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The present invention provides articles of manufacture com 
prising biocompatible nanostructures comprising signifi 
cantly increased surface area for , e . g . , organ , tissue and / or 
cell growth , e . g . , for bone , tooth , kidney or liver growth , and 
uses thereof , e . g . , for in vitro testing of drugs , chemicals or 
toxins , or as in vivo implants , including their use in making 
and using artificial tissues and organs , and related , diagnos 
tic , screening , research and development and therapeutic 
uses , e . g . , as drug delivery devices . The present invention 
provides biocompatible nanostructures with significantly 
increased surface area , such as with nanotube and nanopore 
array on the surface of metallic , ceramic , or polymer mate 
rials for enhanced cell and bone growth , for in vitro and in 
vivo testing , cleansing reaction , implants and therapeutics . 
The present invention provides optically transparent or 
translucent cell - culturing substrates . The present invention 
provides biocompatible and cell - growth - enhancing culture 
substrates comprising elastically compliant protruding nano 
structure substrates coated with Ti , TiO2 or related metal and 
metal oxide films . 
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ARTICLES COMPRISING 
LARGE - SURFACE - AREA BIO - COMPATIBLE 
MATERIALS AND METHODS FOR MAKING 

AND USING THEM 

cial liver device is the lack of a satisfactory liver cell line that 
can provide the functions of a liver . 
10006 ] . A fast growth and supply of cells especially rare 
cells , such as stem cell enrichment , can be crucial for many 
potential therapeutic applications as well as for enhancing 
the speed of advances in stem cell science and technology . 
In addition , fast detection and diagnosis of disease cells or 
possible bio - terror cells ( such as epidemic diseases , anthrax 
or SARS ) from a very small or trace quantity of available 
cells can be accomplished if the cell growth speed can be 
accelerated . 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This United States utility patent application a con 
tinuation of U . S . patent application Ser . No . 12 / 305 , 887 , 
filed Sep . 8 , 2010 , now U . S . Pat . No . 9 , 149 , 564 , issued Jun . 
10 , 2015 , which is a section 371 national phase of PCT 
international patent application no . PCT / US2007 / 071947 , 
having an international filing date of Jun . 22 , 2007 , which 
claims benefit of priority to U . S . Provisional Patent Appli 
cation Ser . No . 61 / 816 , 221 , filed Jun . 23 , 2006 . The afore 
mentioned applications are expressly incorporated herein by 
reference in their entirety and for all purposes . 

FIELD OF THE INVENTION 
[ 0002 ] The present invention provides articles of manu 
facture comprising biocompatible nanostructures compris 
ing significantly increased surface area for , e . g . , organ , tissue 
and / or cell growth , e . g . , for bone , tooth , kidney or liver 
growth , and uses thereof , e . g . , for in vitro testing of drugs , 
chemicals or toxins , or as in vivo implants , including their 
use in making and using artificial tissues and organs , and 
related diagnostic , screening , research and development and 
therapeutic uses , e . g . , as drug delivery devices . The present 
invention provides biocompatible nanostructures with sig 
nificantly increased surface area , such as with nanotube and 
nanopore array on the surface of metallic , ceramic , or 
polymer materials for enhanced cell and bone growth , for in 
vitro and in vivo testing , cleansing reaction , implants and 
therapeutics . The present invention provides optically trans 
parent or translucent cell - culturing substrates . The present 
invention provides biocompatible and cell - growth - enhanc 
ing culture substrates comprising elastically compliant pro 
truding nanostructure substrates coated with Ti , Tio , or 
related metal and metal oxide films . 

SUMMARY 
[ 0007 ] The invention provides new biomaterials structures 
having macro - micro - nano combined features strongly 
bonded onto and protruding above the surface of the struc 
ture , e . g . , an implant or cell - growth substrate surface of the 
invention . The invention also provides an alternative 
embodiment of large - surface - area , free - standing configura 
tion of loose crumbled wire mesh , short fiber or loose 
powder configurations instead of having them bonded / at 
tached onto a solid implant or substrates . 
10008 ] . The invention provides compositions comprising 
large - surface - area , thin , macro or microscale members com 
prising hairy , gauge , wire , woven wire , spring , ribbon or 
particulate array configurations of Ti or other related metals , 
alloys and / or ceramics that are directly and strongly bonded 
onto a Ti - base or alloy - base implants or cell - growth sub 
strates ; and in one aspect , with the surface of each of the 
members having a high density array of titanium oxide 
nanotube or titanium oxide covered nanopore surface . 
