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e are devel oping a new multifunctional hand pros

thesis and controller based on multiple (3-4) sur-
face EMG (SEM G) signalswith funding from the Department of
VeteransAffairs (Weir 2002) [SeeFig. 1]. For any prosthesisto
be clinically successful it must be mechanically robust which
means the prosthesis should be as mechanically simple as pos-
sible. Consequently, thedigits of our multifunctional hand will
be solid non-articulated designs to improve robustness. Inthis
new hand the index finger isto be able to move independently
of themiddle, ring and little (MRL) fingers. Themiddle, ring, &
little fingers (MRL finger block) move as a single unit. The
thumb islimited to a single degree-of-freedom and is oriented
suchthat it will operatealongitspreferred plane—45° (Lozac’ h,
1984) [as opposed to two DOF in the physiological thumb].
Thesefunctionswere chosen to maximize overall hand function
for the number of degrees-of-freedom to be controlled versus
the number of sitesavailable.

The hand mechanism we are building is based on athree
motor hand and atwo motor wrist. During grasping once the

Fig. 1: 3D CAD drawing of our new multifunctional hand
mechanism. Drawing shows how middle, ring and little
fingers move together as a unit.

hand has grasped it becomes arigid extension of the wrist,
which is then used to position the hand further, as such
active control of thewrist becomesvery important to overall
hand function.

Onemotor will driveasingle DOF thumb that will oper-
ate along the preferred 45° plane; one motor will drive the
index finger; one motor will drivethe middle, ring and little
fingers as a unit; one motor will provide wrist extension/
flexion and one motor will providewrist rotation. Thedrive
trainsfor these motorswill be based on the drivetrain devel-
oped for our partial hand mechanism[Weir et a., 2001, 2002].
The multifunctional mechanismiscurrently to be controlled
using afuzzy logic based myoelectric controller we are also
in the process of developing [Ajiboye et al. 2002].

Designing the mechanism with these particular de-
grees-of-freedomwill allow it to generatetip, palmar, lateral
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and cylindrical grasp patterns (Keller, etal., 1947) [SeeFig. 2].
Keller, et a. found that palmar prehension (or tri-digital pinch)
was the most frequently used prehensile pattern for static
grasping while lateral prehension is used most often for dy-
namic grasping. Thisfinding combined with the reduction of
most prosthetic terminal devices to a single DOF has meant
that most prosthetic hands incorporate palmar prehension as
the dominant grasp pattern. The persistence of this pattern,
combined with a wide width-of-opening in prosthetic hand

Fig. 2. The prehension patterns of the hand as defined by
of Keller et al. (1947) al) palmar Prehension (3 jaw
chuck); a2) palmar Prehension (2 finger); b) tip
Prehension; c) lateral Prehension; d) hook Prehension
€) spherical Prehension; f) cylindrical Prehension

designs and its general acceptance over the years tends to
support this compromise (Heckathorne, 1992). Having con-
trol of the thumb independent of thefingersenablestheimple-
mentation of lateral prehension aswell.

To control thishand, afour site EMG multifunction con-
troller based on fuzzy-logic is under development. We be-
lieve that our new hand can be controlled with three surface
sites, or oneand half degrees-of-freedom, so long asthethumb
can be controlled. Position of the thumb with respect to the
position of the fingers determines the grasp pattern taken by
the hand during prehension. This hand will use two "close"
signals, onefor theindex and MRL finger drivestogether and
asecond for thethumb drive. Thetiming, or speed, of thumb
closurewith respect to finger closure determines whether tip,
palmar of lateral prehension results. A single "open" signal
drives al digits (fingers & thumb) back to "start" positions.

Thisimpliesaoneand half DOF control system. These machi-
nations to reduce independently controlled degrees-of-free-
doms would not be necessary if sufficient control sites could
be located, as such, the current application would enable all
degrees-of-freedom of this mechanism to controlled in paral-
Id.

This project demonstrates that the current application
is not occurring in the absence of any other work, but is, in
fact, part of agrander vision in which devices with multiple
degrees-of-freedom will be available by the end of the pro-
posed grant period. Itis planned that these mechanisms will
be able to take advantages of the increased degrees-of-free-
dom offered by implanted EM G sensors. X3

ACKNOWLEDGEMENT

Thiswork is supported by the Department of \Veterans
Affairs, Rehabilitation Research and Development Service,
and is administered through the VA Chicago Health Care
System, Chicago, lllinais.

REFERENCES

Ajiboye, A. B., Weir, R. F. ff., Heckathorne, C. W., and Childress,
D. S., (2002): Neurofuzzy Logic as a Control Algorithm for an Exter-
nally Powered Multifunctional Hand Prosthesis. Proceedings of the
Myoelectric Controls Conference (MEC2002), Fredericton, New
Brunswick, Canada, August 19th - 23rd, University of New
Brunswick, New Brunswick, Canada.

Continued on page 11

Capabilities (ISSN 1055-7156) is published in Spring,
Summer, Autumn and Winter by Northwestern University's
Rehabilitation Engineering Research Program. Program
Director, Dudley S. Childress, Ph.D. Editor & Designer, Jan
Little, MS.

