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Foreign Body Reaction in the Lung

to Intravenously Injected Biomaterials

C . Ian Hood, M .B., Ch .B.
Veterans Administration Medical Center
Gainesville, Florida 32602

Sponsor : Veterans Administration Rehabilitation
Research and Development Service

This is the final report on a project in which have
defined a nonsurgical model system for evaluating
the cellular inflammatory response to biomaterials
embolized to the mouse lung . This system also has
proved useful for evaluating the effectiveness of anti-
inflammatory agents at various dosages and time
periods. The test system consists of divinyl benzene
copolymer beads measuring 45 to 53 micrometers in
diameter that lodge in the arterioles of the mouse
lung after intravenous injection.

Both early and late stages of granulomatous inflam-
mation were observed by electron microscopy pro-
gressing from the presence of a very few polymor-
phonuclear leukocytes at 3 hours to granulomas
maximum in size after 48 hours and composed of
both polynuclear and mononuclear leukocytes.
Granulomas older than 8 days were composed of
mononuclear leukocytes almost exclusively . The rate
of granuloma formation was quantitated in paraffin
sections by tracing the bead and granuloma and
measuring the areas with a digitizer attached to a
microcomputer The measurements were stored on
a floppy disk, and data from similar experiments
merged and analyzed with a statistical program.

This basic model was used to compare the bioreac-
tivity of such materials as poly d, 1-lactide (used for
drug transport) and arious formulations of bioglasses
(used in joint replacement) . The system was quantita-
tively useful in evaluating the relative effectiveness of
both steroidal and non-steroidal anti-inflammatory
agentsm

Flexible Glow Discharge Polymer
Leaching Barriers

Nicholas C . Morosoff, Ph .D.
Research Triangle Institute
Research Triangle Park, North Carolina 27709

Sponsor : National Institute of General Medical Services

The investigator proposes the deposition of a new
polymer onto the surface of a bulk polymer using the
glow discharge plasma technique in order to prevent
the leaching of plasticizers from the bulk polymer.
This project is aimed at the preservation of the
physical properties of a polymer that will be placed in
service . The investigator proposes to improve the
properties of the new polymer by varying its crosslink
density. The efficiency of the hydrocarbon plasma
polymer as a barrier to leaching of plasticizers from
the bulk polymer will be correlated with the degree of
crosslinking and the chemical nature of the new
surface. It is anticipated that this technique will be
valid for coating the inside of small vuaoel prosthe-
aees

Microsurgical Techniques Applied to
Orthopaedic and Hand Surgery

John W. Shaffer, M .D . ; Dwight T. Davy, Ph .D .;
and Greg A . Field, B .A.
Veterans Administration K8odioa! Center
Cleveland, Ohio 44106

Sponsor : Veterans Administration Rehabilitation
Research and Development Service

We have completed the dog experiments for the
second half of the program titled K8ionosurgioa! Tech-
niques Applied to Orthopaedic and Hand Surgery. We
are reporting the current status on 48 canine experi-
ments studying the radiographic, angiographic, and
blood flow data in 48 paired hindlimb orthotopically
placed tibia autografts . Forty-eight skeletally mature
beagles had both hindlimbs operated on simulta-
neously. The nutrient artery of the tibia was dissected
free using an entoro!ateral approach . Transverse oo-
taotornieo were performed to obtain a 4-cm tibia
graft . On the vascularized tibia side, the periosteum
was left intact although all muscle attachments were
freed . The graft blood flow was retained through the
nutrient vessel providing endosteal circulation . The
medullary blood flow to the isolated graft was mea-
sured using hydrogen washout technique . The con-
tralateral nonvascular graft was harvested similarly
except that the nutrient vessels were cauterized and
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the periosteum stripped . A seven-hole compression
plate was used to rigidly fix both osteotomies on each
tibia. Eight dogs were killed at 1 week, 3 weeks, 6
weeks, 3 months, 6 months, and 1 year.

