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Systematic Review of Environmental Impacts of Methane Gas
Emission in Coal Mines

Aynur Nasseri !
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Abstract

Methane gas is one of the main greenhouse gases that is released during the exploitation and production
of coal from coal mines. In recent decades, the issue of methane emissions from coal mines has emerged
as a major environmental challenge. This gas plays an important role in increasing global warming as
a potent greenhouse gas, and uncontrolled emissions lead to serious environmental and economic
problems. Also, the potential for methane self-ignition in coal mines, as a dangerous phenomenon,
requires further environmental investigation and study. Given the importance of environmental
protection and reducing greenhouse gases, a precise understanding of these effects and taking
appropriate measures to reduce them is essential. Therefore, this article examines the environmental
effects of methane emissions in coal mines and discusses strategies to reduce these effects. The results
indicate that upgrading processes and using clean and sustainable technologies can be effective in
reducing methane emissions from coal mines. For instance, the use of renewable technologies such as
solar and wind energy instead of fossil fuels, and the promotion of clean and environmentally friendly
technologies in the processes of coal exploitation and production, will be highly effective.

Keywords: Methane gas, coal mines, greenhouse gases, environmental impact
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Abstract

In this research, to improve the efficiency and environmental sustainability of the Fischer-Tropsch
process, graphene nanosheets were used as a base for the synthesis of cobalt catalysts. These catalysts
were prepared by wet inoculation method and their properties were investigated by various techniques
such as FTIR, ICP, BET, XRD, EDX, TPR and TEM. The effect of changing the weight percentage of
cobalt (from 10% to 30%) on the activity of the catalysts was studied. The results showed that the
catalyst containing 30% cobalt has the highest activity. for further optimization, 1% by weight of
ruthenium was added to this catalyst. The performance of these catalysts was investigated in a fixed
bed reactor under 25 bar pressure and temperatures of 220 °C and 240 °C with synthesis gas flow. The
results indicate that the use of graphene nanosheets as a catalyst base, in addition to improving the
efficiency of the process, leads to the reduction of pollutant emissions and the production of cleaner
fuels. Laboratory data showed that these catalysts help to improve carbon monoxide conversion,
methane selectivity and product distribution and can have positive environmental impacts.

Keywords: Fischer-Tropsch synthesis, Cobalt catalyst, Cobalt-ruthenium catalyst, Graphene
nanoplates, Fixed bed reactor
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Abstract

Global energy production, heavily influenced by the widespread use of fossil fuels, has highlighted the
importance of finding alternative energy sources with high potential. continuous efforts are underway
to address challenges related to the initial stages before conversion to bioenergy, such as pretreatment,
enzymatic hydrolysis, and biomass cultivation. nanotechnology can overcome problems associated with
these biomass sources by using its unigque active sites for various reactions and processes. in this review
article, the potential of nanotechnology, which has been integrated as an aid or additive in these
biomasses to enhance the efficiency of bioenergy production, is examined. the fundamentals of
nanomaterials along with their diverse applications in the field of bioenergy are discussed in detail.
Furthermore, the optimization and enhancement of bioenergy production from lignocelluloses,
microalgae, and wastewater using nanomaterials have been fully evaluated. the prominent features of
these nanomaterials that contribute to the improvement of the performance of biofuels, biodiesel,
enzymes, and microbial fuel cells have also been critically reviewed. finally, based on existing studies,
future trends and research needs have been considered.

Keywords: Bioenergy, Biomass, Biofuel, Nanotechnology
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Application of nanotechnology in water purification and removal
of pollutants
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Abstract

Water is one of the most essential elements of life on earth, and although more than 70% of the earth's
surface is covered with water, less than 3% of it is fresh water. of this amount, 79% belongs to the ice
peaks, 20% of which are easily accessible groundwater, and in total, only one ten thousandth of the
total water on earth is simply available to humans at any time. the availability of safe and clean water
is one of the most important issues facing mankind, and gradually, as the amount of water consumption
increases, pollutants also contaminate water sources in various ways, and this issue will become more
critical in the future. accepting the right to water as a right for humanity may be the most important
step in addressing the difficulty of supplying this most fundamental element of people's lives. the lack
of access to clean and sanitary water in developing countries is a priority for the development and use
of new technology. nanotechnology, with its new and innovative solutions, states that nano-based
materials can lead to cheaper, more durable and more effective water treatment technologies, which
can nevertheless meet some of the needs of developing countries in some way. nanotechnology based
water treatment processes are much more efficient compared to traditional methods as these solutions
can be made with features that can increase the amount of material absorbed from water.

Keywords: Nano technology, Catalyst, Pollutants, Membrane, Nano fil
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Abstract

Sensors have demonstrated valuable performance in environmental studies, agriculture, food inspection
and safety, rapid and cost-effective responses in biotechnology, disease diagnosis, and medical services,
among others. Among the many categories of sensors, optical biosensors, due to their selective, rapid,
and highly sensitive measurements, offer additional advantages such as robustness, reliability, and the
potential for on-chip integration. In optical biosensors, analytes are detected using light, with either
label-based or label-free techniques. This article reviews some of the significant advancements in
optical biosensors over the past decade, with a focus on their fabrication approaches and growing
application areas. Along with a brief overview of the history of optical biosensors, some carefully
selected papers on recent advances in optical biosensors are also presented. Additionally, the challenges
and future of emerging optical biosensor technologies in the current decade are discussed.

Keywords: Types of optical biosensors, Application of optical biosensors, Surface plasmon resonanc

AY


mailto:noushindadashzadeh@yahoo.com

¢

oA G0l (pi b Jlw Blas1g ol 13T oliils
A0 Oilkxio N £+ Oluwl S 3 daammo 38 (o O 157 (SAolLad
"

SR 5l 53 3l g Cas ) $6 slas 5,8

%:.YJ“" g"‘:‘a‘ﬁ‘ [V ‘\gﬁ;i :‘}@3

O pl Gy e dols ool 3T o8ty ( (K owkige 03,5 slskeal
Ol Gl al dols ool l3T ol&isls  pandd 03,8 SLisls™

ebrahimi.nano@yahoo.com : L3 Ke J shns okins 55 *

O T/v oY 1 olg Lol VERT/r8/04 tdlie 3L 55)