10009 ] In alternative aspects , the thickness ( or " thinness " , 
depending on the context ) of a coating on the surface of any 
product of manufacture of this invention ( including 
implants , devices , etc . ) can be in the range from about 1 to 
100 nm , 1 to 50 nm , or about 1 to 20 nm , or in alternative 
embodiments : at least 0 . 5 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 
13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 
29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 
45 , 46 , 47 , 48 , 49 or 50 or more nm . The thickness or 
“ thinness ” ( both referencing the amount ( or vertical dimen 
sion ) of coating on a surface ) can be even , or not even , over 
any particular portion , or all of a surface of a product of 
manufacture of this invention . The coating can be multi 
laminar ( multilayered ) with one or a mixture of compounds , 
as described herein . 
[ 0010 ] An alternative embodiment comprises loose , short 
fibers or particles of Ti with a large - surface - area , high 
density array of titanium oxide nanotubes or titanium oxide 
covered nanopores . 
[ 0011 ] Biomaterials of the invention can exhibit enhanced 
cell adhesion and accelerated cell growth characteristics as 
well as enhanced bone growth . In one embodiment , the thin 
Ti members and or in another aspect , the base Ti - base 
implants , can have a cell - adhesion - improving and cell 
growth - accelerating surface nanostructure of TiO2 nano 
tubes or Ti0 , - covered nanopores with a density of at least 
about 0 . 25x108 / cm² , or in another aspect , at least about 
1x108 / cm² , or at least between about 0 . 2x108 / cm2 to 2x108 / 

BACKGROUND OF THE INVENTION 
[ 0003 ] It is known that the nano - scaled materials exhibit 
extraordinary electrical , optical , magnetic , chemical and 
biological properties , which cannot be achieved by micro 
scaled or bulk counterparts . The development of nano 
scaled materials has been intensively pursued in order to 
utilize such properties for various technical applications 
including biomedical and nano - bio applications . 
[ 0004 ] Two - dimensional and three - dimensionally cultured 
cells are useful not only for liver cell related applications , 
but for producing a number of other cells in a healthy and 
accelerated manner . There are needs to supply or implant 
various types of cells including bone cells , liver cells , kidney 
cells , blood vessel cells , skin cells , periodontal cells , stem 
cells , and other human or animal organ cells . 
[ 0005 ) There is a critical need for an artificial liver device 
that can remove toxins and improve immediate and long 
term survival of patients suffering from liver disease . An 
artificial liver device can be useful as a temporary artificial 
liver for patients awaiting a liver transplant , and also provide 
support for post - transplantation patients until the grafted 
liver functions adequately to sustain the patient . One of the 
major roadblocks to the development of an effective artifi - 

cm ? . 
[ 0012 ] In alternative aspects , the invention provides 
micro - nano or macro - nano combined biomaterials implants 
with protruding structural features above the implant sur 
face ; and in alternative embodiments these can provide 
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advantageous characteristics for bio applications such as 
further improved stability , biocompatibility and mechanical 
lock - in reliability at the implant - cultured bone / cell interface , 
as well as substantially accelerated cell / bone growth accel 
erating characteristics due to the TiO , nanotube and related 
structures . 
[ 0013 ] Exemplary biomaterials used to practice this inven 
tion include : ( i ) a surface structure with fast - growing cells or 
bones encircling or surrounding micro or macro members ; in 
one aspect this provides significantly enhanced mechanical 
lock - in structure for improved mechanical strength on ten 
sile or shear strain ; ( ii ) bonded Ti members having compli 
ant or springy structures which can accommodate strains / 
stresses during the early stage of bone growth to reduce a 
risk of catastrophic bone - implant interface failure ; ( iii ) 
structures comprising micro / macro Ti members such as 
mesh screens , ribbons or wire arrays strongly bonded serv 
ing as on Ti implant surface , which in alternative aspects can 
serve as efficient , high - density structural reinforcement 
within the grown bone , ( iv ) loose configured Ti short - fibers , 
fragments , particles with high - density surface nanostructure 
of Tio , nanotubes or Ti0 , - covered nanopores , which in 
alternative aspects can serve as efficient and convenient 
additives to bone - growth - accelerating composites or 
cements , for repair of orthopedic or dental bones ; ( v ) micro 
nano or macro - nano combined structures , which in alterna 
tive embodiments can comprise growth factors and / or other 
biological agents such as antibiotics , genes , proteins , drugs , 
magnetic nanoparticles added inside the nanopores or nano 
tubes for , e . g . , further accelerated cell growth , healthy cell 
growth , drug release for various therapeutic uses ; ( vi ) the 
added micro or macro Ti members with large surface area , 
which in alternative aspects allows easier growth of three 
dimensional cell , organ or bone structures ; ( vii ) biocompat 
ible TiO2 - nanotube type , TiO2 - nanofiber type or TiO2 - nano 
pore type surfaces , which in alternative aspects can also be 
applied onto the surface of other non - Ti - based implants of 
metallic , ceramic , semiconductor , or polymer materials by 
thick film coating followed by anodization and optional 
crystallization heat treatment . 
