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ABSTRACT

In September 1992, The Institute for Re-
habilitation and Research (TIRR) in
Houston was awarded a two-year grant
from the National Institutes of Health/
National Center for Medical Rehabili-
tation Research (NIH/NCMRR). This
grant was designed to 1) establish a na-
tional database of children and adults
with upper-limb loss and 2) evaluate
past use of prostheses, current trends in
technology and prosthetic preferences
of these individuals to help define future
prosthetic research.

More than 6,600 one-page surveys
were sent to individuals throughout the
country with upper-limb loss or ab-
sence. Of those surveys, 2,477 were
returned, and demographic information
was recorded. A more comprehensive
seven-page survey was then sent to the
respondents who' agreed to participate.
A total of 1,575 of these surveys were
returned: 1,020 by body-powered users,
438 by electric users and 117 by bilateral
users of prostheses.

The results of the surveys indicate
users of body-powered and electric
prostheses identify surprisingly similar
elements as necessary in the design of
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a Dbetter upper-limb prosthesis. These
qualities include additional wrist move-
ment, better control mechanisms that
require less visual attention and the
ability to make coordinated motions of
two joints. Desired near-term improve-
ments for body-powered prostheses in-
clude better cables and harness comfort,
whereas those for electric prostheses
include better gloving material, better
batteries and charging units, and im-
proved reliability for the hand and its
electrodes. This article discusses the spe-
cific functions that various levels of
upper-extremity amputees gain from
their prostheses as well as the device
features that aid or detract from their
functions.

Introduction

As Childress (1) stated in 1985, “Ade-
quate replacement of the human hand
and arm is one of the most difficult
problems facing medical technology.”
That statement remains true today due
in part to limited funding resources.
These limitations are compounded by
the fact that clinicians and researchers
1) do not know the actual incidence of
upper-limb loss in the United States

and 2) do not have an effective mecha-
nism of contacting individuals who use
upper-limb prostheses to request their
input as to priorities in prosthetic de-
sign. Both of these issues are addressed
in this Introduction.

While reviewing patient populations
and the use of prostheses and orthoses
in 1973, LeBlanc (2) stated, “Because
of the way health services are delivered
in the United States, no accurate fig-
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ures are available concerning the or-
thopaedic population, treatment meth-
ods, and other information that would
be useful to administrators, clinicians
and research groups.” Leonard and
Meier (3) reinforced that statement in a
1993 text entitled Rehabilitation Medi-
cine: Principles and Practice, indicating
a review of the data collected by the
National Center for Health Statistics
provides estimates only of the inci-
dence of amputations.

One of the most comprehenswe
studies in the literature was conducted
by Kay and Newman (4) in 1975. This
study reviewed 6,000 new amputees by
involving 143 prosthetic facilities, all
members of the American Orthotic and
Prosthetic Association (AOPA), in 39
states and the District of Columbia. Al-
though this study was comprehensive
in its analyses of causes of amputations,
male/female ratio, levels of amputation
.and distribution by age, no direct con-
tact was made with individuals who
have amputations.

Previously, Glattly (5) had conducted
a sizable study of 12,000 new amputees
in the United States in 1964. This
“amputee census” was a joint project of
AOPA and the Committee on Pros-
thetic-Orthotic Education of the Na-
tional Academy of Sciences. Glattly
stated the project title, “Amputee Cen-
sus,” was a misnomer since no national
or regional head count of amputees
was involved, and no estimate of preva-
lence could be derived from the data.
Only basic demographic data were
recorded in this study (state of resi-
dence; age and sex of amputee; date of
amputation; date prosthesis received;
site and cause of amputation). To date,
this is the largest epidemiologic study
of upper-limb amputees conducted in
the United States, and no updated in-
formation has been recorded since.

From 1983 to 1985 LaPlante and
Stoddard (6) completed “Data on Dis-
ability from the National Health Inter-
view Survey” and recorded approxi-
mately 97,000 individuals with absences
of arm(s) or hand(s). The report stated,
“One important limitation of [these]
data is the reliance on self-reporting

and proxy responses for those not pres-
ent, unable to respond or under the age
of 17.”

Other government-sponsored re-
ports and censuses have been generat-
ed through the years relating to per-
sons who have disabilities and the use
of devices to enhance function (6-10).
The methods of gathering and report-
ing this information are diverse; the
published reports show very little.con-
sistency.

Researchers and clinicians such as
Krebs et al. (11) expressed a similar

frustration when trying to study the

prosthetic management of children
with limb deficiencies. Krebs er al. state,
unlike in European countries, “No stan-
dard data collection efforts are re-
quired of health facilities treating chil-
dren with amputations in the United
States, and therefore no comprehensive
characterization of this population is
available.”

Similarly, while trying to gather an
accurate estimate of all children with
congenital upper-limb deficiencies in
North America, McDonnell et al. (12)
stated that incidence and prevalence of
those conditions can be determined on-
ly approximately-and with considerable
difficulty because of classification sys-
tems that tend to lump all anomalies.
However, they pointed out that accu-
rate accounting and detailed records
are kept in some European countries
(13). Since 1955, the artificial limb fit-
ting services in England, Wales and
Northern Ireland have gathered data
on all amputees referred for the first
time. These data included only basic in-
formation until 1970 when computers
enabled the collection of more encom-
passing information such as limb fitting,
limb training, discontinuation of limb
use and amputee whereabouts (14).

