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Buoiaztpiky Teyvoloyio

. 'eveTucn owayvoon (Genetic diagnostics)

. ZUOKEVEG HIKPOOKOTIKAY dtaotdoe®v (Microminiaturized devices)
. lotpuc] aneikévion (Medical imaging)

. I'evetikn) Ogpaneia (Genetic therapy)

. Teyvnta opyava (Artificial organs)

. Avdyvoon kot Ogpameio pe laser (Laser diagnosis and therapy)

. EAapota erepfotikéc owaracers (Minimally invasive devices)

. Awatagers wotounyoaviknc (Tissue engineered devices)
9.

Awgyvoon vrofon@ovpevn and vroroyrotéc (Computer-aided diagnostics)

10. Néeg ovokevéc/@appaxa/froroyika npoiovro (Device/drug/biological
products)

- implantation of prosthetic devices

- transplantation of natural organs
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BIONIKH

To Bépa g avrypaeng, e piunong, kot g ekuddnong and m Proroyia
ovoudosOnke BIONIKH on6 tov Jack Steele, g [ToAepikng Agponopiag tov H.ITLA. 10
1960 oe o ovvedpioon ot Pdaon Ilorepkne Aepomopiog Wright-Patterson oto
Dayton tov Ohio. To 1969, o Otto H. Schmitt énlace tov 6po BIOMIMHTIKH, vy
va meptypayel ta. mapandve. O topéag avtdg mpoodtopiletar OA0 Kol TEPIGGOTEPO
KabmO¢ avadvovtor véa BEpota TG EMCTAUNG Kot TG epapuocuévne unyavikne. H véa
GYETIKA emoeTun ¢ Blovikiig kon tng Blopuntikig aviurposomeveL TN neAfTn Kol
TN _nipnon Tov pedddmv, TOV 6Y£0iMV KOl TOV 0100IKAGLAV TS Quons. Evod pepikég
and T1g Pacikég 010 01KaGIeg Kol GYENA TG PVOTNG UITOPOVV VO, OVTLYPAPOVV, VITAPYOLV
TOAMEG 10€ec amd 1N @LOMN 7oL TPocappdlovior kKoAvTEPA GV TPOKELTOL VOl
YPNOUYEVGOLVV ATAG MG EUTVELGT], YPT|CULOTOIDVTOGS TIG AvVOp®TOYEVEIS IKOVOTNTEGS.

H Brovum (mov onuepa amokaieiton eniong YPpowd Xvotiuata) puropei vo oplotet
eniong ¢ N avENGN N M AVTIKATAGTOGT] O10OIKACIDV KOl AELTOVPYLOV TOV avOpOTIVEODV
AKPOV HECH UNYOVOV TOL EAEYYOVTOL OO T, AVOPOTIVA VELPIKA GLOTUATA (CLUTOG1O
Blovikng, 1960). H Biovikn €pyetat emiong va onudvel v €papuroyn g yvaoong Tov
Coviavdv  opyoviocu®v o1 AVoN  TPOPANUATOV  eQapUOCHEVNG  unyovikng. H
0LClO0TIKY  7TVYR ™G Blovikng, TtovAdyiotov o€ kamow mepPiodo, aPOPOVCE
OTPATIOTIKEC EQAPUOYEG, VIO AvVATTUEN Tponyrévoy eEomAouod mov Ba cuvdvale Tig
OLVALELC TV TEXVITOV UNYOVIKOV GUGTNUATOV e EKEIVEG TOL AVOPOTIVOL EYKEPAAOV.

H épepaon xor otig dvo mpooeyyicelg (Brovikn kov Buwoppntiki) eivor vo
EQOPUOCTEL M YVOOT TOV PlOAOYIKOV OPYOVIGUAOV Yo Vo, AVGEL TO TPOoPAnpoTa
EQOPUOGUEVIC UNYOVIKNG TOL Ogv TMEPIAAUPAVOVY OTOPAITTOC KATOWL TTLYY TNG
Broroyiag.
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Biomimetics: mimicking and inspired-by biology

Yoseph Bar-Cohen,
Jet Propulsion Lab. California Institute of Technology
4800 Oak Grove Drive, Pasadena. CA 91109-8099,
yosi{@jpl.nasa.gov, web: http://ndeaa.jpl.nasa.gov

ABSTRACT

The evolution of nature led to the mtroduction of highly effective and power efficient biological mechanisms. Imitating
these mechanisms offers enormous potentials for the improvement of our life and the tools we use. Humans have always
made efforts to imitate nature and we are increasingly reaching levels of advancement that it becomes significantly
easier to imitate, copy, and adapt biological methods, processes and systems. Advances in science and technology are
leading to knowledge and capabilities that are multiplving every year. This brought us to act beyond the simple
mimicking of nature. Having better tools to understand and to implement nature’s principles we are now equipped like
never before to be mspired by nature and to employ our tools in far superior ways. Effectively, by bio-inspiration we
can have a better view and value of nature capability while studying its models to learn what can be extracted, copied or
adapted. EAP as artificial muscles are adding an important element in the development of biologically inspired
technologies. This paper reviews the various aspects of the field of biomimetics and the role that EAP play and the
outlook for its evolution.