Subscription is free to all individuals interested in prosthetics
and orthotics. For contribution guidelines and advertising
inquiries, write to the address below. Address subscription
information, address changes and other correspondence
to: Capabilities, Northwestern University RERP, 345 E.
Superior St., Room 1441, Chicago, IL 60611.

This work was funded by the National Institute on Disability
& Rehabilitation Research (NIDRR) of the Department of
Education under grant number H133E980023 and by the
Department of Veterans Affairs, Rehabilitation Research and
Development Service. The opinions contained in this
publication are those of the grantee and do not necessarily
reflect those of the Department of Education nor the
Department of Veterans Affairs.

Copyright 1997 Northwestern University Rehabilitation
Engineering Research Program. All rights reserved.
Reproduction by any means of the entire contents or any
portion of this publication without prior written permission is
strictly prohibited. Limited copying for educational purposes
is allowed.

2 Capabilities/Summer 2003 Northwestern University Prosthetics Research Labratory and Rehabilitation Engineering Research Program




Development and Measuremeant
Properties of the Orthotics and
Prosthetics Users’ Survey (OPUSK

A Comprehensive Set of Clinical Outcome I nstruments

By Camille O’ Reilly, RN., B.SN,.'Project Manager
Allen W, Heinemann, Ph.D.,Professor? and Director?

Rita K. Bode, Ph.D.‘Research Associate Professor? and Associate Director?
Center for Rehabilitation Outcomes Research, Rehabilitation Ingtitute of Chicago

Abstract

The objectives of this project were to develop a set of
self-report instruments that assess functional status, quality
of life, and satisfaction with devices and services that can be
used within an orthoticsand prosthetics clinic. Selectingitems
from avariety of existing instruments, we developed and re-
vised four instruments that differentiate patients with vary-
ing levels of lower extremity function, quality of life, and sat-
isfaction. Evidence of construct validity is provided by a hi-
erarchy of item difficulty that is consistent with clinical expe-
rience. The internal consistency of the responses provides
evidence of reliability. The usefulness of the Orthotics and
Prosthetics Users' Survey (OPUS) should be manifest as
orthotic and prosthetic practitioners eval uate the quality and
effectiveness of their servicesor asprogramsfulfill accredita-
tion requirements that mandate outcomes assessment.

Introduction

Peopl e seeking orthotic and prosthetic services present
with avariety of impairments. Those receiving orthotic ser-
vicesinclude peoplewith brain injuries, spinal cord injuries,
cerebral palsy, stroke and burns, among others. After assess-
ing the patient, an orthotist designs and fabricates an ortho-
sis (brace) to lend support or protection to alimb, the spine,
or the head. Prosthetic services are provided to people with
congenital limb deficiencies or amputations. In these cases, a
prosthetist designs and fabricates an artificial hand, arm, foot
or leg (American Academy of Orthotists and Prosthetists,
1990). Therehabilitation goalsin providing orthotic and pros-
thetic devices are to improve physical functioning and qual-
ity of life- goalsthat requireinstruments specifically designed
to quantify these goals.

The need to measure and eval uate rehabilitation prac-
tice in general and orthotics and prosthetics (O& P) practice
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specifically hasreceived growing recognition in the past sev-
eral years (Fuhrer, 1995; Hoxie, 1995, 1996; Polliack & Moser,
1997). Fuhrer (1995) outlined recommendations for medical
rehabilitation outcomes research generated at a 1994 confer-
ence organized by the National Center for Medical Rehabili-
tation Research (NCMRR). Critical to NCMRR’sagenda, and
reiterated throughout the report, isthe need for valid, reliable
and change-sensitive outcome measures to eval uate the effi-
cacy and effectiveness of rehabilitation practices. The Ameri-
can Board for Certification in Orthoticsand Prosthetics (ABC)
echoes this call for certification by encouraging outcomes
measurement and clinical pathways within the context of a
continuous quality improvement process (Hoxie, 1995, 1996).
Specifically, the quality assessment and improvement stan-
dard states “There is an ongoing quality assessment and
improvement program designed to objectively and system-
atically monitor and eval uate the quality and appropriateness
of patient care, pursue opportunitiesto improve orthotic and/
or prosthetic careand resolveidentified problems’ (ABC Stan-
dards of Profession Manual, 2002).