Clearly, it appears a mechanism to
record the incidence of and relevant

. data relating to upper-limb (and lower-

limb) amputees is necessary in the
United States, and it is this premise that
led to the establishment of the Nation-
al Upper-Limb Amputee Database at
TIRR in Houston.

In 1985, LeBlanc (15) stated, “Stan-
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dard body-powered upper-limb pros-
theses have not changed significantly
since developments in the 1950s [that]
were spurred by World ‘War 1II. [Pros-
thetists] still employ ancient technolo-
gy using a shoulder harness and steel
cables for operation.” This observation,
still true today, may be due in part to
the fact that research and development
have never been consumer-driven.
Individuals with upper-limb loss rep-
resent a consumer group that takes
an active role in the rehabilitation and
prosthetic experience and keeps
abreast of current trends in prosthetic
and rehabilitation advances. To date,
the forum for individuals with upper-

limb loss to express their opinions
. about their prosthetic experiences of-

ten has been limited to discussions with
private. physicians, prosthetists and
therapists. Many articles have been
written regarding future development,
particularly of myoelectric prostheses
(16-21). However, few studies have
specifically asked the individuals who
use such devices what improvements
they would like to see in body-powered
or electric prostheses.

Consumer involvement in the am-
putee rehabilitation ‘process has oc-
curred in many European countries
during the past 15 years. Several studies
have addressed function and accep-
tance of prostheses as well as recom-
mendations for change (22,23).Two ex-
tensive studies in 1983 and 1989 were
conducted by Van Lunteren et al. (24,
25) in the Netherlands. Their goal was
to gain greater insight into the types of
activities for which prostheses can be
useful and to compare newly designed
prototypes with existing devices so they
could advise the designers. More than
50 children and adults were followed
throughout an entire day, and hundreds
of gripping action patterns were ob-
served.

In Canada, Millstein et al. (26) retro-
spectively reviewed 314 adult upper-
limb amputees at the Ontario Workers’
Compensation Board. A questionnaire
was used to determine the function and
acceptance of users of body- and elec-
trically powered prostheses. Questions
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addressed the amount of time prosthe-
ses were worn, their use and reliability,
and the problems the amputees en-
countered. :

The few efforts undertaken in the
United States have had very specific fo-
cuses and have encompassed small pa-
tient populations. In 1984, the “Im-
provement of Body-Powered Upper-
Limb Prostheses Project” (15) was
launched with funding from the Na-
tional Institute on Disability and Reha-
bilitation Research. In 1988, Melendez
and LeBlanc (27) pursued a unique
study that examined an “invisible” pop-
ulation of amputees who never wore or
no longer wear prostheses. Their survey
of 25 nonwearers reinforced the need
for specific prosthetic design research.

In 1991, Nielsen (28) conducted a na-
tional survey of 109 amputees that
asked 29 questions regarding demo-
graphic variables, prosthetic function
and the specific role of the prosthetist
in patients’ rehabilitation experience.

More recently, a 123-item question-
naire was designed by Nicholas et al.
(29) at Rush University School of Med-
icine in 1993. Ninety-four patients from
two amputee clinics were asked ques-
tions regarding patients’ perceptions,
problems, and feelings relative to their
prostheses and their lives as amputees.
None of these reports, however, ex-
plored the background and prosthetic
experiences of individuals with upper-
limb loss on as large a scale as the pres-
ent study.

For this project, 1,575 children and
adults across the United States re-
sponded to surveys investigating such
areas as etiology, income and employ-
ment, therapy and training, prosthetic
cost and maintenance, wearing and use
patterns, functional abilities, and pref-
erences for areas of improvement. In
completing the surveys, and by provid-
ing additional written comments and
suggestions, respondents were able to
express their opinions knowing their
responses would be shared with many
professionals and lay people involved
in the field of upper-extremity limb
loss.

While this database includes less

than 5 percent of all upper-limb am-
putees in the United States, this popu-
lation is the largest sample assembled
to date of children and adults who use
upper-limb body-powered and electric
prostheses.

Method

Six stages were involved in the method
used in this study: conducting pilot
studies, distributing a single-page sur-
vey, developing three functionally dis-
tinct surveys, organizing the answers in
the database, developing data analysis
techniques and consulting with experts
in the field.

Pilot Studies

During the first year of the study, the
primary focus was on developing and
testing the survey instruments, Initially,
a pilot instrument was administered to
approximately 300 individuals and/or
parents of children with amputation.
Usable responses were received from
38 adults and 44 children.

After TIRR staff reviewed the re-
sponses to this pilot survey, a second
draft was prepared. This second pilot
survey was then distributed to two new
groups. The first group, the Advisory
Review Board, consisted of physicians,
prosthetists, therapists, social workers,
and engineers with expertise in ampu-
tation, rehabilitation and prosthetics.
The second group included 15 adults
and parents of 14 children with varying
levels of upper-limb absence.

After reviewing answers to the ques-
tions and the written comments from
the returned pilot surveys, suggestions
from these combined groups were in-
corporated to make a more clear and
concise survey instrument.

