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ABSTRACT

In recent years, nanotechnology has developed to a stage that makes it
possible to produce, characterize and specifically tailor the structural and
functional properties of nanoparticles for clinical applications. Cartilage
damage is typically associated with work and athletic injuries, and com-
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monly occurs in conjunction with ACL tears and other ligament problems.
Cartilage does not grow back, so treatments to regenerate the tissue are
critical. The new biomedical therapy involving nanotechnology promotes
the growth of new, stronger cartilageto aid in the treatment of joint injuries.
Thisreview article analyses the various technol ogies available for the di-
agnostic and therapeutic potentials of nanotechnology towards chronic

arthritis. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Oneof thepotentia gpplicationsof nanotechnol ogy
isthat it providespromisingimprovementsinthemedi-
cd fidd. Theultimate promise of nanomedicineisthe
eradication of disease. To accomplishthisgoal, con-
vergence of nanotechnol ogy and biotechnology aong
with biomedica principlesisrequired. Nanotechnol ogy
providesawiderange of new technol ogiesthat opti-
mizetheuptakeand ddivery of pharmaceutical prod-
ucts. Drugs need to be protected during their transit to
thetarget areain the body whilemaintaining their bio-
logica and chemical integrity. Osteoarthritis, adegen-
erativejoint disease prevaent anong older people, sarts
at themolecular scaleand progressively spreadsto the

higher architectureof the cartilage mesh. Painiscaused
by wearing down of the cartilagethat cushionsjoints,
and adecreasein thefluid that keepsthem |ubricated.
Nanotechnology provides a new generation of
bi ocompati ble nanomateriasfor repairing and replac-
ing human tissues. Nanotechnology provides a new
generation of biocompatible nanomateria sfor repair-
ing and replacing human tissuesand optsfor dternative
medical therapies.

SEVERITY OF THE DISEASE
Ogteoarthritisisadisease of thejoints. Unlikemany

other formsof arthritisthat aresystemicillnesses, such
asrheumatoid arthritisand systemic lupus, osteoarthri-
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tis does not affect other organs of the body™ 2. The
most common symptom of osteoarthritisispaininthe
affectedjointsafter repetitive use. Therecan be swell-
ing, warmth, and creaking of theaffected jointg¥. Pain
and tiffness of thejointscan aso occur after long peri-
odsof inactivity. In severe osteoarthritis, completeloss
of thecartilage cushion causesfri ction between bones,
causingpainat rest or panwithlimited motion™. Symp-
toms of osteoarthritisvary greatly from patient to pa-
tient™. Some patients can bedebilitated by their symp-
toms. Onthe other hand, othersmay haveremarkably
few symptomsin spite of dramatic degeneration of the
jointsapparent on X-rays.

DIAGNOSISOFOSTEOARTHRITIS

Blood testscan only be performed to excludedis-
easesthat can cause secondary osteoarthritis, aswell
asto exclude other arthritis conditionsthat can mimic
osteoarthritis. X-raysof the affected joints can suggest
on osteoarthritis. The common X-ray findingsof os-
teoarthritisincludelossof joint cartilage, narrowing of
thejoint space between adjacent bones, and formation
of bone spur. Simple X -ray testing can be very hel pful
to exclude other causes of paininaparticular joint as
well asassist in decision making asto when surgical
intervention shoul d be considered®.

Arthrocentessisaprocedurewhereasterileneedle
isusedtoremovejoint fluidfor andyss. Joint fluid anay-
gsisuseful inexduding gout, infection, and other causes
of arthritis. A careful analysisof thelocation, duration,
and character of thejoint symptoms and the appear-
ance of the joints hel psthe doctor in diagnosing os-
teoarthritis. Bony enlargement of thejointsfrom spur
formationsischaracteristic of osteoarthritis. Therefore
the presence of Heberden’s nodes, Bouchard’s nodes,
and bunions of thefeet can indicate the diagnosi s of
osteoarthritis.

CAUSESOFOSTEOARTHRITIS

The cause may be endocrinal when peoplewith
diabetesareproneto osteoarthritis. Otherslikeacrome-
galy, hypothyroidism, hyperthyroidism, hyperparathy-
roidism and obesity also may be the reasons.
Macrotraumaor microtraumacan lead to the severity
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in caseof post traumatic caseswhichleadsto adamged
cartilage®. Chronic gouty arthritisand rheumatoid dis-
eases may lead to theanomaly in case of inflammatory
joint disease. Metabolicvariationsincluding Pagetsand
Wil son diseases can lead to the occurrence. When the
causeisgenetic, breskageof cartilageand collagendis-
turbance may result dueto Ehlers- Danlos syndrome.
Neuropathic defects may affect theloss of sensation
aongwith nerve problems. Hemophiliaand sicklecdll
disease can form one of the major reasonsfor the os-
teoarthritisin combinationwith nutritional defects.