AL

- %

o35 5> IMas = 5 (Soi s sla Sy Sos gl b SUIS 5o L (B (55050 50 00 ot glacd i
Sl 56 g s a5 50elS 56 o8 sl ol s slizel ol 38 slowsl (S e 50 5150 5 WCSASS dnmnyi b ol o K
Ol 555 |5 S o Wl oy 50| Dl 53 ($hsome 58 pland 5 (S0 5 (olle ol sla S5y L
3o Sl by 9elS Gy 550 Sleslinad s o Olidsd )y oo dlie pl sl by 5508 50 51 I same (5140 500
Ol gl =056 Gladaly Olge & 50 5 Ol gl 3L pwdige 55 15 0T 5,508 5 33055 0 5l 5L 5550 3l e
FU oS a5 b S s e LS (6 550 slas )8 (gl 2 1 sl e a5 5L il a5l Dl LS oo o 2
SLa sy Ml (655 08 Olizman Dl ey 55008l b sy 1 a0 5L 5035 0l 5o ol (0l (62,08 ax 58

g o :Lg.m.ﬁ 3l 40 uilu_i.ﬂﬂ las )8 50550 pl 55 (65


mailto:ebrahimi.nano@yahoo.com

ol otl ol odan

x5 53 3 gp Cann 5L (glas 5,8

e SIAFN AL oy Sl Ol 5 15
Slalae 53 ) J S50 S (aasld Cons
Slp bsleans 6800 s3le o Saw Bl
0L 3 Sl s el axslS ladad 5 s
(0) 34 dal g

(RS (Sl adate Dode ST anw 5 Ly
Oleys wsle sdaze laggslew Oloys 5 (62Kt
S 13 ¢ (S5 (010 2 e 415 Jo 2 Ol e
SoaLd sleslanal ¢ ol 59 sasl 50 3L wlige Gl 5
SN (i 8L e Ol ) (Si3 55 5L
ol 0
Ol gl 3,90 53 SLIS

S Conl g2t Lan Sl K Ol gl

b LS s 5wl il s Caeslie Gl
Glapltl 5 il (ol e el ol
ol 3als 5 sl 1y sl 5 &S e fas ot
e bl Gl Ll el Slost
LL Gl Sl s S > 5 eslie glas Shes
I st VSDLZ—JJ $58 S o3Il 4 Ol gl
Ao 0L | O gl ed e 5 el )

anod Yo ymolsnsonim bns ymotsnA

AT

PRV

Glokiy ¢ o OB ol 7 505U (6553
wl ol ke Glanl S alaiss o il e ooie
Lol b 55 ol ams &G s &S ol b el
Soskd Caale (V) 35 dal Jp nl 4 sl
AE s G ol 5553 0508 Qlls U
cotle Guaa bocmegsb Ve B sl s 0
oS ) ST 3 5 5
Sl b alaptegns Jilos oolge)l sslizad |
= 033k 4 Oy bbbl i b 5 A
bt 5 3050 aan S| 3ly 3 A3l e sl 5
s B0 eldans 1 s plu s olele
3,8 o S St 5 i S pled oSS
() o5 0 a8 5 oy Sk ane s

Dy sl e s JsSpe iS s s
ole (pm LS Sy e ) (s SlapRacn
Sloans 5wl (Spd et S
zes il S s G O 40 (San (65 5008
SIS 50 asls 5l ang salizal OAS Jem 51 513
b by Gl pla s 5 Op¥se b LS e
03 Sloss Uy I o 4 4SS Lo
(F) das o sl 1y b sl

- v N PR (Y PR LS WU S
e sl dddslr Jol sl b Jzs
Sl Olsier b sl Jo by 15 Gobme 55
Gl &S sl S O3 ) asiis i Jlesl
3300 3,5 gk 0550 Gaye LS 4 (3l S
(#)

" Industrial revolution



AO-88 Slorio VLT Ol OA o Ll

MJ%JDMQﬁJK‘smw

35l 50 ol 53 85 el 03555 e ok 0 355
I T S P
- o Ol 3 skl 1 e 3 sl Sl el
35905 Shas Wl Sl 1S 4y e WL oS 54
oy NG 255 oo o sn g pd 50 (et 235
NSRS sl ap e S is Ol 5o 3,
Jelos 51 oslizad @ o3l 03,55 el 5 gl

OV 3550 65 b 5 Las STy il b

(Sl gzl 55,55 Ol gl 543 ol
Sl sl SUays el s Sl 55
JSie Sl Olgaal 55l g 45 Al e (L)
03 8l ol sl lad she &5 Ll 51 as S
‘leswquzgcg;}\@;w%ﬁwjoxu
S5 ol 5 5550 slml oo Glus0 g nd
Olpeal linl 5 Ll D3 o pase Ol
S Ak e Sl el e )8 8 e
35555 5 i S0 Y SSlsT Gl el 55,55 s 5
53T U5 () 35 o0 el 58 Zosde 05

chs s e 0L L Ol Ol RN

o 03 S gen Laes SO bl Sl G0
L 5 5w e 45 55 e O Ol
Sl 03 Sl 3 e (B R ol Ol
O Ol o ouliild gy gl ALy 3 4 e
Ssden o pliad 5 01 Olgsaal 555,50 65
Fo Sl o s ol Sean i ol el (VY)
g Ol e S 5555 ) Ve Lol s
ol S Lk pad S ol 3 il 0 S s
K oS5 a0 0 ks

S G Jels Ol sl sl kL
Lol 5l Ao YO aS T g5 039S Gaas (I
oo osle 45 Jdae S S cdas e JSSES
b QI S )‘ M)b\/o }C_ﬂw‘ CA.:SLJ L;.MS_})J\.:A
slge lymms 5101 i S Jl= 3 ol Ol szl
)%sﬁwj)t}uw\.sﬁywﬂi&?@m
“alee OF 53 45 ol b (1 and glaladle LB
slS fl.ia:.,:\ (Las Se) (63Y o oSy 55 (gla
e o S T Ssdes Ol
S ol ol 5 s ekila g 1) O3S U
Lol w05 Jood o3 Ol ook 5 Shee
Lie Jy Same sy 55 a conls Cund Lai>
S Gl 4 s Sdae slge Glgime ST
Sl Godw Lo g Ol sl sy s
G s e Glgms ST ngd e 50 oS
hix 228 ploual 3l oS Js I e
GOELL Ll s s oty a Ol bl 55 o

Ol sl sl g, lwals

S Ol s M Cf Q.:“JS@LJZ Bl
o5 W L &S celad gl ol s o
—WT‘Q\WlUSﬁQQMMWJJ‘
S5 a Y sl Bl el Sl gl
ik Sl 0L s LS g5 onl oS ol
O)
g Ohalle gl &8 (O 3 S05 S S

2 acetabulum
AY



ol otl ol odan

x5 53 3 gp Cann 5L (glas 5,8

ol Kan 3150 56 Ans_a OLES L jarly 5 Knl o
SO Glp &S wisn e | Sl (Sl
O el g sl il s Y b
S Sl Sl S5 sn ecle G b Ol sl
e Oh gl Bl 5l ol S
50 5 Ol il s b OV 548
Skl b a0l e 56 slacs sl o all
SaS Ol il (5Ll 5 e 5 S odr I e s
Sl p Gl Olge 4 5l50 60 51 eslanad (OVA) 5 8
5 shl glacidaml o Soglhe Jol sl
Olys 5 addd s ol Ll e Ol
S bl Sy s

s o dul (S5 pSS sl 55 ab slais,
Shsiol o35 03 slsesm S Sl ekl Gy b 51
slee a2l s (S PESS L e e 0L
o5 BB sl iy w e sl s
ol Sl sl eld Sy sl ae s
35 sn Sl Lol Gl G 5 0 S
Sl 45 58 5 14555 45 O g5 1y 556 g oS
b sl anils gl Sl il b alie 5t
(Preme Sl S bl boanlie o
eolen Olys 5o 5 S o 58 1 (550l el
s 0L 1 sl b lnal 5,50 Al
5 B el el Sl (S LS sl
U5 5 Al sl Sl sl S Ol
T L e e e e T
5 WS e LS L Ol ol S sl sl
G oL e Al o 4 e glas Ses
(18) LS o S Ol il il onilige

