled;
federally administered with consistent rules for all states

From Cook and Hussey (2002).

disorders (speech pathologists), special education, and engineering. In 1993, NIDRR
committed $38.6 million to support Rehabilitation Engineering Centers that would
focus on the following areas: adaptive computers and information systems, augmenta-
tive and alternative communication devices, employability for persons with low
back pain, hearing enhancement and assistive devices, prosthetics and orthotics,
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quantification of physical performance, rehabiliration robotics, technology transfer
and evaluation, improving wheelchair mobility, work site modifications and accom-
y, personal licensed vehicles for disabled
bilitation, technological

s in vocational reha
technology for children with oarthopedic

ded 16 Rehabilitation Engineering Re-
d 45 Rehabilitation Research

5.1  INTRODUCTION

modarions, geriatric assistive rechnolog
persons, rehabilitation technology service
aids for blindness and low vision, and

disabilities. In fiscal year 1996, NIDRR fun
search Centers ar a total cost of $11 million dollars an
and Training Centers at a cost of $23 million dollars (MIDRR, 1999).

5.1.2 Sources of Information
Like any other emerging discipline, the knowledge base for rehabilitation engineer-
ing was scattered in disparate publicarions in the early years. Owing to its interdis-
ciplinary narure, rehabilitation engineering research papers appeared in such diverse
publications as the Archives of Physical Medicine ¢ Rehabilitation, Human Factors,
Annals of Biomedical Engineering, IEEE Transactions on Biomedical Engineering,
and Biomechanics. Some of the papers were very practical and application specific,
In the early 1970s, many

whereas others were fundamental and philosophical.

important papers were published by the Veterans Administration in its Bulletin of

Prosthetic Research, a highly respected and widely disseminated peer-reviewed peri-
bilitation R&D in 1983, In

odical. This journal was renamed the Jowrnal of Reba

1989, RESNA began Assistive Technology, a quarterly journal that focused on the
interests of practitioners engaged in technological service delivery rather than the
concerns of engineers engaged in research and development. The 1IEEE Engineering

in Medicine and Biology Society founded the IEEE Transactions on Rehabilitation
Engineering in 1993 to give scientifically based rehabilitation engineering research
papers a much-needed home. This journal, which was renamed IEEE Transactions on
Neural Systems and Rebabilitation Engineering, is published quarterly and covers the
medical aspects of rehabilitation (rehabilitation medicine), its practical design con-
cepts (rehabilitation technology), its scientific aspects (rehabilitation science), and

neural systems.

5.1.3 Major Activities in Rehabilitation Engineering
The major activities in this field can be categorized in many ways. Perhaps the simplest

way to grasp its breadth and depth is to categorize the main types of assistive
technology that rehabilitation engineering has produced (Table 5.2). The develop-
ment of these technological products required the contributions of mechanical,
material, and electrical engineers, orthopedic surgeons, prosthetists and orthotists,

_:iHir:d health Prf}fcssicnals, and computer professionals, For example, the use of voice

in many assistive devices, as both inputs and outputs, depends on digital signal
processing chips, memory chips, and sophisticated software developed by electrical
and computer engineers. Figures 5.2 through 5.4 illustrate some of the assistive
technologies cmently available. As explained in subsequent sections of this chapter,
the proper design, development, and application of assistive technology devices
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TABLE 5.2 Categories of Assistive Devices

Prosthetice and Orthorics
Arrificial hand, wris, and arms

Amificial foot and legs
Hand splints and upper limb braces
Funcrional elecimical stimulation orthoses

||-|_-|.J,|_1:|i_E“:g--_g.L electronic Braille, reading

Assistive Devices for Persons with Severe Visual Impairments
jisf sy RECIms)
Handheld

Diewices to aid reading and writing {e.g., closed circuit TV ;
machines, ralking ealeulators, audivory and tactile vision sulbsniiut

Devices 1o aid independent mobility {¢.g., Laser cane, Binaural Ulirasonic Eyeglasses,
Ulrrasonic Torch, electrunic enunciators, robotic guide dogs)
Assistive Devices for Persans with Severe Auditory Impairments

Drigital hearing nids
Telephane aids (e.g.. TDD and TTY)

Lipreading aids
Speech 1o text converrers

Assistive Devices for Tacrile Impairments
Cuchions
Customized seating
Sensory substitution

Pressure relief pumps and alarms
Alternative and Augmentative Communication Devices

Interface and keyboard emulation
Specialized switches, sensors, and rransducers
Computer-based communication devices
Linguistic toals and sofrware
Manipulation and Mobiliry Aids
Grabbers, feeders, mounting systems, and page turners
Environmental controllers
Roboric aids
Manual and special-purpose wheelchairs
Powered wheelchairs, scooters, and recliners
Adaptive driving aids
Modified personal licensed vehicles
Recrearional Assistive Devices
Arm-powered cycles
Sports and racing wheelchairs
Moeodified sit-down mono-ski

require the combined efforts of engineers, knowledgeable and competent clinicians,

informed end users or consumers, and caregivers.