Single-Page Survey Distribution

The first step in contacting individuals
with upper-limb loss was sending each
prospective participant an introductory
letter and a simple one-page survey.
The survey questions requested base-
line, information such as the partici-
pant’s name, address, ethnic origin, date
of birth, ctiology, level of amputation,
type of prosthesis, prosthetic use and

type of job if employed. Additionally, a
single-page “Informed Consent” form
was prepared.

To identify individuals across the
country with upper-limb loss, we enlist-
ed the assistance of prosthetists, physi-
cians, rehabilitation facilities, children’s
hospitals and clinics, general hospitals,
adult support groups, parent support
groups, university hospitals and med-
ical .schools, manufacturers, and the
Veterans’ Administration (VA). In re-
sponse to our nationwide request for
assistance in locating as many people as
possible with upper-limb loss, 104 of
these entities assisted us with mailing
the one-page survey and “Informed
Consent” form to their patient popula-
tions.

We asked administrators of each col-
laborating organization to mail a cover

_ letter, survey, consent form and a TIRR

return, stamped, self-addressed enve-
lope to each of their clients with upper-
limb loss. Included were people with
body-powered and/or electric prosthe-
ses as well as those who use no pros-
theses at all.

The people willing to participate re-
turned the survey and a signed consent

form to TIRR in the self-addressed en-

velope. This identifying information
was coded and entered in the database.

By the conclusion of the first year of
the study, more than 6,600 one-page
surveys had been sent to individuals
with upper-limb loss throughout the
country; of those, 2,477 were returned
with 98 percent of the participants
agreeing to complete a longer, more
detailed survey.

Development of Three Functionally
Distinct Surveys

At this point, members of the Advisory
Review Board brought another impor-
tant aspect of the survey design to the
researchers’ attention. Since the com-
ponentry and functional operation of
body-powered prostheses are distinctly
different from those of electric prosthe-
ses, two separate surveys were de-
signed. Additionally, since the function-
al needs and abilities of bilateral upper-
extremity prosthetic users are signifi-
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cantly different from those of unilater-
al prosthetic users, a third survey also
was designed.

Based on the format of the revised
pilot instrument, three separate survey
instruments (body-powered, electric
and bilateral) were finalized for distrib-
ution. These longer surveys gathered
such information as components,used,
therapy and rehabilitation experiences,
funding, maintenance and repairs, func-
tional abilities, and recommended “pre-
ferred prosthetic enhancements.”

Based on the type of prosthesis iden-

tified in the one-page survey, the re- |

searchers sent the appropriate long sur-
vey to each participant. A two-week re-
sponse period was given for completion
and return of this survey.

Questions Asked of Database
Considering the vast amount of data
collected through the surveys, data
analysis and presentation of each indi-
vidual question on each of the three
long surveys is not practical. Therefore,
the researchers grouped the responses
to answer two overarching questions:

1) What are the users’ perceptions of
their prosthetic devices as they relate to
cost and maintenance considerations?

2) What priorities are identified by
users as the most important areas for
improvement in current prosthetic de-
vices and future designs?

Data Analysis Techniques

Data were summarized for all surveys
according to ethnicity, gender, age
(child = 0-17, adult = 18 and older), lev-
el of amputation, etiology, unilateral or
bilateral involvement, and type of pros-
thesis(es).

Data relating to Question 1, which
dealt with cost and maintenance, were
stratified by percent for each age group
and type of prosthesis. Data relating to
Question 2, dealing with functional pri-
orities, were summarized from a list of
preselected items pertaining to topics
from prosthetic appearance to addi-
tional functional features that would be
helpful.

Each response to the second ques-
tion was then compared to its relative

rating using the Friedman nonparamet-
ric ANOVA for repeated measures.
This was done for both electric and
body-powered prostheses.

Expert Consultants .

In view of the potential importance of
the data to professionals in associated
fields, several experts in the area of
prosthetics and amputee rehabilitation
were invited to evaluate the collected
data. Four consultants, each with a spe-
cial area of interest, agreed to partici-
pate.

Each consultant reviewed the survey
questionnaires and was asked to identi-
fy several areas they felt should be ana-
lyzed. In response, the researchers pro-

vided a detailed analysis from the data-

base and returned it to the consultants.

The researchers then asked: 1) How
does this information relate to what has
occurred in the past? 2) What trends
are we seeing today? and 3) What are
the implications for the future?

Resuits
The results of each survey have been
broken down into their respective cate-
gories.

One-Page Survey

A total of 2,477 individuals responded
to the initial one-page survey. Male re-
spondents accounted for 63 percent of
the population, and females accounted
for-37 percent. The mean age for the to-
tal population was 27.9 years (£22.5).

Children aged 17 or younger repre-
sented 47 percent of the total popula-
tion, and adults represented 53 percent.
The mean age for the 1,216 adults was
45.43 years (+16.77), and the mean age
for the 1,077 children was 8.04 years
(+4.48).

The most common level of amputa-
tion was transradial; 617 children and
488 adults reported this level. Congeni-
tal limb deficiency was reported as the
primary cause of limb absence in the
children (91 percent), and traumatic in-
jury was reported as the predominant
cause of limb loss by adults (76 per-
cent).