+ Teyvnta 6pyava

‘Eva teyvnto opyavo civol Eva Opyovo mov KotaokKeLaleTon amd Tov dvOpmmo Kot to
o1oio ERELTEVETAL GE £vaV AVOPM®TO Y10 VO AVTIKATOGTIGEL £V QVGLKO Opyavo. Mepikd
Opyava Tov £x0vv EUELTEVOEL EMTLYDG GTOVG avOpdOTOVS glval To TEYYNTO paTL (oTNV
TPAEN elval pio. QOTOYPAPIKT UNYOVY] LE £va ELPVTEVIO GTO OMTIKO VEVPO TTOL TOPEYEL
HUOVO TOAD PEPIKT] AEITOVPYIKOTNTA), 1] TEYVNTH KOPOLd, O TEYVNTOS VEQPPOS K.A.
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% Mkpig EpQUTEVGILUES GVOKEVEG: KOYAIaKA EHYVTEVHATA

Ta koyMokd epeutevpota tepriapPdvovy cuvnbwg Ta eENG:

e 'Eva pxpoewvo, 1o omtoio maipvel Tov 10 and 1o mepaAiov.

e 'Eva enefepyaoti| ovig, 0 omoiog emAEYEL KO TOKTOTOLEL TOVE YOVS  TTOL
Aapfévovot amd 1o LKPOP®VO.

e 'Eva mound kot éva 0éktn/dieyéptn, ot omoiot Aapfdvovv ta orjpato and 1o
enelepyaoTi) GMVIE KoL TO, LETATPETOVY G NAEKTPIKEG MONGELS.

e M ovotoyia niektpodiov, 1 omoio eivor opddo MAEKTPOSi®V TOL
CUAAEYEL TIC WONGES amd TO OEYEPTN KO TIG OTEAVEL OTIS OLOUPOPETIKES
TEPLOYES TOV AKOVGTIKOV VEVPOV.
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ELECTROMDE ARRAY

To woyiiaxo eupitevuo Clarion. O nyos Aoufavetor omo &vo. UIKPOPWVO, TO
0010 EAEYYETOL ATO EVO. UIKPO-DTOAOYVIOTH (0EV QOIVETOL TTHV EIKOVA,), KOl £TOL
UETAOIOOVTOL  NAEKTPIKG OHUOTO, OTO  EUQDTEDUO. UEGW  UETAOOONS  UE
POOLOGOYVOTHTO. METG THV  OTOKPORTOYPAPNCH TOL OHUATOG, TO. GOVOETO!
NAEKTPOOLOL EVEPYOTTOLOVY KOT €VOEIOY TO VEVPIKG KUTTOPO, TOV UETOOIOOVV TIG
NYNTIKES TANPOPOPIES GTOV EYKEPAAO



“Introduction to cochlear implants”, by Philipos C. Loizou
Tutorial article on cochlear implants that appeared in the IEEE Signal
Processing Magazine, pages 101-130, September 1998.
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4. Diagram showing the operation of a four-channel cochlear implant. Sound is picked up by a microphone and sent to a speech pro-
cessor box worn by the patient. The sound is then processed, and electrical stimuli are delivered to the electrodes through a ra-
dio-frequency link. Bottom figure shows a simplified implementation of the CIS signal processing strategy using the syllable “sa” as
an input signal. The signal first goes through a set of four bandpass filters that divide the acoustic waveform into four channels. The
envelopes of the bandpassed waveforms are then detected by rectification and low-pass filtering. Current pulses are generated with
amplitudes proportional to the envelopes of each channel and transmitted to the four electrodes through a radio-frequency link. Note
that in the actual implementation the envelopes are compressed to fit the patient’s electrical dynamic range.

Figure 4 shows, as an example, the operation of a four-channel implant. Sound is picked up by a
microphone and sent to a speech processor box (the size of a pager) worn by the patient. The sound is
then processed through a set of four bandpass filters which divide the acoustic waveform into four
channels. Current pulses are generated with amplitudes proportional to the energy of each channel, and
transmitted to the four electrodes through a radio-frequency link. The relative amplitudes of the current
pulses delivered to the electrodes reflect the spectral content of the input signal (Figure 4). For instance,
if the speech signal contains mostly high frequency information (e.g., /s/), then the pulse amplitude of
the fourth channel will be large relative to the pulse amplitudes of channels 1-3. Similarly, if the speech
signal contains mostly low frequency information (e.g., vowel /a/) then the pulse amplitude of the first
and second channels will be large relative to the amplitudes of channels 3 and 4 (Figure 4). The
electrodes are therefore stimulated according to the energy level of each frequency channel.

