CHAPTER 11

LITERATURE REVIEW

, B
y approximately 6 % of the
from some sorts of joint

s of arthritis, these

It has been reveal
population over the a
disturbance. The co
being either rﬁeuma_ ch cause the inflation or
degeneration of t may follow specific
infection, injury, change which largely
paralleled the ageing \
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50 years. It is characte agf-' .-'i:lﬂ_ of the central part of the
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Rheuma?llmd arthritis,ongthe other hand, is a systematic disease

nausmgq Wq&\%ﬂ i mu%’] Ig w &i ’neac%jllatlun but

unlike usteoarthntls is not considered to be age related. Rheumatoid

nﬁ hip joints which must

arthritis starts in the small joints such as the toes and fingers but can
spread to more load bearing ones such as the knee and hip. The hip and
knee being synovial joints have cartilage on each articulating surface
with a lubricating, shock absorbing fluid between them. Rheumatiod

arthritis is characterized by the inflammation of the synovial membrane



which holds the fluid in the joint, becoming inflamed and eventually
filling the gap between the articular surface causing stiffening of the
joint and consequent pain,

Products from the synovium soon begin to erode into the

articular cartilage and the underlying bone. The body's reaction to this

is to produce more bone but @ in a non-specific manner.

the joint and the fibrous

surfaces have been damagedl £o's 14 degre armacological methods
of treatment becom gctive and tatal joii placement is required
to regain mobility afid fFeduce p: Cotal t arthroplasty may be

required in other cases a ~as8/may be needed following severe
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fractures to the femur in neéd &
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slete reconstruction.

rman body by far are

where it is current@ believed ths cre are E}m,nnn total hip joint
replacements perfo “worldwide. There are a 'multiplicit}r of designs
all of which v%ulg:gr ﬂl?l‘nimyﬂ ::lfilﬁletail, but consist
basically o ng stem wi tﬂ i i a 0 nd, modelled
to attaiﬂtﬂilaih}i :ﬂﬁfﬁlﬁaﬂﬁﬁaﬂy designs
of hip prosthesis representes two different aproaches in respect of
design and materials selection. McKee(8) opted for a large diameter
femoral head replacement and a metal-metal combination, while
Charnley(9) utilised a smaller diameter ead and a metal-plastic system.

The latter has proved to be the more successful from the mechanical,

biomechanical, and clinical points of view, and most of the current



prostheses are based on this approach. A variety of prostheses are
currently on the market with wide ranges of stem lengths and cross-
sections as well as variations in ball and cup design.

The majority of femoral components are manufactured from

grades of stainless steel such or cobalt/chrome/molybdenum
alloys, such as vitallium, o

jm:’vanadmm alloys such as
Ti-6% Al-4 % V.

The single moSt diif tob _hip joint as well as other
joint replacements is figdtioh /0F the \\ en the weight of the
body is transmitted froma pue 1 ' no more than three or
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four points of relatively 1Warea, local \ es may be so high that
crushing of the bone May/og ‘h hich was tight at the
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end of the operation may §oonibecomedooss after carrying the weight
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of the body.

In 1960, Sirdohn'Cl ley(1) pre 2 preliminary results of

a new method to a ch B Hisidea was to

distribute the force er a wide area with them.ae of a plastic filler
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and factors effecting characteristics of the joint.
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One draw bac ement operation is the

fact that it is inadvisable to @ in a patient under the

age of 50, particulﬂm[y if the patient 1s enerﬁic and required to be

very active in his wuﬁ recreation. &/ |

The pv@ﬂ Isiﬁﬂﬁjow El::mnﬂj properties of the
bone ¢ hich j Iﬁi' ﬁ Imet ﬁ te (PMMA).
As PMa“ﬁﬂﬁgﬂtﬁi mﬁr :ﬂﬂ:j sg:rit has been
reported that 10 % of all patients with total joint replacement would
need a second operation within 10 years. With such long term
complications, total joint replacements have been restricted mainly to
older patients. Given the large number of total hip replacement

operations performed annually (about 400,000) then even a relatively

small failure rate has important implications in terms of the need for



revision operations. When to this number is added the unsatisfied need
for long-term total hip replacement procedures in younger patients and
for other joints such as the knee, then it is readily apparent that

improvements in the properties of bone cement would have far-reaching

%mh initiatives in progress:

ompletely By _developing either bone

consequences.

There are currentl

first, to eleminate

joint replacement.

For a number sj.synthetic materials have been routinely

ecgssary prerequisite for

"7- Id be biocompatible

in the sense of not pﬂducing : immatory rgction(l 1). In addition,

the implant material Id be expe t w'th tand any anticipated
physiological @aﬂﬂﬁthﬁﬂgﬁﬂlﬁimsiuml change,
catastrophi it ract ﬂdr | eh he | rm due to
creep, fa |ﬂ'}iﬁﬁfj :‘jr ﬂﬂ:lm B&ﬁﬁ(ﬂjnr factors
underlying the selection of the three types of materials currently
utilized as bone prostheses, namely metals (for example as stainless
steel, cobalt alloys, titanium alloys), ceramics (for example as alumina),
and polymers (for example as polyethylene, PMMA). The application of

these materials in orthopeadic surgery has allowed the development of

many procedures which are judged clinically successful and will remain
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of considerable importance. However, problems do exist, for example
as the finite lifetime of a major procedure such as total hip replacement
effectively limits its application to elderly patients, although the meed
exists across a complete spectrum of age. This limit is a direct
consequence of utilizing only the criteria of biocompatibility, ductility,

and fracture strength fot of the appropriate implant

material : What is oft ous consideration of the

effect of introductw implant - the functional
remodelling of the u/ I " any attempt to match the elastic
deformation charac ial with those of the
‘ ized currently remotely
approaches the elasti ha: ﬁ', .. orfical bone, then it is not
in ensuring stress transfer
across a tissue-prnsthesis, iAte and that the dynamic remodelling of
cortical bone is sigmificantly d_Whether an elastic mismatch of
; e will depend on the
magnitude of the appl&ad load, the nature 01" the interfacial bond, and

the elastic cnﬁ%ﬁt’}%&}'fijgq ﬁ:‘ﬁlt is certainly the

prime cause utm'lunsenmg when "stress shmldmg of &grtmal bone is
proanca) ] 8 TR (LG A R 1) Bonavoin, i
would scqem desirable to complete the spectrum of available implant
materials by developing new materials which, as well as having
adequate biocompatibility and "strength", are also mechanically
compatible with cortical bone. The development of adjacent surfaces
with similar elastic properties is, of course, an essential factor in

securing substantial bone ingrowth into a synthetic material. While it is
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possible to obtain bone ingrowth into almost any solid with a suitably
porous surface in a postoperative stress-free situation, the extent of
growth is limited, and it is not obvious that the interfacial bone created
by ingrowth bone will survive any subsequent stress application if the

surfaces are elastically dissimi!

a result, bone cement, even with
its recognized deficienci

y/seutml procedure for bone-

implant fixation. Co any n this situation towards

the ideal of a ceme | z*
R
/\ 4 ,\\
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also to depend on the
development of mechagui s to bone.