[ 0014 ] These structures of the invention can be useful for 
rapid production of healthy cells including liver cells , bone 
cells , kidney cells , blood vessel cells , skin cells , periodontal 
cells , stem cells and other rare cells , as well as rapid 
formation / growth of strongly adherent bones . In one aspect , 
structures the invention can be useful for reliable and faster 
orthopedic or dental bone repair , for preparation of partial or 
full implant organs for in vivo insertion , or ex vivo operation 
as an artificial liver or kidney , for externally controllable 
drug release and therapeutic treatments , for efficient toxicity 
testing of drugs and chemicals , and for diagnosis / detection 
of disease or forensic cells . 
10015 ] . The invention also provides various methods of 
manufacture , methods of cell culturing , method of implant 
applications using the inventive , cell / bone - growth acceler 
ating biomaterials of this invention . 
[ 0016 ) The invention also provides products of manufac 
ture , e . g . , as drug delivery devices , comprising a biocom 
patible surface comprising ( a ) a least a portion of its surface 
area comprising ( i ) thin , macro or microscale members 
comprising hairy , gauge , wire , woven wire , spring , ribbon , 
powder or particulate array configurations , or comprising a 
Ti or other related metal material , an alloy and / or a ceramic ; 
( ii ) loose , short - fibers or particles of Ti ; ( iii ) micro - wires or 

micro - ribbons ; ( iv ) spring - like fiber or mesh screen shapes 
comprising a Ti or other related metal material , an alloy 
and / or a ceramic ; or ( v ) structures as illustrated in FIGS . 1 , 
2 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 and / or 16 ; and , ( b ) ( i ) 
a biocompatible vertically aligned nanotube array structure 
on a biocompatible substrate comprising a laterally sepa 
rated nanotube arrangement ; ( ii ) a lock - in nanostructure 
comprising a plurality of nanopores or nanotubes , wherein 
the nanopore or nanotube entrance has a smaller diameter or 
size than the rest ( the interior ) of the nanopore or nanotube 
to exhibit a re - entrant configuration ; ( iii ) a dual structured 
biomaterial comprising ( A ) micro - or macro - pores , wherein 
the micro or macro pores has an average diameter , or 
equivalent diameter if the pores are not circular , in the range 
of between about 0 . 5 - 1 , 000 um , or between about 1 - 100 um , 
and optionally the entrances of the micro or macro pores 
have a smaller diameter or size than the rest ( the interior ) of 
the micro or macro pores ; and , ( B ) a surface area covered 
with nanotubes , optionally T10 , nanotubes , having an aver 
age pore diameter in the range of between about 30 - 600 nm ; 
( iv ) a biomaterial having a surface comprising a plurality of 
enlarged diameter nanopores and / or nanotubes , wherein the 
nanopores and / or nanotubes comprise at least 150 nm , or 
optionally at least 200 nm , or at least 400 nm ; ( v ) an array 
comprising a solid substrate and a plurality of vertically 
aligned , laterally spaced , nanotubes associated with the 
substrate , wherein each nanotube comprises a nanopore ; 
( vii ) an array comprising a solid substrate and a plurality of 
vertically aligned , laterally spaced , nanotubes associated 
with the substrate , wherein each nanotube comprises a 
nanopore and wherein the array comprises a cell , wherein 
optionally the cell is suitable for implantation , and option 
ally the cell is suitable for implantation and regeneration of 
an organ or a dental tissue in a subject ; ( viii ) an array 
comprising a solid substrate and a plurality of vertically 
aligned , laterally spaced , nanotubes associated with the 
substrate , wherein each nanotube comprises a nanopore and 
wherein the array comprises a cells suitable for implantation 
and regeneration of a bone and / or a joint tissue in a subject ; 
( ix ) an array comprising a solid substrate and a plurality of 
vertically aligned , laterally spaced , nanotubes associated 
with the substrate , wherein each nanotube comprises a 
nanopore and wherein the array comprises one or more 
biologically active agents selected from the group consisting 