5.2 THE HUMAN COMPONENT

To knowledgeably apply engineering principles and fabricate devices thar will
help persons with disabling conditions, it is necessary to have a perspective on the

10
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Poawer Drive Systam

Manual Wheelchar

Figure 5.2 Add-on wheelchair system (from Church and Glennen, 1992).

Figure 5.3 Environmental control unit using radio frequency (RF) control (from Church and
Glennen, 1992).
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rious impairments, One way o view
of information (Fig. 5.5).

via senses and res-

the sensors

human component and the consequence of va
ition, and

a human being is as a receptor, processor, and responder
The human user of assistive technology perceives the environment
ponds or manipulates the environment via effectors. Interposed herween
and effectors are central processing functions thar include perception, cogn
ich the human being interprets the

tion relies on the neural circuitry

movement control. Perception is the way in wh
incoming sensory dara. The mechanism of percep
ogical factors such as

found in the peripheral nervous system and central psychol cal .
memory of previous sensory experiences. Cognition refers to activities that ur!dlclrh:
problem solving, decision making, and language formation. Movement control utilizes
the outcome of the processing funcrions described previously ro form a motor pattern

and joints). The impact of the

thereby providing

that is execured by the effectars (nerves, muscles,
effectors on the environment is then detected by the sensors, .
hing goes wrong In
ists the prevalence

feedback berween the human and the environment. When somet

the information processing chain, disabilities often result. Table 5.3 1
of various disabling conditions in terms of anatomic locations.
dicum of success when

Interestingly, rehabilitation engineers have found a mo : _
trauma or birth defects damage the inpur (sensory) end of this chain of information

processing. When a sensory deficit is present in one of the three primary sensory

channels (vision, hearing, and touch), assistive devices can detect important environ-
mental information and present it via one or more of the other remaining senses. For
example, sensory aids for severe visual impairments utilize tactile and/or auditory

outputs to display important environmental information to the user. Examples of
such sensory aids include laser canes, ultrasonic glasses, and robotic guide dogs.

Rehabilitation engineers also have been modestly successful at replacing or aug-
menting some motoric (effector) disabilities (Fig. 5.6). As listed in Table 5.2, these
include artificial arms and legs, wheelchairs of all types, environmental controllers,

and, in the furure, robotic assistants.

However, when dysfunction resides in the “higher information processing centers”
of 2 human being, assistive technology has been much less successful in amelioraung
the resultant limitations. For example, rehabilitation engineers and speech patholo-
gists have been unsuccessful in enabling someone to communicate effectively when

that person has difficulty formulating a message (aphasia) following a stroke. Despite
the variety of modern and sophisticated alternative and augmentative communication
devices that are available, none has been able to replace the volitional aspects of the

human being. If the user is unable to cognitively formulate a message, an augmentative

communication device is often powerless to help.
An awareness of the psychosocial adjustments to chronic disability is desirable

because rehabilitation engineering and assistive technology seck to ameliorate the
consequences of disabilities. Understanding the emotional and mental states of the
person who is or becomes disabled is necessary so that offers of assistance and
recommendations of solutions can be appropriate, timely, accepted, and, ultimately,

used.
One of the biggest impacts of chronic disability is the minority status and socially
devalued position thar a disabled person experiences in society. Such loss of social
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Figure 5.4 Alterative keyboards can replace or operate in addition to the standard keyboard. (a)
Expanded keyboards have a matrix of touch-sensitive squares that can be grouped together to form
larger squares. (b) Minikeyboards are small keyboards with a matrix of closely spaced touch-sensitive
squares. (c) The small size of a minikeyboard ensures that a small range of movement can reach the
entire keyboard. (d) Expanded and minikeyboards use standard or customized keyboard overlays. (e)

Some alternative keyboards plug directly into the keyboard jack of the computer, needing no special
interface or software (from Church and Glennen, 1992),
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Figure 5.5 An information processing model of the human operator of assistive lechnologies. Each
block represents a group of functions related to the use of technology.

----------

TABLE 5.3 Prevalence of Disabling Conditions in the United States

45=50 millivn persons have disabilities thar slightly lomir their acnvigies
32% heanng
21% sight
18% back or spine
16% leg and hip
59 arm and shoulder
4% speech
3% paralysis
1% limb amputation
7=11 million persons have disabilities that significantly limir their activities
30% back or spine
26% leg and hip
139% paralysis
9% hearing
89 sight
7% arm and shoulder
4% limb ampu rarion

3% speech

Data from Stolov and Clowers (1981).

status may result from the direct effects of disabiliry (social isolation) and the indirect

effects of disability (economic setbacks). Thus, in addition to the tremendous drop in
personal income, a person who is disabled must battle three main psychological
consequences of disability: the loss of self-esteem, the tendency to be too dependent
on others, and passiviry.

