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Ceramic Biomaterials (Bioceramics)
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Bioceramics

I E—

inert bioactive biodegradable
Replacement I Repair I Regeneration I — of damaged tissues
Al20, HA, HCA €aS0,
ZrQ, Biglasses Coral - CqCOs :
Carbons Glass-ceramics: aragonite
Sintered HA A-W, Ceravital Ca-phosphates:
CaAl,0, a-TCP
SisN, Particie size, p-TCP
SicC crystallinity, porosity OCP
DCPA
HA: hydroxyapatite DCPD
HCA: hydroxycarbonate apatite TetCP
A-W: apatite - wollastanite HA:10 pm
TCP: tricakium phosphate
OCP. octacalkcium phosphate ales with: ZnO
DCPA: dicakium phosphate anhydrous ALO,, Fe,0,,

DCPD: dicalcium phosphate dihydrate
TetCP: Tetracalcium phosphate monoxide
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Pyrolytic Carbon

Diamond

Graphite

Fullerene Carbon Nanotube Graphene Lonsdaleite

(C609 C5409 C70)
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Ca/P ratio Formula Name
05 Ca(H,P04),eH,0 Monocalcium phosphate monohydrate
1.0 CaHPO4e2H,0 Hydrated calcium phosphate/brushite
1.0 CaHPO, Anhydrous calcium phosphate/monetite
1.33 CagH5(PO4)ge5H,0 Octacalcium phosphate
1.5 Ca3(P0,), Tricalcium phosphate/whitlockite
1.5 Cag(HPO,)(PO,)s(OH)  Calcium-deficient hydroxyapatite
1.67 Ca;0(PO4)s(OH); Hydroxyapatite
2.0 Ca0.Ca3(P0O4); Tetracalcium phosphate/hilgenstockite
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» Tricalcium Phosphate, Tribasic Calcium Phosphate, Tricalcium Orthophosphate,
Whitlockite, TCP | [RRNRRRENS
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» Hydroxyapatite, Hydroxylapatite, HA, Hap, OHAp

Ca5(PO4)30H Cay((PO4)6(OH)» 1 Ll Jgo 8+
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v" Ca-deficient HA with Ca/P = 1.6 is more bioactive and degradable than ideal HA (Ca/P
=1.67), due to the decrease of stability

v" Substitution of Ca by Mg, Zn, Si, and Y enhances the solubility and bioactivity of HA,
due to the 1onic size effect and thereby lattice distortion.
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Glasses, Glass-Ceramics, Crystalline Ceramics

(where Degradation and Bioactivity rank: Glasses > HA > Glass-Ceramics > Crystalline Ceramics)

(Glasses, Glass-Ceramics) Glasses, Glass-Ceramics, Crystals, with better strength
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o/ | o
5 Ca / e Na S

o S10, 1s the network former, and CaO and Na,O are the network modifiers (for easy
glass melting and ensuring bioactivity)

o Types of oxygen: bridging oxygen: Si-O-Si1, non-bridging oxygen: Si-O-Ca, Si-O-Na

o Since 1onic-to-covalent character ratios ranks: Na—O > Ca—-O > S1-O,

{ Bridging oxygen — stabilizes the bioactive glass

Non-bridging oxygen — enhances dissolution in the body
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All compositions in wt%

Material
4585 4585F 4585.4F 4085B5 5254.6 55543 KGC KGS KGy213

Constituent Bioglass Bioglass Bioglass Bioglass Bioglass Bioglass  Ceravital Ceravital Ceravital A/W-GC MB-GC
S10, 45 45 45 40 52 55 462 46 38 342 19-52
P,04 6 6 6 6 6 6 s e s 16.3 4-24
CaO 24.5 12.25 14.7 24.5 21 19.5 20.2 33 31 44.9 9-3
Ca(POj3), o — 25.5 16 13:5 -
CaF, 12.25 9.8 —_ 0.5 s
MgO 2.9 4.6 5-15
Na,O 24.5 24.5 24.5 24.5 21 19.5 4.8 5 4 3-5
K,O 0.4 - 3-5
Al,O4 o 7 12-33
B,0; 5 i i
Ta,05/T10, 6.5
Structure Glass Glass Glass Glass Glass Glass- Glass- Glass- Glass-

ceramic  ceramic ceramic  ceramic
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Bioactive glass surface