Much of the O& P research over the past 40 years has
focused on biomechanics and engineering. Examples of pio-
neering innovationsinclude myoel ectric prosthetic hands and
the use of stronger yet lighter materialsin the fabrication of
prosthetics and orthotics. These innovations have greatly
improved the function and appearance of these devices
(Bowker, 1981), though users’ satisfaction and functional ben-
efits have not been assessed in a comprehensive manner.
Industry salesfigures are evidence of aninnovation’simpact
on patients, though even this information does not reflect
users' continued device use, benefit and satisfaction. What
is missing are patients' perspectives of the impact a device

Continued on page 4
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and services have on their physical functioning and quality
of life. Patient perspectives on devicesand servicesaswell as
satisfaction with services are widely recognized asimportant
in other areas of rehabilitation and in health care generally.
Donabedian stated “patient satisfaction may be considered
to be one of the desired outcomes of care, even an element in
health status itself...It is futile to argue about the validity of
patient satisfaction as a measure of quality. Whatever its
strengths and limitations as an indicator of quality, informa-
tion about patient satisfaction should be as indispensable to
assessments of quality as to the design and management of
health care systems” (1988). Ware, Phillips, Yody and
Adamczyk (1996) stated that health status and patient satis-
faction are the primary outcomes of interest for rehabilitation
care. The greatest challenge, they argue, is the lack of stan-
dardization in measuresthat would allow outcomesto be com-
pared across programs.

Outcome measurement has been the subject of several
articles in O& P trade publications (American Orthotics and
Prosthetics A ssociation, 1998; Otto, 1999, 2000). A recurring
concern is the industry’s need to quantify outcomes as a
means of justifying the cost of services to payers and of re-
sponding to growing pressure from consumer groups. The
industry would benefit from a set of instruments that can
accurately and conveniently measure important and rel evant
outcomes. Such an assessment could provide many benefits:
assist the field devel op evidence-based practice and clinical
pathways, assure client satisfaction, supplement earnings re-
ports, enhance payer relations, and provide ameans of imple-
menting program accreditation.

Clinicianswho provide servicesto O& P usershave made
progress in assessing the benefits of services from patients
perspectives. Grise and Gautier-Gagnon (1993, 1994) devel-
oped the Prosthetic Profile of the Amputee (PPA), aquestion-
naire designed to evaluate factors associated with continued
use of alower extremity prosthesisafter discharge. Imbedded
inthe PPA isthe Locomotor CapabilitiesIndex (LCI), alower
extremity functional status measure. The authorsreport ahigh
level of internal consistency (Cronbach a coefficient of .95)
for the 14 items of the LCI. To date, the instrument has been
validated primarily with asample of older patientswith unilat-
eral, lower extremity amputations. Its sensitivity to change,
and therefore its effectiveness as an outcome measure, has
yet to be established.

Legro and associates (1998) developed the Prosthesis
Evaluation Questionnaire (PEQ), acondition-specific measure
of not only quality of life but also functional status and pa-
tient satisfaction. The PEQ consists of 10 separate scales and

addresses several important components of prosthesis use -
appearance, function, quality, and cost. The PEQ'’s devel op-
ers reported good reliability for each of the subscales
(Cronbach acoefficientsranging from.73t0 .89, with the ex-
ception of the scale assessing transfers that had a coefficient
of .47). Limitationsthat may detract fromitsclinical usearethe
length of theinstrument (137 items) and the arduous scoring
of visual analog responses.

Focus on Therapeutic Outcomes (FOTO) also devel-
oped atool to assess multiple outcomes. They were engaged
by the Orthoticsand Prosthetics National Officein collabora-
tion with ABC to develop an outcome tool to assess health
status, client satisfaction, and prosthetists' perception of func-
tionfor lower extremity amputees (Hart, 1999). The Orthotics
and Prosthetics National Office Outcomes Tool (OPOT) was
built around the Medical Outcome Study - Short Form 36 (MOS
SF-36; Ware, 1993), ageneric health-related quality of lifein-
strument. The tool also included 13 satisfaction questions
and prosthetists’ report of clients’ ambulation. While psycho-
metric analyses were conducted as part of its development,
the cross-sectional nature of the study did not allow assess-
ment of the instrument’s sensitivity to change nor its ability
to detect subtle changesin lower extremity function.

Instruments have also been developed to assess func-
tional statusin pediatric patientswith limb loss. Pruitt, Varni
and Setoguchi (1996) devel oped the Child Amputee Prosthet-
ics Project - Functional Status Inventory (CAPP-FSI) to as-
sess prosthetic use and function with patients 8 to 17 years of
agewith upper or lower extremity limb loss. Thisgroup devel-
oped aparallel instrument called the Child Amputee Prosthet-
ics Project - Functional Status Inventory for Pre-school Chil-
dren (CAPP-FSIP; Pruitt, et al., 1998). Both instruments use
parents as proxiesfor children and record both the frequency
of performing an activity and whether the child used the pros-
thesis when performing the activity. While quite promising,
theseinstruments require additional development before they
can be used routinely as clinical outcome measures.

Researchersat Bloorview MacMillian Centre devel oped
their own functional index for children with congenital unilat-
eral upper extremity limbloss(Wright, et al., 2001). The Pros-
thetic Upper-Extremity Functional Index (PUFI) is used to
evauateachild’sability to perform avariety of unilateral up-
per extremity activities using and not using their myoelectric
prosthesis. The PUFI isin its early stages of development
with psychometric data based on a small sample of 24 chil-
dren. Theresearchers report a software program currently in
development that may facilitate further testing of the instru-
ment.