For individuals who become disabled through traumatic injuries, the adjustment to
disability generally passes through five phases: shock, realization, defensive retreat or
denial, acknowledgment, and adaptation or acceptance. During the first days after the

onset of disability, the individual is usually in shock, feeling and reacting minimally
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Figure 3.6  (a) This system generates temporal signatures from one set of myoelectric electrodes to
cm‘tml mum;_:#e actuators. (b) Electrical stimulaton of the forearm to provide force feedback may be
carried out using a system like this one (from Webster et al., 1985).

}vithb the surrt?undings and showing little awareness of what has happened. Counsel-
ing interventions or efforts of rehabilitation technologists are typically not very

effective at this time.
zfmftcr sc?crall weeks or months, the individual usually begins to acknowledge the
reality and seriousness of the disability. Anxiety, fear, and even panic may be the
Depression and anger may also occasionally appear

predominant emotional reactions.
individual’s emotional state, intense or sustained

fiuxing this phase. Because of the
intervention efforts are not likely to be useful during this time.
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following the delivery of the assistive technology device, the user and others in that
environment learn to accommodate to the new device. As people and the environ-
ment change, what worked initially may become inappropriate, and the assistive
device may need to be reconfigured or reoptimized. Periodic follow-up -““_1 adjust-

ments will lessen rechnology abandonment and the resultant waste of rime and

resounces.

5.4 PRINCIPLES OF REHABILITATION ENGINEERING

Knowledge and techniques from different disciplines must be utilized to dfgiﬂﬂ
technological solutions that can alleviare problems caused by various disabling condi-
tions. Since rehabilitation engineering is intrinsically multidisciplinary, identifying
universally applicable principles for this emerging field is difficult. Often the most
relevant principles depend on the particular problem being examined. For example,
principles from the ficlds of electronic and communication engineering are para-
mount when designing an environmental control system thar is 1o 'ff"-‘ integraved
with the user’s battery-powered wheelchair. However, when the goal is 1o d_f‘"ElUP
an implanted functional electrical stimulation orthosis for an upper limb i-“"'PI:“rfd !3'?
spinal cord injury, principles from neuromuscular physiology, biomechanics, bio-
marcrials, and control systems would be the most applicable.

Wharever the disability to be overcome, however, rehabilitation engineering is
inherently design oriented. Rehabilitation engineering design is the creative process
of identifying needs and then devising an assistive device to fll those needs.
A systematic approach is essential to successfully complete a rehabilitation project.
Key elements of the design process involve the following sequential steps: analysis,

synthesis, evaluation, decision, and implementarion.

Analysis
Inexperienced bur enthusiastic rehabilitation engineering students often respond to a
plea for help from someone with a disability by immediately thinking about possible

solutions. They overlook the important first step of doing a careful analysis of the
problem or need. What they discover after much ineffectual effort is that a thorough
investigation of the problem is necessary before any meaningful solution can be
found. Rehabilitation engineers first must ascertain where, when, and how often the
problem arises. What is the environment or the task situation? How have others
performed the task? What are the environmental constraints (size, speed, weight,

What are the psychosocial constraints (user prefer-

location, physical interface, etc.)?
ﬂWI tolerance, cognitive abilities, and limitations)? What
are the financial considerations (purchase price, rental fees, trial periods, maintenance

and repair arrangements)? Answers to these questions will require diligent investi-
gation and quantitative data such as the weight and size to be lifted, the shape and
texture of the object to be manipulated, and the operational features of the desired
device. An excellent endpoint of problem analysis would be a list of operational
features or performance specifications that the “ideal” solution should possess,
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valuable gui
list of performance specilications can serve as .1!'=
Such a list of perform A
best solution during later phases of the gn p

' l s I tromechanical device to raise
ificari el elec ¥
' ecificarions for an
Develop a ser of performance sp

i nr edema).
and lower the lower leg of a wheelchair uscr (to preve

Solution

ificati e ideal
A sample set of performance specificarions abour th
written as follows:

mechanism might be

m Be able to raise or lower leg in Ss \
= Independently operable by the wheelchair occupant
» Have an emergency stop switch
= Comparible with existing wheelchair and its leg rests
s Quiet operation
= Entire adaptation weighs no more than five pounds m}
Synthesis

A rehabilitation engineer who is able to describe in writing the nature of the problem

is likely to have some ideas for solving the problem. Although not strictly sequential,
the synthesis of possible solutions usually follows the analysis of the problem. The