When asked to identify the type of
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prostheses worn, 63 percent identified a
body-powered hook, and 37 percent
used an electric hand. (Note: These per-
centages do not take into account those
who use both or those who use none.)

Long Survey

A total of 1,575 seven-page surveys was
returned, representing a 64-percent re-
turn rate from the one-page survey
population. Of those, 1,020 completed
body-powered, 438 completed electric
and 117 completed bilateral long sur-
veys. Each response on the survey was
coded and entered into a database.

Body-Powered Long Survey

Sixty-nine percent of the 1,020 individ-
uals who responded to the body-pow-
ered survey were male; 31 percent were
female.

The mean age for the total popula-
tion was 32.1 years (+24.1), which indi-
cates a higher adult component in this
population when compared with the
electric survey population. Children
aged 17 and younger represented 39
percent of the total, and adults repre-
sented 61 percent. The mean age for the
607 adults was 48.28 years (+16.77),and
the mean age for the 395 children was
7.21 years (+4.28).

Transradial was the most common
level of absence; 246 children and 235
adults reported this level. Congenital
limb deficiency was most often report-
ed as the cause of limb absence in the
child population (93 percent), and trau-
matic injury again was reported as the
most prominent cause of limb loss by
adults (81 percent).

Electric Long Survey

Male respondents accounted for 55
percent of the 438 individuals who re-
sponded to the electric survey, and fe-
males accounted for 45 percent.

The mean age for the total popula-
tion was 24.9 years (+20.4). Children
aged 17 or younger represented 51 per-
cent of the total, and adults represented
48 percent. (No date of birth was given
by three individuals, equaling 1 per-
cent.) The mean age for the 211 adults
was 42.64 years (x£15.09), and the mean

5



Epidemiologic Overview of |lil||ll|l|llﬂ|$ with Upper-Limh Loss and Their Reported Research Prioilies

TRANSRADIAL BODY-POWERED USER PREFERENCES FOR IMPROVEMENTS

Item Ttem name

d Wrist rotated the terminal device

i Could do coordinated motions of
two joints at the same time

i Wrist moved the terminal device
from side to side

C Wrist moved the terminal deviee
up and down

i Required less visual attention to
perform certain functions

£ Could hold small objects better

h Could hold large objects better

c Could use il in vigorous aclivities

b Weighed less

a Looked more like a human hand

Mean*  Rank order

ranking of priority  p<l.054=
4,72 8 factors
4.75 2 B factors
3.07 3 6 [actors
317 4 5 factors
543 3 2 factors
5.49 [§] Z factors
5.51 7 2 factors
5,52 8 2 lfactors
.55 "]
.80 10

% The lower ranking is the higher preference,
*#+ Ranked significantly higher than x number of other items.

Table 1. Prioritization of the desirable features for transradial users as rated in Question
40 of the body-powered survey indicates the greatest desire is for improved wrist rotation

abilities.

age for the 224 children was 8.11 years
(x4.14).

Transradial again was the most com-
mon level of absence for children
(n=135) as well as adults (n=93). Con-
genital limb deficiency was reported as
the principal cause of limb absence in
the child population (95 percent), and
traumatic injury again was reported as
the most prominent cause of limb loss
by adults (77 percent).

Bilateral Long Survey

Male respondents accounted for 57
percent of the 117 individuals who re-
sponded to the bilateral survey, and fe-
males accounted for 43 percent.

The mean age for the total popula-
tion was 32.1 years (+21.3). Again,
adults represented a greater percentage
of the population. Children aged 17 and
younger represented. 36 percent of the
total, and adults represented 61 percent.
(No date of birth was given by three in-
dividuals, equaling 3 percent.) The
mean age for the 72 adults was 44.43
years (+16.52), and the mean age for the
42 children was 10.26 years (+4.45).

Transradial was the most common
level of amputation reported for both
right and left losses (n=31). Bilateral

6

shoulder disarticulation and bilateral
transhumeral limb loss were the second
most common levels, with the incidence
of each at 17. Congenital limb deficien-
cy was most often reported as the cause
of limb absence in the child population
(82 percent), and traumatic injury again
was most frequently reported as the
cause of limb loss by adults (65 per-
cent).

Survey Questions

The following questions (1 and 2) were
selected and asked of the database as
outlined in the method section.

1) What are users’ perceptions of their
prosthetic devices as they relate to cost
and maintenance of a prosthetic device?

Participants were asked to rate the
costs of their prostheses with respect to
their functions. A scale (5-0) ranging
from “about right” (5) to “too expen-
sive/unreasonable” (0) was presented.
(The scale also included a response for
“don’t know.”)

In the child population, the respons-
es to these questions were for the most
part, made by the parents. Areas re-
garding function and preferences are
often parents’ reflections of what they
observe or desire for their children.

A higher percentage of adults and
children with body-powered prostheses
felt the costs of their prostheses were
“about right” (17.38 percent and 8.22
percent, respectively) compared to the
5.59 percent of adults and .2.73 percent
of children with electric prostheses who
answered the same. At the other end of
the scale, electric users reported “too
expensive, unreasonable” more often
than  body-powered users (electric/
adult: 22.35 percent vs. body-powered/
adult: 14.72 percent, and electric/child:
18.03 percent vs. body-powered/child:
6.51 percent). In both child popula-
tions, the highest percentage of re-
sponses were “don’t know” (body-pow-
ered/child: 62.67 percent, electric/ child:
33.88 percent).