The cochlear implant is based on the idea that there are enough auditory nerve fibers left for stimulation
in the vicinity of the electrodes. Once the nerve fibers are stimulated, they fire and propagate neural
impulses to the brain. The brain interprets them as sounds. The perceived loudness of the sound may
depend on the number of nerve fibers activated and their rates of firing. If a large number of nerve
fibers is activated, then the sound is perceived as loud. Likewise, if a small number of nerve fibers is
activated, then the sound is perceived as soft. The number of fibers activated is a function of the
amplitude of the stimulus current. The loudness of the sound can therefore be controlled by varying the
amplitude of the stimulus current. The pitch on the other hand is related to the place in the cochlea that
is being stimulated. Low pitch sensations are elicited when electrodes near the apex are stimulated,
while high pitch sensations are elicited when electrodes near the base are stimulated. In summary, the
implant can effectively transmit information to the brain about the loudness of the sound, which is a
function of the amplitude of the stimulus current, and the pitch, which is a function of the place in the
cochlea being stimulated.
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Schematic diagram of cochlear implant system components.



Discrimination of musical pitch with cochlear implants

Sabine Haumann, Roland Mdhler, Michael Ziese and Hellmut von Specht
Otto-von-Guericke-University Magdeburg, Germany, Department of Experimental Audiology and Medical Physics

= Experment 1: The stimu® were presented 1o C subjects and a nomal hearing contrizl group.

= Expenment 2: Here the stimuli were processed with a simulator of the MED-EL C40+ system and presented
to mormal hearing subjecis.
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Fourier Analysis: the complex wave al the lop
can be decomposed into the sum of the three
simple waves shown below.

+ The silicon cochlea, a good bionics example

There 1s a famous project, which combine the microelectronics and biology
technologies closely. The aim of this project is to construct a cochlear implant
processor for the deaf that has the potential to reduce the current power consumption of
such processors by more than an order of magnitude via low power analog VLSI
processing.

Table 2. Parameters of the human ear

Dynamic Range 120 dB at input

Power Dissipation ~14mW (Estimated)

Power Voltage supply ~150 mV
Volume ~35mm x lem x 1 cm
Det. Thr. at 3 kHz 0.05 Angstroms at eardrum
Frequency Range 20Hz--20kHz
Outlet Taps ~35,000
Filter Bandwidths ~1/3 Octave

Phase locking threshold ~5kHz




The Bionic Glove: An Electrical Stimulator Garment That Provides

Controlled Grasp and Hand Opening in Quadriplegia
Arthur Prochazka, PhD, Michel Gauthier, BEng, Marguerite Wieler, BABSc, PT, Zoltan
Kenwell, Dipl Eng, Arch Phys Med Rehabil Vol78, June 1997

To yévtt amotedeiton amd 10 eAaoTIKO VAIKO veompévio Ue daTpnoelg oapétpov 1
mm yio e§oepiopd. To mA&yuo amd Lycra cuvdéel T TUULATO TOV YOVTIOU GTO YEPL
KOl GTOV YL TTEPA amd TNV TTLYY| TOL Kapmov. Ta Tpuquata and Lycra kot véviov
TOAVECTEPO, OTY| TPOG TOV ML UEPLE TOL YovTloD, PEATI®OVOLV TEPAUTEP® TOV
e€aepiopd. Mo&thapdkio TOmov umdioag tov umdilumol ot UEPLE TG TOAAUNG
LEYIOTOTO0UV TNV éAEN 0 TEPIMTMON YPNONG OVATNPIKNG KOPEKANG. XE UEPIKA
yavtioe mepthapPavetor éva KAUGGOIKO TEPITOAIYUO TOAGUNG — ©OC TUAUO TOV
pagiloaplon g maidaunc. To yavtt éxel téocepa Aovprd Velcro pe D-daytvAidio wov
YPNCUYLOTOLOVVTOL Y10 VO KAEIGOUV Kal VoL opiEoVV TO YAVTL EMAVE GTOV TNYL KOl TO
répl. To doytvAidio elvor apkeTd HEYOAD (MOGTE VO, EMITPEMOLV GTO YPNOTN VO
napepParet Eva ddytoro yia va tpafnéel oeprytd to Aovpi. O aicOnpac Kapmwov-
0éong eivar €vog emoy®@yiKOg YPOUMKOG HETOPANTOS UETATPOTENS LETOTOTIGEMV.
[TepthapPaver évav yodivo coinva mov Bpiocketon péoa 6to KIPOTIO EAEYYOL Kol
TIC omeipeg TOL KaAmdiov mov TuMyeton emdve oe avtdv. 'Evag moAvmAieyuévog
UETOAMKOC GTUAEONC (KOAMO0 Gpévmv TodNAATov) Kiveital péoo kol £E® amd To
coMva, KaBOc oALAlel M YoOVio TOL KOPTIKOV GLVOECUOVL, OAAALOVTOG TNV
OVTETAYWYN TNG OMEIPAC TOL KAA®IIOV. AT 1 GAAOYT UETATPEMETAL GE EVOL GO
eEAEYYOL Ao TO GTOLYEID TOV KUKADUATOS GTO KIBMTIO EAEYYOVL.