S}Hfhﬂmﬁjs' of possible solutions is a creative activity that is guided by previously learned
engin I prrn-‘:ij?les and supported by handbooks, design magazines, product cata-
logs, and consultarion with other professionals, While making and evaluating the list

of possible solutio f the problem usually is reached and

ns, a deeper understanding o
¥ Dot apparent, solutions arise. A recom ended i
e mended endpoint for the

51 d : ]
each tria] solution, ess includes sketches and technical descriptions of

Evaluation

The chjoi;e of the fina] solution is ofren made eag;
solution usually involves 3 Compromjse
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solutions, more than cne may appear equally satisfactory. Ar this point, the final

decision may be made based on the preference of the user or some other intangible
factor that is difficult to anticipate. Sometimes choosing the final solution may involve

consulting with someone else who may have encountered a similar problem. What is
most important, however, is careful consideration of the user’s preference (principle

5 of assistive rechnology).

Implementation
To fabricate, fit, and install the final (or best) solution requires additional project

planning thar, depending on the size of the project, may range from a simple list of
tasks to a complex set of scheduled activities involving many people with different

skills.

Example Problem 5.2
List the major rechnical design steps needed to build the automatic battery-powered

leg raiser described in Example Problem 5.1,

Solution
The following are some of the key design steps:

® Mechanical design of the linkages to raise the wheelchair’s leg rests
= Static determination of the forces needed to raise the occupant’s leg
Determination of the gear rarios and torque needed from the electric motor

=
Estimation of the power drain from the wheelchair bartteries

L

m Purchase of the electromechanical components

s Fabrication of custom parts and electronic components
L

Assembly, testing, and possible redesign
» Field trials and evaluation of prototype device

5.4.1 Key Engineering Principles
Each discipline and subdiscipline that contributes to rehabilitation engineering has its

own set of key principles that should be considered when a design project is begun.
For example, a logic family must be selected and a decision whether to use synchro-
nous or asynchronous sequential circuits must be made at the outset in digital design.

A few general hardware issues are applicable to a wide variety of design tasks,
including worst-case design, computer simulation, temperature effects, reliabiliry,
and product safety. In worst-case design, the electronic or mechanical system must
continue to operate adequately even when variations in component values degrade
performance. Computer simulation and computer-aided design (CAD) software often

can be used to predict how well an overall electronic system will perform under

different combinations of component values or sizes.
The design also should take into account the effects of temperature and environ-

mental conditions on performance and reliability. For example, temperature extremes
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can reduce a battery's capacity. Temperature also may affect r'l‘l'la'lh_i”'-'}’- £0 P‘UP:‘:
venting and use of heat sinks should be employed to prevent excessive remperati
increases. For reliability and durability, proper strain relief of wires and connectors
should be used in the final design. | -
Product safety is another very important design principle, especially for rehabili-
tative or assistive technology. An electromechanical system should always incorporare
a panic switch that will quickly halt a device's operation if an emergency arises. Fuses
and heavy-duty gauge wiring should be employed throughout for extra margins of
safety. Mechanical stops and interlocks should be incorporared to ensure proper
inrerconnections and to prevent dangerous or inappropriate movement.

When the required assistive device must lift or support some part of the body, an
analysis of the static and dynamic forces (biomechanics) that are involved should be
P:rfurmed The simplest analysis is to determine the static forces needed to hold the
object or body _part in a steady and stable manner. The basic engineering principles

needed for static and dynamic analysis usually involve the following steps: (1) Deter-
;"n;'; ﬂ; ;nrg: vectors acting on the object or body part, (2) determine the moment
body ) ascertain the centers of gravity for various components and
segments. Under static conditions, all the forces and moment vecrors sum to

mon';];ﬁ : diq:hmm conditions, the governing equation is Newton's second law of
(F= m}n which the vector sum of the forces equals mass times an acceleration vector

Example Problem 5.3

ESHPPG.H‘: a 125-1b person lies supine on a board resti
rhpm (Fig. jﬂ Assume that the center of

¢ center line of the limb and 1.5 in. abo
person’s right leg. l

; ng on knife edges spaced 72 in.
gravity of the lower limb is located through
ve the knee cap, Estimate the wei ght of this