Both electric and body-powered sur-
vey populations were presented with a

list of possible maintenance items. Indi-

viduals were asked to identify the top
three items with the most frequent
maintenance problems encountered
over the past year. Of note, an optional
“other” category was available for
items to be written in if they were not
included in the list provided. These
written comments have not yet been
evaluated and are not incorporated in
the results.

Overwhelmingly, both adult and chil-
dren body-powered users reported ca-
bles as needing the most frequent re-
pair (children: 48.1 percent, adults: 66.7
percent). Replacement of gloves for
body-powered hands rated consider-
ably higher among children (23.1 per-
cent) than among adults (7.8 percent).
Similarly, glove replacement was the
most frequent repair noted by electric
users (children: 35.1 percent, adults:
34.1 percent). For the electric prosthe-
ses, adults and children reported bat-
tery replacement as the second most
frequent repair (children: 20.3 percent,
adults: 25.8 percent).

2) What priorities are identified by
users as the most important areas for
improvement in prosthetic devices?

Question 40 in the long survey asked
users to rate 10 prosthetic features by
completing the statement “I would like
my preferred body-powered prosthesis

JPO: Journal of Prosthetics and Orthotics/Volume 8, Number 1/Winter 1996



Epidemioloptc Overview of Individuals with Upper-Limh Loss and Their Reported Research Priorilles

better if....” The ranking of the 10 items
was based on the rating scale of 1-5 with
the lower-ranking number equal to the
most preferred (1 = “strongly agree,” 5
= “strongly disagree”). The Friedman
rank order of the 10 items indicated the
top priorities for transradial prosthetic
users were as follows: “wrist rotated the
terminal device” ranked first (mean =
4,72, >5 other factors); “could do coor-
dinated motions of two joints at the
same time” ranked second (mean =
4.75, >1 other factor); “wrist moved the
terminal device from side to side”

ranked third (mean = 5.07, >4 other fac- .

tors); and “wrist moved the terminal de-
vice up and down” ranked fourth (mean
= 5.17, >3 other factors) (see Table I).

The top priorities for transhumeral
prosthetic users were as follows: “could
do coordinated motions of two joints at
the same time” ranked first (mean =
4.57,>1 other factor); “wrist rotated the
terminal device” ranked second (mean
= 5.04, >1 other factor); “required less
visual attention to perform certain
functions” ranked third (mean = 5.11,
>0 other factor); and “wrist moved the
terminal device from side to side”
ranked fourth (mean = 5.27, >1 other
factor) (see Tuble 2).

Question 43 of the body-powered
survey asked individuals to identify the
top five activities (from a list of 34)
they would like to be able to perform
with their body-powered prostheses.
The top five choices for transradial
users were: 1) Open a door with a knob;
2) Use a spoon or fork; 3) Fasten a but-
ton; 4) Tie shoelaces; and 5) Cut meat.
The top five choices for transhumeral
users were: 1) Cut meat; 2) Tie shoe-
laces; 3) Open a door with a knob; 4)
Use a hammer and nail; and 5) Use a
spoon or fork.

Question 41 in the long survey asked
users to rate 17 prosthetic features by
completing the statement “I would like
my preferred electric prosthesis better
if....” The ranking of the 17 items was
based on the rating scale of 1-5 with
the lower-ranking number equal to the
most preferred (1 = “strongly agree,”
5 = “strongly disagree”).

The Friedman rank order of the 17

TRANSHUMERAL BODY-POWERED USER PREFERENCES FOR IMPROVEMENTS

liem Liem nome
i Could do coordinaled motions of
Two joints at the spme time

d Wrist rotated the terminal device
j Required less visual atlention (o
perform certain functions
[ Wiist moved the terminal device
from zide to side

h Could hold large objects better

e Wiist moved the terminal device
up and down

c Could use it in vigorous activities
Could hold small objects better

&} Weizhed less

a Looked more like a human hand

Mean* Rank order

ranking  of priority  p<(.05%*
4.57 1 P factors
5.04 z 2 factors
5.11 3 2 fnctors
527 4 2 factors
529 5 2 [actors
3.34 b 2 factors
548 7 2 factors
5.50 8 2 factors
6.42 9 1 factor
6.0 10

* The lower ranking is the higher preference.
#+ Ranked significantly higher than x number of other items,

Table 2. Prioritization of the desirable features for transhumeral users as rated in Ques-
tion 40 of the body-powered survey indicates the greatest desire is for the ability to make
coordinated motions of two joints at the same time.

items indicated the top priorities of
transradial and transhumeral users
were as follows: “bending fingers”
ranked first (mean = 7.64, >12 other
factors); “a thumb [that] moved out to
the side” ranked second (mean = 7.89,
>11 other factors); “a prosthesis requir-
ing less visual attention” ranked third
(mean = 8.07, >8 factors); and “a thumb
[that] could touch each finger individu-
ally” ranked fourth (mean = 827 >6
factors) (see Table 3).