In order to be fipj tleuts, the new implant

g analogous mechanical

materials and/or the név A
*“-:'. ‘
properties to those” offf cg: &g \

mechanical properties of he_.. ticalibone itself should be considered

‘- be investigated. Thus,

first.

Wj Mk ip iﬁﬁ’ 1) -

of the bone may be considered as a two-level composite(12). A
hydroxyapatite-collagen lamellae forming osteons as the ﬁrsf level, a
preferred orientation with respect to a long axis of the bone, and
surrounded by nonoriented bone as the second level(13).

Young's modulus (E) of the cortical bone is not unique in

the sense of having one absolute value, but it depends on the precise
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details of the associated microstructure. In addition to a variation with
location in a particular bone, the Young's modulus varies with
orientation in a major support bone, from a maximum value parallel to
the long axis to a minimum value perpendicular to the long axis, with a

ratio of maximum E to minimum E jof about 2. The overall range of E

large from 7 to 30 GE3 "The m.fur the longitudinal and

transverse nrientatin_- GOrti
bearing bones are 18 tg8 t/ tq 15 GP

o
:,'l¢a o

For intermegia rieniations between the limiting directions

parallel to the long axig add ppe: ﬁ"
J‘IJ dd \ b
E decreases progressively, %‘Q‘E, ot @ unifc manner. In contrast to

the extensive data or th “Been rela ively little work on the

statement of the elmnc cificients ﬂher than the technical

ZLTIZ:I:TQMJ T‘Hﬂﬁfw ETETS, oo oot &
R IR AR e

measure of deformation which allows an adequate approach to the
design of analogous replacement materials. However, it should be
emphasized that bone is not simply a linear elastic solid, but it
demonstrates viscoelastic deformation within the range of physiological
loading, for example as time-dependent and recoverable deformation.

But the essential point demonstrates that the loading-unloading curves
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do not coincide above a relatively small applied stress and a hysteresis
loop is formed. In general, on unloading to the starting condition, for
example as zero stress, a residual strain is noted which is completely
recovered with time. It is the property of bone which provides an

important energy-dissipating apism during deformation. This

subject is not sufficientl incorporated quantitatively

into the design of analogOus rep -cgﬁmrials, but there is no
doubt that the existe soelasticily shoud be recognized as
an essential feature in an O / =d ipro

Cortical bon haa"-ﬁi’ ; t“ zlongation to fracture of
HEEEEL 2 ':- ;
only 0.5 to 3 % and hence,~the presence of random internal, surface

...-;J-‘L“‘-N,‘vi
cracks, or flaws sig

=

fracture(14). Co Y*ﬁ y, a 5E | fracture toughness

e

orgy absorbed during

provides a more ap m opriate measure o fractum than a determination
of a critical s Ef strength, which gives a
variable resuﬁy ﬁsﬁaﬁ“ﬁ'ﬂlﬁ ﬁ cal experimental
proced ﬂ ﬁ@z‘ mechanics
techniqﬁmgzqhﬂ %mmjﬂl"i ﬂn&rl D assess the

fracture toughness of bone specimens with a single characterized crack

which have included measurements of the critical strain energy release
rate, G, and the critical stress intensity factor, K, as shown in Table
2.1. The specimen geometries used in the earlier experiments in this
series all produced rapid crack propagation, with an unknown and

cariable crack velocity. More recently, in contrast with the use of the
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compact tension method,(19) it has been possible to propagate a crack
in bone at a relatively slow and measurable rate, and G; and K; values
for transversely oriented bovine femur and tibia bone specimens were
determined by this method for various crack velocities(12,20-21). The

general assumptions involved i application of fracture mechanics

critically reviewed(23), with

"Mons of the single-edge-

h- t tension test methods.

particular reference

notched, center-notc

/

It was suggested that \'r athud has a particular

advantage, namely th [ \\\ -4 deformation, or more
fundamentally, the resul - ? \ \ beé varied in a controlled

manner.
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Table 2.1 Some previous investigations of the fracture mechanics

parameters for bone(24)

15

METHOD ORIENTATION |BONE TYPE Ge Kc
(m32)  [(MNm-372)
Single-edge 1388-2557 3.21
notched
3135-5534 5.58
Three-point 6.56
bending
{Center-notched 0.23
(shock tube)
Single-edge 780-1120 2.2-46
notched
Compact tension bt 1820 3.5
-z
Compact tension ‘ 0-2780 24-52
Compact tension m 726-2796 | 4.46-5.38
|Compact tensiop{ ¢ i | 7 oy == 3.3-5.7
|Compact tensionq) |Transverse | “ﬁl?.{ll-zdﬂsdl a | 2863
X zﬂ“ﬁg l 2.0-5.6
q
a4  Slow fracture

b Catastrophic fracture

In a recent investigation(22), the compact tension specimen

approach was extended to evaluate the fracture of transversely

oriented, for example as with fracture in the longitudinal direction,
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bovine tibia compact been specimens, in terms of G¢ and K¢ for a wide
range of crack velocities from 10-3 to 102 msec-!. As density has an
important effect on the fracture mechanics parameters, the test
specimens were grouped within four narrow bands of density, namely

1.92 to 1.94, 1.94 to 1.96, 1.96 itb,1.98 and 1.98 Mg-3. It may be

Kc and G depend on the

@ a maximum in fracture

4F ablo \.\\\:‘ msec~2. These figures
haN

able to bovine compact

loading rate, and resu
toughness at a crack velggty
define the range of and
bone in the weakest #igéction — Simil ‘ on longitudinal bone
suggest a factor of abo case given density/crack
: pone have given similar

velocity, while selecte

results(25).

