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Today, nanostructured coatings are highly regarded as one of the most widely used
areas of nanotechnology. Destructive factors like friction, wear, and environmental
conditions in instruments and parts of the medical industry cause surface destruction.
Therefore, to solve this challenge, researchers have reduced the percentage of
component destruction by using surface engineering and applying nanocoatings.
Orthopedic and dental implants are increasingly used in the medical field because of
their high success rates. Implant-associated infections, however, still occur and are
difficult to treat. Using an active coating on the implant surface is recommended to
prohibit infection in medical parts. This review article mentions the types of medical
materials used, especially the properties of 316L stainless steel alloy and the
improvement of its corrosion resistance properties by coating with chitosan and
gelatin nanoparticles by the electrophoretic method. Also, the effect of nanoparticles
has been investigated. It was observed that the addition of nanomaterials reduces the
amount of deposition, but due to the increase in surface quality and the reduction of
porosity in the coating, it increases the corrosion resistance.

Gelatin
nanospheres

- Antibiotic
molecule
Chitosan

Electrophoretic co-deposition

\dntlbactenal
Q- test

B

=

¢ 84 , s
g8 et

S P2 ST S
.

3%l

S ofe

‘é 0246 8101214

Time / day
® Vancomycin = Moxifloxacin

Corresponding author: gharagozlou@icrc.ac.ir

akaram@ut.ac.ir

This work is licensed under a Creative Commons Attribution 4.0 International License


https://dorl.net/dor/20.1001.1.22517278.1401.12.2.6.3
https://dorl.net/dor/20.1001.1.22517278.1401.12.2.6.3

WWW.JSCW.ICIC.AC.IT 3T (ow yiwd

29U 9 iz gle wylj . . .. WA SEWIETC, B, TT
f_{.,)’olg x 93’_; PIV=FE1 FOF) Y /S5 slis 30 Slallia ks 4 i
S99 400 8
3T (w yowsd

L pogmig 3l ooliwl LYIFL (355 0¥ ed (59595 4y Cwglio Oy 3 (5390

S 5999551 GLAS Dgmy () 4 GV plugis Wily34L

£Y . T V.
P AILS jaumu 7 g13951,8 5U s ¢ Golovoro (e
B il (8 EaSzsls wlge g (55,9l wdige 0aSiily ¢ 58,95 (Sl slo avi olfiolej] cas )] owlis IS (ggmiils -
NEVEO-FOF oy Ggaio o)l ul (3l o5 oS5, olRi g5y « S5, (5,9L89il gy 09,5 ¢ Lotils =Y
Ol eyl (ol olBzsls 18 Fasiiils wlge g (55,5l cwiige 0aSils ¢ 50,55 (Sl sla a olKiule;l coliwl Y
AN OO-FOFY iy Gsiio

Alio wleMb|

oS>

llie asse
VE) s ANE sl s b

Ly 090 U (5,9l (Sloojs> (o) U I (0 plaiets JEE gl (sla iy ojg 0

slesizy 5 15l o chae -@Lﬂ"ﬁu‘e[d SEhol wils cipzto Jolge LIS 15 sy &b
A ERTARVAREASJURVFCN

bpliime (il ) o sly winlple il oo b oy Gl (KS5 i

bools LialS |y [l 5 s o yiisy sl Jlas] 5 el esiige 1 aolizu
by i o (o8 ol 4 LYl Cadpe JS3 4 s 5 ssi] (slo Eilas]
Ao o &y o ot Cibeosl b Loy (clo Cigde o Jl> ol bokip S o 118 00ldin] )50
J Sl sl bl s 55, S8 by T eolii] el Yl 5T Slopo
o (S oo Elol b (5500 o Ll 0 05 s0 droyT (Kl (slaciandd o Cusde
S sF e g0 Sslio oliF 9pg 5 TIFL 55 ws oY JU) ol 03 4 ooliza]
et ol oid o)L iy 589,25 g, 40 Y5 5 GlestS SlSali b e b
ety e dlS” ol Sliogil 3535 45 L otblice el 0 asy 15 gl i1
S sF A Ceglio (Sillyy o SR ol 5w CodlS a8 o Lo gl e

w3 oo il
0 oY% +— " ,/I s
JsSsa ’—'._\ - w'i ‘
w BB j Ef &5
A

~
~

~
~

Cumulative
antibiotic release (ug)