EXISTING CURE

Dietary recommendationsto curearthritis

Potato Juice, Green Leafy Vegetable Juice, Pine-
apple Juice, Sesame Seeds, Copper, Cacium, Garlic,
Banana, Lime, Alfalfa, Green Gram and castor Oil are
thetraditiondly availablefoodingredientsto beadded
for the patients”. Supplementssuch asglucosaminesul-
fateand chondroitin sulfatearewiddy used but not regu-
lated by the FDA. Glucosamine, an amino monosac-
charide, isaprimary component of connectivetissue®.
Chondroitin sulfateisfound in proteoglycanswhich
contributeto the stability of cartilage. In supplementa
tionform, chondroitinisderived from bovineand calf
cartilage. Anarthritispatient hasasupplement inaddi-
tion to thedaily food with nanosilicaunder the com-
mercial namedynams whichisapurely natura food
supplement with thedetoxi cating characteristicsof Slica
A caciumsupplement totheNano Silica(DynamS) is
a so recommended.

Surgical treatment options

a) Chondroplasty

Inaddition to nonsurgica management of osteoar-
thritis, several surgical optionsexist. Surgica options
include first a knee arthroscopy and chondropl asty.
Chondroplasty isasmoothing of roughened articul ate
cartilage. Thesmoothing may decreasethefrictionin-
sidethejoint but isperformed conservatively asto pre-
vent thinning of the surface cartilage.

b) Abrasion/ Microfracture

Abrasion arthroplasty, or micro-fracture, isappro-
priatefor small areas of exposed boneor completeloss
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of cartilage’® 1, Abrasion of the areaof exposed bone
isperformed with asurgical procedurewhich stimu-
latesthe boneto bleed all owing the boneto grow the
scar cartilage over the previously exposed area. The
resulting cartilagegrowth and itseffectivenessarevari-
able between patients.

c) Arthroscopy

Arthroscopy isasurgical techniquewhereby aa
viewing tubeisinserted into thejoint space™. Abnor-
malities of and damageto the cartilage and ligaments
can be detected and repaired through the arthroscope.
Petient’s recovery from the arthroscopic surgery is much
quicker than from open joint surgery.

d) OATSProcedure

Osteochondral Autograft (or alograft) transplant
(OAT S procedure) can be performed for small to mod-
eratdy largeareaof full thicknesssurface cartilagel oss.
Theseareasof full thicknesscartilagelossareasore-
ferredtoasgrade |V chondromalacia. Thisprocedure
involvesfirst removingacylinder shaped bonewhichis
lacking surface cartilage and replacing it with adowel
or cylinder of bonewithintact surfaceor articulate car-
tilage. The replacement dowel of bone with surface
cartilage can either comefrom anon weight bearing
areaof bone and surface cartilagefrom theknee (AU-
TOGRAFT) or from acadaver (ALLOGRAFT).

€) Meniscustransplant

Meniscal transplant involvesimplanting either a
medial or lateral meniscusfrom acadaver into aknee
joint that islacking greater than 50% of meniscal carti-
lage. X-rays or an MRI are used to measure the
patient’s knee to determine the dimensions of the me-
niscus needed. This procedure however, hasonly been
foundto beuseful in patientswith intact surface carti-
lage above and be ow the meniscus.

f) Osteotomy of tibiaand femor

An Osteotomy isareaignment procedurethat un-
loads the vulnerable or arthritic side of thekneeand
putsthemagjority of theload of the kneejoint onto the
underutilized cartilage on the other side of theknee.

g) Unicompartmental kneereplacement

Another optionfor patientswith osteoarthritisinone
areaof theknee- usudly medid or laterd isan atificid

——— Rev/ew

resurfacing of the cartilage surface, called a
unicompartmenta kneereplacement. Thisprocedureis
successful inrelieving symptomsfrom osteoarthritisif
thearthritisislimited to one compartment or areaof the
knee.