Question 44 of the electric survey
asked individuals to identify the top
five activities (from a list of 34) they
would like to be able to perform with
their electric prostheses. The top five
choices for transradial users were: 1)
Type/use a word processor; 2) Open a
door with a knob; 3) Tie shoelaces; 4)
Use a spoon or fork; and 5) Drink from
a glass. The top five choices for trans-
humeral users were: 1) Type/use a word
processor; 2) Cut meat; 3) Tie shoe-
laces; 4) Open a door with a knob; and
5) Use a spoon or fork.

Discussion

As previously stated, little is known
about the characteristics of individuals
in the United States who have lost their
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limbs (4). The establishment of the Na-
tional Upper-Limb Amputee Database
is an attempt to identify a representa-
tive national sample of upper-limb am-
putees to address such areas as etiology
and levels of limb loss; current trends in
fitting body-powered and electric pros-
theses; function; perceptions of cost of
maintenance and repair of prostheses;
and perhaps most important, priorities
defined by users as essential in the de-
sign of a better upper-limb prosthesis.

A demographic and epidemiologic
overview has been presented for each
of the four survey populations: 1) one-
page survey respondents (2,477),
2) body-powered long survey respon-
dents (1,020), 3) electric long-survey re-
spondents (438), and 4) bilateral long-
survey respondents (117).

In each of these populations, a trans-
radial amputation was by far the most
common level of amputation (one-
page: 50 percent; body-powered: 48
percent; electric: 53 percent). These
findings are consistent with the results
of surveys conducted by the Commit-
tee on Prosthetic-Orthotic Education
(CPOE) in 1961-1963 (5) and 1965-
1967 (30)—a total of approximately
4,000 individuals with unilateral upper-
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TRANSRADIAL ELECTRIC-POWERED USER PREFERENCES FOR IMPROVEMENTS

Mean*  Rank order
Ttem [tem nome ranking  of priority  p<0.05%*%
f Fingers could bend 704 1 12 factors
h Thumb moved out 1o side 7.89 2 11 factors
q Required less visual attention to
perform functions 207 3 8 lactors
B Thumb conld touch each finger
individually B2T 4 6 factors
n Could hold small objects better 827 5 6 [actors
k Wrisl rotated lerminal device B.49 6 3 factors
a Could hold large objects better B.70 7 4 factors
b Could use it in vigorous activities H.72 B 3 factors
| Wirist moved terminal device up
and down 878 9 3 factors
i Middle joint of thumb could bend 893 10 3 factors
j Thumlb could press side of index finper 899 11 2 factors
( Gilove held up better 9.07 12 2 factors
m Wrist moved terminal device from
sicle to side 032 13 2 [actors
p Could do eoordinated motions of
two joints at the same time 0.47 14 2 factors
& Could conlrol level of grip force 9.71 15 2 factors
i Looked more like a human hand 10.69 16
d Had a stronper grip 12.00 17

* The lower ranking is the higher preference,
** Ranked significantly higher than x number of olher ilems.

Table 3. Prioritization of the desirable features for electric users as rated in Question 41
of the electric survey indicates the greatest desire is for bending fingers.

limb amputations were reviewed. The
frequency of transradial amputation
was reported to be 57 percent com-
pared to 5 percent at the shoulder, 23
percent above the elbow and 12 per-
cent at the wrist or hand (2).

When addressing the etiology of
limb loss or absence in 2,477 children
and adults in this survey population,
congenital limb deficiency was clearly
the most frequently reported cause of
limb absence in children (91 percent).
A similar incidence of congenital con-
ditions was reported by McDonnell et
al. (12) in 1988. In the latter study, data
from 45 children’s clinics in Canada
and the United States consisting of
4,105 cases showed congenital limb de-
ficiencies accounted for 85 percent of
this total population.

Traumatic injury was reported most
frequently by adults (76 percent) in this
National Upper-Limb Amputee Data-
base. Leonard and Meier (3) in the text
Rehabilitation Medicine: Principles and
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Practice also identify trauma as the
leading cause of amputation in male
upper-limb amputees (75 percent)
aged 15-45.

There was a higher prevalence of
males (78 percent) than females (22
percent) in the adult limb-loss popula-
tion and an even prevalence of males
(50 percent) and females (50 percent)
in the child population. Krebs et al. (11)

state more boys (59 percent) than girls-

(41 percent) comprise the population
of children with upper- as well as lower-
limb absence, regardless of age. Simi-
larly, Kay and Newman (4) in 1975 re-
ported a 1.5:1 male to female ratio in
congenital limb deficiencies. Prior to
that study, in 1964, Glattly (5) discov-
ered a 1.2:1 ratio of males to females in
the congenital amputee population.
Our population shows a surprisingly
equal prevalence of males and females
with congenital limb deficiency. This
finding, along with the high incidence of
congenital transradial limb absence in

this study’s population, may merit fur-
ther investigation. Documentation of a
male:female ratio in adult amputees
could not be found in the literature.