Time / day

413)955)5“

Corresponding author: gharagozlou@icrc.ac.ir
akaram@ut.ac.ir

VEVNY/ 8 Sy oS g0 dy o pisd o
YYOV-VYVA : ol LLs

TYAY-YYVY @ S xSl LLs
DOR: 20.1001.1.22517278.1401.12.4.3.4

igols slaejly
IELSTERNE Y
YAPL 555 oY
S 5589 2]
olyd66

OlwsiS

2468101214

® Vancomycin  Moxifloxacin

This work is licensed under a Creative Commons Attribution 4.0 International License



Y7L 93555) SVgd 53 )93 Ay ogliio Sgua 22 690 /U 9 HILo Jexo e

g2 Job5 skt (s slanms ol Catlool Da SYgb Sy (ol
(Soidsm 0y Shae (gilwdings sl i i el loole
bdo Jlogue ) 5 (e (G Gl 220 sl b el
I¥-0] wes Cll 315 s Slae

IV (SESe (ples g by Soad s a (55555 SYg
Gl Cls (6l 02 5950 ol plis sl (s Slge 1y 8 a0
5 e Sl ol slagen aile suys5) slaciliasl s>
9 S St Ll SSja0 o¥e8 ¢ Jlo(nlly 09 oo oolitiul 0,08
plesl plgZeial b (nmb jsboas g Canl (0 ) (05 (59,55 & Ceaglie
) (50555 SVgame g com g 5| (F iy Sonsl (Ko 5 995 o
Phebog v Gbedl bhug oad jgaxe 38 calenl wiS Sl
Dy Cilayl CnSCs ¢ s b Eely wilgs g0 45T WS o ol)"| ON
Sl e (Holy 35505 Y5 65y 2 gy S Slse il
Loy o] el St (5l 6,05l

Lo yacly 0k Sl (S 5 5l 90 Sy K s
SLng )l 5 (S Wl slo ibigy 8l (3l 6l ornb (S
(G s gy Sy wiile glofy (ole> S 4 o
gy |l adiie (Lo )5 50 (09 (o 5 () 0,See
Ay (Johow CiS by b ad S Byl g 39,0 Wgm il
aS aolools s aidS clsdllas .l 05,5 Ll 09> 4 |, g0k
5 Laatis L SatlS 'y ool St (sl g o stigy
SLp S5 A5 wlos,S ool g o ool lugieS 15 ysgg Slyd
Giminy il Comd St o bay s e (538 slacilin] s
S5 S Sweslie pluginS lsy rized 055 8 GleglS
INVY] s o i Sowom polie Coon a1,

RERIE PPN S TSN XVEPOW W JOW IR R
Jdo an Joboo 525 g (St aile sy )55k 2l 6
alools a5 41338 Sladllas 39 oo ool Jsho e oS5 oo
9 S8l e, ) ool Slao )5 wiilgi oo CageelS Sl ity oS
(oAl ) S e ) Y it atls gl Jges
Pl Sl )3 39250 GOSN (g Slge (SRS g (n B pany
oy 3l (13 dlgo it 40 g 09 0 > 0 () Y] 0
O3 Pl S oo SeS ooz 5 e b geedgal JeSeis
U5 5 63l s (oo il 28 Gaign 4 Ol o0
Py s an rizmen 0,5 o LA BT & jg0a (5SS
oolinl (S o 9 (silug )l o 1) o oo Y5 0,34 paie
Dyl s s