AA

Y=V 8)
Healthy : .
i Health : Necrosis of Collapsing overlying
Carthage perm§?a| }Xead H subchondral = carli age?eadmgto
2y : bone ¥ osteoarthritis
. Y
' -
. ' 2!
'é‘f;’g‘j' 3 4. '#' 2 Blood
Supply . # Supply
: %@ Interrupted
) &’}?é;f
E “5\;
’;A\’
'«al

(O .01 Ol gl oo NS5l 55 55 :(Y) s

Ol sl 55 56 5,8

e 2,8 L 0SSt as plaedl o Soge 51 SO
SUpsghe (Lol 0dd A5 S 05 53 0l
oo Sl gl magy slee ((V0) ol slge s
Ll Ll Sl glag sl mul 4w s 53 ege
el a3l L aS Wloks | b (5145 58 4 Lol
B R e e R S I A
S5S dpmse Sle Al Gl e
dlasl 5o Pl ezl ol slacas s
Lyls eslitl Sl e s 5SS sk
Glaassezme LS5 LSl (San (5545855
Ly s slaely Ol el Hllo b bl (g
LSS O gl 3L wdigs 555 4

Sl s 4 Sdae 5 U slge o3 il
o3l 35 0 Ol gl 3L wdige slas S (sl
S Bl ol (S 15 XS 13
il gla By, 3l AU ed slacys suo
sbdsbe 3 Ses pepn S ke Ol
(S Kz L5k IN VIVO 5 1IN VIETO Lo Ol oz
S s Ol b lad e slapnSs o 2SO
ol gl ol 69y 5 MJSLSJB- e 350



AO-88 Slorio VLT Ol OA o Ll

MJ%JDMQﬁJK‘smw

Setore g2 (S ) 5olS 5L
sy oy SU L ke D, L el
03,5 slml (g 5l 035 55 1) (sles 1S Sl
Sh 5ol Slas 8 Gl U ol Sleslinal .ol
T oAb el st sl ) Cilia) -
ECM s o5 3520 30 (ECM) J Sk
U plie 3 aends Sland glajh ) Ol el
Lol o |5 Ll S5 i wlis (CaP)
-l CaP sl ge (Ol il b i) 4 ax
@Bl o3 drea fes Slse Olge a4 ke gla
355 3l o N5 ol CaP gl o
Lol ) Gl d b1 5 cdas oo 0L
Sl Lol (Il L U(YY) ls 1y Ol g
55 ol sl eslizal gl CaP sy glos 55 5l e
S 53 e B sk S0l glacale 5 0k
S e S hm Olpe @ S b CaP

g gm o3l (O SLa3UT 5 o gl 1)
S50 CaP Gl il g ) Gl SO
S ol oy 3 Tlendl il des Sl ol
Sy O3 e Staase g L ols
S sl 05 S BES s U5 S
(ESD) SKslial s S (5 el (55158 o sry 5 (RF)
S Sl el el 4z 81 A
Ol 5 b 55l slacakasl (65, CaP (gla i

(s.,\.fv JAL& ujUJ U'i‘ duq:}w ‘-’j‘j’u" oslaul

4 Extra cellule matrix

5 Plasma sputtering

¢ Biomimetic deposition
7 ion beam deposition

b Sl 53 5l g0 g S o) 2
Glacls 5 Ll sl Ghls sl b
4 e Cand 5 Ak 5t sk Jles S
ool 3 (Jgems 3 3l e 4 Cand (6 SVL o
&5 g Sl e s a5 S
B3 o et s ol Gl 1 dbs e
Sty med odr oS e e OLES b 25158
glals o3l 5 SS8a 58 sl 5o 0d Sl
w4 Sl VL e s BB sk 4 s el
il Slarts Jolad oS ol b asls LS
S s e Sl gl 5 Shas o 5B el
Olyer & Il a5 536 53 OIS 5 e (iS5 5
e fa poedle el anl SRl ook
iyt (Y IS Gl bl (s
ok skns I T slac szl (5 S g 5
Aen ey Jb 3 el O gl B L
b el gl 88 el o 03l 0L Jlie sl
= oS = 55T b)) bl el sl la 15
odd Gl slains 5 (RGD b sl Sl
S bl Sl o 3l S TR S
U ksl e oy Sl P
Wl (S35 Ol il e g S 00d 228
Slpadsl (S ol laslh s, gileang 1A
2 3 S 5 e Db Sl B

3 Epitopes

AQ



ol otl ol odan

x5 53 3 gp Cann 5L (glas 5,8

Sl g 5l ge b

3 Shes Sl L Sl o sladils o311 j2als
WSosk 4l s daly Sl glad sl
o311 J pane ol o (S0 s g 5 L sl
s 3l ed amle laSKulw (5 S 4l
bl S aden 5 Bl il (65 (S e st
AT Bl s 1y el il Sain
2 b oDl sl 3 Shes SR L oo 53
sdalie 2ol 5 Sl (55,5 slaals o310
LUl & ws gl gaalyd e () Al
sladle 5 Shas &)1 ¢l 5L Sl
s 3domn a6V 0r 5l FaS sl s Sl
Ll 5 03 S gy Rl S A Slallas
A BEUPE TG VRt B VN - Y |
oS Cdr gladshe) Lol sl 5 Ses
L35 Sl 1 5Lt gl w3 (O
a pslie SBliwd deul oSl g (1Y)
35 50 Of Cdlaze Ol gl i LS5 5 L6
o ol R e S Sl b s lis 5o 5650
YY) b

Sl bl S b sl Sl K S
S3dsope s S B s Gl Sl
OBUIL 3ledd s b il gla ey ol I3
el 00 5l G dsb 5 el Y b L) Ll
b aslioys ) alilesl codl gl (slas Shes
a0 S Sl O3 e e b alie La T gl i
T QLIS i cpl s e Gl e 5 BB sk
33 B gl Ol Ll o3l Lo & aS das

6,@;@\@&1{‘w\r@;u,§uéu&g\ﬂ

" 53 o8 b S iy el J S
3gdwe L <=L§>=:Ml 5 (e s 04) s sl
]