of therapeutic drugs , growth factors , proteins , enzymes , 
hormones , nucleic acids , RNA , DNA , genes , vectors , anti 
biotics or antibodies , small molecules , radioisotopes and 
magnetic nanoparticles ; ( x ) a two or a three - dimensional 
array comprising ( A ) a solid substrate comprising Ti wires , 
ribbons or rods , or any combination thereof ; and ( B ) a 
plurality of vertically aligned , laterally spaced , nanotubes 
associated with the substrate , wherein each nanotube com 
prises a nanopore ; ( xi ) a product of manufacture comprising 
a size - randomized and shape - randomized nanopore - or 
nanotube - comprising surface made by a method comprising 
the following steps ( A ) providing a composition comprising 
a Ti or Ti oxide surface , ( B ) depositing a semi - wettable 
coating on the Ti or Ti oxide surface by employing litho 
graphic patterning or by a thin film deposition technique , 
wherein the coating decomposes into nano - or micro - islands 
of local etch masks , and ( C ) chemical etching or electro 
chemical anodization of the etch - masked surface , thereby 
generating a size - randomized and shape - randomized nano 
pore - or nanotube - comprising surface ; or ( xii ) a combination 
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thereof . In one aspect of the product of manufacture , the 
thin , macro or microscale members and / or the nanotube 
array structure comprise Ti and Ti oxide , Zr , Hf , Nb , Ta , Mo , 
W and / or their alloys or oxides of these metals , and / or 
alloys ; and optionally having a thickness of at least 5 nm ; 
and optionally having a coating coverage of at least 80 % of 
the nanotube or nanopore surfaces , wherein the matrix 
material comprises Ti , Zr , Hf , Nb , Ta , Mo , W , and / or their 
oxides , or alloys of these metals and oxides , and / or Si , Si 
oxide , A1 , Al oxide , carbon , diamond , noble metals , Au , Ag , 
Pt and / or their alloys , polymer or plastic materials , or 
composite metals , ceramics and / or polymers . 
[ 0017 ] Alternative embodiments of the products of manu 
facture of the invention are optically transparent or translu 
cent cell - culturing substrates with nano imprint patterned 
nanostructures . In this aspect , optical transparency of a cell 
culture substrate is an important characteristic , as it allows 
a microscopic examination of the cell behavior using 
inverted microscope with transmitted light illumination . The 
surface of such a nanostructure is coated with an optically 
transparent or translucent , very thin film of Ti or Ti - base 
alloys ( e . g . , Ti - A1 — V alloys ) , other refractory metals ( e . g . , 
Zr , Nb , Hf , Ta , W and their alloys ) , or TiO , NbZO . , Zro , 
HfO2 , Ta2O5 , W203 or mixed alloy oxide . In alternative 
aspects , the thickness of the Ti or TiO2 related coating is 
between about 1 to 50 nm , or between about 1 to 20 nm . The 
related coating can comprise ( i ) a Ti , Zr , Hf , Nb , Ta , Mo 
and / or W metal ; ( ii ) an oxide of ( i ) ; ( iii ) an alloy of ( i ) ; ( iv ) 
a Si , a Si oxide , an Al , an Al oxide , a carbon , a diamond , a 
noble metal , an Au , an Ag , a Pt and / or an Al , Au , an Ag , a 
Pt alloy , a polymer or a plastic material , a composite metal , 
a ceramic , a polymer and / or a combination thereof . 
[ 0018 ] Alternative embodiments of the products of manu 
facture of the invention comprise an elastically compliant 
nanostructure substrate coated with Ti , TiO2 or related metal 
and metal oxide or nitride films , which can comprise ( i ) a Ti , 
Zr , Hf , Nb , Ta , Mo and / or W metal ; ( ii ) an oxide of ( i ) ; ( iii ) 
an alloy of ( i ) ; ( iv ) a Si , a Si oxide , an Al , an Al oxide , a 
carbon , a diamond , a noble metal , an Au , an Ag , a Pt and / or 
an Al , Au , an Ag , a Pt alloy , a polymer or a plastic material , 
a composite metal , a ceramic , a polymer and / or a combina 
tion thereof . As the stress or strain that the growing / propa 
gating cells experience has a tremendous effect on the cell 
growth behavior . By providing elastically soft substrate 
which is made even more flexible by virtue of added surface 
nanostructure , a further enhanced cell growth is obtained . 