Efforts to assess user satisfaction have been reported

by Polliack and Moser (1997) and by Dillingham, Pezzin,
MacK enzie and Burgess (2001). Polliack and M oser described

Continued on page 5
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a simple approach of measuring and evaluating outcomesin
an individual O& P practice using an instrument they devel-
oped themselves. While they described some of the patient
satisfaction items, they did not report evidence of the
instrument’svalidity and reliability. Such evidence would be
essential if this instrument was to be used to compare the
quality of services across facilities. Dillingham’s team con-
ducted follow-up interviews with a retrospective cohort of
traumarrelated lower extremity amputees. Although theinfor-
mation gleaned from theseinterviewsisvaluable, the method-
ology employedisnot easily transferredto an O& P clinicasa
means for ongoing quality assessment of clinical interven-
tions.

These initial efforts to develop outcome measures and
to evaluate O& P clinical outcomes are important steps, but
thereare still significant gapsin thisbody of work. Most work
focuses on prosthetic users with little attention given to
orthotic users, even though orthotics make up a larger pro-
portion of devicesfabricated. Physical and occupational thera-
pists, physicians, and epidemiol ogists have conducted much
of their research using generic instrumentsthat have not been
developed specifically for of O& P services. Needed isacom-
prehensive set of valid and reliable measures that assess rel-
evant aspects of O& P patients’ perspectives of function, qual-
ity of life and satisfaction. Such a set of measures would sup-
port the systematic evaluation of various interventions, help
establish clinical pathways and standards of care, and serve
as the basis for research-based, quality improvement initia-
tives.

Thisreport summarizeswork supported by the National
Institute on Disability and Rehabilitation Research through a
Rehabilitation Engineering and Research Center on Prosthet-
ics and Orthotics to develop an outcomes database. The ob-
jective was to develop instruments for evaluating the out-
comes of prosthetics and orthotics servicesthat are clinically
useful and possess good measurement properties. This paper
describes the initial development of alower extremity func-
tional statusinstrument, a health-related quality of lifeinstru-
ment, and separate instruments assessing client satisfaction
with services and their device.

Methods

I nitial I nstrument Devel opment

We completed a comprehensive literature search using
MEDLINE, CINAHL, and Recd to identify generic and O& P-
specific outcome instruments. This search yielded several
dozen instruments. After input from an advisory committee
that included clients, orthotists, prosthetists, physical thera-
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pists, occupational therapists, physiatrists, psychologists and
social workers we decided to focus the instruments on the
following constructs. upper extremity and lower extremity func-
tional status, health-related quality of life, and client satisfac-
tion. Initially, we developed age-specific measures, one for
adults and one for children, for each of the constructs.

First Field Test Sample

Thefirst field test of the instruments consisted of tele-
phone interviews with a sample of past recipients of O&P
services at the Rehabilitation I nstitute of Chicago (RIC). The
sample of 66 respondents consisted of 52 adults and 14 par-
entsanswering on behalf of their child. There were 35 orthot-
icsusersand 17 prosthetics usersin the adult group, and nine
orthotics users and six prosthetics users in the child group.

Measure Construction

Rating scale (or Rasch) analysis (RSA; Rasch, 1960/
1980; Wright & Stone, 1979; Wright & Masters, 1982) pro-
vides a sophisticated means of evaluating each instrument’s
effectiveness in measuring a specific construct - functional
status, quality of life, and satisfaction. RSA is a probability-
based method for converting ordinal level ratingsinto equal-
interval measures and can also be used to evaluate an
instrument’s reliability. Two estimates are produced by this
analysis: aperson ability measure and an item difficulty value.
A person ability measure is an estimate of each individual's
overall performance on the set of itemswhileanitem difficulty
valueisan estimate of the difficulty of performing each task,
relative to the other items in the set. Information from RSA
allows one to identify items that misfit the construct or are
redundant (are of similar difficulty levelsasother itemsinthe
set) and can be removed. Evidence of construct validity is
provided by a hierarchy of item difficulty that is consistent
with clinical experience. A Windows-based program called
WINSTEPS (Wright & Linacre, 2002) provides aconvenient
means of implementing RSA.

A number of psychometric criteriaare used to describe
the quality of the instrument. These include person separa-
tion, which indicates how well the set of items distinguishes
different levels of ability within the sample. Values greater
than 2.0, corresponding to aCronbach’saof .80, aredesirable.
Item separ ation indicatesthe range of item difficulty covered
by the measure. Again, values greater than 2.0 are desirable.
The average person measure indicates how well targeted the
item set isto the sample. An average person measure of zero
indicates an item set perfectly targeted to the sample sincethe
average item difficulty is by default set at zero. Item misfit
reflectsthe extent to which asignificant portion of the sample
responds anomal ously to aspecificitem; desirable values are
between .7 and 1.4. Likeac? statistic, fit statistics summarize
the residuals between expected and observed responses.
Largevalues (greater than 1.4) indicate excessive“ noise” due

Continued on page 6
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to unexpected responses; small values (less than .7) indicate
observed values that are too similar to the expected values.