CaP (sla il g g S50 p Sliios 4l ans
FLakS gy RE 1 eslanal b 50 lide o
(BSA) Sl s SU1 3 50 3 5 5 ESD (05,28
Wl 5 Sl o3g S ete RF 05286 iy
S ol Calis L CaP gla il gy od go b o
Aad sy (S ey e 5 S N S5 2 L)
CaP sla i cotle O ESD s, (Y0-YY)
SFS 5 gl by & 4S8 o el 3 1 Joilis
o s el Gl 5 b S s 6l
-cx;pcu@wdu&;,ﬁ ol VLl
S b | Jske B, WlS e Jike la
CaP (sl s sl sl L3 el s
Aas e Gl gls ke sl L Jedss
CaP (sl i syl DA 655 2 e sl tales]
b b e sinvivo sinvitro Ll s s sl
3R Kl sk S seze Lol Sl
=0 geibo g 03,5 (6 pul ESD ST sl )8
(Y=YY) el $U o3l 55 CaP oolys sl sla
el sl G0 Ld, s S5 ESA L s,
GO Sl e bl s ke
Sl K LK (ol il 5L L e <0
g5 4 ey b L(TATA) S e eslinal oY s
(Ffsmar 5 k) 2pmse sl S
S )8 gl Ol b sl (mhan ol
S5 vﬁhj oo



AO-88 Slorio VLT Ol OA o Ll

MJ%JDMQﬁJK‘smw

Sl o3ls OLES s 551 53 (59588 60 5 5,8 6l 5
(YV)

2l 5 6Ok S s 4 e sla3UT
gror w2 db s Jsd B S
oo OlSen 5 S s ok o5 §s ko
Ol Ol il Jas e il bl s 1S,
Ly 5 Logedd (Some e S LS
3501y e b Sideayl 5 Olpsenal oy Smils
S 2l G5 2 O el Ll IS )
O3 Sl Slles 655 o Co ined x4
sl SUIGE STl el sy 4B S
ook sk L8 S e L ki) ce
(e sl go 3l oslizal 33 plps o s Gl
S ran 5 Al b Ol EalS) 03 48 oy e
SV LS algdny Gl i) 4 s (G2
(FA) das e OLES |

ol glaca)ls Slge 4 sl Cem) S
u.?l‘,:'a‘:..d <SL

Sl ol Sl S Dl 4 Sl g
5o S RIS e edle ol b
.JJS OJL:L:.«A‘ Lﬁw’ .)‘J é:.r&ﬂ f‘)}' Jj.:.ea.
q}_,,dS_,:L dl.hojl.w

Sl edd atle o a8 SU Sl gladl g
S Sns 3 Fa OIS ESLl eSsde
Las oo OL Sl 5 oS 5 53 ) ank Ol
o3le G Olye 4 (HA) bl oS50 (F9)

.h;]a LSLQJJ,W 9 u.s‘?ﬁ.w‘ C,\.“a\.u c(.',.m.ub

Sl 3 B Gl il S 5 O
() il gn 5 5

sl Lle) U0 Sl el s o dle
G S5 5 b i 5 (CoCr sla3UT 5 TisALV
sbdshe 5 Sles a5 Wlodls 0L 1 b
ssb e e Wl sl e 3 | Gl
Ll i 5 Sl gladshe Sitaes (ol
aeslie 53 JB 5 s g 5 BB b AL
wdlas s (M) Wil oo 5t Jyems 350 L
53 ST sl s Shas il Dl
035 ol Jsene psile b acslin 5o 15 56 56
o sekes 5l 05l e3linad &S asls OLiS s (VE)
(Y0) 3l Sl v do Cools

Lowsl b by Sh3sl (Slidos bl
SL5l 53 65 e 2,8 bl a (Ce0O,-NPs)
Jd Co 3 Sl o oelaos U5 il (7)) 51
bl bl s BGClL  (glais
ssba Kea BGC1@PDA ; BGC1@PDA@Ag
Cot) Sl oS 455 Olen Loy i e 5 G
S eslimal Lol i 550 a0 LST 6850
BGCl (!, o b ols MG-63 Il o3,
85l Gy el Cewds BGCI@PDA
Gb 3y buge 4= s BGCI@PDA@Ag
I BGCI@PDA@Ag « oL SL 4o olaybel
oS b SL s 55 8 G 2 G 2 S S
o s el b Olis e 0 S 5 e
I, PDA (gl sdalie LG oL SL as cools
53 ek e pslS we i 1 sla Sis . Lslu Ol

1)



ol otl ol odan

x5 53 3 gp Cann 5L (glas 5,8

LB 1) Ol 53 4 pamie SO ol oS
3ge 33 Joily SU 5L oS g 58 Ologws LS o
MBSO ol & gl Sl Ly 355
Slad 50 Lt ol a5 3l L anslis
GlaodiS 5 Olge 4 OlS eIl 3y oS
S pdy oA e Gl ey eiS o
Pl e S y JLA) Wlas SIS e
N oSy SuS1 5 IS el 4 SO
ol s oS Lol (pl s esdle sl
e IS U B Olpe LIS e
S S Dy &S 558 e Jol Sl ang s Shas
s gd kSl el s SRS b o
(89) dsb azsls ol JT e 5l L s

3l e Ml 1t addllas S s
oSS 25 Sl SS 5 S LS5l
Sy eslial iy o AT Sy slpe 3
S,y e S el o Syl g
Jade sl aw bl ay e O3 60 5 (5 a0k
el 3 ax S fB Al Osk ol sl
S LA JSL ol (00) us st b sl
Lol SAS1, 35 &2 50 (SWNTS) olix &G
38 NE s s (Db Sl ) Lo
2 et 5 L SO ol 530 4 S
claclle (s saalie SWNTs ol lackle
US| S PRUN LN SR B S-S ERVER AR P
GLJ ol s SWNTs e 55 |G for e
3o Slp Al e LSWNTS &S das e OLES
Al A Sy e SO SO el
Chle oy e sl oY (ol anll L s oslinl
(0Y) el p‘})

ay

(£4) S o o Jsmnn 3lp0 40 Sl 1) (55
S Olse ST eSaodka 3 Shas ssg Gl
(O3NS Jls Olge ) oy o A5 o Sla oy
o5l ladshu b BL3I 55 Cujpels ol 6l
SleOlpznl Ay gla,eSt 5 (sluol gl
(8)) 55 eslizal
Ll s codlsial e gy Dlale o
Gl ol )l A s (SKSY ) L
S Sl 5 ST (ol S 5l ol
6ol s Sin vivo adlas 53 58 5 Je
Sl il LS ) alpd s ol DL
&l s VL by SOl o8 515 OLE 15
drol Gb S Sl sald b e
S eslizad by sy il ol digs
Sk ¢ 5 Invitro 5 in vivo s lse s 36U
(8Y) S o olaniy 1y Ol il L 5y )
5B S oy &S LKe s e 0lis Sladlas
Db 0 lilS (g redy GlayjselS 5 Sl
osba ke Rl Gl glad s s Slas
533 Lamd b Jpeme LS L aslis 5o (ol
Ll gl e B 5650 LS 5 LSy
ol ole (8¥-18) X o PLGA o i
o e cwdbgmal aRabsl glas Ses
Sl SUN sy Sdae sl SN s
O st P e LAl s S
oS Sd S50/ 2 S SUISE L sl (S
(EV=£0) ol ol ot (6 ok slay 558 &
@bl Lol oS Jolo s Shas Jidas e sdle
FlE e pimes Qe 05 e 3L