h) Artificial joint resurfacingor total kneereplace-
ment

Artificid joint resurfacinginvolvescapingtheend
of thefemur (thigh bone) and tibia(shinbone) with plas-
tic and or metal piecesd*d. These piecesaregluedin
placetoformanatificiad joint surface. This procedure
can bevery effectivein eliminating painful and severe
Ogteoarthritis, but itislimited by thefact that thearticu-
lar components(plasticand metd) will eventualy wear
out and need to bereplaced™. Biologiclivingjoints
can livefor 60-80 yearswhich cannot bedoneby arti-
fiad joints.
Nonsur gical treatment options
a) Exerciseand weight loss

Nonsurgicd management sartswithweight lossand
muscl e strengthening. Each pound of weight can put up
to 6 poundsworth of pressure onthekneejoint during
activity. Thus peopleof alarger sizetend to develop
arthritisat an earlier age and to agreater severity than
their dim counterparts®. Muscle strength is also vital
in combating osteoarthritis. The muscles surrounding
thekneejoint act as shock absorbersfor the pressure
that daily activities and sports place on thejoint. In-
creasing muscle strength will decrease pressure other-
wiseplaced on thejoint, thusdecreasing symptoms.

b) Bracing
Kneebracesareavailablefor treatment of medial
compartmental osteoarthritis (arthritisontheinside of

the kneejoint). These braceswork by unloading the
media (inside) portion of theknee.

c) Medications

In addition to weight | oss and strengthening, anti-
inflammatory medicationsmay a so hdp decreasesymp-
tomg'*>18, Aspirin, Ibuprofen (Advil) and Naprosyn
(Aleve) areall examplesof over the counter anti-in-
flammatory medications(NSAIDs). Other prescription
strength NSAIDsincludesIndocin, Daypro, Relafen,
Celebrex, Lodine, and Mobic. Acetaminophen (Tylenol)
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may also betaken for pain but itislesseffectivefor
inflammation than other medications. Penetrating Heet
Therapy CreamisaCapsaicin-based creamthat ises-
pecially effectivefor arthritis and deep muscle pain.
Capsaicin hasbeen scientificaly and dinically shownto
gradualy deplete Substance P, thechemica inthebody
that createsthe sensation of localized pain. In addition
to the Capsai cin-based formula, aMenthol and Cam-
phor-based formulawas devel oped with two different
application methods: aTriple Strength Pain Relief Rub
and aTargeted Relief Spray. The nano-encapsul ated
gpray isuseful for pain suffererswho areunabletoreach
panful areassuch astheir back or feet or for untouch-
ablegout painareas. TheMyOmegaformulaincludes
Omegas 3, 6 and 9, derived from the Brazilian A¢ai
bery, which provideasilky, luxuriousfeel and ahigh
level of antioxidants.

) Viscosupplementation

Withinthekneejoint synovid fluidishighly viscous
which providesafriction-freeenvironment. Hyauronic
acid (HA) whichispresentinour synovid fluidisaso
found in most body tissues*®. In ahealthy adult, syn-
ovid fluid HA hasamolecular weight of 4-5million.As
aresult of thislarges zeHA moleculesentangle, form-
ing coiled configurationswhichinturn providedadticity
and viscosity to synovia fluid. HA also binds to
proteoglycansto stabilizethe structure of thearticulate
cartilage’®. In patientswith OA, themolecular weight
of the HA decreases causing the synovial fluid to be-
comelessviscousthusleadingtoincreased friction and
abnormal joint movement. L ubrication or Hylaganin-
jections providethejoint extralubrication and shock
absorption, aswd |l asdecreasefrictionor rubbingwithin
thejoint which may slow the progression of osteoar-
thritig®,

f) Cortisoneinjection

Injection of cortisoneinto thekneejoint hasbeen
shownto beeffectivefor “flares’ of arthritis symptoms,
asthey areadirect acting anti-inflammatory medica-
tion. However, research has a so shown deterioration
of articulate cartilageafter repeated cortisoneinjections.

I mplicationsof nanotechnology in thetreatment
of arthritis

Thefascinating and versatiletoolbox offered by
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nanotechnol ogy isabout to find aprime applicationin
lifescienced?-23. Nanotechnology will advancetoday’s
medicineintwoways: First by improving current tech-
nology and secondly by offering new bio and
nanomaterias. Thiswill probably bethemainimpactin
medicineintheshort term. Pathol ogical Stuationssuch
asacutetraumaor chronic inflammation may lead to
the degradation of the articul ating surfacesin the &f -
fectedjointg? 24, Unlikebone, cartilage doesnot grow
back. So treatmentsto regeneratethetissue arecriti-
cal. Current cartilage repair techniques often lead to
Typel collagen, which resembles scar tissue but the
normal cartilageiscomposed of Typell collagen. The
self-assembling peptide molecules are able to more
closdy mimicthenano-structureof naturd cartilage®!.