2.2 Development ofyN
‘v.—

important mechanical mropertias of existing

N 113111 1T 1o G
RN TN ARINYINY



17

Table 2.2 Comparison of mechanical properties of current implant

materials with those of cortical bone(24)

Materials Young's modulus |Ultimate tensile K¢ Ge
(GPa) trength, (MPa) |(MNm3/2) | (Jm2)
Alumina SR\ 55 23 .| =a0
Co-Cr-alloy | 0 ~100 ~50,000
Austenitic stainless 540-1,00 ~100  |~50,000
steel, (EN 58) 2\ '
Ti 6 wt% Al 4 wt% V Y ) | -80 [~10,000
Cortical bone - % (ALA s | 212 600-
ﬁ:f \
0 AT \ 5,000
PR \
PMMA (bone cement) 3 Sl ‘ ~1.5 ~400
B e
Polyethylene = 30 o ~8,000
BEL N
It can be imina give the greatest

i

mismatch with respee¢t to Young's modulus. Thmallﬂys listed also have
: ; L N
a substantiall ﬂy%ﬁ'w%ﬂﬁn ?\t it is significant
that titanium alloys dre ‘a factor ‘of | s Sti anl stainless steel or
¢
o R TR 1 P ) (ML)
are less stiff or more compliant than bone.

With respect to yield or fracture characteristics, such as
ultimate tensile strength, the ranking of existing ductile prosthetic
materials reflects to stiff that metals are stronger than bone and
polymer. Ceramics are so brittle that they can not be ranked in this way
as the ultimate tensile strength is sensitively conditioned by the

presence of cracks or pores. While the compressive tensile strength is
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indeed significantly higher, the general applicability for bone
replacement of ceramics should be considered on the basis of fracture
toughness, such as K. and G, for example as a measure of stress and
crack geometry, as compared with bone. On this basis of fracture

toughness, both polyethylene a metals are superior to bone, while

currently used alumina is ior. In addition, ideally the

—
igh bone would have the

Hticity. If a metal is too

same strength as the /
flexible it will eventua ; // \ w_ e failure and break. If a
‘Iﬁ n.

metal replacing the

metal is too stiff, its hending wn | become weak and it
will be subject to “loafeq l B T \\ ie cement is a acrylic
polymer as use a groutige ?_?’ A @ canal space between implant

with nature bone, even fwithlits reépgnized deficiencies remains an
essential procedure for fixation. Consequently, any

advance in this situation towards * e i a gementless bone would

o hanically equivalent

0

A comparison mca!{ erties of prosthetic matertials

with those o jnL m ﬂ.m ﬂ’]ﬂﬁthe design of the
R A D YR T e

for examp]e as the existing design for the stem in total hip replacement,

appear also to de ponc

materials to bone. m

which is "unnaturally" centered along the feforal neural axis and hence
requires a much higher ultimate tensile strength than that of bone, can

be constructed from a "bone-equivalent” materials.
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2.3 Development of New Bone Cements

During the first three decades of this century, a fast chemical
science had been developed by providing the basic for choice of high

molecular weight materials. Pol of methacrylate ester, especially,

gftion as biomaterial. It was
processed to combine properiies of High=transparancy to relate with

high toughness and s eld by easily processing.

The same properties cauScg the dental profession

for the fabrication of - fifite i artificial eyes. In an interesting
history review, inveéStightions were|st . t > possible use of the

product as denture b#ise g #" : 193; "n years later, G.B. Drury
et al.(26) reported that m;d‘.rsiﬁ 1t 2,000 employees had received a

prosthesis to full satisfactio r""" i the released of the material

for the dental premlﬁj e time. 941, acrylic resins had

become a main -'Lf farature and the Index

Medicus. These rep&s on t é en‘a@fmr dentures, artificial

L EJhmmm Eidipiaac or by s
L a3l T

buried in the body, had received the attention of investigators.

teeth, inlays, crowns ‘bad eyes, noses, and ears(27). The material
was formed %

Contzen(28) indicated that had investigated the biocompatibility of
PMMA in animal experimentals in 1938 and they found that it had
suited to use for repairing of cranial defects. During period of World
War II, it is required a large demand for reconstructive and cosmetic

surgery and there were an explore Plexiglas or Perspex in orthopeadic
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surgery, especially for treatment of coxarthropathy and in hip
arthroplastics(29). In 1943, the brothers Judet started their experiments
with hip endoprostheses, fabricated from plexiglas and they implanted
the first prosthesis in 1946(30). In 1940 and 1943, Sehnebel ef al.(31)
used tertiary amines as accelegators for the peroxide initiating
polymerization of MMA : /ol lymerizating of cold-curing
resins. At the 1950s, s ! ‘ ﬁresin were provide an in

ranioplastic opertions

‘ res because it was no
longer to prefabricate (e i Anigypsu s In 1952, Drukrey et
al.(32) mentioned timof igddctidn, Wwitich this polymers was used after
implantation in s & How YL, 4 appeared that possible
carcinogenicity was relat hysical aspeets of the material as shape,

dimensions, porosity, etc., T& :‘. an to the chemical composition of

the materials. In addition, jor forim: ould only be observed in

- - j
certain animal spedie: fgle case of malignant

degeneration relatmmto implants - un‘uﬁ The development of
biomedical a m 1960 when Charnley(1)
revnlutionize@ﬂﬂﬁhﬂﬁg EJ 3@ ‘jtn polymerization
resins chorij dﬁji fi et i d sthesis. The
term hiﬂﬂﬁwﬂiﬁi ;iﬁjﬁcmaﬁtﬁ:ﬂ years have
been dedicated to refinements of implantation techniques, assessment of
biocompatibility and toxicological, and allergenic aspects of PMMA and

its components. Acrylic resin implants are applied clinically today as

shown in Table 2.3



Table 2.3 Current clinical applications of acrylic resin implants(11)

21

Skull Repair of cranial defects, correction  |Precured of in sifu curing resins
of deformities
Ear, nose External prosthese, correctioi Precured, plasticized precured resin
deformities ~ T 7
— _
Eyes Repair of orbital factires Self-curing resin or precured resin
Intra-ocular lénsec 7/ --""‘F’h cd, high purity resin
Jaws Internal fixatiog / %S}-
NN
Teeth ﬂ t} Bxpennm resins
Thorax -:md_--; “ rasm
Back Spinal fixation -“"y”' )‘P\ tu curing cement
Penis Penile inserts =2 ~_|Precured resin, largly replaced by
A nplants | \
Extremeties g cements

uﬂqwﬂwf

2.3.1 iICS O

¢

NN NI mgaa

From a chemical standpoint in autopolymerization of

acrylic bone cement,

the rigid mass of acrylic cement surrounding

orthopedic implants and penetrating bone surfaces is a rather complex

network of organic macromolecules plus some low molecular weight

impurities. Two factors occur in structural complexity to this organic
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matrix, are matter molecular discontinuities due to the entrapment of
voids, as well as the presence of embedded, and radiopaque inorganic
particles. Furthermore, finite amounts of volatile impurities are
probably contained within the voids which disrupt molecular continuity

in the matrix and affect to m

However, in work procedu

Wial properties of acrylic cement.
"‘h._“_.