J\.;‘bbjs JSJ.QJ ‘}."j}ﬁﬁu‘ C,JL’ w.&.@ﬁ LSLAC""'“".)‘J



AO-88 Slorio VLT Ol OA o Ll

MJ%JDMQﬁJK‘smw

(Aol SIS S=SsY) il i
5 (PLLA) (deusl SSY=-JD) L (039S (PLGA)
OUIL cxle s (PCL) (0y8Y5 ) b
L0A=0T) sl ol aslaxa
O3s) s w6l b il Gl
b b e Sl S edige S0 Glac s
O3S PLLA PCL PLGA Xl esuas
ol ST 5 e bl S5 Iba (o
bz 8 sln dlesm nl Jseme sk 358 0
(e 2l 5 Lledd Slas Sty e
reeedS Dl o) St s b ey e L el
ool b dpd e oS 5 (el oS
—04) Laas bl ) s Jlbd cany 5 SO
(0

oSy @3l lad sk o a3 e 0L il
Sl o b b0l b co
o bl Glad e Lpd 0 2o s8 SUISL
SUISE bty 55 (o 4 Oludl O el
Wadshe L(VY) Wsd o 150 5 o o0 (S ok
SUIL 5 S o Jeate oa @ o Slays | SUISL
b Johe 4SS SO B Lph e el SIL
o rle S sl ks as ST okas S5 gl
S oS ol ol asedin Lol el S 55 UL
lad sl .S o @l S sladshoe 40 b g (g olons
S 05 LS Gk 5l Ble o3Il (gileang b
SU 5 S o & zrlge e fle Ol S SIL
CS ol 03 (05 Sl Cwslae SU ulie o
) S e &1 sk (g5 gunel

~Sro b (SKidee slokle WpsL ol

$U Jodamy laawda cxle O (Lol gla
Sy 5 et dae S dads Ol il
3 Lo 56 plsl s sy Jtg
5okl (SS ol bl 4 e badSs e
Shaial glacaols 3 eslizal gl 1, Lol
b glodul b 4 LSl 5L LS o oilin
Ol e 3 Sl oS lodeel oole S Ol
350 53 S5 Dl ax S| g atlis
S35k ol a5 S & so Hap b avolis s W]
- 0L |y Glodms Sdae sla,litle Kool o
S 4 e b 4 ol edd b S xas
Ol gzl (3Ll Lgy 5 Ly oo 5slams Sl 5t
ke Gl gladle 5 (0F) WS 0 S
b bl sl B3 aile op S e sl st
sdige §) (ONTs) S slad J 4L 5 (NDs)
lass § 515 ey 3,50 (TE) 0l il il
2l Olsmal pla 318 WS cl el yasiie
At (OF) AS 0 SO 5 1y ol slad
0L 3y5m cpl 53 1y leglie B U5 o318
Oloys sl @l 51 oS slass (0¢8) das e
b 2l a0 sl il iy b sy 5551 slacily
6> Sl U Llad S 513 sy 0e lably
350 Sypas S lp (TI02) puols dos)
Kb Sl g6 ol (00) Wlad § 13 w5
b L S5 el ST 5
JE plord 5 S ool b Csels st
G SL S A 55 anb Shaie U g8 b acslis
SLsl sl Yyome LOT (5 Jltla |5

ngo.:l.“z b‘)ﬁﬁ.’ Jj.JaLfo oalaa! QJV\JU E) .bb)

Y



ol otl ol odan

x5 53 3 gp Cann 5L (glas 5,8

gl Q) Whedd S e Sl I s S
5 55 S s M5 (51wl G 3 3512
S As Lasie 5 b S 5 eslatal 5,4 PLGA
08 o 6 S 5055550 5 S o g o0
o3k 4 dee UL (65 el il glacdls b
SCeDg b oS J s Wi e S CH IS
Lo IS8 S ala SUI g5, el S sla
sedle (Vo) ks o LS 1) Jsene o Al
e Ol b 4 as BUI SV e ol
e 3 (ISl K8 /7)o VL Slide cdolols
55 (Il S o/ V) Wsls Olis o, lazels LI L
S by s o BUI 6l e A LT Ll
L odalin (Glould w2 diled (din g a8 SO

V)

S S dom 5 Lo

S sl Ldis Ll 5 o SIS 5 550
L Sl 5la b as faas |y xwdlgmal Oleys
S Ll o oltlagy S das il
Wy sl Sl gladse dlasl sl s
le 53 s GG (0l SISO
LS 8 ol el S oal b Ol ST
5 L Ol S il e et sla
2 SRy AL LS Jegud Sl 05 Ol
Loohssl S5l shee opshie dor glaca s
Solnl Olse weslinal gl il lad 5550
Sldshe pld 5 25 Objer S w0 Gl
313 3y ey

S o5t slul 5l e glacil S ol
St o Sl Sl b beites lad sl 5 At

¢

SU L edkd wdige 09U — 0l ganl Lyl

Lol gl 4 laamals Jlasl jslate o Lag 506
Jos L, 4 bl glacals 0ol Ol
53 Ysane 0586 sla SHL L aiul iS00S
ol 5 Lgi e alb Sla Lol asle Jolis
oe bl S sl s uwl Wl e of 5l et
b 3l acanl ) (S Josa 1) Ol gl 5 050
Wi oS jshailan Lol Ly o ol ) altlts
o2lsE 4 e Lilg e osdll sk o4l o L
Sl oslinal 3550 I eSS Lisd 5
kel 5 esliad Jols Yseme 050 35
S8 b S5 S e 5 050 s e
slgn plss 5 u8 Ly opl bWl S
Sl @Bl cas L (ol (o seas oo s
s (0= S e bgle sk s e
S 303 iy el ol 6 5 L x5 L
o e AS w1y ghds ol sl Ol ST el
s b oS a0 sl Saa ke ol
FeS ek SL L aslis s Wleds g3lusl b
(W) el

Gy ek b Jeold 05006 5 Ol L,
Fhre b By ik g b 5 Ul B b s Joms
S ailaie pl 53 ab Sl Ll 056 G b s
sode Sladss 5 das e OLiS 1 0Lsl Skl
Gk ol GG Glasletle cpl SIS shy e
Llodd 55 jaze sdate 31506l L W shu 3 eslizal
(W)

