S.U. Tip Fakiiltesi Dergisi Cilt: 7 Sayr: 4 Sayfa: 565 - 570 (1991)

BIOMEDICAL ENGINEERING: AN INTERDISCIPLINARY
APPROACH IN THE LIFE SCIENCES * :
(Biyomedikal Miihendisligi: Hayati Bilimlerde Disiplinler Arasi Bir Yaklasim)

Dr. Ahmet ARSLAN *, Dr. Abdurrahman KUTLU **, Dl‘.‘ Faruk AKSOY *** Dr. Emsal H. UGUR****
* S.U.T.F. Tibbi Biyoloji ve Genetik Anabilim Dali, ** S.U.T.F. Ortopedi ve Travmatoloji Anabilim Dals,
*** S.U.T.F. Genel Cerrahi Anabilim Dali, **** § (. T.F. Radyoloji Anabilim Dali

OZET

Fiziksel bilimlerin ubta uygulanmasi ve up bi-
limleriyle biitiinlegtirilmesi bu makalede taru-
silmigtir. Saglik hizmetlerinde olan gelismeler, te-
mel up bilimleri alanlarinda bir hayli deneysel
¢aligmalara imkan hazirlamaktadir. Bunlardan imp-
lantasyon, doku toleransi, materyal tcknolojisi, mo-
del ve kalipgilik, ve alet donanimi gibi ¢aligmalar bi-
omedikal mithendisliginin ve biomedikal temel bi-
limlerinin 6nemini ortaya koymaktadir.

ABSTRACT

Integration and possible means of application of
physical sciences in medicine has been discussed.
Progressive improvements in health care opens ex-
plorative research arcas in the medical sciences (im-
plantation, tissuc tolcrance, high quality material,
modelling and remolding, and instrumentation) that
makes biomedical engineering and sciences a must.

INTRODUCTION

Biomedical Engineering is an interdisciplinary
science which lends itself on the various aspects of
life, particularly human health. It's interest covers
from pure and applied sciences (Physics, Chemistry,
Applied Mathematics, Molecular Biology, and Medi-
cine) to enginecring (Mechanical, Electrical and Elec-
tronics, and Material Scicnces). It is not thercfore
unusual sometimes to be called Clinical Engince-
ring.

» AN OVERVIEW

There is an ever increasing demand for engincers
with a biomedical training. Over the last decade the
worldwide interest in improving plant design and ex-
tenal body support systems has been matched by in-

dustry’s cagerness (o develop these ideas into pro-
ducts. Such developments include partial and total
replacement of joints and organs, and specialized
splint and dressings. Biomedical Engincers must
have a complete understanding of the function of in-
dividual body components, their relationship to
cachother and their performance in the environment
in which they operate. Since, Biomedical Enginee-
ring, embracing many arcas of the physical sciences,
the emphasis of the rescarch should be placed on the
usc of physical concepts in medical engineering app-
lications to clinical problems. These include: 1) di-
agnostic and therapeutic thermography; microwave
hyperthermia and therapeutic thermography; micro-
wave hyperthermia and deep temperature mapping
for use in cancer therapy. 2) Biomedical applications
ol laser, in other words, the application of lasers in
medicine. Lascr Doppler studies of blood [low
through heart valve substitutes and in the microcir-
culation. Flow cytometry. Image measurements by
light intensity evaluation. 3) Biomedical applica-
tions of Ultrasound and audiometry. Clinical appli-
cation and development of techniques for ultrasound
imaging. Blood (low mcasurement by Doppler Ult-
rasound. Tissue characterisation by ultrasound. Au-
diology. 4) Bioclectric and biomagnetic mecasure-
ments; electrophysiological measurements; recor-
ding and data processing of low level signals from
whole nerve trunks and muscle (smooth and stria-
ted). Pattern recognition of respiratory and evoked
potential waveforms. Cardiac clectrophysiology;
Cardiac stimulation and recognition of arrhytmias.
Static and dynamic imaging using the clectrical im-
pedance properties of different tissues. Feature ex-
traction from medical images. Magnctic stimulation
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of nerves. 5) biomechanics and biofluid mechanics;
computer aided desing of systems for evaluating
pressure distributions under the foot. Desing and
evaluation of hearth valve substitutes. Cardiovascu-
lar and renal fluid dynamics. Cardiovascular simula-
tion systems. Tissue mechanics. The development of
biomaterials for use in vascular prosthesis. Mechani-
cal testing of orthopedic devices. 6) Nuclear ima-
ging; dynamic studies of organ perfusion, isotopic
image processing, whole body counting procedures.
radiotherapy and diagnosis.
PRACTICES