sto the most reduce some low
molecular weight impur i : ust be having easy design
and economic time , df gu €%Thus, polymerization of

. \\ 1;}{ as same as in a real

‘o polymer of PMMA and

acrylic bone cement in J
surgery which mixing g
MMA monomer by Stirging with ha he present , bone cement for
orthopaedic surgery €0n :

Powder 9&‘, by weight of the powder
component of bone cement' of particles of PMMA and/or

J';ﬂ-_d._ -
__,.v- -‘_.#‘N by

random co-polymess ¢ er with small amounts of

other monomers s 5 STy 3l meric particles in the

powder compunent%nd 10 b in &pe. The size usually

ranges from 30 to 150sum in diameter. The remaining 10 % of the

powder walglﬂ uﬂ ’lm&nﬁ wﬂ’lﬁfﬁrs such as barium
sulphat z:rmmum dioki eroxidé

polymeamrllﬁﬂaﬂ j mgj m:f]:lh ﬂ’]ﬁ &Ithe powder
component (0.75 to 2 % by weight). The chemical structures of

possible organic components in the powder are shown in Figure 2.1.
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[ HCH,
c-C L Q ¢
b =0 ©—C-O-0-C
O'CHS

Figure 2.1 Chemical structur components in the powder
T *'” afg commonly prepared
by chain (addition) m:lymenz on of MMA mmumer using a process

known as su nzatmn AT his cess involves dispersion
of initiator cﬁlﬂﬁi Ejnm wam jlble medium, for
exampl er‘ﬁd s spherical
droplets maﬂﬁimﬁﬁpjﬁdﬂﬁ edium by

mechanical agitation and the use of stabilizers. Stabilizers may be
include water soluble polymers, electrolytes, or water insoluble
inorganic compounds. Polymerization of the monomeric droplets begins
as soon as production of free radicals from the initiator is thermally

activated. The chemical microstructure forms during this process is of
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crucial importance since it will constitute approximately 70 % by
weight of the polymeric matrix of the cement.

Other chemical features of the bead matrix include
addition defects, tacticity, residual monomer or other impurities, and,

particularly, the nature of end groups. Addition defects involve both

head-to-head and tail-to-tail polymefiafion, Bone cement powder have
recently characterized 7-: icities) ml‘ Magnetic Resonance
(NMR). This analysis véaled ~ folldwing ranges of triad

R

about 50 to 60 %, atagfic/blont 37- 2 % ‘\r&- isotactic about 3 to 6

g units as syndotactic

ﬂUEI’J’VIEWI‘ﬁWEI']ﬂ‘i
’QW]NT]‘?EUNWTJWEHMI
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-CHp - CHz - CHp - Chz - CHy - CHa - Isotactic
|

§=0 §=o =0
H, H, CH,

Atactic (random)

A

[

g
AULINBNINYINT

Figure 2.2 A characterized tacticities of bene cement pewder

RIANIUNRIINGTA Y

Residual monomer is expected to be in powder beads

for thermodynamic reasons or due to viscosity induced entrapment of
unpolymerized species in the matrix. Residual monomer in the polymer
particles has been reported to be in the order of 0.28 %. Several other
trace impurities are possible in polymeric particles of the powder and

these could include residual initiator, chain transfer agents, stabilizers,
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or species present in the dispersing medium during suspension
polymerization.
Liquid : the liquid component of acrylic bone cements

contains three basic ingredients, MMA monomer approximately 97 % by

volume, N,N-dimethyl-p-toluiding} ({DMPT) approximately 2.7 % by
volume, and i one ‘ qumﬁne monomethylether

ctures of these three

CHy
H,C=C Ho{(D)-oH
G=
MMA monomer Hydrogquinone

quid c@'lponents

ﬂ ulm NYNINEIAD Famonty occures
i) -3 B e 11

mixture of MMA monomer and benzoyl peroxide, giving the so-called

Figure 2.3 The chegaal struc

heat-cured acrylic. At room temperature, the decomposition of
peroxides can be accomplished by a redox reaction with easily
oxidizable compounds such as tertiary amines. In biomedical room
temperature, curing acrylic resins the commonly used accelerator is

N,N-dimethyl-p-toluidine. In addition, uncontrollable sources, such as
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light, radiation, oxygen, and enviromental heat, can initiate the
polymerization of MMA monomer. Thus, when the monomer is stored
in a pure form without any precautions, it will have a very short shelf

life. To prolong the shelf life of the monomer, small quantities of a

Wmmonly are hydroquinone or its

resins could be modified

radical scavenger or the stabili

monoethers must be added

to some extent by { lyiieér" chains. This could be
accomplished by a j : ng two double bonds.
Such a comonomer co ycoiporater wo growing chains, which

can be linked tog n enough cross-linking

monomer is added, t les from complex three

dimensional networks’o ifis; tefdering the polymer insoluble and
‘ "a""" J..au o

improving some of its meclf ies. The most commonly used

-‘,’:‘W#;#’

cross-linking monog late. Other esters of

. "
methacrylic acidy, 7/ €speci: btigyl-methacrylate are

sometimes added aﬂnmonn 310 prove @rking properties or to

ﬁﬁﬂqwﬂmiwawﬂi

plasticize the

Most medical and dental acrylic resins are
shaped and formed in situ or in moulds. They are available as a two
component system as a powder which mainly consists of small PMMA
spheres and beads, and a liquid component containing the monomers.
For convenience of user, the peroxide is already added to the powder

component and in self-curing formulations the amine accelerator is
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dissolved in the monomer. Prior to use, the powder and liquid are
mixed in a ratio of approximately 2:1 by weight, and an easily
mouldable dough is obtained, within about 10 minute or after heating in
a gypsum mould. This is a far more convenient method than

polymerizing monomer alone with@u@any polymer already present.