At the conclusion of the experiment, the animals
were restudied with graft *ndoateal blood flow mea-
sured using the hydrogen washout technique and then
after sacrifice, the perfusion of each limb with barium
sulphate-prussian blue mixture via the femoral artery.
X-rays were taken postoperatively, at four weeks, and
at kill . Radiographic analysis consisted of measure-
ment of graft cortical width, graft width, presence of
periootuel and endosteal callus, callus bridging, oblit-
eration of the loosening osteotomy line, and medul-
lary recanalization . Angiographic assessment deter-
mined vessel patency and the extent of vascular
ingrowth invading the graft.

Our preliminary results have shown that all animals
tolerated the procedure and were weight bearing
within 2 days postoperatively. All animals were killed
on schedule . Vascular grafts demonstrated earlier
laying down of poriosteol callus (75 percent at
3vveake) and endooteal callus (81 percent at 3 weeks)
as compared to nonvascular grafts (31 percent and
44 percent, respectively). At 6 weeks, 69 percent of
vascular grafts showed callus bridging the osteotomy,
compared to 19 percent ofnonvasnu!ac At 3 months,
87 percent of osteotomies of the vascular side healed
and 75 percent had medullary recanalization, while
only 43 percent of the nonvascular graft osteotomies
healed and 36 percent recanalized . At 6 months, the
recanalization rate was 86 percent versus 50 percent
vascular to nonvascular.

The degree of osteoporosis measured by changes
in cortical width from surgery to kill differed between
the groups . The nonvascular graft showed a steady
decline in oortioel width to -34 percent at 6 months
compared to -9 percent in the vascular graft . A
vaaou!arizedgraft blood flow peaked at 3 weeks then
decreased and stabilized by 3 months . The blood flow
to the nonvascularized graft increased linearly up to
3 months . At that time and thereafter, flow to the
vascular and nonvascular grafts was similar. The
invasion of vascularity from either end of the graft
progressed linearly, but at markedly different rates.
The nonvascular graft had vascular invasion at a rate
of 0.36 cm per week while the vascular graft was
0.94 cm per week . This increase leveled off following
3vveeko.

We have demonstrated a significant advantage of a
vascularized bone graft over a nonvascularized bone
graft and the ability to lay down callus, and then the
union rates, when bridging large idaphyseal defects.
The nonvascular graft showed a greater degree of

osteoporosis with time . The increased blood flow to
the vascular grafts in the first 3 weeks postoperative
seems to be due to a faster rate of vascular invasion
across the osteotomy rather than hypertrophy of the
nutrient vessels. Segmental bone grafts appear to
heal in a fashion similar to segmental fractures, and
this process is accelerated in the vascular graft as
compared to the nonvascular graftm

A Program for Evaluation and

Monitoring of the Pysvascular Patient

Bok Y. Lee, M .D., and William R. Thoden, M.A.
Veterans Administration Medical Center
Castle Point, New York 12511

Sponsor : Veterans Administration Rehabilitation
Research and Development Service

The
mography (CPP) reflects physiologic tissue perfusion
and does not depend directly on the shape of the
arterial pulse of the trunk arteries . As such, this
instrumentation may be useful in predicting a suc-
cessful level of amputation as well as the results of
revascularization procedures . In an attempt to deter-
mine the usefulness of this technique, we have
evaluated a series of patients with atherosclerotic
occlusive disease of varying levels of severity and a
series of subjects without incidence of occlusive
disease.

Twenty-five patients and nine subjects without vas-
cular disease have been evaluated . To evaluate the
cutaneous pressure required to maintain a healed
stump, 10 of the 25 patients were postoperative
amputees . They ranged in age from 35 to 78 years
(mean : 63.4) with a follow-up of 3 .0 ± 3 .4 years . They
were all below-knee amputees : five were diabetic and
five non-diabetic . Five of the 25 patients were sched-
uled for revascularization procedures for disabling
claudication . They ranged in age from 50 to 70 years
(mean : 57) with a follow-up of 3± 1 .2 months . The
remaining 10 patients were prospective amputees
and ranged in age from 53 to 76 years (mean : 66 .4)
with a follow-up of 4±3 .1 months . The nine normal
subjects ranged in age from 23 to 67 years (mean:

In the retrospective amputees, CPP measurements
were made at the stump ; in the prospective patients
and normals measurements were made at four loca-
tions : 10 centimeters proximal to the knee joint, at
mid-calf, over the dorsum of the foot, and at the chest.