Y yons 0 36= 0 il o 155 oadilesla
Lol S Jb slaly gs 8 SIS sl L
sld 1Sas pladshe 51 OUI ) 38 o &g



AO-88 Slorio VLT Ol OA o Ll

MJ%JDMQﬁJsdmw

(S anms 5 L Golere Lo les ML

gl O
[3] Shetab Boushehri, MA., Dietrich, D., 2020,
Alf Lamprechtl Nanotechnology as a Platform
for the Development of Injectable Parenteral
Formulations: A Comprehensive Review of the
Know-Hows and State of the Art. 12(6).
[4] Khalid, 1., Idrees, S., 2019, Nanoparticles:
Properties, applications and toxicities .Arabian
Journal of Chemistry. Volume 12, Issue 7 P.
908-931.
[5] Ming-gi Recent Advances and Perspective
of  Nanotechnology-Based Implants for
Orthopedic Applications. 2022; 10: 878257.
[6] Ralston, SH., structure, B., 2013,
metabolism. Journal of Medicine. volume 41,
issue 10 October Pages 581-585
[71 McManus, LM., Richard, N., 2014,
MitchellPathobiology of Human Diseases , A
Dynamic Encyclopedia of Disease
Mechanisms.
[8] Boese, C.K., etal., 2016, The femoral neck-
shaft angle on plain radiographs: a
systematicreview. Skeletal Radiology. 45(1): p.
19-28.
[9] Reynolds, A., 2013, The fractured femur.
Radiologic technology. 84(3): p. 273-291.
[10] LeBoff, M.S., corresponding-author, S.L.,
Greenspan, K.L., Insogna, E.M., Lewiecki,
K.G., Saag, A.J., Singer, Siris, E.S., 2022,The
clinician’s guide to prevention and treatment of
osteoporosis Osteoporos Int; 33(10): 2243.
[11] Marks, R., John, A., MacKenzie, R., 2003,
Joseph M Lane Hip fractures among the
elderly: causes, consequences and control
Ageing Research ReviewsVolume 2, Issue 1,
January Pages 57-93.
[12] Fondi, C., Franchi, A., 2007, Definition of
bone necrosis by the pathologist Clinical Cases
in Miner Bone Metabolism; 4(1): 21-26.
[13] Sumit, M., Teresa, H., Snyder, A., Sydney,
H., Meghana, T., Patrick ,W., 2021, Tissue
Engineering Strategies for Treating Avascular
Necrosis of the Femoral Head. Bioengineering
8, 200
[14] Van-Arkel, R., et al., 2015, The capsular
ligaments provide more hip rotational restraint
than the acetabular labrum and the ligamentum
teres: an experimental study. The bone & joint
journal. 97(4): p. 484-491.

3 Sese sla Sny sl ol bl gt
2 e M 3lge gl Jlo pleand 50 58 ol
ol 3L (Slasl Gramer 5 sk A S
oslial & liws sy 350 i (i ol b
Ll o9 2 s
Jb o s el Il o o s
modd b Ol g5lasl sl e el s
ek Gl Sl S3se jgba 5
b LaS Jbos ans glacan b o) s
oy s S5 4 il Jalas 3y LB
Sle b Jske slaslas, d j5b 4 5 das
5 St Ol Al Dl Sm e S0
sl 53 S o ol 3 Shas (sl e SUSL
S saSew slr siR Hb slais
03 .S Ll f_“\f‘ Ld ol (g9l 5 5140 40
5 S L;LAVM“JKJ Sy olids
okl 5 s e SU-dshe e iSen
S 0K, Bl a5 Slgegl Liers el
Sl e g sy sde sk 4 b Ol il
sdul SU ol s ad sladisy (S Lok o
o35 53 dlgesn b Sheslinad & b 511, sl

S e e S

@\:.o

AFAY (e exl (O (Ko s o3 cnl s Y]
Soloms 3 a3 55 5 diad g e las oSGl e "
3 Sl (e (Soleme o Sialea gl "Il
e Agd 23 edSh Older UL S5 e
3 Oldea

o s e OTAY OL e 5 e [Y]
Solers axu g 53 S0 (g5l 31 (5,80 e LSJ){"

q0



ol otl ol odan

x5 53 3 gp Cann 5L (glas 5,8

nanomaterials for bone repairand regeneration.
J Biomed Mater Res B  Appl
Biomater;101(2):387-397.

[26] Huang, J., Jayasinghe, SN., Best, SM., et
al, 2005, Novel deposition of nano-sized silicon
substituted hydroxyapatite by electrostatic
spraying. J Biomed Mater Res 16:1137-1142.

[27] Huang, J., Best, SM., Bonfield, W., et al,
2004, In vitro assessment of the biological
response to nano-sized hydro-xyapatite. J
Mater Sci Mater Med;15:441-445.

[28] Decher, G., 1997, Fuzzy nanoassemblies:
toward layered polymeric multicomposites.
Science 277:1232-1237.

[29] Decher, G., Hong, JD., Schmitt, J., 1992,
Buildup of ultrathin multilayer films by a self-
assembly  process:  Ill.  Consecutively
alternating adsorption of anionic and cationic
polyelectrolytes on charges surfaces. Thin
Solid Films; 210: 831-835.

[30] Webster, TJ., Siegel, RW., Bizios,
R.,1999, Osteoblastadhesion on
nanophaseceramics. Biomaterials; 20:1221—
1222.

[31] Webster, TJ., Ergun, C., Doremus, RH., et
al, 2001, Enhancedfunctions of osteoclastlike
cells on nanophase ceramics.Biomaterials
22:1327-1333.

[32] Webster, TJ., Ergun, C., Doremus, RH., et
al, 2000, Enhancedfunctions of osteoblastson
nanophase ceramics. Biomaterials.181-
21:18.3.

[33] Price, RL., Gutwein, LG., Kaledin, L., et
al, 2003, Osteoblast function on nanophase
alumina materials: influence of chemistry,
phase and topography. J Biomed Mater Res
67A:1284-1293.

[34] Leeuwenburgh, S., Wolke, J., Schoonman,
J., et al, 2003, Electrostatic spraydeposition
(ESD) of calcium phosphatecoatings. J Biomed
Mater Res 66A:330-334.

[35] Perla, V., Webster, TJ., 2005, Better
osteoblast adhesion onnanoparti
culateselenium—a promising orthoped
icimplant material. J Biomed Mater Res
75:356-364.

[36] Luo, J., Zhu, S., Tong, Y., Zhang, Y., Li,
Y., Cao, L., et al, 2023, Cerium oxide
nanoparticles promote osteoplastic precursor
differentiation by activating the Wnt pathway.
Biol. Trace Elem. Res. 201 (2), 865-873.

a1

[15] Ratner, BD., Hoffman, AS., Schoen, FJ.,
Jack, E., 2013, Lemons Introduction -
Biomaterials Science; An Evolving,
Multidisciplinary Endeavor Biomaterials
Science (Third Edition).