ELECTRICAL IMPROVEMENT OF HAND FUNCTION, Prochazka 609

adhesive electrodes G  wrist flexes, triggers hand opening
over motor points

box .

B wrist position

conductive panels inside glove automatically wrist extends, triggers pinch grip
connect control box to electrodes

The Bionic Glove. (A) Self-adhesive electrodes are placed over motor points of the muscles to be
stimulated. (B) The glove is donned and tightened onto the electrodes, making electrical contact
with them. (C) Voluntary flexion of the wrist to a preset trigger angle initiates stimulation of the
muscles that open the hand. (D) Extending the wrist to another trigger angle directs stimulation to
the muscles that produce grasp.
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GETTY IMAGES

1 Sensor sleeve
encases amputee's
limb below the elbow

2 Sleeve inserts into socket, manifalds
connect allowing existing nerve
pathways to control computer driven
mechanical fingers

Prosthetic hand
with mechanical
fingers

The Bionic Eye
Special goggles
Video camera with battery

3mm® light

sensing
chip

Retina
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Electroactive Polymers as
Artificial Muscles - A Primer (J.
Y. Cohen)

Electroactive polymers (EAPSs)
are touted as the basis for future
artificial muscles. EAPs can be
deformed repetitively by applying
external voltage across the EAP,
and they can quickly recover
their original configuration upon
reversing the polarity of the
applied voltage. To explore the
potential use of EAP’s as
artificial  muscles, a  brief
evaluation is presented of an
ionic-based EAP composite as a
candidate artificial muscle
material. The electromechanical
properties of the EAP under dry
and moist conditions are
presented along with the EAP’s
performance under load
conditions. AS shown through a
series of simple tests, the EAP
has a high load bearing capacity
to mass ratio, short response
time, and nearly linear
deformation response with
respect to applied voltage.
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4 Actuators based on electroactive polymers
Hemantkumar Sahoo, Tej Pavoor and Sreekanth Vancheeswaran

Conducting polymers and ionic polymer—metal composites (IPMCs) are among
those electro-active polymer materials that have shown tremendous potential to
make efficient actuators. The volume change that a conducting polymer undergoes
upon electrochemical oxidation and reduction is used to make microactuators,
which find various biomedical applications and can be used for manipulation of
particles of micrometre dimensions. IPMCs undergo strong bending on application
of an electric field. Actuators using IPMCs have space applications. Further
development of IPMCs is being done to make it overcome the present obstacles.
Conducting polymers and IPMCs have gained recognition due to their low cost,
low operating potential and high efficiency.

Sealable microvials: There 15 an mcreas- sample liJ

ing nead for confinement of small sample

: I" - sl st
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é eattple

e -
V=0 volt F=—1 wolt
PPy(DBS) is reduced PPw(DBS) is oxidized
Figure 4. Schematic representation of
Figure 1. Au/PPy bilayer. Figure 3. Sealable microvial. the robot lifting a glass bead.
744 CUEEENT SCIENCE, VOL. 81, NO. 7, 10 OCTOBEE. 2001

Muscle: More than a Motor!
» Motors: Generate Force, Brakes: They absorb energy and damp vibrations,
Springs: Store and Release Energy, Struts:Resists longitudinal compression
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epyacia tov k. I'kovféin Aiééavopoo.

Avrikeiugvo ueiétng tyg siva:

To Broviké parti, n Asttovpyio. Tov omoiov Paciletor oI S1EYEPCT TOV ONTIKMOV
veEOPWV €vOC TPOPANUATIKOD 0QPOOALOD, e NAEKTPIKOVS TOAUOVS OO EUPVTEVUEVO
microchip 610 UTPocTIVO 1 610 TGM UEPOS TOV AUPPANCTPOEISOVG.

— Artificial Silicon Retina
STIMULATING ELECTRODE
ARRAY (BELOW 5URFACE

b

Artifical Silicon
Retina in
Subretinal Space

SIGNAL-PROCESSING COMPUTER CHIP A,
DATA- AND POWER-RECEIVING COIL Source: Optobionics Corp.

1. Epgvteopa otov 090aipo pe fondntiko eEmtepiko sComiopno
2. Epgvtevpa €€ ohokMpov péca otov 0@0arpo
3. Evoopotopévn kdpepa tavo o€ yovaird,

* O acBevic oynuotilel TEMKE 1KOVa Y10 TO TPOG TOPATIPT|ON AVTIKEIUEVO UE
TN GLVEVMOT EIKOVOV, OO SAPOPES OTTIKEG YWOVIEC, UE OGOPT TEPTYPEUUOTE KOl
AP OLOTOL..