CPP senses the blood flow in the skin at various
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skin-bearing pressures using a handheld probe . The
photoplethysmograph consists of a sensing probe
containing a small light source and a photosensitive
cell that responds to light reflected from the cutaneous
vascular bed . The photoplethysmograph, connected
to a recorder, prints out a permanent waveform . The
skin-bearing pressure probe is calibrated using a
known force loading on the bearing surface of the
probe . The skin-bearing pressure is shown on a
digital display directly in mm Hg while the waveform
is printed.

The probe initially is placed at the site desired and a
waveform is obtained . With the manual application of
gradually increasing pressure, the waveform is ob-
literated. Pressure is then gradually released and the
pressure reading at the point where the photoplethys-
rnographic waveform returns is recorded as the cuta-
neous pressure.

Most techniques of blood pressure measurement in
the extremities are designed to measure pressure in
the main arterial pathway. For example, Doppler
segmental pressures record systolic pressure at var-
ious levels of the extremity by means of a probe
placed over an artery, most frequently the posterior
tibial artery. The technique of cutaneous pressure
photoplethysmography (CPP), however, does not en-
tail use of a main artery. The basis of this technique,
similar to that detailed by Holstein, is measuring skin
perfusion pressure as the amount of external pres-
sure required to halt isotope washout . Increases are
seen in tissue perfusion pressure, as well as in the
venous pressure and the microcirculation in general,
in an attempt to overcome an applied external pres-
sure. Blood flow ceases with sufficient external pres-
sure and tissue pressure becomes zero, thus making
venous pressure equal to arterial pressure . The exter-
nal pressure at this point is a reflection of the pressure
head in the main supply artery. Thus, if local venous
pressure approximates zero when external pressure
is applied, that external pressure, in mm Hg, is a
measure of the local perfusion pressure.

In normals, there is no gradient in cutaneous
pressure from the chest to the dorsum of the foot;
cutaneous pressure at each level of the leg was higher
than that of the chest . In patients with vascular
ddisease, marked gradient in cutaneous pressure oc-
curs
Cutaneous pressure is much lower in the presence of
rest pain, gangrene, or ulceration than with intermit-
tent claudication . A cutaneous pressure of about 50
mm Hg is required to assure wound healing.

CPP is effective in differentiating normals from
diseased patients, the severity of the vascular dis-
ease, and the optimal level for amputation . This study

is ongoing ; a preliminary report on the use of CPP has
been submitted for publicationm

A Life-Span Approach to
Product Design and Development for
the Aging Population

K.G. Engelhardt, A .G,B .A . ; Paul Haber, M .D . ; Larry Leifer, Ph .D.;

Karen Holloway, B .S . ; and Roger Awad, M.S.
VA Rehabilitation Research and Development Center
Veterans Administration Medical Center
Palo Alto, California 94304

Sponsor : Veterans Administration Rehabilitation
Research and Development Service

Problem —The demography of the United States is
changing rapidly as the older segment of the popula-
tion increases . As a result, the needs, wants, and
capabilities of the average user are changing too . This
will soon necessitate the reassessment of the stan-
dards by which products are now developed and
evaluated . The human factors profile currently used
by designers is based on the ergonometric and
anthropometric characteristics of a male 21-30 years
old . Less than 10 percent of all older adults match this
profile . There is a need for a human-factors profile
that takes into account the human values and the
physical characteristics of the aging population.

Hypothesis —We hypothesize that technology which
is developed through an interactive process and
coupled with an approach to design and development
based on a lifetime continuum, will be more appropri-
ate to, and therefore more accepted by, the end-user
population . This interactive process requires user
involvement at all stages of the development cycle . It
is believed that user-focused research will insure a
well-defined need statement, which is necessary to
optimize the relationship between human and ma-
chine and will aid in the diffusion process.