[16] Webster, TJ., 2009, Nanotechnology for
bone materials. Wiley Interdiscip Rev
Nanomed Nanobiotechnol;1(3):336-351.

[17] Florencio-Silva, R., Silva Sasso, G.R.,
Sasso-Cerri, E., Jesus-Simdes, M., Sérgio-Cerri
P., 2015, Biology of Bone Tissue: Structure,
Function, and Factors That Influence Bone
Cells Biomed Res Int. 2015; 421746.

[18] Lisha, Z., Dan, L., 2020, LiuEffect of the
nano/microscale structure of biomaterial
scaffolds on bone regeneration Int J Oral Sci.
12: 6.

[19] Balasundaram. G., Webster, TJ., 2006, A
perspective on nanophase materials for
orthopedic implant applications Journal of
Materials Chemistry September: 16(38):3737-
3745.

dalome OYA o Obdetior g il Y]
&:J\JD')JL’ 9 ubbj;b o)\.b‘ “ 4.'1....._:\} ck.w djf‘
Sl wbige . I 5s Salos s 4 ks S

A2 R c( i)\‘\ cw).)\.a

[21] McMahon, RE., Wang, L., Skoracki, R.,
Mathur, AB., 2012, Development of
nanomaterials for bone repairand regeneration.
J Biomed Mater Res B Appl Biomater.
101B(2):387-397.

[22] Ducheyne, P., Bianco, P., Radin, S, et al,
1992, Bioactive materials:mechanisms and
bioengineering considerations. In: Ducheyne P,
Kokubo T, VanBlitterswijk CA, editors.Bone-
bonding  biomaterials.  Liederdorp, the
Netherlands: Reed Healthcare
Communications, p 1-112.

[23] Wolke, JG., VanDijk, K., Schaeken, HG.,
et al, 1994, Study of the surface characteristics
of magnetron-sputter calcium phosphate
coatings. J Biomed Mater Res. 28:1477-
1484.19.

[24] Feddes, B., Wolke, JG., Jansen, JA., 2003,
Initial deposition of calcium phosphate ceramic
on polystyrene and polytetra-flouroethylene by
rf magnetron sputtering deposition. J Vac Sci
Technol A; 21:363-368.

[25] McMahon, RE., Wang, L., Skoracki, R.,
Mathur, AB., 2013, Development of



AO-88 Slorio VLT Ol OA o Ll

Mj%))ﬂibﬁJsdmw

[45] Smith, TA., Webster, TJ., 2005, Increased
osteoblast function on PLGA composites
containing nanophase titania. J Biomed Mater
Res. 74A:677-686

[46] Elias, KL., Price, RL., Webster, TJ., 2002,
Enhanced functions of osteoblasts on carbon
nanofiber compacts. Biomaterials. 23:3279-
3287.

[47] Price, RL., Webster, TJ., 2004, Increased
osteoblast viability in the presence of smaller
nano-dimensioned carbon fibers.
Nanotechnology. 15:892—-900.

[48] Horch, RA., Shahid, N., Mistry, AS., et al,
2004, Nanoreinforcementof poly(propylene
fumarate)-based networks withsurface
modifiedalumoxane nanoparticles for bone
tissueengineering. Biomacromolecules
.5:1990-1998.

c.tcb)ki_ Cor LJ‘;..J ‘5-/\4\}):4 P ‘JALQ ol gé)'\) [2,6\]
dl.hd}k.w AYayv "f ‘stl'ﬁ B M ¢.C cd.l.'o):g:
}Q‘?ﬁ.«:\ f\ﬁd@a.d.&jﬂ}wﬁiﬁbﬁ sl

AALAVA (W Jdes) Y O 00l ool

[50] Horch, RA., Shahid, N., Mistry, AS., et
al, 1990, Nanoreinfor cement of
poly(propylene fumarate)-based networks with
surface modified alumoxane nanoparticles for
bone tissue engineering Biomacromolecules.
2004. 5.

[51] Shi, X., Hudson, JL., Spicer, PP., et al,
2005, Rheological behavior and mechanical
characterization of injectable poly(propylene
fumarate)/single-walled  carbon  nanotube
composites for bone tissue engineering.
Nanotechnology. 16:5S531-S538.

[52] Xavier, J.R., Thakur, T., Desai, P., Jaiswal,
M. K., Sears, N., Cosgriff-Hernandez, E. et al,
2015, Bioactive nanoengineered hydrogels for
bone tissue engineering: A growth-factor-free
approach. ACS Nano 9 (3), 3109-18.
d0i:10.1021/nn507488s

[53] Nayak, T.R., Andersen, H., Makam, V.S,
Khaw, C., Bae, S., Xu, X., et al, 2011,
Graphene for controlled and accelerated
osteogenic  differentiation ~ of  human
mesenchymal stem cells. ACS Nano 5 (6),
4670-4678. doi:10.1021/nn200500h

[54] Tatavarty, R., Ding, H., Lu, G., Taylor,
R.J., Bi, X., 2014, Synergistic accelerationn the
osteogenesis of human mesenchymal stem cells
by graphene oxide—calcium phosphate

[37] Tejido-Rastrilla, R., Ferraris, S,
Goldmann, W. H., Griinewald, A., Detsch, R.,
Baldi, G., et al. 2019. Studies on cell
compatibility, antibacterial behavior, and zeta
potential of Ag-containing polydopamine-
coated bioactive glass-ceramic. Materials 12
(3), 500

[38] Holweg, P., Labmayr, V., Schwarze, U.,
Sommer, N. G., Ornig, M., Leithner, A., 2022,
Osteotomy after medial malleolus fracture
fixed with magnesium screws ZX00-A case
report. Trauma Case Rep. 42, 100706.

[39] Zhou, W., Xiaoxia, Z., Xiaochen, W.,
Ludgi, Y., Zhuncheng, Z., Hui, W., Yuxing, X.,
Yuanyong, F., Jie, H., 2006, Wangtao ChenThe
effect of surface roughness and wettability of
nanostructured TiO2 film on TCA-8113
epithelial-like cells Surface and Coatings
TechnologyVolume 200, Issues 20-21, 22. P(
6155-6160)

e @3l3S1 el s ol g e lidiler o (g5l [¢+]
JEE PRV - SV B PR SR ARV LU
Loawlee 5o olis uds of Cujspelssl
aads oLl gy p bl Sosde CylsslS st
aslie (550 5m 5L 555 2 Ol Olaal 3 el sl

SO L) V0 Ol

[41] Kikuchi, M., Itoh, S., Ichinose, S., et al,
2001, Self-organizationmechanism in a bone-
like hydroxyapatite/collagen nanocomposite
synthesized in vitro and its biological reaction
invivo. Biomaterials. 22:1705-1711.

[42] Liao, SS., Cui, FZ., Zhu, XD., 2004,
Osteoblasts adherence andmigration through
three-dimensional porous mineralizedcollagen
based composite: nHAC/PLA. J Bioact
CompatPolym. 19:117-130.