* ['lveton poomabela EKUETAAALEVONG, EKTOC TOL OMTIKOV PAGLOTOS, KOl TOL
VIEPVOPOL, e ypnon O0WdwvV vmepLHpov, aEov eivar yvootd 6Tl Kdbe GOy
aviloyo pe TN Oepuokpocio. TOV EKTEUMEL otV LAEPLOPN TEPLOYN TOL
nAextpopayvnTikov edcouatoc. H 6iodog tomobeteiton oty Kdpn 10V portiod Kot n
OMOGTOAN] TOV AouPovouévov GNUOTOG € KATAAANAN nAekTpovikn Owdtaln otov
apEIPANGTPOEON YiveTOl UE TOAVUEPEG VNUATIO UNKOLG ~3cm kot mdyovg lum.
Avto Ba €0tve ™ SUVOTOTNTO OVOYVAOPLIOTC OVTIKEILEVAOV OKOUO KOl GTO GKOTAOL.
Amapaitn mpobmobeon eivar n omuovpyion kotdAAniov Aoyicuikov, mwov Oo
OPYOUVAVEL TIG TANPOPOPIES 0o TO VITEPLOPO KL 0PATO AL

* Oco pikpaivet mn wMpoxo TV OOGTACE®V TOV EUELTEVUATOS, TOGO
TEPIGCOTEPA MAEKTPOOID. VAL HOVAOO TETPAYWOVIKNG EMPAVELNS UTOPOVV Vol
‘eméuPouv’ oe ‘Aemtdtepa’ onueio Tov VELPIKOD 16TOD KOl GLVETMS VO, ODGOVV
KOAADTEPT OVAALGT| EIKOVOLC.
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Optoelectronic retinal prosthesis: system
design and performance

J D Loudin!, D M Simanovskii', K Vijayraghavan'?, C K Sramek'?,
AF lhltterwickl'z, r Huiel'z, G Y McLean® and D V Palanker!~

! Hansen Experimental Physics Laboratory, Stanford University, 443 Via Palou, Stanford, CA 94303,
USA

? Department of Ophthalmology, Stanford University School of Medicine, 300 Pasteur Drive, Stanford,
CA 94305, USA

# Optobionics, Corp. 2462 Embarcadero Way, Palo Alto, CA 94303, USA

ool
Prlsed \_ subretinal

fransparent %
goggles

oggles

Figure 1. A simplified layout of the general system design
including the goggles-mounted video camera, image processor and
NIR display. Internally, an extraocular power supply is connected to
the subretinal implant. The inset shows a magnified view of a small
area of the retinal implant.



In our system design (figure 1), a video camera transmits 640 X 480 pixel
images at 25-50 Hz to a pocket PC. The computer processes the data and
displays the resulting video on an LCD matrix mounted on goggles worn by the
patient. The LCD screen is illuminated with pulsed near-infrared (NIR, 800900
nm) light, projecting each video image through the eye optics onto the retina.
The NIR light is then received by a photodiode array on a ~ 3 mm implanted
chip. Each photodiode converts the NIR signal into an electric current, which is
injected to the retina from an electrode placed in its center. Charge injection is
maximized by biasing the photodiodes using a common pulsed biphasic power
supply. Since the projected NIR image is superimposed onto electrode in its
center. Based on the stimulation thresholds cited above we plan to provide 0.5
ms stimulation pulses with currents up to 20 uA per pixel, which is five times
lower than the retinal damage threshold for electrodes smaller than 100umin
diameter [18]. This stimulation current corresponds to 10 nC injected per pulse
and a maximum electrode charge density of 0.8 mC cm-2. Since this charge
density exceeds the safe limit for platinum electrodes (0.4 mC cm-2 [19, 20]),
we use activated iridium oxide film (AIROF) electrodes, which have a safe
charge-injection limit of 1-9 mC cm-2 [21].

Abstract

The design of high-resolution retinal prostheses presents many unique
engineering and biological challenges. Ever smaller electrodes must inject
enough charge to stimulate nerve cells, within electrochemically safe voltage
limits. Stimulation sites should be placed within an electrode diameter from the
target cells to prevent ‘blurring’ and minimize current. Signals must be
delivered wirelessly from an external source to a large number of electrodes,
and visual information should, ideally, maintain its natural link to eye
movements. Finally, a good system must have a wide range of stimulation
currents, external control of image processing and the option of either anodic-
first or cathodic-first pulses. This paper discusses these challenges and presents
solutions to them for a system based on a photodiode array implant. Video
frames are processed and imaged onto the retinal implant by a head-mounted
near-to-eye projection system operating at near-infrared wavelengths.
Photodiodes convert light into pulsed electric current, with charge injection
maximized by applying a common biphasic bias waveform. The resulting
prosthesis will provide stimulation with a frame rate of up to 50 Hz in a central
10° visual field, with a full 30° field accessible via eye movements. Pixel sizes
are scalable from 100 to 25 um, corresponding to 640—-10 000 pixels on an
implant 3 mm in diameter.
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Figure 2. (a) Schematic of the experimental setup for measuring single pixel optoelectronic characteristics. The left terminal is used for
monitoring current and the right terminals for monitoring electrode potential. (b) Cyclic voltammogram of a 75 pm AIROF disc electrod

da

field lens beam
i hemogenizer
|
¥
J
V.. 5r:rurr:¢_-:D
l_l traﬁhmg :