a¢ _composition of a regular

type of bone cemen Finati be mentioned that the

polymerization reacti

polymerization has star

i1 7y “onsequently, after the

\\\ ill cause the temperature

of the curing dough tg / /. -‘ \\ npe ure increases with the
y m b i

l‘ -

=rm "cold-curing resin" is

\

misleading, as the nfaxium, temperap '- ‘l rger masses of curing

polymerization rate’

resin can easily reacl i H 5120 “C. Advantage of this
autoaccelerative process is e ¢ '-:I: fie polymerization to proceed
with high degrees oficg rsion inar shost time.

v, —— x4

Iﬂ 9
ﬂ‘HEl’J‘V]H‘VI‘ﬁWEI']ﬂ‘i

quﬁﬂﬂ‘im UANAINYA Y
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Table 2.4 Composition of mouldable room temperature curing(a)

acrylic resin(11)

Powder Liquid
Polymethylmethacrylate(®) |>90 %! ’ ethacrylate monomer | >85%
in spheres of 10-150 um | !

Dibenzoyl peroxide Y Omosslm]ﬂng 10-15 %
| ate)
BaSO0, or Zr0,(¢) imethyl-p-toluidine 2-3%
a '}‘:‘ 1
It 50-100 pm
NG
ﬁ::‘_
(a) Heat-curing dental férmulation ar, apart from absence
MR
of toluidine accerleragor. —
A o2
(b) Sometimes copolymer of ethy hacrylate and styrene or

butyl methacry!

(¢) In dental form

f ﬂW monomer is an
addition t:,rqu prncess Ma eﬂ itages initiation,
propagﬁcﬁﬂl ijm uﬁﬁ ﬁzl. is initiated
through intermediates having an unpaired electron, such as'free radicals

or active center. When free radicals are generated in the presence of
MMA monomer, the double bone will be broken with regeneration of

another radical as show below.
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CHg CHg
R + HEC=¢ —_— R—CHz-Q‘
C=0 g_:o
O-CH, CHjy
Free radical + Monon '@edmah
/
3
— -| R<CH,"C

adical can react with another
monomer and so on, th zhain, The propagation of
chains continues ?12 | the reaction &,1’ r example as by two
growing chain radi&s combining t! pair@ electrons to a single

bond. The tﬁlinaticﬁl.ﬁa ossible 4w two ways : combination and
disproportionat

U E AN SWATD S
A AN

monomers are added to the chain radical or so-called the
polymerization rate, is very high and up to several thousand monomer

units.until they can be linked together in a single polymer molecule in a

few seconds.
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2.3.2 Mechanical erties of Bone Cement

All the materials used in total hip replacement should be

biocompatible in the body enviroment. The materials selected must

es without fracture, either in the
‘ @r in the long term due to
hey fri d wear characteristics

‘-—Hetabular cup are also
\ z

adequate lifetime. The dhisfaf Selection of a'combination of an alloy

withstand the normal physiologica

short term associated with
fatigue or stress corr

between the alloy stf————

important, both to give on and to ensure an
stem/PMMA bone ¢Emght/ palyethylene ¢ \ or a total hip system
appeared to meet thes€ rgquireméenis adequately, even though a detailed
specification is not availa e. Howe various combinations of alloys,
ceramics, and polymers hav o't in the past 20 years as stems

and cups, PMMA 53 mained as an alm iversal choice for bone

cement. A remarkablé ré d of 90 % clir I'Siicess has been achieved

for a prosthesis hfeﬂ‘n 0%yes nore bﬁPMM.& which can be
mixed and in ﬁed in“the femoral cawvity. However, these advantages

ot o oufeb &) I LN INEIAL T runcn s v
exothermic re_of the mérization. Phe structure &f bone cement
as usedﬁ ﬁ ﬁ\ﬂ mimuulg wﬂs:] ﬁﬂmachanical
properties. It is a very brittle material with poor tensile strength about
30 MPa, low fracture toughness about 1.2 MPa, and inadequate fatigue
resistance. It is not adequately suited for applications where cyclic
tensile loads are encountered as in a femural implant. Moreover, the

interfaced between bone and the stem will only remain stable under

physiological loading if the bone cement layer remains both contiguous
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and continuous. For the intrinsic brittle character of PMMA, is difficult
in surgery to avoid to producing a void-free bone cement layer, which
can lead to a non-continuous layer, then the mechanical mismatch. The
resulting structure is heterogeneous, such as voids, which act as stress

nucleation and crack propagation

#ye therefore that instances of

4reported. According to
—

Feith(34) 20 % of a ris” wi I1 joreplacements will need a

S

concentrators, causes occur sites,

through the bone cement.

implant loosening ha

second operated wi ¥0 yes . . ~ e orthopaedic application
of PMMA has improved I ':. 1 - acuum aids introduced to
erization, which it is
a difficult and no n'(e in surgery too. In addition, a
polymerization is relativg hi '- lerm about 90°C which causes a
reduction in blood pres I e‘ necrosis. Consequently,

investigations into,improvement of tl ertigs of the cement, the

i

cement-bone interfice imfgrface are in fact two

major research lmﬁtwes i as fir to eliminate cement

completely h devel either bong ingrowth into a porous metal

stem or bon Mpu Mﬂmﬁﬂﬂq mﬁsecund to reduce
Y F VB inlo 1T .

and various types of polymer.
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233 F rs Affectin Mechanical Properties of Bone

As previously mentioned the mechanical properties of

c" :nt handling has been

suggested as one of the m gses in the deterioration of the

performance of bon s fmentioned the reason

for using a grouti ng P prosthesis and the

endosteel bone is tlm it produces an 'mlmediam mechanical interlock.
Several modi i0 t‘." i en developed in
response t?ﬁhﬂiﬂﬂﬁﬂﬁjﬁe ideas from the
TR A NN

i ea 12(35) investigat variations

in the method of preparing the bone cement affected its mechanical

properties. The change of beating frequency from 60 to 260 times per
min led to 0.85-3.4 g (~14 %) of liquid monomer loss by evaporation,
increasing with higher frequency.