[43] Mistry, AS., Mikos, AG., Jansen, JA.,
2006, In vitro cytotoxicityand in vivo
biocompatibility of a poly(propylenefumarate)-
based/alumoxanenanocomposite  for  bone
tissueengineering. J Biomed Mater Res (in
press).

[44] Shi, X., Hudson, JL., Spicer, PP., et al,
2005, Rheologicalbehavior and mechanical
characterization of injectablepoly
(propylenefumarate) /single-walled carbon
nanotubecomposites  for  bone  tissue
engineering. Nanotechnology. 16:5S531-S538.

v



ol otl ol odan

x5 53 3 gp Cann 5L (glas 5,8

[65] Harper, C., 2001, Permacol: Clinical
experience with a new biomaterial. Hosp. Med.
62 (2), 90-95.

[66] Ueno, T., Pickett, L.C., de la Fuente, S.G.,
Lawson, D.C., Pappas, T.N., 2004, Clinical
application of porcine small intestinal infected
or defects. J. Gastrointest. Surg: official journal
of the Society for Surgery of the Alimentary
Tract. 8 (1), 109-112.

[67] Derwin, K. A., Baker, A.R., Spragg, R.K.,
Leigh, D.R., lannotti, J.P., 2006, Commercial
extracellularmatrix scaffolds for rotator cuff
tendon repair: Biomechanical, biochemical,
and cellular properties. JBJS. 88 (12), 2665—
2672.

[68] Seidi, A., Ramalingam, M., Elloumi-
Hannachi, I., Ostrovidov, S., Khademhosseini,
A., 2011, Gradient biomaterials for soft-to-hard
interface tissue engineering. Acta biomater.
7(4), 1441-1451.

[68] Butler, D.L., Juncosa-Melvin, N., Boivin,
G.P., Galloway, M.T., Shearn, J.T., Gooch, C.,
2008, Functional tissue engineering for tendon
repair: A multidisciplinary strategy using
mesenchymal stem cells, bioscaffolds, and
mechanical stimulation. J. Orthop. Res. 26 (1),
1-9.

[69] Moffat, K.L., Kwei, A.S. P., Spalazzi, J.
P., Doty, S.B., Levine, W.N., Lu, H.H., 2009,
Novel nanofiber-based scaffold for rotator cuff
repair and augmentation. Tissue Eng. Part A. 15
(1), 115-126.

aA

nanocomposites. Chem. Commun. 50 (62),
8484-8487. d0i:10.1039/c4cc02442g

[55] Liu, C., Han, Z., Czernuszka, J., 2009,
Gradient collagen/nanohydroxyapatite
composite  scaffold:  Development and
characterization. Acta biomater. 5 (2), 661669.
[56] Moffat, K.L., Kwei, A.S.P., Spalazzi, J.P.,
Doty, S.B., Levine, W.N., Lu, H.H., 20009,
Novel nanofiber-based scaffold for rotator cuff
repair and augmentation. Tissue Eng. Part A. 15
(1), 115-126. doi:10.1089/ten.tea.2008.0014.
[57] Xie, J., Li, X., Lipner, J., Manning, C. N.,
Schwartz, A. G., Thomopoulos, S., et al, 2010,
“Aligned-to-random” nanofiber scaffolds for
mimicking the structure of the tendon-to-bone
insertion site. Nanoscale. 2 (6), 923-926.
doi:10.1039/cOnr00192a

[58] Liu, M., Ishida, Y., Ebina, Y., Sasaki, T.,
Hikima, T., Takata, M., et al, 2015, An
anisotropic  hydrogel  with  electrostatic
repulsion  between  cofacially  aligned
nanosheets.Nature. 517 (7532), 68-72.
doi:10.1038/nature14060.

[59] Gaharwar, A.K., Peppas, N.A,
Khademhosseini, A., 2014, Nanocomposite
hydrogels for biomedical applications.
Biotechnol. Bioeng.. 111 (3), 441-453.
d0i:10.1002/bit.25160

[60] Carrow, J.K., Gaharwar, A.K., 2015,
Bioinspired polymeric nanocomposites for
regenerative medicine.Macromol. Chem. Phys.
216 (3), 248-264. doi: 10.1002 /macp.
201400427.

[61] Kerativitayanan, P., Carrow, J. K,
Gaharwar, A.K., 2015, Nanomaterials form
engineering stem cell responses. Adv. Healthc.
Mater.4 (11), 1600-1627. doi: 10. 1002/ adhm.
201500272.

[62] George, J., Kuboki, Y., Miyata, T.,2006,
Differentiation of mesenchymal stem cells into
osteoblasts on honeycomb collagen scaffolds.
Biotechnol Bioeng. 95(3):404-11.

[63] Bhattarai, N., Edmondson, D., Veiseh, O.,
2005, Electrospun chitosan-based nanofibers
and their cellularcompatibility. Biomaterials.
26:6176-6184.

[64] Bond, J.L., Dopirak, R.M., Higgins, J.,
Burns, J., Snyder, S.J., 2008, Arthroscopic
eplacement of massive, irreparable rotator cuff
tears using a GraftJacket allograft:echnique and
preliminary results. Arthrosc. J. Arthrosc.
Relat. Surg. 24 (4), 403.1-e403.€8.


https://pubmed.ncbi.nlm.nih.gov/?term=George+J&cauthor_id=16572435
https://pubmed.ncbi.nlm.nih.gov/?term=Kuboki+Y&cauthor_id=16572435
https://pubmed.ncbi.nlm.nih.gov/?term=Miyata+T&cauthor_id=16572435

AO—48 Slao NEY C)L’:.w.:b‘ OA DJM C"*'ij J:.;:u BL wjl }ﬁ)g ‘54.0\;.1.45

“Research article”

Applications of nano biomaterials in orthopedics

Siamak Haghipour!, Saeideh Ebrahimi asl**

! Assistant Professor, Faculty of Medical Engineering, Tabriz Branch, Islamic Azad University, Tabriz, Iran
2 Associate Professor, Faculty of Basic Sciences, Ahar Branch, Islamic Azad University, Ahar, Iran
*Corresponding author: ebrahimi.nano@yahoo.com

Abstract

Recent advances in nanobiotechnology have created a revolution in our ability to understand biological
complexities and solve medical problems by developing sophisticated biometric techniques and
mateials. it is believed that nanocomposites and nanostructured materials with special structural,
physical and chemical characteristics play a central role in orthopedic research because bone itself is a
typical example of nanocomposites. this article reviewed resent researches on the use of nano-
biomaterials to improve orthopedic materials and their application in bone tissue engineering and
tendon-bone interfaces. Preliminary research supports the potential of nanobiomaterials for orthopedic
applications. However, considering the significant range of applications of these materials in this field
and the need for clinical examination of these composites, research is still necessary. therefore, more
investigations in this field and medical applications of these substances are suggested.
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