The vaste interests mentioned above found their
practices in the area of physiology, ortho ics,
sport medicine, physical therapy and rheumatology,
surgery in general, plastic surgery, burn treatments,
wound and suture materials, and diagnostics. It
should be pointed out that the effectiveness and the
prolonged success of the works in these ficlds must

-go in hand with the invention, development, and

improvement of the precise instrumentations as
well. The precision and ease of the use of the instru-
ments is important especially in implantation.

The description and understanding of the mecha-
nism of injury or degeneration has led to an under-
standing of disabling conditions arising in human
bones and joints. Thus, the design of orthopedic
implants for the treatment of arthritis or trauma has

" included studies of the mechanical properties and fa-

tique failure of the articular cartilage surfaces of hu-
man joints (1,2). Projects dealing with such studies
led to invenfions for total joint replacement, which
included hip, knee, elbow and finger joint replace-
ments together with instruments to enable them to
be planted with the exact accuracy (3). At present, a
localized cartilage defect due to arthritic disease or a
victim of a car accident, or a sport player with an ex-
tensively torn cartilage must be lived with until it is
of such disabling magnitude that the replacement of

" the joint is warranted (4). Although, methods of

transplanting preserved tisues from animal joints, or
live tissues cultured from other human joints are be-
ing developed (4). But these works have shown that
the tissue's reaction to a particular implant type is
affected greatly by the mechanical environment, ne-
cessitating the development of instruments that al-
low segments of articular joint surfaces to be fitted
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accurately into the patient (4,5). Methods also needed
to check mechanically invisible implants and prog-
ress is still continuing but contact pressure mapping
and indendation stiffness mapping are promising
(6,7). Additionally, these. mappings will help for
possibility of repairing the back of the patella, which
suffers frequently from localized arthritis, and replace-
ments for the small bones of the wrist which often
cannot be repaired after fractures.

Material Sciences dealing with biomaterials inte-
rested in the structure and properties of bone, and the
development of bone replacement materials for ortho-
pedic surgery (8,9,10,11). The development of novel
materials which include corals that have inter-
communucating porous structure akin to the bone
and the possibility of such implants with cartilage
cells cultured in a laboratory (4). It is desirable to de-
valop bone cement using dental materials to reduce
the incidence of cement fracture and bone resorption,
and hence the incidence of component loosening(12).
Others such as a new method of attaching a ceramic
femoral head to a metal stem to form the femoral
component of a total hip prosthesis that has previ-
ously been developed (13). Impact tests, fatique tests
in simulated body fluids at body temperature, and
tests of the strength of fixation of head to stem, sug-
gested that the method offers significant advantages
over the currently used taper fit method. A desingn of
an instrument which will allow surgeons to attach
the head in the operating room, after choosing the
optimum stem and neck length and head diameter is
understudy at various institutions and companies
(4,14,15).