Evaluation of First Field Test Results

The first set of outcome measures consisted of sepa-
rate modules - function, quality of life, and satisfaction. Each
module contained age-specific measures for young children
(ages 2-5 years), older children (ages 6-15 years), and adults
aged 16 years and older. Feedback from both respondents
and cliniciansindicated that age-specific measureswere cum-
bersome and impractical. Thisimpression was borne out dur-
ing our initial rating scale analyses. Therefore, we combined
the adult and child responses for each of the items that were
the same and calibrated theitemsfor the combined sample. In
general, this approach revealed a sensible hierarchy of item
difficulty for each of the measures; it also revealed that a
number of items were redundant. The limited number of re-
spondents with upper extremity impairment led us to defer
development of this functional status measure.

I nstrument Revisions

Lower Extremity Functional Measure. In addition to
combining theitemsinto asingleinstrument for al age groups,
we dropped 12 of the original 25 items due to misfit, redun-
dancy, or because they were age-specific tasks. Next, we de-
veloped seven new itemsusing input from cliniciansand con-
sumers with the intent of expanding the range of item diffi-
culty. In addition, we added a sixth rating scale category to
distinguish the inability to perform atask from never doing a
task. The revised instrument consists of 20 items and has six
response categories: 0 - not applicable; 1 - very easy/perform
independently; 2 - easy/need very little or no assistance; 3 -
dightly difficult/need some assistance; 4 - very difficult/need
alot of assistance; 5 - cannot perform the activity.

Health-Related Quality of Life. As with the lower ex-
tremity functional measure, we combined theitemsintoasingle
instrument for all age groups. We dropped many age-specific
itemsand revised the multiplerating scalesto tworating scales.
Therevised health-related quality of life instrument consists
of 23 items and uses two, five-level response categories: a
frequency scale and an extent of agreement scale.

Follow-up Evaluation of Satisfaction with Device. The
initial satisfaction measure consisted of 27 items addressing
both device and service issues and used a variety of rating
scales. As with the other measures, we dropped redundant
itemsand revised the multiplerating scalesinto asinglerating
scale. The revised follow-up evaluation of client satisfaction
with devices consists of 11 items and uses one rating scale
with four “extent of agreement” response categories. Initial

analysis showed that two items dealing with the cost of the
device (“I can afford the out-of-pocket expensesto purchase
and maintain my prosthesis/orthosis’ and “I can afford to
repair or replace my prosthesis/orthosis as soon as needed”)
misfit the construct indicating that cost issues are distinct
from the overall construct of device satisfaction. Although
we did not combine these items with other satisfaction items
to obtain a total measure, we retained them in the database
becausethey arerelevant to client compliance and health care
policy issues.

Follow-up Evaluation of Satisfaction with Services.
Redundant and misfitting itemswere dropped while three new
items were added. Feedback from consumers guided our de-
velopment of new items. The revised follow-up evaluation of
client satisfaction with services consists of 10 itemsand uses
the same four “extent of agreement” response categories as
the satisfaction with device measure.

Second Field Test Sample

Pediatric clientsreceiving outpatient servicesat Shriners
Hospital for Childrenin Chicago, adult clientsreceiving O& P
services at RIC, and past recipients of RIC O& P services
formed the second field test sample. The combined sample
consisted of 164 subjects, including 80 adults and 84 children.
In the adult group, 43 were orthotics users and 37 were pros-
thetics users; in the child group, 36 were orthotics users and
48 were prosthetics users.

Second Field Test Calibration Results

Results of the item calibrations for each of the instru-
ments in terms of average person measure, person and item
separation, and item misfit are presented in Table 1. The crite-
riafor acceptable psychometric characteristics are presented
above.

Lower Extremity Functional Measure. Calibration of
the lower extremity functional status responses yields desir-
able person and item separation statistics. The item map for
thisscale (Figure 1) depictstheitem hierarchy in equal-inter-
val log-odd units (“logits’). By default, the averageitem diffi-
culty iszero with easier itemsin the negative range and more
difficult itemsin the positive range. The map shows that the
easiest itemsare“ get on and off toilet,” “ get up from achair,”
and “walk in-doors.” Items of averagedifficulty include“pick
up an object from the floor while standing,” “ get on and off an
escalator,” and “walk out-doorson uneven ground.” The most
difficultitemsare“walk up to two hours’ and “run oneblock.”
Threeitemsmisfit dightly: two arerelatively easy items (“dress
lower body,” “put on and take off prosthesis or orthosis’),
and the third is the most difficult item (“run one block™). In
spite of these slight misfits, all of the items are retained be-
cause they are both clinically relevant and constitute a mea-
sure spanning a wide range of ability. The items are well-

Continued on page 7
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targeted to the sample as indicated by an average person
measureof 0.58.

likely that the paid work and school items misfit because they
were completed by only part of the sample. Theitemsare reason-
ably targeted to the sample as indicated by an average person
mesasureof 1.06.