[ 0019 ] The invention provides products of manufacture 
comprising a biocompatible surface , wherein at least a 
portion of , or all of , the surface area of the biocompatible 
surface comprises or is covered or coated by structures 
comprising : 
[ 0020 ] ( A ) ( i ) a plurality of thin , macro or microscale 
members in a hairy , a gauge , a wire , a woven wire , a spring , 
a ribbon , a powder , a flake shaped structure and / or a 
particulate array configuration , wherein the thin , a macro or 
a microscale member comprises a Ti , Zr , Hf , Nb , Ta , Mo 
and / or W metal material , a Ti , Zr , Hf , Nb , Ta , Mo and / or W 
alloy , a Ti , Zr , Hf , Nb , Ta , Mo and / or W oxide or nitride , 
and / or stainless steel or ceramic , wherein the plurality of 
thin , macro or microscale members are fixed or loosely 
placed , or a combination thereof , on the biocompatible 
surface ; 
[ 0021 ] ( ii ) a plurality of loose , short - fibers , or flake shaped 
structures , or particles of Ti , Zr , Hf , Nb , Ta , Mo and / or W 

metal material , a Ti , Zr , Hf , Nb , Ta , Mo and / or W alloy , a Ti , 
Zr , Hf , Nb , Ta , Mo and / or W oxide or nitride , and / or 
stainless steel or ceramic , wherein optionally the fibers or 
particles are straight , curved and / or bent , and optionally the 
spring - like fibers or mesh screen shapes are fixed or loosely 
placed , or a combination thereof , on the biocompatible 
surface ; 
[ 0022 ] ( iii ) a plurality of micro - wires , micro - fibers or 
micro - ribbons , wherein optionally the wires , ribbons or 
fibers are straight , curved and / or bent , wherein optionally 
the micro - wires , micro - fibers or micro - ribbons are fixed or 
loosely placed , or a combination thereof , on the biocompat 
ible surface ; 
[ 0023 ] ( iv ) a plurality of spring - like fibers or mesh screen 
shapes comprising a Ti or metal material , an alloy and / or a 
ceramic , wherein optionally the spring - like fibers or mesh 
screen shapes are fixed or loosely placed , or a combination 
thereof , on the biocompatible surface ; ( v ) a structure as 
illustrated in FIGS . 1 , 2 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 
and / or 16 ; 
[ 0024 ] ( vi ) any of the structures of ( i ) to ( v ) in the form of 
a high - surface - area wire array , a mesh screen array , a 
particle assembly array or a combination thereof ; 
[ 0025 ] ( vii ) any combination of the structures of ( i ) to ( vi ) , 
and optionally wherein any combination of the structures of 
( i ) to ( vi ) are fixed or loosely placed as a loose deposit , a 
loose powder , a loose film , a loose particle , a loose short 
fiber or a loose flake , or any combination thereof , on the 
biocompatible surface ; 
[ 0026 ] and the biocompatible surface comprises structures 
comprising : 
[ 0027 ] ( B ) ( i ) a biocompatible vertically aligned nanotube 
array structure on a biocompatible substrate comprising a 
laterally separated nanotube arrangement ; 
[ 0028 ] ( ii ) a lock - in nanostructure comprising a plurality 
of nanopores or nanotubes , wherein the nanopore or nano 
tube entrance has a smaller diameter or size than the rest ( the 
interior ) of the nanopore or nanotube to exhibit a re - entrant 
configuration ; 
[ 0029 ] ( iii ) a dual structured biomaterial comprising ( A ) 
micro - or macro - pores , wherein the micro or macro pores 
has an average diameter , or equivalent diameter if the pores 
are not circular , in the range of between about 0 . 5 to 1 , 000 
um , or between about 1 to 100 um , and optionally the 
entrances of the micro or macro pores have a smaller 
diameter or size than the rest ( the interior ) of the micro or 
macro pores ; and , ( B ) a surface area covered with nano 
tubes , optionally TiO , nanotubes , having an average pore 
diameter in the range of between about 30 to 600 nm ; 
[ 0030 ] ( iv ) a plurality of enlarged diameter nanopores 
and / or nanotubes , wherein the nanopores and / or nanotubes 
comprise at least 150 nm , or optionally at least 200 nm , or 
at least 400 nm ; 
0031 ] ( v ) an array comprising a solid substrate and a 
plurality of vertically aligned , laterally spaced , nanotubes 
associated with the substrate , wherein each nanotube com 
prises a nanopore ; 
[ 0032 ] ( vii ) an array comprising a solid substrate and a 
plurality of vertically aligned , laterally spaced , nanotubes 
associated with , or built into or onto , the substrate , wherein 
each nanotube comprises a nanopore , and the array com 
prises a cell , wherein optionally the cell is suitable for 
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implantation , and optionally the cell is suitable for implan - 
tation and regeneration of an organ or a dental tissue in a 
subject ; 
[ 0033 ] ( viii ) an array comprising a solid substrate and a 
plurality of vertically aligned , laterally spaced , nanotubes 