lds oo fitg gl aST alats; eSS

% Chitosan
® Nucleic acid
7 Gelatin

doddlo —)
S8 p sleeje 5l (S0 plpiea JLSlogl lagids, o954l
hasl ;o LS lugl ity Cowl a2 g5 3 90 Jlons 95U (555l
S gl am S5 )l 45 998 oo DMLl oo idg 4 g5l
Cely Gy 5o 39790 a3 L Cules (09 (5 5egils g witn
Sgbe (S ey See Sl dy S By (ols S LS 09 oo
olss oy L iigy ol Jlasl 5 Bum S Iy oz LB
&bz ;5 63k (nl Syl g Conl aalad oo & S (b
g St g Lddlgn ( Sbjy (2 )0 Sl Hgeen (il
Y s auly o 5ib sloidgy aS oo oolainl condig
ol il (g 189) 'S0k, 5 (o @) 5ol xdan
(IBeSTL (F9)03 4 pglie i jlame jlaigs o iligy
(aired Mia YU Ol az o 5 ianl B g5 p pln 0 polie
Ly Lagicds ol (o cde st S o Loty 5l
WS ol alay (ol 05 Sl Gl T e g6 @ 425
Sl o) Al 3ol (e (owsSixe alal,
P )5 0l spzg o] (B g (i s LSS
Wy (egdls Vo L) gl ol any i Sgy Sl uy,
Il ..\J‘s,o Cesd &y (SBs (g i

et (553 5 pole Aot 45 3302 3,505, S el (5 55id aSLl
g lacadl coulasil Shioje 10 ok slos )5 ()5l oyl
] 6 o iy 0 S5 s s 4y lig) _al8 ] glaplud]
5 oy il go ST 555 i sla S bl 5 ol > by Lllas]
g oo J 7S dog o (s ilyn) slagls jfoslatinl b Laylys o
ooliial 4 5L5 50,5 Aol lag lo b oylgs e 1) oy 51 Sy e bl
3 oozl o jlao ol 1o .05,00 5,84 pastie slaolKws g olgs
sl ST sl e Jalis a8 wisS oo oslitad (>y> wwey
aile Gl slaplal plu g baylass das e iyl Jeolie il Juolio
245 60lge 3 (S5 b g o 5l 9 d o 08 5 AlS iCingy o
S8 e 5 e loys sl sl e U218 50 9900 LT ol a5
Slge (al 998 g0 0uali (S Slge 98 ooliinl (8L o (Kl b
5| sy il 3l olicad Ly Ly iy LS5 Cnels 51 aiilys oo
Slgo [Y] i a gy (S5 g0t (oloond 5 (Suid (slagsts,
sl 5l Jyamme Ygone g aistd esimn b gnn Bies i
i siams |y Loy Tl olas gy ailolos by S s (goaie
Lo joralSom 5 () S ok (st GBSl 18 (slvog T
sorlS Jale 6Tl i Slgn canlin Sl 3 vl