Follow-up Evaluation of Satisfaction with Device. Cali-
bration of the satisfaction with device responses yields accept-
able person and item separation statistics. The item map for this
scale depicts the item hierarchy. The map shows that the easiest
itemsto endorse are “the weight of my prosthesis (or orthosis) is

Tablel. Calibration Summaries

Average Person ltem Misfitting items
person separation separation (item misfit)
measur e index index
(reliability (reliability)
Lower extremity function 0.58 3.95 (.94) 7.26 (.98) Run one block (1.51)
Dress lower body (1.43)
Put on and take off device(1.50)
Health-related quality of life 1.06 2.74 (.88) 4.79 (.96) Physical condition restricts
ability to do paid work (1.54)
Physical condition restricts
ability to attend school (1.62)
Keep to self to avoid others'
reactions to your device (1.66)
Satisfaction with device 1.01 1.70 (.74) 2.47 (.86) Clothes are free of wear and
tear from my device (1.44)
Easy to put on my device (1.64)
Satisfaction with services 291 1.89 (.78) 2.10 (.82) None

Health-Related Quality of Life. Calibration of the
health-related quality of life responses also yields desir-
able person and item separation statistics. The item map
for this scale depicts the item hierarchy. The map shows
that the easiest items are “ how often during the past week
have you been happy,” “how often during the past week
have you felt calm and peaceful,” and “how often during
the past week did you have a lot of energy.” Items of
averagedifficulty include “ how often during the past week
have you felt downhearted and depressed,” “how much
does pain interfere with your activities (including both
work outside the home and household duties),” and “how
much does your physical condition restrict your ability to
do chores.” The most difficult items are “how often dur-
ing the past week did you feel worn out” and “how often
during the past week did you feel tired.” Threeitems misfit
dlightly: “how much doesyour physical condition restrict
your ability to do paid work,” “how much doesyour physi-
cal condition restrict your ability to go to school,” and
“how much do you keep to yourself to avoid the reaction
of others to your use of a prosthesis or orthosis.” It is

Northwestern University Prosthetics Research Laboratory & Rehabilitation Engineering Research Center

manageable’ and “my prosthesis (or orthosis) is durable.” Items
of average difficulty were “it is easy to put on my prosthesis (or
orthosis)” and “my clothes are free of wear and tear from my
prosthesis (or orthosis).” These two items also misfit slightly.
The most difficult itemsto endorse are “my skin is free of abra-
sionsandirritations’” and “ my prosthesis (or orthosis) ispainfree
towear.” Theitemsare reasonably targeted to the sample asindi-
cated by an average person measure of 1.01.

Follow-up Evaluation of Satisfaction with Services. Cali-
bration of the satisfaction with services responses also yields
acceptable person and item separation statistics. The item map
for thisscale (Figure 4) depictstheitem hierarchy. The map shows
that the items easiest to endorse are “| was shown the proper
level of courtesy and respect by the staff” and “I received an
appointment with a prosthetist/orthotist within a reasonable
amount of time.” Items of average difficulty are “| am satisfied

Continued on page 8
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with thetraining | received in the use and maintenance of my
prosthesis/orthosis’ and “the prosthetist/orthotist gave me
the opportunity to express my concerns regarding my equip-
ment.” Theitemsmost difficult to endorseare”| wasapartner
in decision-making with clinic staff regarding my care and
equipment” and “The prosthetist/orthotist discussed prob-
lems| might encounter with my equipment.” None of theitems
misfit the construct. Not unlike other satisfaction instruments,
the items are mistargeted to the sample as indicated by an
average person measure of 2.91. This mistargeting revealsa
high level of satisfaction with services.

Discussion of Results

The study objectives, to devel op self-report instruments
for evaluating the outcomes of prosthetics and orthotics ser-
vices that are both clinically useful and possess good mea-
surement properties, were achieved. We started with alarge
set of potentialy useful items and honed them to a small
enough set that can be used without undue patient burden.
The instruments contain a sufficient number of itemsto pro-
videreliable estimates. Consumer and clinician input assured
clinical relevance. We used contemporary measurement tech-
nology to evaluate individual items aswell asthe entireitem
set for use with prosthetic and orthotic clients.

Several clinical applicationsareimmediately apparent.
OPUS should be useful for prosthetic and orthotic programs
in undertaking quality assessment and improvement activi-
ties, evaluating changein patients' functional statusand qual-
ity of life, and assessing satisfaction with devices and ser-
vices. OPUS assesses clinically relevant domains of patient
experience that should help clinicians provide high quality
care. Patients with unusual response patterns (e.g., difficulty
performing easy items and little difficulty performing harder
items) can be easily identified and questioned in greater detail
during follow-up evaluations about their unique needs or the
environment that makestheir experience unique. Patientswith
minimal change in function can beidentified easily with the
OPUSIower extremity items. Finally, clinicians can follow-up
with patients who are not satisfied with one or more aspects
of their servicesfor further evaluation.

We realize that this study has some limitations: We se-
lected clients from only two rehabilitation programs and the
samplesizeisnot largeto discern differencesin subgroups of
clients (adults and children, prosthetic and orthotic users).
Moreover, itispossiblethat clientsreferred for O& P services
in other settings might show a narrower or broader range of
responses. Future work will ameliorate this shortcoming.