associated with the substrate , wherein each nanotube com 
prises a nanopore and wherein the array comprises a cell 
suitable for implantation and regeneration of a bone and / or 
a joint tissue in a subject ; 
[ 0034 ] ( ix ) an array comprising a solid substrate and a 
plurality of vertically aligned , laterally spaced , nanotubes 
associated with the substrate , wherein each nanotube com 
prises a nanopore and wherein the array comprises one or 
more biologically active agents selected from the group 
consisting of a therapeutic drug , a growth factor , a protein , 
an enzyme , a hormone , a nucleic acid , an RNA , a DNA , a 
gene , a vector , a phage , an antibiotic , an antibody , a small 
molecule , a radioisotope and a magnetic nanoparticle or 
particle ; 
[ 0035 ] ( x ) a two or a three - dimensional array comprising 
( A ) a solid substrate comprising Ti , Zr , Hf , Nb , Ta , Mo 
and / or W wires , ribbons or rods , or any combination thereof ; 
and ( B ) a plurality of vertically aligned , laterally spaced , 
nanotubes associated with the substrate , wherein each nano 
tube comprises a plurality of nanopores ; 
[ 00361 ( xi ) a product of manufacture comprising a size 
randomized and shape - randomized nanopore - or nanotube 
comprising surface made by a method comprising the fol 
lowing steps ( A ) providing a composition comprising a Ti , 
Zr , Hf , Nb , Ta , Mo and / or W metal surface ; a Ti , Zr , Hf , Nb , 
Ta , Mo and / or W alloy surface ; and / or , a Ti , Zr , Hf , Nb , Ta , 
Mo and / or W oxide or nitride , and / or stainless steel or 
ceramic , ( B ) depositing a semi - wettable coating on a metal , 
alloy or oxide surface of ( A ) by employing lithographic 
patterning or by a thin film deposition technique , wherein 
the coating decomposes into nano - or micro - islands of local 
etch masks , and ( C ) chemical etching or electrochemical 
anodization of the etch - masked surface , thereby generating 
a size - randomized and shape - randomized nanopore - or 
nanotube - comprising surface ; 
[ 0037 ] ( xii ) an elastically compliant nanostructure sub 
strate comprising any combination of ( i ) to ( xi ) , and / or a 
structure of ( A ) ; 
10038 ] ( xiii ) any combination of ( A ) or ( B ) ( i ) to ( xii ) , 
and / or a structure of ( A ) , comprising or configured as an 
optically transparent or translucent cell - culturing substrate , 
which optionally is a nano imprint patterned nanostructure ; 
[ 0039 ] ( xiv ) any combination of ( A ) or ( B ) ( i ) to ( xiii ) , in 
the form of a particle aggregate or a mesoporous structure , 
or comprising a nanowire or ribbon forest , or comprising 
directionally etched porous materials or a porous thin film ; 
[ 0040 ] ( xv ) any combination of ( A ) or ( B ) ( i ) to ( xiv ) , 
wherein the structures partially or completely coating the 
biocompatible surfaces have a thickness of at least about 1 , 
2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 or 10 or more nm , or a thickness of 
between about 1 to 10 nm , or a thickness of between about 
1 to 15 nm , or a thickness of between about 1 to 20 nm ; or 
[ 0041 ] ( xvi ) any combination of any of these structural 
embodiments of the invention . 
[ 0042 ] In alternative embodiments of the products of 
manufacture of the invention , the thin , macro or microscale 
members and / or the nanotube array structure , or a structure 
of the invention , comprises a Ti , Zr , Hf , Nb , Ta , Mo and / or 
W metal ; a Ti , Zr , Hf , Nb , Ta , Mo and / or W alloy ; and / or , a 

Ti , Zr , Hf , Nb , Ta , Mo and / or W oxide or nitride , and / or 
stainless steel or ceramic . In alternative embodiments , the 
thin , macro or microscale members and / or the nanotube 
array structure have a thickness of at least about 1 , 2 , 3 , 4 , 
5 , 6 , 7 , 8 , 9 or 10 or more nm , or a thickness of between 
about 1 to 10 nm , or a thickness of between about 1 to 15 
nm , or a thickness of between about 1 to 20 nm . 
[ 0043 ) In alternative embodiments , at least 50 % , 51 % , 
52 % , 53 % , 54 % , 55 % , 56 % , 57 % , 58 % , 59 % , 60 % , 61 % , 
62 % , 63 % , 64 % , 65 % , 66 % , 67 % , 68 % , 69 % , 70 % , 71 % , 
72 % , 73 % , 74 % , 75 % , 76 % , 77 % , 78 % , 79 % , 80 % , 81 % , 
82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or more , or 
all , of the biocompatible surface or the nanotube or nanopore 
surface comprises or is covered or coated by a structure of 
the invention . 
[ 0044 ] In alternative embodiments , the matrix material , or 
a structure of the invention , comprises ( i ) a Ti , Zr , Hf , Nb , 
Ta , Mo and / or W metal ; ( ii ) an oxide of ( i ) ; ( iii ) an alloy of 
( i ) ; ( iv ) a Si , a Si oxide , an Al , an Al oxide , a carbon , a 
diamond , a noble metal , an Au , an Ag , a Pt and / or an Al , Au , 
an Ag , a Pt alloy , a polymer or a plastic material , a composite 
metal , a ceramic , a polymer and / or a combination thereof . 