&
v
o
v
W
o
L
o
@
¢
v

l

{



231

5.4 PRINCIPLES OF REHABILITATION ENGIMNEERING
g comfortably on the board and when

Solution
woments about the left knife edge

Record the scale reading with both legs restin
the right leg is raised almost straight up. Sum the o

pivot to yield the following staric equation:
WD = L(S; — S2)
where W is the weight of the right limb, L is the length of the board berween the
is the scale reading with both legs resting on the board, §; is the scale
horizontal distance through which the

mb was raised. Suppose the two scale
Substituting these values into

the right leg. W

supports, S

reading with the right leg raised, and D is the
limb's center of gravity was moved when the li
readings were 58 Ibs for 5y and 56 lbs for S and D =7 in.
the equations would yicld an estimate of 20.6 Ibs as the weight of

wall pulleys (Fig. 5.8).
which weighs 4 1bs. The
ultant force of the entire

Example Problem 5.4
A patient is exercising his shoulder extensor muscles with

Weights of 20, 10, and 5 lbs are loaded on the weight pan,
patient is able to exert 45 Ibs on the pulley. What is the res
acceleration of the weights?

system? What are the magnitude and direction of

Solution
whereas the 45 Ibs of tension on the

All the weights and the pan act straight down,
pulley’s cable exerts an upward force. The net force (F) is 6 lbs upward. Using
where 1 is the mass of the weights and

Newton’s second law of motion, F = ma,
the pan and a is the acceleration of the weights and pan. The mass, m, is found by
%) to yield m =

dividing the weight of 39 Ibs by the acceleration of gravity (32.2 ftfs
1.21 slugs. Substituting these values intoa =F/m yields an acceleration of 4.96 fus’

in the upward direction.

5.4.2 Key Ergonomic Principles
is another indispensable part of rehabilitation engineer-
ing and assistive technology design. Applying information about human behavior,
abilities, limitations, and other characteristics to the design of tools, adaptations,

electronic devices, tasks, and interfaces is especially important when designing assistive
technology because persons with disabilities generally will be less able to accommodate

poorly designed or ill-fitted assistive devices. Several ergonomic principles that are
especially germane to rehabilitation engineering are discussed in the following sections.

Ergonomics or human factors

Principle of Proper Positioning

Without proper positioning or support, an individual who has lost the ability to

maintain a stable posture against gravity may appear to have greater deformities
k of proper arm

and functional limitations than truly exist. For example, the lac
support may make the operation of even an enlarged keyboard unnecessarily slow



\i
HHNOLOG
TIVE TEC
. AMD AS5I5
TATION ENGINE ERIMG A
REHABILI
CHAFTER 5
232

skt
10l

20
[ 401

Figure 5.8 ratient exercising his shoulder extensor muscles with wall
1978).

pulleys (from Le Veau,

or mistake prone. Also, the lack of proper upper trunk stability may unduly limit the
use of an individual’s arms because the person is relying on them f'F'r support.
During all phases of the design process, the rehabilitation engineer musi: ensure
that whatever adaptation or assistive technology is being planned, the person’s trunk,
lower back, legs, and arms

will have the necessary stability and support at all ti‘rrfz:s
(Fig. 5.9). Consultation with a physical therapist or occuparional therapist familiar
with the focus individual duri initi i

postural support appears

itions that require consider-
ations of seating and positioning are listed in Table 5.5,

Principle of the Anatomical Control Site
Since assistive device
reliably indicate the;

switches and sensors

§ receive command si
r intent by usin

gnals from the users, users must be able to
that are availah

B overt, volitional actions,

Given the variety of
le, any part of the body over which the user has
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Figure 5.9 Chair adaptations for proper positioning {irom Church and Glennen, 1992).

TABLE 5.5 Conditions That Require Consideration of Seating and Positioning

Seating Conslderations

Condition Description and
Characteristics
Cerebral palsy Nonprogressive neuromuscular
Increased tone (high Fixed deformity, decreased Carrect deformities, improve
ronc) movements, abnormal patterns alignment, decrease tone
Decreased tone (low Subluxarions, decreased active Provide support for upright
tone) movement, hypermobility positioning, promote
development of muscular control
Athetoid {mixed rone) Excessive active movement, Provide stabiliry, but allow
decreased stability controlled mobility for function
Muscular dystrophies Degenerative neuromuscular
Duchenne Loss of muscular control proximal Provide stable scating base, allow
to distal person to find balance point
Prepare for flexibility of system 1o

Series of exacerbations and
follow needs

Mulriple sclerosis
remissions
Reduce high risk for pressure

Spina bifida Congenital anomaly consisting of a
deficit in one or more of the concerns, allow for rypically
vertebral arches, decreased or good upper extremity and head
absent sensation control
Reduce high risk for pressure

Insult to spinal cord, partial or
complete loss of function below
level of injury, nonprogressive
once stabilized, decreased or
absent sensation, possible
scoliosis/kyphosis