Approach —The Interactive Evaluation Model is used
to focus on a life-span approach to product design
and development . The project seeks to:

1. Involve student design engineers and older peo-
ple in intergenerat\onal needfinding and design;

2. Provide students with a broader perspective to
design and development;

3. Develop methodologies to better educate engi-
neering design students to meet the needs of older
users;

4. Develop a modal from structuring communica-
tion between users and designers;
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5, Develop criteria for evaluation of marketed maaia'
dve devices;

6. Provide feedback to manufacturers of assistive
devices;

7. Facilitate interaction between academia, indus-
try, and government ; and,

8. Identify new projects which promise to benefit
the aging through the application of microcomputer
technology.

Status—The VA RR&D Center and the Stanford
University K4eohenioa! Engineering Design Division
have collaborated on two student projects in the past
year. Both were designed to highlight the needs of the
elderly and to educate the students in a life-span
approach to design. In one of the VA/Stanford proj-
ects, the interaction between academia, government,
and industry was of primary concern . This interaction
is continuing as the manufacturer considers the stu-
dent ideas in the upcoming redesign of their product.

In the evaluation effort, retired professionals are
involved in the identification of needs and definition
of appropriate technology for their peers . Currently a
computer class at one of the !ocal senior centers
(average age of the programmers : 69) is helping in
the evaluation of a commercial robot for use by the
infirmed. Other seniors are serving as advisors and
community liaisons for a project in "needfinding" at
Stanford . The results of this research were scheduled
to be presented at the 30th Annual Meeting of the
Western Gerontological Society in March of 1984m

Rehabilitation Engineering Center
for Product Evaluation

Samuel R . McFarland, Project Director
Rehabilitation Engineering Center
Southwest Research Institute
San Antonio, Texas 78284

Sponsor : National Institute of Handicapped Research

Evaluation of technology is the core area of study
for the Southwest Research Institute-Rehabilitation
Engineering Center, which was funded in May 1983.
The center's primary mission is to test, evaluate, and
disseminate information concerning the suitability
and application of new rehabilitation equipment to
rehabilitation clinicians and consumers.

The center has accomplished a number of tasks
during its first year of operation leading to the
establishment of a viable center for product evalua-
tion . These tasks include an international assessment

of prior rehabilitation evaluation experiences, devel-
opment of a standard methodology for product eval-
uation, and participation in a cooperative process for
selecting evaluation items.

Two product evaluations were begun . These prod-
ucts are the Storable Crutch, developed through the
Stanford Children's Hospital REC program, and the
Automatic Leg Bag Emptier, developed through the
REC program at Rancho Los Amigos Hospital . Engi-
neering tests and user pretests of both items have
been completed and clinical evaluations are in prog-
ress through the University of Texas Health Science
Center, Department of Physical Medicine.

The project staff has developed and identified
numerous channels through which to disseminate
rehabilitation technology information and make po-
tential users of such information aware of the REC.
Specific tasks include development of the Tech Eval
newsletter to be used for reporting, announcing, and
presentation of instructional information related to
technology evaluation . Additional dissemination
tasks accomplished include article contributions to
various publications, paper presentations, panel par-
ticipation, booth exhibits at numerous conferences,
and visits to rehabilitation programs and facilities.

Cooperation has been developed with the REC at
the Electronic Industries Foundation (ElF), which
shares the responsibility for the total mission of
evaluation of technology and stimulation of industry.
ElF will focus on selecting products to be assisted by
both programs and will interact with prospective
manufacturers to develop the product for market,
while this center will concentrate its resources on
developing sound engineering and clinical testing
procedures aimed at informing the intended pur-
chaser(s).

As the center begins its second year of operation,
plans call for intensifying efforts to identify and
catalog prior and current experience in evaluation
and testing of rehabilitation devices and methods.
The center also will work toward attracting commer-
cial and nongovernmental support for evaluation
service
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Rehabilitation Information Project

David L . Jaffe, on .S ; Robert Chase, M .D . ; Gregory Gooch ich, Ph .D .,

Richard Steele, Ph .D . ; Susan Phillips, xx .x, Steven Shindell, Ph D .;

SvoMelrose, m .x ., Peggy Webber, oo .S , Rick Delgado;

and Melva

	

BS
VA Rehabilitation Research and De ,	ant Center

Veterans Administration Medical Center
Palo Alto, California 94304

Sponsor : Veterans Administration Rehabilitation
Research and Development Service
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keystrokes and select information to be spoken from
its store. Messages could be sent to the system by
employing a two-button entry scheme.