Diagnostic proceduresat nanoscale

a) Quantum dotsand nanospheres

Thediagnossof Ogteoarthritiscould bemadeeasier
by the quantum dotsthat could play apart inthediag-
nosisof kidney failure, asthey clump around damaged
tissue, whichinthiscasewould bethecartilageor in-
flammation of tissuessurrounding thecartilage. Thishas
provided theinformation that they would possibly be
ableto usefurther discoveriesfrom nanotechnol ogy to
hel p easethe problem!?. Thetreatment of Arthritisin-
volvesmainly medicines, physiotherapy and, in severe
cases, surgery. Nanotechnology could aid theingestion
of medicines, and possibly the surgery aspect of this
treatment. Asbefore, thed ow rd eesemechanismfound
in nanospheres could be used to give patientstheir an-
agesics, anti-inflammatory drugsand biol ogic response
modifierd?l. Aspatientsaregenerally required to take
thesedrugsfor along period of time, it would beeasier
for themif amicrochipwasinstaled, asthiswould pro-
videaconstant supply of thedrugsinstead of largedoses
at intervals. The use of nanosphereswould aso pre-
vent stomach problemsthat can occur from the ora
ingestion of thesemedicines, asthedrugswould bere-
leased directly into the bl oodstream and woul d not have
togoviatheord route. Severearthritisoften resultsin
surgery for avariety of operations, onebeingtherepair
of damaged tendons. Using theideaof the scaffolds
designed, alessintrusive surgery could beintroduced,
withtheregeneration of tissueinstead of thetraditional
sca pel method. Thiswould reduce thetraumato the
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surrounding tissuewhilst still being aseffectiveasthe
manual procedure.

b) Biosensor based methods

A facileand |abel-free biosensing method® 2 has
been deve oped for determining osteoarthritis concerned
cytokine, interleukin-1 beta (IL-beta), in synovial flu-
ids. Thebiosensing technique, fiber-optic particleplas-
mon resonance (FOPPR), is based on gold
nanoparticles-modified optical fiber where the
gold nanoparticle surface has been modified by a mixed
self-assembled monolayer for further conjugation of
anti-IL-1 betaantibody and minimization of nonspecific
adsorption. Uponbinding of IL-1 beta to anti-IL-1 beta
on thegold nanoparticle surface, the absorbance of the
gold nanoparticlelayer ontheoptical fiber changesand
thesignd changeisenhanced through multipletota in-
ternd reflectionsaong theoptica fiber. Thedetection
of IL-1 betainsynovid fluid by thissensor agreesquan-
titatively withthe clinically accepted enzyme-linked
immunosorbent assay (ELISA) method but a much
shorter analysstimeisrequired (<10 min). Suchasen-
Sor representsamajor advancement inthefield of red-
time monitoring of low molecular weight proteins in
complex biological fluids. Thefus on of nanobiosensors
and nanofluidicscould allow the exploration of candi-
datedrugandtarget interactionsat thesinglemolecule
levd.

¢) Atomic for ce microscopy

The pathological changesin osteoarthritis start at
the molecular scaleand spread to the higher levels of
thetissue architecture® 33, NanoscaleAFM detects
diseasesinflicting hierarchicaly organized tissuesat the
molecular scalewherethey begin which enablesortho-
paedic surgeonsto makean early diagnosisand treat-
ment of cartilagediseasesinthekneeor hipjoints. AFM
may beemployed for diagnostics & to devel op drugs
and treatmentg®2 3,

Cure
a) Magnetic particles

Guiding drug-loaded magnetic particlesusing a
magnet outsidethebody isnot anew ided®. If adrug
can beguided to theright placein the body, thetreat-
ment ismoreeffectiveand therearefewer side-effects.
Withthehe pof nanotechnol ogy, magnetic nanoparticles

——— Rev/ew

were developed that can be directed to metallic im-
plantssuch asartificid kneejoints, hipjointsand stents
inthe coronary arteries® 39, By attaching aclot-dis-
solving drug to the nanoparticlesand with the help of
magnetsthe particlesweredirectedtoabloodclotina
stent inthe heart to dissolveit. Thusthe nanoparticles
have been ableto stop anincipient heart attack. They
could also carry antibioticsto treat aninfection devel-
oped after insertion of animplant.