Future research activities also include devel oping amea-
sure of upper extremity functional status, evaluating instru-

ments’ sensitivity to change, and discerning differences be-
tween patient groupswith different types of impairment. Work
is underway to evaluate a set of upper extremity items. The
relatively small population of patients using upper extremity
prostheses and orthoses requires greater time and resources.
We have secured the participation of several clinics in the
United States and Canada that have diverse patient popula
tions in order to evaluate subgroup differences in function,
quality of lifeand satisfaction, aswell as different waysthese
groups might define these constructs.

In summary, the four components of OPUS— ower ex-
tremity functional status, quality of life, satisfaction with de-
vices and satisfaction with services- provideclinicianswith a
useful tools to evaluate individual client and program out-
comes. The psychometric properties are promising asthe in-
strument demonstrates the ability to detect a wide range of
function, quality of life and satisfaction, and possesses good
internal consistency and construct validity. The next steps
are to evaluate the instruments' sensitivity to change over
time and differences across patient groups defined by impair-
ment and prescribed device. <>
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Childress Addresses Conference on
Physical Disabilities Through the
Lifespan

Dudley S. Childress, PhD, presented an overview of
Prosthetics and Orthotics Lifespan Issues at the Conference
on Physical Disabilities Through the Lifespan, held July 21-
22, 2003 in Bethesda, Maryland. The conference was spon-
sored by the National Center for Medical Rehabilitation Re-
search, National Institute of Child Health and Human Devel-
opment, National Institutes of Health. Cosponsors included
theNational Institute of Disability and Rehabilitation Research
and the Rehabilitation Research and Development Service,
U.S. Department of VeteransAffairs.

Abstract of Dr. Childress' Presentation

Elderly peoplein the last years of their lives often lose
limbsbelow the knee (transtibial amputations). Although these
people may not be very active physically, aprosthesisis con-
sidered of valueif it merely helps people get to the toilet and
back independently or with minimal assistance. For many
years it has been thought that very lightweight, low cost,
durable, attractive and functional transtibial prostheses of
uni-body construction would be of much useto elderly people
and possibly to others. Engineering research associated with
fast prototyping methods and automated foot alignment could
make such prostheses feasible. The object isto use high-tech
methods to produce simple, low-tech prostheses of high qual-

ity.

Partial foot prostheses/orthoses have not received the
research attention needed to develop quality aids in this
largely forgotten or ignored field of prosthetics and orthot-
ics practice. New biomechanical ideas that center around
providing effective “roll-over shapes’ for partial foot pros-
thetic systems appear to provide a way to improve walking
function. Roll-over shape is defined as the effective geom-

Northwestern University Prosthetics Research Laboratory & Rehabilitation Engineering Research Center

etry (rocker) that the foot/ankle complex conforms to from
heel contact to opposite heel contact.

Ankle-foot-orthoses are one of the most widely used
orthotic devises, yet little research has been directed toward
improving their function. New results suggest that improve-
ment my be possible if we can make the foot-ankle-orthosis
system behave so that the roll-over shape of the system mim-
icsan ideal shape (e.g. ashapethat isbiomimetic). Engineer-
ing research has shown this possible for foot prostheses with
rigid ankles and more research can likely demonstrate how
this can be accomplished in ankle-foot-orthosis systems.

Surgical techniques that provide supplementary con-
trol sites for upper-limb prostheses have been investigated
for amost a century, often with considerable success. Ex-
panded research is needed on an approach called “ neuro-
muscular reorganization” which currently is being investi-
gated for use in prosthesis control whereby nervesthat origi-
nally went to body parts that have been amputated are routed
in muscles that have been surgically prepared to serve as
myoelectric control sites. In this way, redundant nerves can
be used in ways that are easily understood by the body.

Lisette Ruberte and Lexyne McNealy
Organize G-SALSA

The Graduate Student Association for Latino and Span-
ishActivities(G-SALSA) on the Northwestern University cam-
pusbecamearesdlity through the efforts of two NUPRL & RERP
graduate students. Lissette Ruberte and Lexyne McNealy,
both candidates for doctoral degreesin Biomedical Engineer-
ing, were instrumental in founding the organization.

The primary purpose of G-SALSA is to promote aca-
demic and social networking among graduate students of Latin
and Spani sh-speaking heritage and to increase the number of

Continued on page 11
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News from
the Department
of Veterans Affairs

eterans, who because of a service-connected dis

ability, wear or use a prosthetic or orthopedic ap-
pliance which tends to wear out or tear clothing, and veter-
ans, who because of a service-connected skin condition use a
medi cation that causesirreparable damageto outer garments,
areeligiblefor payment of an annual clothing allowance. To
qualify for annual payment, veterans must apply and their
eligibility must be established as of August 1 of the year for
which paymentisclaimed.