In such a system, both information retrieval and
generation could be performed by users without their
purchasing specialized equipment (terminal and mo-
dem communication would also be supported, to
accomodate those with impaired hearing) . A human
information specialist to aid new users and provide
advanced assistance for others would reduce de-
mands upon the user/system interface's versatility.

To achieve enhanced communication, there could
be several methods of information exchange within
the system . On-line newsletters could facilitate the
dissemination of information from a central orqmnizu-
tionin its members . Separate publications would be
created to cater to the interests of the spinal cord
injured, visually impaired, and those desirous of data
on vocational aids. An electronic employment service
could also be implemented, acting as an information
node among prospective employees, potondal em-
ployers, and an employment counselor. A continuing
advertising section on the system would provide
users with an up-to-date list of jobs available and
situations wanted . Interviews could be conducted and
resumes exchanged in privacy over the proposed
system . Finally, Design Circles will allow consumers
to interact with designers at all stages of development
of new products . Meetings of the group could also
include both consumers, potential manufacturers,
and health care professionals.

Although this one system could not possibly serve
the entire national rehabilitation community, it could
serve aua !ooal model for other idendcal microcom-
puter-based systems, or for a national network oon-
neo1edto a large computer.

Status—Several speech synthesizers have been ac-
quired and their characteristics have been inves-
tigated . Microcomputer hardware systems have been
surveyed for their suitability for this project and a
database software search has begun.

While the need and problem have been deter-
mined, a concerted effort on this project awaits
funding . A proposal requesting funding for this proj-
ect has been submitted for VA merit review. If ap-
proved,tha 2-year project would receive initial fund-
ing in October 1984n

Topical Anesthesia and Muscular
Hypertonicity

M.A . Sabbahi and DA De Luca
The NeuroMuscular Research Center
Boston University
Boston, Massachusetts 02215

Sponsor : Liberty Mutual Insurance Company

Muscular hypertonicity is among the most dis-
abling symptoms affecting patients with central ner-
vous system disorders . It appears as spasticity in
patients with stroke or cerebral palsy and as muscular
rigidity in patients with Parkinson's disease . Increased
joint stiffness during movement, coupled with muscle
weakness in the upper and lower extremities, reduces
these patients' functional capabilities . Pharmaceutical
treatments are not often effective.

Our recent neurophysiological studies led us to
develop and test a new treatment technique using
topical anesthesia . Details of the double-blind re-
search design involving the topical anesthesia and a
placebo were reported in our 1982 Activities Report.

A controlled study of chronic stroke patients dem-
onstrated that 5 out of 10 treated with topical anes-
thesia on the lower limb had short-term benefits,
requiring less time to complete ten rapid repetitive
movements of the limb joint . Longer-term treatments,
consisting of three sessions per week for 1 month,
yielded even better results : all nine patients tested in
a long-term application achieved faster movement
capability at the knee joint . At the elbow joint, three
patients showed substantial improvement immedi-
ately after treatment and four showed a substantial
improvement in the long-term treatment.

During the past year, we conducted a controlled
study to measure the ground reaction forces on the
affected and nonaffected legs of stroke patients and
obtained stabilograms (pattern and degree of sway of
the center of gravity) before and after immediate and
long-term application of topical anesthetic . We ob-
served an improving trend in all measures of gait
immediately after anesthesia . The long-term treat-
ment resulted in considerable progress toward nor-
mal values by the end of the treatment.