A 1988 survey by LeBlanc (31) re-
ported the types of terminal devices
sold by manufacturers and indicated a
72-percent use of hooks and a 28-per-
cent use of hands. That survey is sup-
ported by reports of actual use in this
study with 63 percent of the subjects re-
porting the use of body-powered pros-
theses and 37 percent of the subjects re-
porting the use of electric prostheses.
As LeBlanc notes in his consultant
summary report of this project, “If we
assume that hooks/body-powered and
hands/electrically powered ratios are
similar, then the use of electric hands
has increased 9 percent in the past six
years.” He suggests this figure is due to
the much higher use of myoelectric

" prostheses by children.

In the one-page survey, adults were
the most common users of body-pow-
ered prostheses (65 percent). Fitting
trends in adults appear to be more con-
sistent with the theory that body-pow-
ered hook prostheses are the terminal
device of choice for adults because of
their functional needs relating to man-
ual labor, construction and farming, In
a study of 314 adult upper-limb am-
putees, Millstein et al. (26) at the On-
tario Workers’ Compensation Board in
Canada report those amputees who
used cable-operated prostheses had
jobs that required heavy lifting, han-
dling of greasy or sharp materials, and
exposure to extremes in weather (dam-
aging to electrically powered prosthe-
ses). A body-powered prosthesis was
more often selected because of its
ruggedness and durability.

In the one-page survey, children
were the most frequent users of electric
prostheses (59 percent). This observa-
tion is supported by studies conducted
in Sweden, England and Canada in the
late 1970s and early 1980s that demon-
strated electric fittings were not only
feasible but immensely popular with
young children and their families (32).
Appearance and wanting the “best” in
“state-of-the-art” prostheses have be-
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come primary concerns among parents
of limb-deficient children. This raises
an important question to all prescribing
physicians and amputee teams: Are we
fitting the parents or the child?

The question of maintenance and re-
pair of upper-limb prostheses was
asked of children and adults who use
body-powered and electric prostheses.
Not surprisingly, cables were reported
as needing the most frequent repair
(children: 48.1 percent, adults 66.7 per-
cent). As LeBlanc reports in his analy-
sis of children and adults who use body-

powered prostheses, problems of cable -

repair and harness discomfort have ex-
isted for a long time and are difficult to
solve. He further states, “Common
sense suggests that we must mount
more effort to seek solutions to im-
prove these common occurrences, par-
ticularly if health-care cost contain-
ment is forcing reimbursement down
and creating more need for body-pow-
ered systems” (33).

When users of electric prostheses
were asked to describe their most fre-
quent repair, glove replacement and
battery replacement were most often
reported. Gloves have always been a
problem in body-powered as well as
electric hands. As Childress notes, very
little technical progress has occurred in
this area. “Small trends have been seen
toward the use of silicone gloves; how-
ever, this has not proven to be very suc-
cessful. Gloves of the future must be
better than current ones. They must be
attractive, tough, stain-resistant and af-
fordable” (34).

Childress further comments that bat-
teries are a perennial problem in pros-
thetics. High prosthesis use hastens bat-
tery failure, and few technological im-
provements have occurred in the past
20 years. Nickel-cadmium cells contin-
ue to be the preferred choice in pros-
thetics. The development of new high-
er-power Dbatteries for portable com-
puters, telephones, etc., has not been
helpful in the field of prosthetics be-
cause the load factors are much differ-
ent in prostheses. Childress states that
in prosthetics high power is needed for
short periods of time. High-energy bat-

teries available today, such as those
needed for portable computers, etc., are
not sufficient for prostheses (34).

One of the most important areas of
focus in this two-year project was the
priorities that users of -body-powered
and electric prostheses identify in the
design of a better upper-limb prosthe-
sis.

Transradial, body-powered respon-
dents stated they would be more satis-
fied with their prostheses if: 1) the wrist
rotated the terminal device, 2) two
joints could perform coordinated mo-
tions at the same time, 3) the wrist
moved the terminal device from side to
side and 4) the wrist moved the termi-
nal device up and down. The trans-
humeral population suggested they
would be more content with their pros-
theses if: 1) two joints could perform
coordinated motions at the same time,
2) the wrist rotated the terminal device,
3) less visual attention was required to
perform certain functions and 4) the
wrist moved the terminal device from
side to side.

Clearly, wrist movement is of great
importance to users, which should be
taken into account for future research
design in body-powered prostheses. To
suit the transhumeral population, creat-
ing control schemes for performing
functions in a more coordinated man-
ner with less visual attention is another
challenge for the future. Advancing
harnessing and cabling systems, or even
developing new control mechanisms, al-
so should be rewarding areas to pursue.

These data also suggest that having
the ability to hold both small and large
objects is important. As LeBlanc states
in his report of body-powered users,
“holding” is an important function wor-
thy of investigation and experimenta-
tion. He adds, “The temptation for de-
signers of hands is to try to duplicate
the human hand. This is an insurmount-
able task. One must downsize the ex-
pectations of the prosthetic hand and
design into it only the most important
functional features.”

Heckathorne, in his analysis of bilat-
eral upper-limb amputees who pri-
marily use body-powered hooks, con-
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curs that users are clearly concerned
with improved function of their pros-
theses. “Many bilateral users are con-
cerned with a single general objective—
the ability to efficiently handle a greater
variety of objects and apply higher
forces, improved ability to orient the
prehensor (especially with respect to
improved wrist action) and better con-
trol of prehension with the inclusion of
feedback of prehension force” (35).