b) Nanospheres

Each nanospherewithin thelcepearlssystemhasa
designed-in rel easetime. Some nanospheres are acti-
vated immediately when aMyOmega 3 cream, rub or
spray isappliedto atarget pain area, releasing acom-
plex of pain rdlief ingredients®” %1, Other nanospheres
areencapsulated within microsphereswhich haveindi-
vidudized rd ease barriersof varying thicknesses. When
thetime-based barriersdissolve, new painrdief ingre-
dientsarereleased to thetarget pain area. The process
iscontinual and fully effectivefor upto 6 hours. Also
nanosphere use nanoparticles of gold that are deco-
rated with oligonucleotides. Theseare used as probes
for thedetection of Single Nucleotide Polymorphisms.
Theseincludesilver deposition onto bound gold par-
ticle(toamplify thedetection sgnd) and acolorimetric
test (Spot Test) where the nanoparticleis coloured red
when in solution, but changes to blue when it binds
complementary DNAR®,

c) Co-ordinated molecular therapy

Researchersaim at inducing thesaf hedling capac-
ity of damaged cartilage and bone by coordinated co-
operation/ interaction of gene vectors, mesenchymal
stem cells, polymers and magnetic nanoparticles“l.
Now, use of biocompatible magnetic nanoparticlesand
the development of gene vectorssupplying cellswith
genesfor therapeutic purposes have comeup. By be-
ing ableto specifically switch on and off genevector
activity and embedding of vectorsand cellsin synthetic
hyd uronic acid gelsand bone subgtitutematerid swhich
leadsthe limiting of genevector actionto the diseased
tissue. Inthismanner e.g. magnetic nanoparticleswarm
up, when placedinamagneticfied, whichinturnleads
to activation of aheat shock (HSP70) geneswitch that
regulates production of BMP-2. At the sametimethe
synthetic hyauronicacid gel inwhichthestemcellsare
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embedded will shrink leading to increased rel ease of
Transforming Growth Factor beta (TGFR) gene vec-
tor.
d) Liposomeinjections

Injections of tiny globules of fat using
nanotechnol ogy have been proposed by researchersto
treat the degenerative disease osteoarthritis, the ero-
sonof cartilageinthejoints. Theliposomeswithlarge
and smal piecesof boneand cartilagefacing each other
areparedinaphysologicd liquidinwhich nanolipids
float!*y. The piecesare circulated under pressureasa
model of how hip jointsmove. Thusthey wereableto
test the efficacy of thefatty globulesinminimizingfric-
tion and erosion of the cartilage and bones. Testsshowed
that the pace of erosion decreased by 40 percent when
liposomeswereadded to hya uronic acid compared to
hyauronicacidaone.

€) Nanopatterned biomaterials
Polymer scaffolds

Nanopatterned polymer scaffolds, mimicks the
natural way mineralsare arranged, are being used to
make teeth and boneimplants“?. The same property
could beemployedfor building up anew cartilageim-
plant. Nanopatterning can also beused to placecellsin
particular locations on the scaffold. In doing so, this
could create channel sto help nutrient exchangewithin
the new tissue. Nanostructuring the metal surfaces of
implantsalowsbetter cdll attachment - greater than 90%
attachment, compared to approximately 50% on regu-
lar surfaces. Researchershave devel oped self-assem-
bling nanotubesasananopatterned coating for titanium
implants. DNA chemistry isused to form 33 rosette-
shaped rings, which then combineto formtubesof 3.5
nanometreswidth“3,

Titanium nanostr uctures

Adhesion of bonecellsfor culturecan befavoured
by coating nanatitanium. Whentitaniumwascoated with
the nanotubes, with nanostructuring themeta surface-
cdl adhes onwasincreased by approximately onethird.
Further research has shown that by aligning the
nanotubesin the samedirection, cell adhesion can be
doubled, sothat 80% of cellsareadhered. Theadvan-
tage of using nanotubesover other methodsisthat Sg-
nalling mol eculesor amino acids sequencescan be at-
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tached to the nanotubes. By using sequences specific
to acertaintissuetype, depending on theimplant/scaf-
foldlocation, cell attachment could beincreased even
further. Significantly improved osteoblast adhesion has
been observed on helical rosette nanotubesregardiess
of whether they are incorporated into hydrogels or
coated on titanium™ 49, Increased chondrocyte adhe-
sonwasda so observed on anodized nanotubular Ti com-
pared to unanodized Ti in arecent study, thus, suggest-
ingthepossbility of promoting cartilagegrowth onan-
odized Ti.