AT b =)
\ W ocuar eve

Figure 11. Near-to-eve projection system design. [t is folded to
decrease the size of the goggles. The eve tracking component is
optional.
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Dialog schema for a learning retina encoder with a human visual system. The resulting RE
and dialog module following an extensive dialog phase in case (1) have to be sufficiently
pre-trained to allow a successful tuning during a dialog phase in case (2). The implant-
carrying, initially blind subject will provide the input to the dialog module based on a
comparison between the actually perceived pattern P' and the desired pattern P, which is
not visible but made known to the subject via another sensory system. Accordingly, the
envisioned dialog in case (2) may be thought of as a combination of "tuning' a multi-dial
radio to a station and producing desired visual patterns with a functionally cryptic visual
pattern generator.



MECHANICS OF BIOMATERIALS: EYE PROSTHETIC DEVICES (OPHTHALAMIC
TANTALUM CLIP/ CONFORMER, ARTIFICIAL EYE, ABSORBABLE IMPLANT,
EYE SPHERE, EXTRAOCULAR ORBITAL IMPLANT, KERATOPROSTHESIS,
INTRAOCULAR LENS, SCLERAL SHELL, AQUEOUS SHUNT )!

. . . . . . !
Ivaniss Burgos, Daniel Nieves, Erick Rodriguez and Veronica Sanchez

Abstract - Today in order for materials to be implanted
insicde the human eye, the material has to follow a set of
regulations set by the FDA. For example these materials
must not react with bodily fluids in a manner that it
could prevent the human body from functioning
properly. With time, new biomaterials have been
developed that follow these requirements. Some of these
materials are: PMMA, Silicon, Hydroxyapatite,
Tantalum, Polyethylene and Medpor.

Key Words — Tantalum, Silicone, PMMA, eye, stress,
strain, Hydrox yapatite and Enucleation.

INTRODUCTION

In this article we will explain different types of Eye
Medical Devices: Ophthalmic Tantalum Clip, Conformer
Artificial Eye. Absorbable Implant. Eye Sphere. Extra
Ocular Orbital Implant, Keratoprosthesis, Intraccular Lens,
Scleral Shell, and Aqueous Shunt. We shall present
biomaterials for each of these devices: PMMA,
hidroxyapetite, silicon, glass and etc.
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Figure 1. Parts of the eye [2].

intraocular pressure and the distribution of the nutrients and
drugs to the other tissue within the globe [1].

Table 2. Mechanical properties of biomaterials [7; 15; 20]

Properties Unils Tantalum Hydroxyapatite Silicon PMMA
Poisson’s Ratio 0.35 0.28 0.2152 0.29
Hardness Vickers Annealed — 90 3-7 10-80 400

Cold worked-210
Young's Modulus | GPa Tension — 186 17.53 15358 66.9
Torsion - ----
Shear Modulus GPa 649 48,88 6.1 25.5
Yield Tensile MPa 170 38-300 4.83 39
Strenath
Ultimate Tensile hMPa Annealed — 285 3848 4-12 69
Strenath Cold worked-6350
Elongation at g Annealed - 30+ 0.08-3 1000 4.7
break Cold worked - 5
Heat Capacity Je-C 0.153 0.58 1.26 1.5
Thermal W/m-K 344 NA 1.412 0.17
Conductivity
Thermal 10°%C 6.5 NA 26 67.4
Expansion
Density ke/m’ 16654 3160 2330 1200

MNA = Not Available
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OPIXMOI

I. Mo avoAvtik) cuokev| gvaicOntn oe éva Quowkd M YKo gpébiocpa, n omoia
peTaTpENEL pol PLOAOYIKY ATOKPION GE NAEKTPIKO ONUO HETASIOOVTOS TANPOPOPIES
v pa oTtikn drodtkacia.

2. O 06pog YPNOWOTOLEITAL GLYVA KOl Y10 CLGKEVES AVIXVELGNG TOV TPOSIOPILovV TV
GLYKEVTIPMOOT] OVCIAV Kol AAAEG TAPAUETPOVS PLOAOYIKOV EVOLAPEPOVTOG YWPIG ApeoN
xpNomn Poroyik®dv cuotnudtov, T.y. ot Propunyovio Tpopipwy.