Other field of interest relating to this subject is
the degradation of ultra-high molecular weight poly- -
ethylene in the human body. Surgeons are expressing
the views that the ultra-high molecular weight poly-
ethylene used in artificial joints wears at very diffe-
rent rates in different patients and that a build-up of
wear debris can lead to loosening, and failure (2,3).
In addition, laboratory studies have raised the possi-
bility that a gradual degradation of the material in the
body might lead to an accelerating wear rate. There-
fore, a testing procedure is needed to measure labora-
tory wear and mechanical testing of polyethylene re-
triecved from patients after different periods of
implantation.
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Accidental loss of ligaments similar to bone
stems Or torn cartilages are crippling and the deve-
lopment of artificial ligaments should,be a major in-
terest. Presently, the ligaments have been construc-
ted of multiple fine flaments of inert polymers such
as polyesters or carbon fibers (16,17). Muliiple fine

flament construction encourages ingrowth of host
~ tissue and the observations showed that the implant
soon becomes enmashed in a new composite materi-
al of artificial polymer fibers and host protein fibers
(18). This property as an engineering artifact appears
to strengthen patients condition progressively in re-
sponse to what would normally be seen as fatique
loading conditions (16).

Research is also proceeding on soft tissue treat-
ments, particularly skin (19,20,21,22,23), adhesion
and adhesives for medical applications (19,21,24),
the use of biodegradable some internal fixation mate-
rials after implantation and/or fructures for elimina-
ting second operation for removal (25,26,27,28).

The normal function of the human brain depends
on a delicately balanced system of physiologic mech-
anisms. Nervous impulses, neurotransmitter synthe-
sis and release, glucose, and oxygen metabolism, en-
dothelial transport and blood flow all integact to
create the optimum environment for a given func-
tional activity. The regulation of this enviroment is
the object of homeostasis.

‘During the severe cerebrovasculer accident experi-
enced as an ischemic stroke the homeostatic mecha-
nism fails. The neuronal environment no longer sup-
ports proper brain function and survival. Some
neurous die, particularly in the regions of the brain
that are most severely struck by the ischemics. Other
neurons lose their function and enter a stage of en-
forced hibernation. From this state, the cells only
seem to recover, when the hibernation is of limited
duration or when the changes of the neuronal envi-
ronment are of limited severity. To cilinicians, the
obstacle to rational therapy of postischemic brain
damage is the lack of knowledge of which of the two
limitations is the more important.

Inactive neurons hibernating after ischemia have
become the object of intense research. The studies
suggest that hibernating neurons, react negatively to-
ward excitation before the normal neuronal environ-
ment has been restored.
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The cause of the damage that excitation inflicts
on hibernating neurons appears to bé the rise of in-
tracellular calcium that follows opening of special
calcium-ion conducting channels in the neuronal
membrane. A rise of intracellular concentration of
calcium ion above certain treshold level is harmful to
the cell. After an ischemic insult, the cell cannot get
rid of the calcium that enters during excitation, and
calcium may therefore rise (o levels that are not com-
patible with continued survival. The chemicals re-
sponsible for the harmful stimulation of hibernating
neurons after ischemia are the excitatory aminoacid
neurotransmitters, glutamate and aspartate, that nerve
terminals release in large quantities at the onset of
anoxia. How stimulation can be prevented? How can
neurologist prolong the hibernation of neurons suf-
fering from the effects of anoxia? The therapy should
attempt to block the calcium channels opened by the
excitatory aminoacids or hinder the access of the ami-
noacids to the nerve cell receptors that mediate the
opening of the channcls. To do this, research should
be conducted to measure physiological variables that
characterize nervous activity. Time dependent studies
of metabolic changes associated with ischemia pro-
vide informations to resume normally functioning
nerve cells from postischemic hibernation. However,
the investigation of human certbral function is not
easy. Investigators have used electrophysiological,
ncuropathological and radiological approaches. Al-
though, these techniques were instrumental for under-
standing of normal and abnormal cerebral func-
tion,but little is known about the local biochemistry
and physilogy of human cercbral substructures. New
analitical measurements of biochemical, physiologi-
cal, and hemodynamic processes can be made locally
in three dimensions using Positron Emission To-
mography (PET) (29,30,31,32,33). The underlying
principle of this technology is the ability of detec-
tion of annihilated photons which are emitted 180°
apart which makes imaging possible (34,35). As all
we know, positrons arc positively charged electrons
that are emitted by certain unstable nuclei as they de-
cay, when a positron combines with an electron they
annihilate; that is, the masses they fromed are con-
verted to electromagnetic radiation (like any other
emitted light, photons) and produce a pair of high en-
ergy annihilation photons in essentially 180° opo-
site direction which is exploited with PET devices. *
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The radioisotopes of oxygen, nitrogen, carbon fluo-
ride etc. allows for the labelling of various sub-
strates, substrate analogs, and drugs without distur-
bing their biochemical behaviour (36, 37, 38, 39).