Osteogenesis imperfecta  Connective tissue disorder, brittle

bone disease, limited functional

range, multiple fractures

Orthopedic impairments  Fixed or flexible

concerns, allow for trunk

Spinal cord injury
movements used for funcrion

Provide protection

If fixed, support, if flexible, correct

(continued)
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; positioning
eating and
E5.5 Conditions That Require Consideration of 5
TABLE 5. o
{Continued)

seating considerations
£ Description and

Eh-r-:M

Traumaric brain inpry

{ i wement
rent of Allow for {Tnc::::h:rl';n;:;‘h
Severity dopendent :-"{: damage. as re I-u_.*.hu ira e il
central nervous syst e B ke %y ‘
I cognitive com| - it
:::P::;:ﬁsif'e once stabilized tia chang
T i sed Provide comfort a!-ul visual ;
Typical aged Otften, fixed kyphosis, derrj: ke ,-,.,.m-“m,.}-,,“m :
bone mass, and _ﬂecrmy: it e
strength, inconninence ]., B o
Aged secondary o Example—older patients wit 7 oride o0
primary disabiliry cerebral palsy may have fix
defurmities

. : T R e U e
Adapicd with permission from Evaluating, Selecting, and Using Appropriate Assistive Techmolugy
Galvin, M. ]. Scherer, p. 66, €1 1996 Aspen Publishers, Inc.

site can be designed by using various transducers, switches, joysticks, and keyboards.

it ' i nee
In addition to the obvious control sites such as the finger, elbow, shoulder, and k 15..;
subtle movements such as raising an eyebrow or tensing a particular muscle can 2
be employed as the control signal for an assistive device. Often, t

he potential control
sites can and should be analyzed and quantitatively compared for their relat

ive speed,
reliability, distinctiveness, and repeatability of control actions. Field trials using mock-
ups, stopwatches, measuring tapes, and a video camera can be very helpful for
collecring such performance data.

When an individual’s physical abilities do not permit direct selection from among a
set of possible choices, single switch activation by the anatomical control site in
combination with automated row-column scanning of a matrix is often used. In
row-column scanning, each row of a matrix lights up sequentially from the top to

,d“ l_xmum. When the row containing the desired item is highlighted, the user selects

it using a swfrrch. Then each item in that row is scanned (from left to right) until the
i:ﬁi ;:;}1 ;:; :;misa:n hb;u::;:l:-dg ;wg:eh activatim:l. Th:dspeed with which a two-
Bry i p mﬁsa?es epends on the placement of the
i ;.md rhsfp 3 :rranfgcmems of alphanumeric symbols—the alpha-
R Pmblemr;?s_ Cy of occurrence arrangement of the alphabet—are

Example Problem 5.5

Assume that a communication device has e
as cither an alphabetical arrangement of lette
::u fl?irgg;:nf arra:;gcmenl: and does row-column scanning as fullnwf: (1) Two SWitCl-EL
Enil l: iﬁ; tei :: Dsc;c_ctlszart;cuIar item in the array; (2) The dwell time for
151.08; i 1
oo e )61 2 4!; b scan{ ) The dwell time along a selected row (starting

begins at the top row aftera successful selection.
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fﬂr both arrangements, calculate the predicied time needed o generate the phrase
I'WANT TO GO TO SEA WORLD." Assume zero errors or missed opportunities.

Alphabetical Arrangement of Letters

SPACE A B C D E F

G H i ] K 1 M

N 0 P 0 R 5 T

u v w x Y 7 ™
I ER RE AN HE '
Frequency Arrangement of Letters
SPACE E A 1 L HE Y
T 0 5 D P AN ER
N R C F 1N ES Q
H TH M B v x Z
u w G K ] ’

Solution

The time needed to compose the targer sentence is equal to the number of steps needed
to select cach letrer and space in that sentence. For the alphabetically arranged array, 5
dwell steps (2nd row plus 3rd column) at 1.5 s per step are nee ded to reach the letter .
For the frequency of occurrence array, 5 dwell steps (1st row plus 4th column) also are
needed to reach the letter I. To insert a space, both arrays require 2 dwell steps (1st row
plus 1st column). For the letter W, the same number of dwell steps (7) are needed in both
arrays. For the letter T, however, 10 dwell steps are needed in the alphabetical array but
just 3 dwell steps are needed in the frequency of occurrence array. Each time theletter T
is used, 7 dwell steps (or 10.5 s) are saved with the frequency of occurrence array. Thus,
the time needed to produce the sample sentence, assuming no errors, is 213 s when
using the alphabetical array and 180 s when using the frequency array. Notice that even
for a 7-word sentence, over half a minute can be saved with the faster frequency
arrangement array and that additional time was saved by using the double letter