Haas, Brauer, and Dickson(36) suggested some

guidance for proper handling techniques in order to optimise other
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properties of the cement. They stated that the initial temperature of
cement (and of the mixing bowl) greatly affect the time taken to reach
the dough stage. The setting time was reduced as kneading was

increased porosity ranged from 1 to 10 % of the cement volume and it

rate of hand mixing ( sr-mintite) Teq >d air entrapment when

increased the flexural/ sirength  bys 293 % whereas it did not

techniques m hanical interlock
between huna@j’zﬁeﬁy ﬂ Yju eET ‘1 s reparatmn of the
osseou ﬁ nﬁ that allows
space fi qmg ﬂ mﬂ:ﬁv 11 aﬂ ﬂfj z’ldmlxture of

blood and debris into the cement mass all contribute to improved

performance. Pulsed water lavage(38), prushing the cannel(39) and
pressurization of the cement mass(40) are further techniques used to
increase the interlock at bone cement interface.

The use of pressurised injection helps increase

cement penetration into cancellous bone. The use of a cement gun
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allows retrograde filling of the cannal and avoids the entrapment of air
and debris(41) while an intermedullary plug of bone(42) cement or
plastic prevents the flow of cement distally, allowing pressure applied

proximally to push the cement out into the bony bed. The use of bone
Jbgen suggested(43-45) as a way of
' icules of trabecular bone.

7
éigh pressure insertion

cement in its low-viscosity state

improving interdigitation =
Weinstein et al.(46)
technique using a speCialls ical injector resulted in
approximately 20 % 1in 1CE rength properties.

D, 1ave shown that by

on increased to 80 %, and

N N

pressurising cement to OF

the interface shear wis gnl s 8,8 alawa et al.(48), using
fresh human femoral sectigns astrated that bone-cement interface

: Siidns, < ol
shear strength increased by 108 %% when
LTI w

ement injection pressure was

increased from 0.1 MPa sgrength also increased

by up to 60 % with/early appl sity cement. Geiger

and Gfeenwald(flg),mung
improved interfac sm ren y 800 % with the use of pulsatile
lavage and ccﬂlﬂ 8 ﬁ %ﬂj ﬂﬂa’lﬁ]ﬂi surface, before
pressuri ent injecti Fr these stigations”’ it is evident
that, padﬁﬂﬁiﬁﬁ‘ m ﬂﬂ:jlﬁl Y]lﬁﬁ ﬁr’lﬂase three

dimensional interlock appears to be mechanically effective and hence

adaver m@aphysical specimens,

clinically attractive.

However, the ability to maintain these high
curing pressures at surgery has not yet been achieved and the creation
of excessive medullary pressure carries an increased risk of pulmonary

marrow embolisation, Breed and Drinker et al.(47,48). Many small

Ti355630
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refinements have combined to produce what seems to be a significant
improvement in long term fixation(47). The other approaches, include,
centrifugation(48) and mixing the cement component under partial
vacuum(49,50), both of which to eliminates the large voids in the

cement mantle.

integrity of the prosth -T--m:--- to coat a thin coat of
PMMA polymerized on foximal st der high temperture and

pressure, which resultsft afunch stronger al-acrylic bond(51,52).

Jinvolyed in joint replacement
surgery are concerned with the sm of effects of infection, which is

preventing infection is

: 2 Buchholz et al.(54)

with the use of -

approach was to impregnate bone cement with amtibiotics believing that
the antibiotic u m ‘ _ tJd the area of the
wound, thus ﬂu ing mmﬂ‘ﬁd for subsequent
high se ear i m ioti o o/

Q:WFT aﬁ:j )i lﬂﬁvslgmkﬂ :lxaﬂhe effect of

addition of 0.4-0.5 g of antibiotics with 40 g of polymer powder of
various types. They showed that the addition of antibiotics had onmly
marginal effects on the mechanical strength and stiffness of bone
cement. Other work has shown that up to 2 g of antibiotic powder had
little effect on the mechanical strength after leaching in 37 °C water

had occured. However, large addition of up to 5 to 10 g of antibiotic
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powder, significantly altered the compressive and diametrical tensile
strength of cement.

The incorporation of antibiotics in liquid form
had a significant detrimental effect on both compressive and diametrical

tensile strength, inhibiting the

h and interaction of polymer
application, it is reported
ﬁinns may act as a stress

(37) reported that the flexural

\ sed by 12 and 21 % by

chains(56). Inclusions of
also affect the cemen
raisers and may ini
modulus of elasticity of
adding 1 and 3 ml blood,

2.3.38

mechanical properties of cement {with tir hey placed in an in vive

environment. Jaffee "-:_. se, and *dbone cement samples

in bovine serum at “C up to two years and foand no deterioration in
static or co ﬁf} w gested that the
working stres‘an iﬂ Elﬁ mﬂ? MPa to ensure
long te W’T

ﬂ a m?m‘ﬁ aﬂ SE'! racnﬂed higher

fracture toughness when testing was conducted on cement specimens
immersed in bovine serum at 37 °C compared with specimens tested in
air. Fostoker, Lereim, and Galante(60) tested cement samples in flexure
after implanation from rabbit tibiae during an implanation period

ranging between 6-26 months. They did not observe any significant




i8

decrease in bending strength, and there were no adverse effects on the

tissue that developed around the bone cement test bars.

2.3.3.4 Effi diopacifyi aterial

é,adiupaci&ing materials in
:ﬂ (CMW) and zirconium

of barium sulphate or

common use are, l:arf
dioxide : ZrO, (Pal
zirconium dioxide reng gue, enabling detection
and monitoring of discofiti ment prosthesis system.

te materials and show

different effects on diff; s,.of ‘\ A cement as shown in
Table 2.5.
Table 2.5 Effect of mec o Bropeortie aciﬁers added

PMMA ¢ \\J

”’“‘“‘““"”"ﬁ‘ﬁ“ﬂﬁﬂﬂfﬁﬂ:ﬁ Wﬁ?‘%’“"

Tensile o ﬂ"

- RPN EIER NI
Flexural strength, MPa 105.00 80.30

Impact strength, MPa 0.58 0.32

Hass ef al.(36) reported that the addition of
BaSOy4 decreased the tensile and compressive strength by 10 %. while

according to Freitag and Cannon(59) fracture toughness of Simplex and
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Zimmer cements were reduced by 10 % with the addition of 10 % by
weight of BaSO4. Beaument(62) showed a proportional reduction of the
fracture toughness of Simplex cement by 5 % for each 1 % volume

addition of BaSOy.

anagement of difficult

5u
pathological fractures, isfa \\\\\"\ phed as a part of the
treatment. Eftekhar andfTifiss \ e ‘irradiation effect on
bone cement. They invgstigatec A\\\-\ "MW cement samples
irradiated by 10,000 rads foy 20 ninu ll .\. was assumed as the
maximum single dose fof a Bunwn eabject, The samples were then
tested in compression, tensiom, a:

_,..-HJMJ‘H'
that there was no signifi _ ; - nical properties of

ural strength. They concluded

irradiated and normal .7_‘"‘“'“'_ )

eenwn wilde, Mnd Matejczyk(64)
investigated t Dﬂ ra s, well above the
usual uﬁnicalﬂﬁﬂﬂ%ﬁﬁﬁ e cement. They
reporte light Ainc i i 4 MPa for
mmﬂmmmmm

2.3.3.6 Effect of Temperature

Most investigators have performed mechanical
tests at ambient temperature of 20-21 °C. Many of them have kept the

samples soaked in water 24 hours before and during testing. Since bone
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cement has to function at 37 °C, Lee, Ling, and Vangola(55)
determined the temperature dependence of the properties. They
observed a 4 % decrease in Young's modulus (compression), 10 % in

the ultimate compression strength, and 16 % all in the 1 % proof stress

for surgical bone cement whe ed with test resulted at room

temperature.

chiagér —wamds Marshall(56) also

investigated the compressi lane of Palacos R cement

tested at 0°, 23°, and 37" Q' / &P \\-\\‘ 125.7 £ 1.8, 90.5 £

" ested at a cross head

1.1, and 86.9 + 2.5 MP:

it temperature dependency.
W

speed of 2.5 mm/min, shiov

wwal mixing o 8, [ppwder and liquid

J

entrapment of air bubbles, which further expandl‘luring polymerization.
In clinical prﬁ' e Eficﬂzj ﬂfﬁ‘ﬂqﬁﬂ?r or acetabular
cavity will in gertain cases alSo be ig porous(65). Porosity will
. . _ L o . o/
obvious mﬁﬁﬁ ?W@M"ﬁﬂt rﬁraﬁ and the
ation of de firmed this.

investig ijn et al. con

components of the ture caused by the

Porosity can be reduced clinically by subjecting
bone cement mixtures to ultrasonic vibrations. Such work has increased
both the compressive strength and energy absorption capacity by 10-15
%. Vacuum mixing has also been shown to improve bending and

compressive strength by 15-30 %.



2.3.3.8 Effect of Strain Rate

All types of surgical PMMA are viscoelastic in
nature, for example as a material it may be idealised as a linear spring
and dashpot connected in series(@6l)i Therefore, it is expected that the
resisting force developed w ‘_ ve ey de endent. It is expected that
with increasing strain. ia elasticity and ultimate

increase (55,67-68).

strength in wvarious
Therefore, it is impo 10/ mention rage strain rate used

. Only then it will be

) AkZ cement showed
a 50 % increase in streng #iSTrafl ' .8 sec-! when compared
to quasitatic rate. At the v_' rain rate of 5.2 sec™l, a 67 %

increase in compressi was obs 'he Young's modulus

also increased similatly with st ' 3-'1 al.(69) reported a

30 % increase in dimot shear strengih when sﬁmin rate was increased

R AT DA Dt s 0
s 125 e e ﬂﬁﬁ?ﬂﬂ%ﬂﬁﬂiﬁfﬂiﬁfﬁ:

on compressive properties of normal and carbon fiber reinforced bone

cements. They observed a 23 % increase of ultimate compressive
strength for a strain rates greater than 0.62 x 10-3 sec™1.

Weinstin ef al.(70) tested three wvarieties of
acrylic in five conditions over a strain rate of 1.3 x 10-3 sec’! to 1.3

sec’! and the compressive yield and ultimate strengths were shown to
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be linearly related to logarithm strain rate. The yield strength doubled
over the range of strain rates but the modulus was not dependent on
strain rate.

In addition, ageing had effect to mechanical

properties of PMMA. Lee(55) used)compressive strength as a typical

parameter for PMMA cement, finding AhLat all cements tested gained
strength between mixing and se Cl ix months this strength

was beginning to fa zdr it had d€Creased by 8.5 %. The

Like brittle t is weaker in tension

than in compression anc f‘r ‘cement due to fatigue crack

growth have led te m cations to ment by increase tensile

strength and fracturg fi g have been made to

the cement which V10 'spreadmmateriala engineering

principles. Numegrous i ations hdve tried to study of strengthening
and toughcninﬁﬂﬁiﬂﬂnﬁfmﬂ:]ﬂﬁh as metal wires,
carbon ﬂ 1c particles,
sugar, a@ﬁfj aﬁﬁ 5‘9 ﬁjiﬂ ijﬂ ﬁﬂ] ﬁrated that

bone cement is only 25 % as strong in tension as bone and is lacking in

strength of elastic modulus. However, increase in the elastic modulus of
the cement may lead to lower interface stresses, but they increase the
stresses in the bulk of the cement., Thus, an alternative, such as less
brittle material of lower modulus, higher fracture toughness, and

overall improved energy absorbing characteristics, which is produce a
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brife review on previous investigations to modify and consequently
improve the properties of the cement.

The method of most relevance is the addition of a particulate
or short fiber to the polymer to form a composite material. The
the linear rule of mixtures(71).

2

EV

potential benefit may be illustrate

in which E;, Ey, an us of the composites,

matrix and short fi d Vg are the volume

fraction of matrix a is equation applies to

undirectional, conti for example as significantly

longer than the length feqt o trand er c8s to the short fiber, and

ial fibers give the following

"'Zn-".;idf_;__ﬁ /

possibilities for stiffening. Thése mod implistic and they assume

it jtotally elastic strain

sile 1@ across the interface

perfect adhesion "1’1' i
behavior. Failure togansml
result in a loss of ldadu sharing between the fiber and the matrix.
Therefore, th%’uﬂ. lmiﬂ, ﬁnﬂﬂiﬂﬂcﬁding between the

matrix and filler are all critical ih determinifig the compo®ite strength.

oL BNk gen R}

2.3.4.1 Fiber Reinforcement

For acrylic bone cement is significantly weak
and less stiff than human bone. Bone cement is also weaker in tension
than in compression, as shown in Table 2.6. This limits its use in the

orthopaedics to areas where tensile stresses are minimum. Other
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investigators have attempted to improve the mechanical properties of
PMMA by reinforcing it with metal wire, and graphite and aramid
fibers. Normal, carbon fiber reinforced and aramid fiber reinforced bone
cement specimens are tested in compression. Addition of a small

percentage about 1 to 2 % b for carbon fibers and up to 6 %.