Tantala

Tantala are used as drug delivery carriers and
bioreactors. In addition, hydroxyl groups present on
the surface of these nanostructures provideanided
anchoragefor covalent bonding of specific ligands
(e.g., streptavidin, antibodies, etc.) Moreover, these
nanostructured materia sarevery promising for appli-
cationsin catalysis because they enableafine disper-
sion and stabilization of small nanoparticlesand pro-
vide accessto alarger number of activesitesthan the
corresponding bulk components. There are several
studieswith different animal model for invivo evaua-
tion of tantalum implantsin different applicationgs 47,
These components are now being used in the more
difficult revision caseswith severeboneloss. The po-
rous tantalum revision shell has been used as an
“internalplate”, functioning to compressor distract the
pel vic discontinuity depending on the chronicity and
healing potentia of thefracture. Poroustantalum revi-
sion shells and custom components can be used in
place of triflange components, acetabul ar transplant,
and cagereconstructions.

Long-term follow-up and comparison with alter-
native reconstructive techniques will berequired to
evaluate the true effectiveness of thistreatment ap-
proach. Nanotechnol ogy has produced novel materids
such as nanotubes and nanospheresthat feature amaz-
ingmechanica properties. Greater amountsof new bone
formation occur intherat calvariawhen implanting
nanocrystalline Hydroxy A patite coated tantalum than
uncoated and conventiona HA coated tantalum. A nano-
coated titanium or tantalum implant will therefore be
better adapted to the human body and less likely to
need to be subsequently removed and replaced by a
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new implant(“¢59,

f) Growth of the cellsin nanolayers- fibres and
scaffolds

Cartilagetissueengineering hasa so benefited from
nanostructured self-assembled chemistrieg®-*3, A sdif-
assembling peptide (the peptide KLD-12, Lys-L eu-
Asp) hydrogel was designed for cartilagerepair. For
cartilage applications, there hasbeen great interest in
incorporating chondrocytes or progenitor cells (such
asstem cells) into the 3-D polymer or composite scaf-
foldsduring dectrospinning. Thedifferentiation of the
stem cdllsinto chondrocytesin thenanofibrous scaffold
was comparableto an established cell pellet culture™
I, However, the easily fabricated and modified
nanofibers possessed much better mechanical proper-
tiesto overcomethe disadvantages of using cell pellets
and, thus, were presented asidea candidatesfor stem
cell transplantation during clinica cartilagerepair™.,

Thenanofibrousfibrin-based composites promoted
osteobl ast alkaline phosphatase activity aswell asos-
teoblast marker gene (MRNA) expression to support
bone maturation bothinvitro and in vivoin amouse
cavaria defect modd™%, Aluminananometer fibers
(24 nm > 50 nm), significantly stimulated osteoblast
responses such asadhesion, alkaline phosphatase ac-
tivity, and cal cium deposition, when compared with
conventiond grainsizedumind®. Importantly, thisstudy
also demonstrated i ncreased osteobl ast functionson
auminananofiberscompared with a uminananospheres
(23nmindiameter). It was hypothes zed that sinced u-
minananofibersaremore structurdly smilar to that of
ca cium phosphate crystalsand collagen fibersfoundin
natural bone, another key parameter to emulate in
nanostructuresfor bonereplacementsisits constituent
fibrousnature.

CONCLUSION

Itisevident that nanomateriaswill eventualy im-
provethe design and properties of implantswith opti-
mum mechanica strength and durability. Theapplica
tion can spread to the devel opment of artificial heart
vavesandweight-bearing artificia hip and knee pros-
theses. Presently, nanostructured surfacesrepresent a
very activefield of research and development which

——— Review

may ultimately lead to improved biocompatibility of
nanomaterials. Thetraditional disciplinesof biology,
engineering and microe ectronicsarefusing and moving
to thenanoscale, to provide systemsthat can identify
and characterise disease and provide solutions based
onanindividud’s unique genotype. Nanotechnology is
havingamg or influenceintissueengineering. By usng
nanotechnol ogiesto engineer more biocompatiblema:
terialsthat more closely resemblethosefoundinthe
organ arebeing model ed. If everything runs smoothly,
nanotechnol ogy will one day become part of our ev-
eryday lifeand will help savemany lives.
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