[ 0045 ] In alternative embodiments , the products of manu 
facture of the invention further comprise a bone cell , a liver 
cell , a kidney cell , a blood vessel cell , a skin cells , a 
periodontal cell or a periodontal tissue cell , a stem cell , an 
organ cell , or wherein the cell is a bone cell , a liver cell , a 
kidney cell , a blood vessel cell , a skin cells , an organ cell ; 
or , further comprising a plurality of cells , wherein the cells 
comprise bone cells , liver cells , liver parenchymal cells , 
endothelial cells , adipocytes , fibroblastic cells , Kupffer 
cells , kidney cells , blood vessel cells , skin cells , periodontal 
cells , odontoblasts , dentinoblasts , cementoblasts , enamelo 
blasts , odontogenic ectomesenchymal tissue , osteoblasts , 
osteoclasts , fibroblasts , and other cells and tissues involved 
in odontogenesis or bone formation and / or stem cells , and 
other human or animal organ cells , or the cells are embry 
onic or adult stem cells , or a combination thereof . The cell 
can be a human or an animal cell , or the product of 
manufacture further comprises a human or an animal cell . 
10046 ] In alternative embodiments , the products of manu 
facture of the invention further comprise a hydroxyapatite , 
a bio - degradable polymer , or a bio - compatible or bio - inert 
bone cement ; or further comprising a biological agent , 
wherein optionally the biological agent comprises a growth 
factor , a collagen , a nucleic acid , an antibiotic , a hormone , 
a drug , a magnetic particle , a metallic particle , a ceramic 
particle , a polymer particle , a drug delivery particle . 
[ 0047 ] The invention provides drug delivery devices com 
prising a product of manufacture of the invention . The 
invention provides orthopedic implants or dental implants 
comprising a product of manufacture of the invention , and 
optionally the orthopaedic ( orthopedic ) implant or dental 
implant comprises a plurality of cells , and optionally the 
cells comprise bone cells , liver cells , liver parenchymal 
cells , endothelial cells , adipocytes , fibroblastic cells , 
Kupffer cells , kidney cells , blood vessel cells , skin cells , 
periodontal cells , odontoblasts , dentinoblasts , cemento 
blasts , enameloblasts , odontogenic ectomesenchymal tissue , 
osteoblasts , osteoclasts , fibroblasts , and other cells and 
tissues involved in odontogenesis or bone formation and / or 
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stem cells , and other human or animal organ cells , or the 
cells are embryonic or adult stem cells , or a combination 
thereof . 
0048 ] The invention provides disease detection devices 
comprising a product of manufacture of the invention . 
[ 0049 The invention provides artificial tissue or organs 
comprising a product of manufacture of the invention , and 
optionally the artificial tissue or organ comprises a plurality 
of cells , and optionally the cells comprise bone cells , liver 
cells , liver parenchymal cells , endothelial cells , adipocytes , 
fibroblastic cells , Kupffer cells , kidney cells , blood vessel 
cells , skin cells , periodontal cells , odontoblasts , dentino 
blasts , cementoblasts , enameloblasts , odontogenic ectomes 
enchymal tissue , osteoblasts , osteoclasts , fibroblasts , and 
other cells and tissues involved in odontogenesis or bone 
formation and / or stem cells , and other human or animal 
organ cells , or the cells are embryonic or adult stem cells , or 
a combination thereof . 
[ 0050 ] The invention provides bioreactors comprising a 
product of manufacture of the invention . The invention 
provides biomimetic arrays , or artificially constructed cell 
cultures , comprising a product of manufacture of the inven 
tion , and optionally also comprising at least a cell for 
performing drug or chemical toxicity testing , and optionally 
the cell is a liver cell or liver parenchymal cells . 
[ 0051 ] The invention provides methods for evaluating a 
drug or a chemical , a pesticide or herbicide , a toxin , a 
poison , a pharmaceutical , a cosmetic , a polymer or an 
injection fluid , comprising applying the drug , chemical , 
toxin , poison , pharmaceutical , pesticide or herbicide , cos 
metic , polymer or injection fluid to a biomimetic array , or 
artificially constructed cell culture , comprising use of a 
product of manufacture of this invention , wherein optionally 
method comprises the testing of a new drug or a chemical for 
safety and / or toxicity issues , and optionally the chemical 
comprises a toxin , a poison , an allergen , a biological warfare 
agent , an infectious disease agent or an irritating agent . 