B ‘Evog proaisOntipog amotereiton amo:

1.BrokataAvTn
2.uetotpomén

3.evioyuTn

4. enelepyaotn
5.6£060-000vn

Reference

‘Evag Aertovpykog PBroarcOnmipoc mpémer vo £xel TNV TAEOYNQi0 TOV TOPUIKATEO
wTTOV.
1) EvaicOnoia kot duvatdtmra Soyopiopod
2) EmexktikdTnTo Kot ETOVOANTTIKY IKOVOTNTO
3) Taydmra amdkpiong
4) A&omioTtio Kol IKovOTNTO LTOEAEYYOV
5) Avvapikd €bpog
6) No unv emnpedleton amd nAektpikég N meptPariovtikés mapepPdoetg
7) Na €xel ouvdgetla to onpa 5600V Le To TEPPAAAOV TNG LETPNONG
8) Abpxeto {onNe Kol SuVATOTNTO EMCKELNG KO EXAVAYPT|CLLOTOINGNG
9) Twn
H taivopnon yiveton acer g awcOnt)prog apyns He TNV 0T0L0 GVYYVEVETUL 1| HETPIOIUN
mooOTNTO Kol TEPLAAPPavEL Tovg €€NG TVTOVS ProacOnTipoV:
1. Ayoypopetrpikol
2.Ilotevolopetpucol
3. Xopnrikoi
4. Apmepopetpikot
5.0¢gpuidopeTpikol
6.Xtafpkol
7.0nticol
8.AKOVGTIKOI-ZVVTOVIGLOV
9.000piopov



4+ BlooisOnipseg

O PuwowsOnmpog eivor pio avoAvTiKy GLOKELT, 1 Oomoid petaTpEmEL Wi
BloAoyik] amokpilon o€ MAEKTPIKO oNua. AmOTEAEiTOL OO TOV VTOO0YEW,
dNAadN 10 PloAoyKd LAIKO TOL AKIVNTOTOLEITOL GTNV EXPAVELX TOVL alcONTP
KoL avTIOpa LE TOV avaAdTn, 0 0moiog eivatl Kamolo dAAo poplo mov tpoctibetal
GTO OLOALLLO, TOV NETAYMOYEQ, O OTTO10G LETPAEL TN PUGIKOYNUIKY LETABOAN Ko
umopel va €ivor aKOLGTIKOC, OTTTIKOG 1 NAEKTPOYNUIKOC KOl OO TO NAEKTPLKO
TUqRa, T0 omoio AauPdvel To ofuo amd TO UETAYWYEN, TO KATOYPAPEL KOl TO
exkppdlel vwo popen petpnoeov (Ewova 13). Avdioyo pe v mpog HeAE
avTidopaot ot froacOntpeg Katatdosovtal o€ PLOKATAAVTIKOVE, GTOVG OTO10VC
0 Vodoyéag umopel va givar EvCupo, KOTTOPO N 16TOG KOl GE PlocVyyEVIKOVG,
Omov 0 vodoyéag uropel va eivar DNA, RNA, 1 avticoua.

v e©
e—
-0
T -
e HETUYOYEUS o T
: NAEKTPOVIKO
DITOBOYES R
Ewcove 13: Avatecn Bowmalnmpa.

[Amo: METANTYXIAKH AIATPIBH THYX OEOAQPAY AYXOYAIA, ue titio «Meléty
CYNUATIGUOD  VTOGTHPISOUEVNS AIMIOIKHG  OITAOGTIfAOOS HE  YPHGH  AKOVGTIKOU
ProaicOntijpa kai uikpoockornios plopicuovr].
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Amd: «BuoaicOnmpeg -AvocooicOntpeg —AwsOntpeg DNA», tov Ap. Xpictov Moaotiyidon,
Ivotitovto Poadwoicoténwv-Padiodiayvootikedv npoidoviev, Epyactiplo avocoavarvcemv, EKEDE
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Fig. 1. Schematic of an opto-coupler: (a) and of the opto-coupler array
chip with the footprint of the micro-fluidic module. The mtegrated optical
wave-guides connects the LEDs (on the left) with the photodiodes (on the
right). The pich & 400 pm. Windows of 2000 pm = 45 pmoin the passiv-
ating 51 layer expose the wave-guides to bio-afinity coating and to
analyte solutions. These windows define the active hiosersor areas of the
wave-guides to which the micro-channel supplies the fluids. The bonding
pads and Al interconnects are drown in black., The micro-ludic module
cxhibits a single meandering micro-channe]l 100 pm in height and width
which supplics sample and reagents along all nine fibers.,

results in a precise alignment of the micro-channel on
the sensng fibers, 4 permeable micro-channel, no denatur-
ing and interference with the bio-affinity coated fibers and
a reliable seal between fluid and electrical compartment in
the package. Under-fill gluing [5.6] can satisfy the require-
ments set above as a result of its self-aligned nature. After
dispensing a suitable volume of glue with low-viscosity,
the capillary forces will pull the glue in the capillary
gap between the module and the silicon chip (Fig. 2).