Options desired by users of transra-
dial and transhumeral electric prosthe-
ses included 1) bending fingers, 2) a
thumb that moved out to the side, 3) a
prosthesis requiring less visual atten-
tion, and 4) a thumb that could touch
each finger individually.

It is now established that an im-
proved-hand design is a high priority for
amputees who use electric prostheses.
Scott comments, “Whether it is feasible
to achieve independent finger move-
ment, or whether a conformable grip, in
which the fingers adapt automatically to
the shape of an object, would be an ad-
equate response to this need, are ques-
tions requiring further study. Balancing
the cost vs. benefit will be important:
Costs such as added weight and reduced
reliability have defeated many elegant
designs in the past” (36).

Childress responds that “powered
finger prototypes have been developed
in research laboratories, and practical
applications may be possible before the
end of the decade.” He adds, “These
powered prostheses, with individual
finger movements, possibly may be
coupled with direct skeletal attach-
ment” (34).

Future Direction

This survey establishes many areas that
should be included in future prosthetic
research endeavors to enhance con-
sumer usage as well as provide addi-
tional useful information. Future sur-
veys might include the following:

1) An analysis of individuals and
their use patterns of body-powered and
electric prostheses with respect to age
grouping: 0-5 (young children), 6-12
(children), 13-19 (teenagers), 20-60
(adults) and over 60 (seniors). Clearly,
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Body-powered e Eleciric
MNear-ferm Future Work MNear-term Future Work
Cables Wrist movement Gloving material Greater linger move-

Control mechanisms
for:

a. less visual attention
b, ability 1o do coordi-
nated molions of

two joints

Harness comfort
Gloving material

Batteres/charg ment

ing units- Less visual attention
Reliability of Wrist movenent

haned and

elecirodes

Table 4. The findings of the study indicate different near-term and future considerations
are needed to develop body-powered and electronic upper-limb prostheses.

the functional needs of these individual
groups are unique and distinctly differ-
ent. Important questions to be asked in
this research are: “What is the best age
to fit a child with a prosthesis?” and
“How does age at fitting affect a child’s
functional outcome?”

2) An “activity analysis” of each
functional task could be undertaken to
clearly define and describe the type of
grasp and nature of finger prehension
used in each task described. For exam-
ple, holding a ball requires a spherical
grasp whereas holding a glass requires
a cylindrical grasp. A tip pinch is neces-
sary when picking up a needle, and a
lateral grasp is required to hold a key
or dollar bill.

Combining these grasps in more
complex activities such as opening a
door with a key, cutting meat, tying
shoelaces and buckling a belt is signifi-
cantly more complex and would require
significant scrutiny of the movement re-
quired of each activity. Each activity
would then be reviewed as it relates to
accomplishment with a body-powered
terminal device or electric hand.

3) Written commentary on prosthet-
ic experiences could be included to
provide more detailed insight into
problems. Many of the respondents to
the survey provided much more infor-
mation than required by the survey
questions. Some even provided draw-
ings and detailed ideas on how they
might improve (or have already im-
proved) their own prostheses. Still oth-
ers shared why they no longer wear
prostheses and the factors contributing
to their decision to discontinue use.

The categorization and analysis of
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such written information is time-
consuming and was not incorporated
into the scope of this project. These
written comments will be a valuable
contribution in future qualitative re-
search studies.

4) For dissemination of information,
direct access to the database via com-
puter networking would be advanta-
geous for further studies. By providing
access to the database via computer
modem, professionals and lay people
could access certain parts of the data-
base for their own search purposes.

These data represent opinions from
the largest pool ever assembled of indi-
viduals from across the United States
with upper-extremity limb loss or ab-
sence. Specific findings of this research
must be distributed to medical profes-
sionals as well as to people experienc-
ing limb loss and family members of
children with limb loss.

At the very least, a bulletin-board
software approach would allow anyone
to submit questions about the database.
Researchers at TIRR could respond to
inquiries by providing relevant data
and analytical results in formats and
language appropriate to the person
making the request. Systems such as
these would assure the database could
serve populations interested in upper-
limb prosthetics.

Summary of Identified Priorities

Table 4 summarizes the priorities iden-
tified by the individuals completing this
survey. The categories for body-pow-
ered and electric prosthesis wearers are
divided into two groups: near-term and
future work. The future work items will

involve advances in control systems or
other user interfaces not currently
available.

The near-term progress may be possi-
ble by investigating advances in other
fields. The authors advise some caution
in interpreting these results. Transradial
users comprise the majority of the user
population, and they would not choose
elbow or shoulder movements as impor-
tant for future development. This may
bias the results toward hand and wrist
function. Future work should carefully
compare transradial and transhumeral
groups to determine separate priorities.

Gonclusions

The authors believe this two-year study
of close to 2,500 upper-limb amputees
represents an important first step in es-
tablishing a unique and comprehensive
database. Not only is it important to

"document what has occurred in the

prosthetic rehabilitation experience of
these consumers, but it also is impor-
tant to hear from them the specific en-
hancements providers and researchers
can create to improve the subjects’
quality of life. Future funding of these
projects is of utmost importance to pur-
sue these technological advances and
increase the functional capabilities of
those we are committed to assist. [
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