Numerous health professionals have expressed
interest in using our technique and have written us for
information . Since we wanted to evaluate the percep-
tions, practical experience, clinical findings, and
complaints of health professionals who applied our
techniques, we sent a questionnaire to all who had
received our information . The responses were numer-
ous and favorable . Of the 230 questionnaires that we
sent out, 13.4 percent indicated that they had used the
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technique on at least

	

overwhelming
number of these reported improvements in their
spastic patients' movement capabilitiesm

Topical Anesthesia and Parkinson's
Disease

M . Bailin ; M .A . uauhmm ; and

	

De Luca
The NeuroMuscular Research coma,
Boston University
Boston, Massachusetts 02215

Sponsor : Liberty Mutual Insurance Company

Parkinson's disease is a movement disorder of th
central nervous system and affects about 500,000
people in the United States . Neurochemical studies of
patients with Parkinson's disease show an imbalance
in the brain neurotransmitters, dopamine, and acetyl-
choline. But since causal factors are still unknown,
rehabilitation plays the major role in functional recov-
ery for these patients . Surgical, medical, and physical
therapies all have been used with varying success.

Since we had demonstrated the usefulness of the
topical anesthetic technique in mitigating symptoms
of spasticity in other patients, we began a pilot study
during 1983 to test the efficacy of a topical anesthetic
spray with people suffering from Parkinson's disease.
Individuals with this disease tend to walk with diffi-
culty due to muscular rigidity. They take smaller steps
at slower speeds and are more rigid while walking as
a result of diminished central nervous system control
of their peripheral musculature . They also usually
exhibit some resting tremor and difficulty with other
activities of daily living.

Our controlled double-blind study measured
ground reaction forces, step length, and the temporal
components of gait . Specific variables included
stride, support, swing, step times, and sway patterns
during quiet standing.

Preliminary results demonstrate some improve-
ments in the ground reaction force pattern as the foot
strikes the ground. Before treatment, as the weight-
bearing phase of their gait began, patients exhibited
force-vector profiles indicating reduced progression
of the center-of-pressure of their weight . Weight
acceptance was slow and showed abnormally se-
quenced force vectors indicating an abnormal move-
ment of the body. After application of the topical
anesthetic, their profiles shifted toward a normal
pattern . We observed no measurable changes in the
temporal parameters of gait . Flectromyographic re-
cording may help us to elucidate the factors leading

to the changes. More subjects need to be tested
before we can make any informative conclusionsm

Topical Anesthesia with Normal Subjects

M .A . Sabbahi and C~De Luca
The NeuroMuscular Research Center
Boston University
Boston, Massachusetts 02215

Sponsor : Liberty Mutual Insurance Company

We have previously published reports with evi-
dence for increased excitation of motor activity in the
ypinal cord following desensitization of the skin by
topioal anesthetics. These increases have been asso-
ciated with alterations in the gait of spastic patients.

In the past year, we have investigated these phe-
nomena in the gaits of normal subjects . We tested six
normal subjects on an instrumented walkway before
and after the application of a topical anesthetic.
Vertical ground reaction forces were measured from a
computer-controlled force plate while the subject
ambulated or walked in place . (Walking in place was
tested because of the ease with which multiple steps
could be recorded on a single-force platform .) Foot
switches attached to the sole of the foot at the hoel
and toe recorded the foot contact history. A topical
anesthetic was sprayed to all skin areas of one lower
limb except for the skin overlying the front of the shin
and the sole of the foot . Measurements were repeated
at 15-minute intervals up to 1 hour after the anes-
thetic.

We found increases during gait and while walking
in place in the vertical ground-reaction-force peaks
following topical anesthesia ; no consistent change
occurred in the timing of foot contact or in the walking
speed. These effects observed during gait and while
walking in place are consistent with an increased
excitability of the opinal neurons related to the exten-
sor muscles . Therefore, the motor contrml of stereo-
typed movement patterns, such as those occurring in
gait, can be modified by reducing the skin's sensory
input.

The observed effect of topical anesthesia on ground
reaction forces was more dramatic and more consis-
tent for walking in place than for gait . This may have
resulted from the greater stretch during walking in
place to the extensors of the ankle ; ' greater stretch
occurs with the toe-heel sequence of walking in place
than with the heel-toe sequence normally used in
gait . Marching in place thus offers a useful new
method of gait ana!yaiem
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