Exchange of alkali ions with H™ ions from body fluids 1

" Network dissolution and formation of silanol (SiOH) bonds 2
l Silica-gel puam;i;ta'l:gigHTSEH:EiE-E o 3 o
» - _Ahsorption of amnrpﬁ:; (';_34;(;51-;{)3_ - 4 &
8 1 IIIIT ovmminotmoame _____ 5 | °
T R e o e G i L gl el L ° g
£ Actions of macrophages 7 ®
= 2() e e e o —— —— —— ——— — A
S e RO OTONTCRE . Y 8
" a0 _____ Differoniation of siem ool _ ¢ 5
_ __ ____ Generation of matr o7

Erystallizatiun_ﬂﬁna_tm{_ ______ 11

Proliferation and growth of bone 12




L Olow Jbd Caw )y Jol ddo po S lol




& obow e ol ool o  Jlod o

1) Dissolution-precipitation — Materials composition dependent
2) Protein adsorption — similar to silicates
3) Bone cells activity — similar to silicates

] Apatites (which contain Ca and P):

Dissolution of Ca and P ions into the fluid — Raises the local ionic concentration of Ca
and P ions to the supersaturation levels — Precipitation of amorphous calcium phosphate
layer — Transformation to the more thermodynamically stable HCA

J Nearly inert ceramics (like ZrO,,TiO,, ZrTiO,):

Hydration of TiO, (due to hydrophilicity) — Formation of surface Ti-OH groups —
Adsorption of Ca and then P 1ons — Precipitation of amorphous calcium phosphate —
Transformation to HCA
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In vitro Jlesé ceuoy oU )l

zdaw asllas 9 (Simulated Body Fluid: SBF) o (g3le accis Jlow ;0 diges (5,9 abss :In vitro o

In vivo Lyl i LHA Glgw, JSis ceyw g ,ole cwd Cdillae «— Jolo cuS 5 L diged

lon Simulated body Human blood
fluid (SBF) (mM) plasma (mM)
Na* 142 142
K* 5] 5
Mg+ 1.5 1.5 4
CaZ+ 25 25 $ Biomaterials
g 148.8 103 _ "-;.‘-'.t-‘ Volume 27, Issue 15, May 2006, Pages 2907-2915
HOC3 4.2 27 EaEviER
HPO;™ 1 1
SDE‘ 0.5 0.5 Lexding Opfnsn

How useful is SBF in predicting in
vivo bone bioactivity? %

Tadashi Kokubo & B, Hiroaki Takadama

In vivo Ll & 0 85290 sl ol g o iy olé :In vitro caxs akay O
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v" Glass Transition or glass—liquid transition is a reversible transition in amorphous materials (or
in amorphous regions within semicrystalline materials) from a hard and relatively brittle
"glassy" state into a viscous or rubbery state as the temperature is increased. An amorphous
solid that exhibits a glass transition is called a glass.

T Crystalline T Amorphous
First Order Second Order
V
First-order transition: transfer of heat
v Melt Rubbery
. Second-order transition : no transfer of heat

- Crystalline

(but change in heat capacity)

Tll"l T Tg T
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> Polymer Blends vs. Copolymers
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Alternatlng co-polymer

monomer units alternate

Random co-polymer

o-0-0-0~¢ 000

0-0-0—C 00 '
monomer units arranged randomly

Block co-polymer

-0 -0 090
00 blocks of homopolymer units
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1. Biostable or Nondegradable Polymers:

v Used where long-term structural stability and biocompatibility are needed

v Porosity — facilitates tissue ingrowth and enable long-term stability

v Applications — bearing surfaces in hip, knee, or shoulder implants; vascular grafts or
catheters; fillings and resins for teeth; nose, chin, and cheek implants; and ocular

implants

2. Bioresorbable or Biodegradable Polymers:
v Used where temporary structural properties are needed
v Used where tissue integration and resorption

v Applications: resorbable sutures, suture anchors, bone screws, and drug delivery devices
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Polymer Linkage Morphology
Polyethylene (PE) —(CoHy)- Semicrystalline
Polypropylene (PP) —(CH,CH-CH3)- Semicrystalline
Polytetrafluoroethylene (PTFE) —(CoF4)— Semicrystalline
Polyester (PET) —(RC=00R’)- Semicrystalline
Polymethylmethacrylate (PMMA) —(C50,Hg)- Amorphous

Polyurethane (PU)

Polyamide (nylon)

Silicone

Polyetheretherketone (PEEK)

-‘(R1"‘0-C=UN R2 RS)_
—(NHCO(CHx) CONH(CHy)s)
—~(0SiR,)-
~CeH4—0-CgH4—0-CgH,~CO-

Amorphous—semicrystalline
Amorphous or semicrystalline
Amorphous

Semicrystalline
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Application Devices Polymers
Vascular Balloons/catheters Nylon, polyester/LDPE, LLDPE, HDPE
Grafts E-PTFE, polyester
Soft tissues Suture anchors PEEK
Sutures Polyester, nylon
Breast implants Silicone
Dental Crown/filling Acrylic resins
Cements PMMA
Orthopedics Joint replacements UHMWPE
Spinal implants Polyurethanes
Tendons/ligaments HDPE, e-PTFE
Bone cement PMMA/PS
Spinal fusion PEEK