Historicaly, The VeteransHealth Administration (VHA)
and the Veterans Benefits Administration (VBA) shared re-
sponsibilities for VA's Clothing Allowance Program. This
shared responsibility required duplication of effortsand pro-
cesses. In order to develop better ways to conduct business
and ensure efficiency in utilizing resources, VA developed a
team to look at cross-cutting efficiencies that would benefit
the VA aswell as the veterans served by this program.

The intra-agency workgroup developed a plan to con-
duct a cross-cutting test to determine the extent to which
processing time and hand-off occurrences between VBA and
VBA can bereduced and service delivery improved by having
VHA processand finalize annual clothing allowance payments;
in essence, taking VBA out of the process. Furthermore, this
would also allow veteransto apply and have their claim pro-
cessed where they are being seen, saving veterans a lot of
time and follow-up between VHA and VBA. Thiswastested
at several VHA and VBA facilities during Fiscal Years 2001
and 2002. The dataand feedback received from the results of
the test indicate that transferring responsibility for the award
action on the annual re-certification portion of the Clothing
Allowance benefit to VHA’s Prosthetic and Sensory Aids Ser-
vice would significantly reduce processing time, by at least
67% (test-site data). Local Veterans Service Organizations
received positive feedback from veterans and veterans ex-

VA Makes Transition to Reduce
Processing Time for Veterans
Applying for an Annual
Clothing Allowance

By Robert M. Baum

Coordinated by Robert M. Baum
Prosthetic Program Manager, P& SAS SHG,
VA Central Office, Washington D.C.

pressed appreciation for the reduced waiting timesfor benefit
payments.

Due to this successful cross-cutting effort, the Under
Secretary for Benefitsand the Under Secretary for Health es-
tablished a transition team to ensure a successful transfer of
responsibility for this program to VHA's Prosthetic and Sen-
sory Aids Servicein Fiscal Year 2003, Nationwide. Thetransi-
tion team was successful in meeting this goal as the entire
process moved to VHA’s Prosthetic and Sensory Aids Ser-
vice on July 1, 2003, and medical centers are now solely re-
sponsiblefor processing all claimsfor clothing allowance.

The only major change that will effect veteransis the
need to send applications for annual clothing allowance to
the Prosthetics Department at their nearest VA Medical Cen-
ter in lieu of their Regional Office. Veteranswho are already
receiving a recurring payment will not be affected by this
change. Applications can be obtained from their nearest VA
Medical Center, their local Veterans Service Organization, or
on VA'swebsite.

VA isexcited about this change and their effortsin sim-

R/

plifying the processfor both VA and the veterans served. <+

Please send usyour articles, success stories, com-
mentsor suggestionsfor futureissuesin the VA Presents.
E-mail: Robert.Baum@hqg.med.va.gov Address. PSAS
SHG (113), 810 Vermont Ave., NW, Washington, DC
20420. Phone (202) 273-8515. Fax: (202) 273-9110.
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L atino/a students on campus the awareness of their presence
and valueto Northwestern University. Lisette RuberteisVice
President of G-SALSA.

In aworkshop held July 10 for graduate students who
are members of minorities and who attend Northwestern,
Lisette Ruberte talked about seeking employment and cov-
ered topicsincluding letters of recommendation and theinter-
view. Lexyne McNealy addressed choosing the right pro-
gram versus the right school, campus visits and follow-up.

Vigiting Fellows from Germany and
Austria Present Topics

On April 11, physicians visiting the United States as
fellows gave presentations an several topics of interest to the
staff of Northwestern University and the Rehabilitation Insti-
tute of Chicago. Dr. med Jan Matussek from Berlin, Germany
discussed two and three-dimensional posture control inidio-
pathic scoliosis. He also spoke about a new orthosis and
about "Dynamic ankle bracetesting”. Dr. med Ernst Bernhard
Zwick of Graz, Austriapresented two topics, “ Hamstringsand
Cerebral Palsy" and "Tamarack Joints in inner shoes’. Dr.
med Bernd K oester of Regensberg, Germany presented “Dia-
betic Foot Syndrome, Therapeutic Concepts Yesterday and
Today”, and “ Therapeutic Footwear for the Diabetic Foot”.

NUPRL Receives Grant for Technology
Transfer of Powered Hand

The Department of Veterans Affairs Research and De-
velopment Service has awarded agrant for technology trans-
fer of an Externally-Powered Trans-Metacarpal Hand Prosthe-
sis. Principle Investigator for the project isRichard F.. ff.Waeir,
PhD.

Margrit Meier has Abstract Accepted
to International Conference

Margrit Meier, PhD has had an abstract accepted to
Salford's 2nd “International Conference on Biomechanics of
the Lower Limbin Health, Disease, and Rehabilitation”, to be
held in Manchester, England, UK, September 1-3, 2003. The
abstractisentitled “ A Comparison of the“ C-Leg and the 3R60
Prosthetic Knee Joint.”

Northwestern University Prosthetics Research Laboratory & Rehabilitation Engineering Research Center

Comprehensive Set of Clinical Outcome

Instruments
Continued from page 8
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