Among the imaging technologies, Computed Ra-
diography, Computerized Tomography (CT), Mag-
netic Resonance Imaging (MRI) can be named a few.
The computed radiography system is a new X-ray
projection technique that may replace conventional
X-ray film. In computed radiography the detector isa
stimulatable phosphorous screen which the informa-
tion is stored in excited electron statcs, later on, the
integration of the stored information into feature pic-
ture archiving and communication system, elimi-
nates the need for x-ray film and it's processing.
Computed Radiography or Digital Radiography Sys-
tem (DIGISCAN) are interchangebly used names for
this system, and it reduces X-ray dose to the patient,
reduces exposure times, but it is an expensive unit
‘to be competative with the conventional X-ray radi-
ography (40,41).

In contrast to computed radiography, in X-ray
computed tomography (X-Ray CT) the image of an
object is reconstructed from multiple projections of
object. The ray projections are formed by scanning a
thin cross-section of the body with a narrow X-ray
beam and measuring the transmitted radiation with a
sensitive radiation dedector.

Computed tomography has had many names,
cach referring to at least one aspect of the technique.
Presently, computerized axial tomography (CAT)
and Computed (Computerized) Tomography (CT) are
the preferred names (42,43).

The basic principle behind Nuclear Magnetic
Resonance (NMR) is the magnetic ficld strength
which is proportional to the resonance radio freguen-
cy. All nuclei exibits Lamor frequency in a given ex-
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ternal magnetic ficld. However, Larmor frequency of
nuclei in a given cxternal magnetic field may differ
in some degree depending upon the proton environ-
ment. For example, Larmor resonance frequency of
hydrogen nuclei of hydrocarbon differs from the hyd-
rogen nuclei of water (40 MHz vs 30 MHz). Like
this diffe-rence in the same magnetic ficld is known
as chemical shift and is exploided greatly in elucida-
ting molecular structure of pure compounds provided
that signal/noisc ratio is sufficient to give recogni-
zable peaks. Different nuclei such as C, N, N,
BNa, ¥K, and 3'P give different Larmor resonance
frequencics than 1H. The nuclei resonance in a given
magnetic ficld and frequency has been realized as an
invaluable tool to elucidate complex heterocyclic
compounds in natural product chemistry, polymer
chemistry, and pharmaccutical sciences.

Magnelic Resonance Imaging requires an addi-
tional weaker external magnetic ficld to create a mag-
nctic gradient between strong magnetic field produced
by a large magnet and a second weaker magnetic field
that varies across the sample, a radio transmitter and
receiver, and a powerfull computer to calculate an
image. The energy of MRI is about nine orders of
magnitude lower than that of x-rays and radioisotope
technique, and this maks MRI much safer than x-
rays, CT, and radioisotope technique (44,45,46).

In conclusion, it is hoped that this review article
will generate some stimulus among the scientists in
different disciplines to produce some collaborative
works which are applicaple in health sciences. En-
terdepartmental and justment within the university to
create machine-shops will enable university students
to gain some experiences at young agess, the possi-
bilities of job openings, and products that are mar-
ketable within the university and within the commu-
nity.
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