combination AN rather than selecting the single letters A and N separately. m

Principle of Simplicity and Intuitive Operation

The universal goal of equipment design is to achieve intuitively simple operation, and
this is especially true for electronic and computer-based assistive devices. The key to
intuitively simple operation lies in the proper choice of compatible and optimal
controls and displays. Compatibility refers to the degree to which relationships be-
tween the control actions and indicator movements are consistent, respectively, with
expectations of the equipment’s response and behavior, When compatibility relation-
ships are incorporated into an assistive device, learning is faster, reaction time is
shorter, fewer errors occur, and the user’s satisfaction is higher. Although people can
and do learn to use adaptations that do not conform to their expectations, they do soat
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tion). Hence, the rehabilitation engineer 1 D iadlines e

common compartibility relationships and hasic erg S e

nd corresponding control should be phy

| should have similar physical

same direction and
displays,

ar a
arrange-

m The display a

each other. :
The display and corresponding contro
Id move in the

| |
ments and/or be aided by guides or mairk;-rs.
shou ;
dials matched with rotary

The display and corresponding contro
indful of popularion

L ]
within the same spatial plane (e.g., rotary di:
linear vertical sliders matched with vertical displays).
omething on, a

: : - m

The relative movement berween a switch or clmll sht.lmld be i

stereotypic expectations (e.g., an upward activation to tu e o
clockwise rotation to increase something, and scale numbers t

given in

left to right).
Additional guidelines for choosing among various types of visual displays are

Table 5.6.

Principle of Display Suitability
In selecting or designing displays for transmission of information, the selection of the

sensory modality is sometimes a foregone conclusion, such as when designing a
warning signal for a visually impaired person. When there is an option, however,

the rehabilitation engineer must take advantage of the intrinsic advantages of one
sensory modality over another for the type of message or information to be conveyed.
For example, audition tends to have an advantage over vision in vigilance types of

n-getting qualities. A more extensive comparison of

wa:;:ings because of its attentio
auditory and visual forms of message presentation is presented in Table 5.7.

Principle of Allowance for Recovery from Errors
ineering and human factors or ergonomics seek to design

Both rehabilitation engin
::;;sn?; technology thar will expand an individual’s capabilities while minimizing
< ors. : owever, lll.l]'.l‘lﬂf] error is unavoidable no matter how well something is
mt;:ag:m k I-!cnr:e, the assistive device must provide some sort of allowance for errors
e r:;:s S;If‘l :mfy f:ompmmlsu;g system performance or safety, Errors can be classified
mission, errors of commission, sequencin imi
oo _ g errors, and timing errors.
A well-designed computer-based electronic assistive device will incurpu?-at: one or

more of the following attributes:
it the error (e.g., using jacks

r only one way or the device automatically rejects

inappropriate responses while giving a warnj
. : . ng).

3 u]:;: d:;;gn n:ikﬁ it less likely, but not impossible to commit the erro

p ncﬂm.;";c d:d “’111'1"5 :IccﬂmPﬂﬂifd by easily understood wiring diagr:ni‘:ig“
: cuces the damaging conseque : :
[ri;d}mng thF hkehhc:od of errors (e.g., Tﬂn;’-‘-ﬁ of :;:iur:l w];thcfut necessarily
It excessive electrical current, mehanjca] mﬂ?emE = ﬂ:‘: 3mdc}ill stops that
peed).
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generally more time is required for very young children and older people to retrieve
information from long-term memory, to choose among response alternatives, and to
execute correct responses. Studies have shown that elderly persons are much slower in
searching for marerial in long-term memory, in shifring attention from one task to
another, and in coping with conceprual, spatial, and movement incongruities.

The preceding findings suggest that the following design guidelines be incorpor-
ated into any assistive device intended for an elderly person:

= Strengthen the displayed signals by making them louder, brilghtr.r. larger, erc.
= Simplify the controls and displays to reduce irrelevant details that could act as

sources of confusion, o
s Maintain a high level of conceptual, spatial, and movement congruity, i.c.,
compatibility berween the controls, display, and device's response.

= Reduce the requirements for monitoring and responding to multiple tasks.
s Provide more time between the execution of a response and the need for the

next response. Where possible, let the user set the pace of the task.
= Allow more time and practice for learning the material or task to be pe rformed.

5.5 PRACTICE OF REHABILITATION ENGINEERING AND ASSISTIVE
TECHNOLOGY

5.5.1 Career Opportunities
As efforts to constrain health care costs intensify, it is reasonable to wonder whether
career opportunities will exist for rehabilitation engineers and assistive technologists.
Given an aging population, the rising number of children born with cognitive and
physical developmental disorders, the impact of recent legislative mandates (Table
5.1), and the proven cost benefits of successful rehabilitation, the demand for assistive

technology (new and existent) will likely increase rather than decrease. Correspond-
ingly, employment opportunities for technically oriented persons interested in the
development and delivery of assistive rechnology should steadily increase as well.