! Oleophobic
2 Hall-Petch
3 Anatomical
* Implant

PPV-YEN € (161) 1Y /555 6s ) wlsdUas ele ay puins



Y7L G 3355) SVgd (53 )93 dy coglio Sgua 22 (59 20/ YWEed 9 HIo Juxo e

lecpaes by (Saglais glas )5 6l ) dlge 5 Jless]
! Jes & Yozl pl sl sl s 5 laned 5 5 (Sl
les )5 ol o] 5l eoliinl salgds (il lyg0 5l 4T Cal Bl
‘L:bu‘d.:d Ng Lg‘): (o) | 009 kSQJ‘“m J)‘}A l.:/5 PP G:‘J.)é
Q)‘H Pl_&).l d?sl_: ‘ULLM B .0)3.';" 9 OJ.A.ASJJ 0‘54’ s‘_'"d.}é LQLQWJ.W‘
(ST Slalad l) od.wélaﬁ L: oJ.:.)w»" Lglbf:‘d.:‘ ‘Su)ib )‘ 6):9.\4;
oalai_wl 9 Lsi_.u)J 6Lma);)l5 ).\l_ud )‘ ‘5‘,.;4_5 )L»._M.J 6&%9&) U‘BL’
sug) (P Ber (P ( Shppda wble () dse il (Al
Slahss oSl 6l Sleys Blaal sy Slge lgica Bl
Az g (5l Jadd b wilarils 0g2g 0055 0 e slaplail b asd s
Al gl 3T Sl s ly Sigd o ool a8 5 Ll ol
YL Cal 3l plasl e 5 (6l (g Slge 3l ool 38> £9,5
Iy € i Jlg? S99 52T 2 )b wiilgs s (590 Lais el 95
&l sloole a5 wijglo 1y o] aalleos soliwl Sl g asS s
] pr) l_x o..\_h)w_w" 5.‘49 kSJ )| Gﬁo\ﬁz’ La fLoJ \)9.\45 u.«.&bls
23S m aS A wid S 18 lgw 0)50 [l a5 S g0 ly o
Aloai S (g il 98 )0 gy Slg—o 3l ookl g0
B el (S Olge )6 50 S5z 973k alosz ol
Iy Lagl 0 ,,LS 5o Lol wdsl glagaes 1o a5 Jl> )0 a0
g5—>)" k)a.m LY uS.oSLg‘}.: ‘) L:au—l )‘ ool u)ﬁ)“ﬁ ..\Jé;‘sm )9,.41
Slga? Ml 039 10l winys o 355 slaplal 5l slacond L laplal
Colaasior gl soan bl Jlo o das g S ol 45 € g
Sl b_o.u.\J )L._M.J Gﬁ—hﬁh—’) Q‘H S99 su.a‘).:l_..l ‘bj_..uu’_a oolazul
DAl et os8 el T3 slge Consy ple S Jl> o

9 Lol s daslIT ol 8 dlas pody alos 3l 0lgo 51 (5 )lon 059 0l
A_IL Q‘H u—l] AJHL;A oolal 6»\)9;) 6‘.‘3&);)6 5 me)}.,alf
il e Y . . . .. .
a5 sl s e (S Iom s 5 (Sl S s
O FO S bl (50,05l 50 pglie g Bl om et
[Y’] Sl 00 w)e‘.‘) \ J5A> ) 6..\.:9.1)‘ LQLQOJJ)U 6‘)" Q‘}A

S S G ) 4 Ol e dlge (ol CISs )
Ol «ae GYsb (oIl (lgmial 4y plss 10 oS Calid ¢ s
Sly—e b an bgye ;500 Plase Casl (53595 plyy )3 05 Sunglie 5
Szl gl slacdsas (i plp jo cladlxe 5l Wl le Culol
Stbosl CnSS D90 50 0l Sl 0 alpli e 5 53 0
oaddizlu glacileos! (opl pogdle .l dasio sl lais oz 4 5L
ibego (B G ;0 5k v b cdél 4y 50 LB, olge

2 Tribological

4S5 S \‘5%25)555}&‘ PIPgy B9 DS oo 8 esliiuls g
Sl (52213 S 585 U 20y el gl 2SI gy S
Ol S50 il (6935l grmilisges o o o)k 3 o1 o a8
8 e L LUl i G5y 2 5 00l bl oo o (So Sl
S92, gy 50 e e JoSS ) LS 590 Slge 5 058 o0
ol el o525 U5 87 (5509 el 2 s (5 o
JSid &jgme po Sl plaw gy ol 40 0,5 eolatul casl ansls
950 L gl ol 5l ol g o)l (sl iz il (pgenilingas
e 2 S plyieds K593 S0 ogaey 555 o0 B o0lils s
P 5 JLsd S sl iy 059 o Fnsj Slo—e A3lon (sl
OS oe lz 052 a1 (o3l g ( Sy Sy b liSle