Polyethylene (PLE)
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Polyethylene Molecular weight (g mol~") Crystallinity (%) Density (gcm ™) Applications

LDPE 30000-50000 3040 0.910-0.925 Medical packaging, catheters
MDPE 60000100000 20-60 0.926-0.940 Facial implants
HDPE 200000-500000 70-90 0.941-0.980 Tendons, catheters

UHMWPE 4-6 million 45-60 0.925-0.935 Orthopedic bearings




UHMWPE
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\\ Acetabular shell
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Polyethylene liner

Acetabulum

Femoral head
Neck

Il Cortical bone
[__] Trabecular bone
[ Acrylic bone cement
I UHMWPE

[ Alloy (Ti or CoCr)
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Polypropylene (PP)
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Polyacrylates
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Polymethylmethacrylate (PMMA)
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PMMA as Bone Cements
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Polyhydroxyethylmethacrylate (PHEMA)
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Fluorocarbon Polymers
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Polyesters
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Polyamides (Nylons)
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Elastomers (Rubbers)
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Polyurethane
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Silicone Rubber or Elastomer
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Polyetheretherketones (PEEK)
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Polycarbonates
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Biodegradable

Polymers

Natural
Chitosan, Alginate,
Guar gum, Starch,
Carrageenan,
Albumin,
Gelatin etc.

Synthetic
Polyorthoesters,
Polyphosphoesters,
Polyanhydrides,

Polyester-amides,
Polyamides etc.

7 N

Hydrolytically Degradable Polymers Enzymatically Degradable Polymers

In vitro studies work. In vivo studies needed.
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o Poly(a-ester)s

o Polyurethanes

o Poly(ester amide)

o Poly(ortho esters)

o Polyanhydrides

o Poly(anhydride-co-imide)

o Cross-linked polyanhydrides

Cross-linked polyanhydrides
Poly(propylene fumarate)
Pseudo poly(amino acid)
Poly(alkyl cyanoacrylates)
Polyphosphazenes

Polyphosphoester



Poly(a-ester)s

(I? Aliphatic (o) esters — carbon-carbon single bonds
R/C\O o Esters

Aromatic esters — carbon-carbon double/triple bonds
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Polyglycolide or poly(glycolic acid) (PGA)
Polylactide or poly(lactic acid) (PLA)
Poly(lactide-co-glycolide) (PLGA)
Polycaprolactone (PCL)

Polydioxanone

Poly(trimethylene carbonate)

Bacterial polyesters
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Structure of PGA, PLA and PLGA
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Degradation of PGA, PLA and PLGA
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PGA
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(a) Stercoisomers of lactic acid
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L-lactid acid

(b)

PLA from L-lactide form

0

poly (L-lactic acid) - PLLA
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{d} PLA copolymer from L-lactide and D-lactide

er}

poly (D, L-lactic acid) - PDLLA

n
poly (D-lactic acid) - PDLA )
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PLGA
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Polycaprolactone (PCL)
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Polyurethanes
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Proteins and Poly(amino acid)s _

v" Collagen ‘/ N

v" Gelatin
¥ Natural poly(amino acid)s Human Origin Non-Human Origin
v" Synthetic poly(amino acid)s
v" Elastin Hyaluronic acid Chitin and chitosan
v Elastin-like peptides

il Chondroitin sulfate Alginic acid

v" Albumin
v Fibrin



Proteins and Poly(amino acid)s
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Collagen
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Polysaccharides
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Chitin and Chitosan
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Chitin and Chitosan
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Sterilization for Biopolymers
N

1. Dry Heat Sterilization
2. Steam Sterilization
3. Chemical Sterilization

4. Radiation Sterilization



Dry Heat Sterilization
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Steam Sterilization (Autoclaving)
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Chemical Sterilization
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Radiation Sterilization
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» Most Popular » Short Treatment Time + » High Depth Penetration
» Simple, Easily Controlled, High Dose Rate » Good Dose Uniformity
Widely Applicable » No Waste Products Ratio
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Composite Biomaterials (Biocomposites)

Email: salahinejad@kntu.ac.ir
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1. Dental filling composites
2. Bone particle/carbon fiber reinforced methyl methacrylate bone cement
3. Porous surface orthopedic implants

4. Catheters: Silicone rubber filled with very fine particles of silica
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Lithium-barium-aluminium glass
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