In the early 1980s, the value of rehabilitation engineers and assistive technologists
was unappreciated and thus required significant educational efforts. Although the
bartle for proper recognition may not be entirely over, much progress has been made
during the last two decades. For example, Medi-Cal, the California version of the
federally funded medical assistance program, now funds the purchase and customiza-
tion of augmentative communication devices. Many states routinely fund technology
devices that enable people with impairments to function more independently or to

achieve gainful employment.

Career opportunities for rehabilitation engineers and assistive technologists cur-
rently can be found in hospital-based rehabilitation centers, public schools, vocational
rehabilitation agencies, manufacturers, and community-based rehabilitation technol-
ogy suppliers; opportunities also exist as independent contractors. For example, a job
announcement for a rehabilitation engineer contained the following job description
(Department of Rehabilitative Services, Commonwealth of Virginia, 1997):
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Beginning with the Rehabilitation Act of 1973 an

1992 and 1998, rehabilitation engineering in the United States has been recognized as

an acrivity that is worthy of support by many governments, and many universities

offer formal graduate programs in this field. Fees for such services have been reim-

bursed by public and private insurance policies. Job advertisements for rehabilitation

engineers appear regularly in newsletters and employment notices. In 1990, the

Americans with Disabilities Act granted civil rights to persons with disabiliries and

made reasonable accommodations mandatory for all companies having more than 25

employees. Archival journals publish research papers that deal with all facets of

rehabilitation engineering. Student interest in this field is rising. What is next?

Based on some recent developments, several trends will likely dominate the prac-
h and development activities during

tice of rehabilitation engineering and its researc

the next decade.

o Certification of rehabilitation engineers will be fully established in the United
States. Certification is the process by which a nongovernmental agency or
Frﬂfessinna! association validates an individual’s qualifications and knowledge
in a defined functional or clinical area. RESNA is leading such a credentialing

effort for providers of assistive technology. RESNA will certify someone as a
Professional Rehabilitation Engineer if that person is a registered Professional
levant work

Engin = {a‘ legally .ljf':“fgﬂiz'-‘-'d title), possesses the requisite re
experience in rehabilitation technology, and passes an examination that con-

:iainsT?ﬂiEH m;:!tiplc-cht::i:}e questions. For nonengineers, certification as an Assis-
ve Technology Practitioner (ATP) or Assistant Technology Supplier (ATS) is
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s Quality assurance and performance gtandards for categorics of assistive devices
will be established. As expenditures for rehabilitation enginccning servicos and
assistive devices increase, there will andoubredly be demand for sume objective
assurance of quality and skill level. One example of thistrend is the ongoing wiark
of the Wheelchair Standards Commitiee juintly formed by RESMA and the
Another example of this trend is the drive

American Wational Standards Institute.
for certifying assistive technology providers and assistive technology suppliers.
= Applications of wireless rechnology will greatly increase the independence and
capabilitics of persons with disabilities. For example, navigational aids that
atilize the Global Positioning System, Internet maps, cellular base starion -
angulation, and ubiquirous radio frequency identificarion tags will enable the
blind ro find their way indoors and putdoors as easily as their sighted counter-
parts. Wireless technology also will assist people with cognitive limitations in
their performance of daily activiries. Reminders, cucing devices, rrackers and
wandering devices, and portable personal data nssistants will enable them to
remember appointments and medications, locate themselves positionally,
follow common instructions, and obtain assistance.
Technology will become a powerful equalizer as it re
location, mobility, and communication that a
common consequences of disabilities. Sometime in the next 20 years, rehabili-
ration engineers will utilize technologies that will enable disabled individuals o
stem behavior remotely through

manipulate data and information and to alter sy
olled, Internet-based, wireless computer workstation embed-
eelchairs. Rather than commuting daily to
nvironment

Il or can work at home in an ¢
ssess assistive technology that will
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duces the limitations of
e the

manipulation, distance,

their voice-contr
ded in their nuclear-powered wh
work, persons with disabilities wi
uniquely suited to their needs. They will po
expand their abilities. Their dysarthric speech
and converted into intelligible speech in real im

the breathtaking speed at

tion system. Given
devices are not mere dreams but realist

occur, these futuristic

of the current rate of progress.

bilitation engineering and assistive technology R & D will

king such dreams a reality shortly after they complete
rehabilitation engineers,

role of future practicing
to assess someone’s needs and himita-
and design, prescribe,

Srudents interested in reha
be able to contribute toward ma

their formal training. The overall
will not change. They still will need
d in this chapter,

however,
tions, apply many of the principles outline
modify, or build assistive devices.

chapter, answers 10
textbook for the

rocess described earlier in this
g section. You

Like the engineering design p

the following study questions may require searching beyond this
necessary information. A good place to begin is the Suggested Readin
also may try looking for the desired information using the Internet.