[ 0052 ] The invention provides methods for diagnosing or 
detecting a disease comprising implanting a product of 
manufacture of the invention in a subject , wherein option 
ally the implant is a biochip comprising a disease detection 
compound or device . 
10053 ] The invention provides methods for detecting an 
infectious disease agent , or a biological warfare or a bio 
terror agent , the method comprising providing a product of 
manufacture of the invention , wherein the product of manu 
facture comprises an infectious disease agent , biological 
warfare or bio - terror agent detection compound or device , 
and optionally the product of manufacture is an implant . 
[ 0054 ] The invention provides systems for growing and 
harvesting selected cells , the system comprising : ( a ) a prod 
uct of manufacture of the invention operably associated with 
a device for removing the cells or tissue from the product of 
manufacture ; and ( b ) a computer operably associated with 
a ) , wherein the computer comprises instructions for auto 
matically contacting the cells with a suitable growth media 
and for harvesting the mature cells . 
[ 0055 ] The invention provides methods for treating a cell 
proliferation disorder , the method comprising : ( a ) implant 
ing a product of manufacture of the invention , into a subject , 
wherein the product of manufacture comprises a biological 
agent for treating the cell proliferation disorder , and option 
ally the product of manufacture is implanted at or near the 
site of a cell proliferation disorder ; and ( b ) contacting the 

product of manufacture with magnetic agitation , wherein 
optionally the agitation accelerates biological agent release ; 
and optionally provides magnetic hyperthermia treatment at 
the site of implantation , and optionally the magnetic agita 
tion comprises external stimulation of the magnetic nano 
particles by alternating current ( AC ) magnetic field ; and 
optionally the biological agent is released from the array by 
mechanical agitation / movement of the magnetic particles or 
by heating of the composition resulting from the AC mag 
netic field . 
[ 0056 ] The invention provides methods for selectively 
releasing a biological agent in a subject , the method com 
prising ( a ) implanting a product of manufacture of the 
invention , in a subject , wherein the product of manufacture 
comprises a biological agent in a colloidal composition ; and , 
( b ) contacting the product of manufacture with ultrasonic or 
magnetic agitation of the colloidal composition , wherein the 
biological agent is released from the product of manufac 
ture ; and optionally the magnetic nanoparticle is selected 
from the group consisting of iron - oxide particles of magne 
tite ( FeO2 ) or maghemite ( y - Fe , 0z ) , and optionally the 
magnetic nanoparticle is about 5 to 50 nm in average 
diameter . 
[ 0057 ] The invention provides methods for accelerating 
the growth of cells , the method comprising contacting the 
cells with a product of manufacture of the invention , in the 
presence of a nutrient fluid suitable for sustaining growth of 
the cells . 
[ 0058 ] The invention provides multi - functional implant 
devices comprising a product of manufacture of the inven 
tion , wherein the product of manufacture comprises a bio 
logically active agent selected from the group consisting of 
a pharmaceutical composition , a therapeutic drug , a cancer 
drug , a growth factor , a protein , an enzyme , a hormone , a 
nucleic acid , an antibiotic , an antibody , a nanoparticle and a 
biologically active material . In one aspect , of the multi 
functional implant device , the product of manufacture com 
prises a colloidal liquid comprising the biologically active 
agent , and the product of manufacture is designed for 
externally controlled release of the colloidal liquid upon 
application of ultrasonic or magnetic stimulation ; and 
optionally the colloidal liquid comprises a biologically 
active agent and magnetic nanoparticles ; and the magnetic 
nanoparticles are selected from the group consisting of 
biocompatible iron - oxide particles of magnetite ( Fe304 ) and 
maghemite ( y - Fe203 ) ; and optionally the size of the mag 
netic nanoparticles is from about 5 to 50 nm in diameter . In 
one aspect , of the multi - functional implant device , the 
product of manufacture comprises nanotubes , and a cap is 
deposited at the upper end of a nanotube by an oblique 
incident sputter deposition on a stationary or a rotating 
substrate ; and optionally the cap is narrowed such that a 
colloidal liquid is retained in the nanotube before external 
stimulation for controlled release . 
[ 0059 ] The invention provides methods of externally con 
trolled release of a colloidal liquid into a subject comprising 
applying external stimulation by alternating current mag 
netic field to the multi - functional implant device of the 
invention , wherein the magnetic field causes agitation , 
movement and heat production from the magnetic nanopar 
ticles comprised in the colloidal liquid resulting in its release 
from the implant device . 
[ 0060 ] The invention provides methods for ameliorating 
or treating cancer , wherein the multi - functional implant 














