Micro-fluidic module Micro-channel

Wave-guide

Chip

Fig. Z. Principle of the under-fll gluing techmique. A glue with low-
viscosity 15 used, =0 the capillary Force pulls the glue in between the micro-
Auidic module and the chip. After dispensing glue at the fillet between chip
and Auidic module, the ghoe front spreads in the capillary gap and stops at
the edges of the micro-channels withowt touching the wave-guides,



+ BloawsOntipss kon rosvepyomomréc

Blroniektpovikd ocvoTtipote pE oKOTO TN UETOPOPA ONUATOV amd Ploloyikég
AEITOVPYIKEG HOVAOEG GE «OVUPATIKES MAEKTPOVIKES GLOKEVES (ProancOnTipec) Kot
avtiotpooa (ProgvepyomomTig).

‘Evoc BroaweOntipog opileton og pio aveEdptntn olokANpouévn GLGKELN M omoia
elvar tkovn va Tap€yel CLYKEKPIUEVT] TOCOTIKN 1 NI-TOCOTIKT OVOAVTIKT TANPOPOpin
YPNOOTOIDOVTOS €va. Plodoyikd otoryeio avayvopiong (Broymukde vrodoyéos) to
omoio Ppicketal og dueon emaen pe éva otoryeio petatponéo (IUPAC, 1999).
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 molecules, wons,
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Cr ! Pressurcs, ...
' © D
l .................... miclecular,
d=1nm supramolecular or
- biological
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Zynuatikyy mapovciocy plos ovokevls (Pro)uopiaxos  oacOntipe. 2ovlevén peralv
HIKPONLEKTPOVIKWDV SOUMDY Kol YHUIKOV GOVOETIK®OV 1 fl10A0Y1KOY doudV.

4+ Microelectromechanical Systems (MEMS) Actuators, by Dr. Lynn Fuller




Figure 2. (a), (¢) Fundus photographs taken at one-month and (b), (d) three months
postoperative for cats 349 and 351, showing that the implant maintains a stable position

over the two-month period that separates these images.
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Figure 7. fn vive microCT image showing coronal section of mouse after administration of
gastrointestinal contrast media. Image resolutionis 120microns. (Image courtesy of Dan Schimel,
MIH Mouse Imaging Facility.)
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Figure 8. Examples of nuclear imaging studies: (a): microPET imaging of adenoviral directed
delivery of a reparter gene to the liver of a mouse (courtesy of Sam Gambhir, Stanford University;
iby: Biodistribution of a "®F-labellad RGD peptide in a mouse imaged with microPET (courtesy of
Tulie Sutcliffe-Goulden, UC Davis);, (c): Tumour targeting using a 1 Jabelled antibody imaged
with a microSPECT system. In the bottom row, the images have been registered with a separately
acquired microCT scan (courtesy of Anna Wu, UCLA Crump Institute for Molecular Imaging, and
Gamma Medica Inc.).

Figure . Fluorescence imaging of tumours in a mouse using near infrared probes activated
by cathepsin-B, an engzyme found at high levels in many tumours. (a) Fluorescence image.
ib} Colour-coded and thresholded fAuorescence image superimposad on white light image of
mouse. The tumour on the left is a highly invasive breast adenocarcinoma and the one on the
right is a well-differentiated adenocarcinoma which is expected to have lower cathepsin-B levels
than the invasive tumour. { Reproduced with permission from Bremer ¢f af (2002 Radiafopy 222
Bl4-81.)



Custom Implant Design
for Patients with Cranial Defects
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1Graduate Institute of Mechanical Engineering, Chang Gung University, 2 Department of
Plastic and Reconstructive Surgery, Chang Gung Memorial Hospital, 3 Department of
Mechanical Engineering, Kou-Shan Technical University
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The position of the replaced implant segments was judged by comparing the
symmetry between the lesion and the contra lateral sides. When satisfaction
was achieved, the implant image was used as a blueprint for the operation and
used to produce a solid model.

The CT data was translated into a Negative and positive castings for the
stereolithography (STL) format and custom implant were produced. During
then read by a rapid prototyping machine the surgery, PMMA material was prepared
to produce sterolithographic skull and poured into the sterilized
models and customized implants using negative casting for shaping the

light-sensitive resin. cranioplasty implant.




An 8-year-old boy was presented to the Department of Plastic and Reconstructive Surgery with a
large defect over left side of the skull after a trauma two months previous. His clinical and
neurological condition was stable, and he was receiving physical therapy for ambulation. Surgical
reconstruction to cover the defect was indicated for both protection and cosmetic reasons. It was
decided to use PMMA as the cranioplasty implant through a rapid prototyping
stereolithographic technique. The defect was large and located on the left frontal, parietal, and
temporal areas.

I J/

The postoperative recovery was smooth. No infections occurred during six
months of follow up. The patient was happy with the reconstructed contour.