Lo-1Al

o j Slgo =Y

So ) emisn L pled W ls wad oS s (golge (g ) Slge®

hoas So g ool Sy cnl €S (el 1) oy (a8 el

A2 oo a5l s Slge las IS s> g ol (Slawl 51 IS

5 2Ll sl slaml gl (2L el 5 (b5 laie

5ba Olgiee 0390l 33,5 g3k s N (St Slse sl (2bs)

555 e |y e e 3 s oz acdls-

Lo )0 48 (oolge an Byo g 0l 9,8 Cuyia b Jol i )
i e 03lil Laplal as 5 (5l g 331 Sz lasl oails
A Ogdsne

(S 18 S €0 L g el 5 b s 39 Juni Y
pla o ol gy OB 2 e 08 Lol 50 5 0 51
3,590 Caws @ 1y o sl bl e

g 9 Slg lyedn Lo ey «adey L (Bly 5 pon Jous ¥
Slaseriils Glidsd g iils 0 yed 4T o 5T eaisS lgusl
oy slaplls g Lagl s Ly has 0556 5 3190 990 5o
s 05538 oolall 3,15

Cslacosdly 5 Lol 5l slogeel 5 ol 5T 0 503 0 ez s F
Dal

e L b e sloand) )0 ook slocd iy annds JLo Ve

00| O ol S dacl oSl 48 5 O jgo s Slge

3 g Sy 3l ool sl auy oy b5 4 [VA] el ons Slge o

anled .l oo el Ll Giolas ley sl Ylaal g liwl o)ye0

8IS 8 55 Jobo 5o e iy b cliadl plsiey Lol aslisd

SLaiomed & a5 Sl SKe 5l 4o ] dozmaz b SISl (55,

(9 48 e W AS WD o 0310 e Ll 590 alizre

! Electrophoretic

PPV-YEN € (161) 1Y /555 6s ) lsdUas ele ay puins

Fr.



ln g

Y7L 93555) SVgd 53 )93 Ay ogliio Sgua 22 690 /U 9 HILo Jexo e

IV T ooy slocialonsl slp (s Slge 0 5], ) Jgur
Table 1: The most common biomaterials for orthopedic implants [20].

Advantages Disadvantages Challenges

Light weight
Less biological response
Biocompatible
High corrosion resistance

Titanium alloys

Widely available
High ductility
Accepted toughness
Accepted biocompatibility

Long term
biocompatibility
High corrosion resistance
High wear resistance
High impact durability

Stainless steel alloys

Cobalt-chrome Molybdenum

Biocompatibility

Polyethylene/UHMWPE \Wear resistance

Alumina/
Zirconia composites

High smoothness
Biocompatibility
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2 Magnetic resonance imaging

Biological toxicity due to release of Ni

Lower mechanical properties

Biodegradable
Biological inertness
Antibacterial
Stability in mechanical properties
Wear reduction

Poor bending ductility
Poor wear resistance
Expensive
High modulus

Very high modulus
Allergic reactivity
Stress shielding effect
Poor wear resistance

Corrosion resistance
Wear reduction
Biological inertness

Wear reduction
Metallic fretting
Biological inertness

Stress shielding effect
Poor machinability

Wear debris
Fatigue life
Joint infections

High fracture rate Brittleness
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2 Thrombogenicity
® Modulation
4 Silanization
® Acetylation
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Figure 1: Schematic of typical physicochemical changes on the surface of biological materials [21].
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Table 2: Common surface analysis techniques [21].

Contact angle Surface wetness
A Ieromic forosbeteen he verex and thesaple
SEM? Secondary electron emission caused by electron bombardment is imaged.
EXR . crayemisioncased by sletonbombardment
AES* Spiral electron emission caused by electron bombardment
S craysemitphotoskcons it harceio enegies
SIMs® lon bombardment causes secondary ion emission

©FTR Moleculr vibrtionscause by absorpton of IR radiation
| P —

Non-covalent overcoats
(e.q. vapor depaosition, solvent casting)

dipping in alternating
polyelectrolyte solutions

E—

Layer-by-layer deposition of polyelectrolytes

monomer

Grafting of overcoats

(e.g. radiation and photografting, plasma deposition)

XX X X X X X %X X

Self-assembled films

(e.g. Langmuir—Blodgett, self-assembled monolayers)

Surface-modifying additives

_,@:@@ il

Biomolecule immaobilization
(e.g. passive adsorption, tethering)
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Figure 2: Schematic of common coating technologies for surface modification [21].

! Atomic Force Microscopy

2 Scanning Electron Microscopy

8 Energy-Dispersive X-ray Spectroscopy

4 Auger Electron Spectroscopy

5 X-ray Photoelectron Spectroscopy

6 Secondary-lon Mass Spectrometry

" Fourier-Transform Infrared Spectroscopy

PYY-YE & (&)Y /) sbsd ) wlalloe (ele 4 s



Yo

Y7L 93555) SVgd 53 )93 Ay ogliio Sgua 22 690 /U 9 HILo Jexo e

Wit colin L 055 39 Sl (2S5l 5 ol a0 b
a g o0t wlwgil)S Gl 8l el g o b g 4 o]
ot tes oS Gl Sl S (e gl <l g o Sl
Ol e 39-b o0 Cgmme podbign (nl Bpae oaiiS3gucne Jalo
o i )38 ymilanie g S 3l ool oo S eaSTT (Cudgasme
(oiiten 5 LS ahal & g e o] (o sl IS 5l
5 il dlss ol mlio guiainn 5 3Ll mlio o]
O o8 o)Ll (IS gleg S 5 (65,0l ol o o il
S g 5 5 gake Sl (pwdien 4 395 o0 (S SO

L¥a-vyl o5 s Ll g s s5lala,

Ry ST 4

st OIS () sy Ly a8 Sl oy S5 s
G=8) glodl joda> 5> SUlga il g Cugy 55 45 090 0
el il oy oo L yar 9 S5, o o Blads jogy ol ol 95290
Sgea sV [T coul saaline BB F USE 0 5Y5 oliend
lbpaielieal o 5l JSiie sgaol (g yodly 9520 S
ol 5 sF e S0 e suty glaisy b oS
O 3 Sy S 3790 (sl OIS ST 1 o8 (Y5 el o
stlon Jsa 8 I w5 oo oy i 5 Gl by
Wiy ooy FIA o0y S 0oy 010 Jolss g Cand  Jiis
Gz 990y W lghoy g (5emaST oo 10 YOIT ()59 25 2oy
IFYYAl cca VRV L Joles

! Dextrin

2 Pectin

3 Alginic acid

* Agar

® Agarose

® Carrageenan

" Deoxyribonucleic Acid
8 Ribonucleic Acid

® Keratinocyte

10 peptide

II H
CNH-C— =
~NH-CH™ ~N~CH-C-N ‘f“z
e, Mn
; .
N

mﬁ\%%

Chltln

H_ o

NH,

H
Chitosan

IVY] Glogis 5 ot (s slayocks il ¥ S

Figure 3: The structure of chitin and chitosan biopolymers [22].
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Figure 4: Chemical structure of gelatin [34].
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Table 3: Factors affecting EPD [36].

Particle size
Dielectric constant
Suspension conductivity
Zeta potential
Suspension stability

Parameters related to
suspension

Deposition time

Parameters related App|l(-_}d voltage_ .
Process Concentration qf solids in
suspension
Substrate conductivity

2 Polarization
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Table 4: lon concentrations of SBF [20].
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Figure 5: SEM images of as-deposited (a) m—HA, and (b) n-HA
samples at 40 V and after 60 s [42].

Concentration in Simulated body fluid Concentration in human blood plasma
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Figure 7: SEM image of coatings dried at 60 V for 30 s for (a) nano and
(b) micro coating [43].
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Figure 6: 3D AFM images of as-deposited (a) m-HA and (b) n— HA
samples at 40 V after 60 s [42].
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