For aramid fibers improvesthe 2chanic e operties significantly. Due
to improved mechanic: “Bropertie fénfurced bone cement, its
clinical use may reddCe idenc :"""'r ent fracture and thus

i

loosening of the prostt

ﬂumwﬂmwmn'ﬁ
’QW’WMﬂ‘iWNW’TJﬂEﬂﬁH
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ical properties of human bone ,PMMA, and prosthesis

material(72)
UTs E UCSs USS
(MPa) \ ‘| GPa) (MPa) (MPa)
Industrial PMMA 589 || ///3 103
(injection molded) ;] : '
Orthopaedic PMMA ’,J% ﬁ
|(hand mixed) /.(///7‘ \\\\\\\x 66.3 29.7
///@LQ\\\ 77 a1
Wet femoral 66 84
{ 'A\\\
cortical bone
Wet lumber vertebrae 3%“‘: . 2.8
(adult average) ,‘
Wet cervical vertebra@ ‘1 Ao 0.1

(adult average)

—
—.

[ — <

Stainless steel

U

1724 199 96

Note : UTS = uﬂ Htgm?nﬂ n Wﬂ.gjlﬂi

timat

WWW HYANETR El

Carbon fibers have been shown to be compatible

in animal tests. Pilliar et al.(72) found that the tensile strength, elastic

modulus, and fatigue life of the cement were all increased. The

introduction of the fibers in a random orientation have resulted that

Young's modulus

of the bone cement from 2.7 to 5.5 MPa and

additionally increased the ultimate tensile strength from 24 to 35 MPa
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and increased fatigue resistance, as shown in Table 2.7, but the total
strain of failure was slighly lower for the carbon fiber reinforced
PMMA. The impact- resistance using an Izod impact tester was lowered
by introduction of a notch for both reinforced and unreinforced

systems, but the carbon fiber, mdinforced bone cement was far less

sensitive to this notch effe he of the carbon fibers also
th.@l In addition, Saha, S.,

// \\\\\ nf normal low-viscosity
d to test mechanically.

;. modulus by 30 % and

43 F’,\ \\n strength and modulus,

by 29.5 % and 18.5 %, ‘elyls The maximun temperature rise
¥ ;d"-!l" 4 ‘
during polymerization was aise =dueed significantly by the fiber

/& o,

increased the impact rgsis
and Pal, S.(73) stu
cement and carbon
Carbon fiber increaseg
35.8 %, respectively.

increased by on 10.7 shear strengths improve

reinforcement.

:a.,.— X

111 9
ﬂ‘IJEI’J‘VIH‘VI‘ﬁWEI']ﬂ‘i

’il“mﬂ\ﬁﬂ‘im UANAINYA Y
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Table 2.7 Mechanical properties of carbon fiber reinforced PMMA(73)

Author bochihas of
Flustiny
|Kncet ot at 2600 ()
L -
Pillar of al 50T
1970
Piliar ot ol | st :
(1975) L
500
Coyelie :
&= 400y
E—m!ﬂ
Saba o1 of
(197%)
| Lorchman o ok 41 (M
[(1978) 4008 (T)
5730 (T)

Wright and Robinson(74) looked at fatigue crack
propagation studies in carbon fiber reinforced polymethylmethacrylate
cement and showed that crack propagation rates were approximately an
order of magnitude less than those of conventional bone cement at the

same range of stress intensity factor.
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Pourdeyhimi, B., and Wagner, H.D.(75) studied
the fracture behavior of PMMA bone cement reinforced with short
ultra-high-molecular weight polyethylene (Spectra 900). These results

were demonstrated that linear elastic and non-linear elastic fracture

mechanics results indicated t

it |@ significant reinforcing effect was
obtained at fiber conte “ % % by weight, but this

‘wag reach® and the fracture toughness

interfacial bond.

aramid fibers. Wright and Trent{: 'f{:'- g Kevlar fibers as Kevlar 29-

EI Dupont obtaine

fracture toughnes§ @ “bon:

developed for medigl sa, |
that bone cement of %ibe sufficientl§/biocompatible for safe surgical
used. They fﬂlul&l Qﬂﬂﬁibﬂﬂﬁaﬁ weight of these
fibers incre e:If r ulti ﬂ ile | gl;T) 0 to over 40
MPa wlﬂeﬁaiéﬂiﬁ'ﬁg 'mrﬁiﬁﬁass Kﬂveen 1.5 to

3.3 MPa. Fracture surfaces from both tensile and fracture toughness

studieﬂlvith dogs have shown

specimens were examined under an scanning electron microscopes.
Upon examination the aramid fibers appeared unwetted by
polymethylmethacrylate cement. Fiber protruded from surfaced of both
types of specimen but they oriented more normal to the fracture surface

in the tensile specimens. The increase in strength with 7 % addition of
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aramid fibers was approximately a third of that found with additions of
2 % by volume of carbon fiber, the increase in modulus of elasticity in
2 % aramid fibers was 11 % greater then that obtained by 1 % of
carbon fibers. Strengths of carbon reinforcement could possible be

reached equal by using a greaterjpercentage of aramid fibers, but such

large additions made mixi re difficult. More importannt

than this, large incr t not be necessary to
eliminate the proble vii. Even if such strength
increases were achievabla A ak ndesrrable in that the

associated increase ingftiffueds’ could affect the transmission of load

(Himeji Institute of
Technology, Japan afid fQueenMary. }. pe, Universiy of London,

U.K.) have been developed satite fiber reinforced bone cement
e ..”“.W A/

composites and investigated ri ging from 228 %cby weight fraction in

bone cement. !’f".-_""'" \ at hydroxyapatite

reinforcement previ&d an 1 raetum toughness and creep

e :aﬁmam‘ﬁﬁ gy et
e RS Y

membrane between cement and bone in a femoral total hip replacement.
The study involved the problem of modeling this fibrous membrane in
finite-element analyses, and its global consquences for the load-transfer
mechanism and its resulting stress patterns. The results showed that the
load transfer mechanism from stem to bone changes drastically when

membrane was present. These effects were predominantly caused by
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tensite loosening and slip at the interface, and were entranced by the
nonlinear membrane characteristics, therefore, ¢ould not be described
satisfactory with linear elastic models. Most important, the fibrous

tissue interporition caused excessive stress concentrations in bone and

el ,7) displacements between these

‘acl@s ﬂuncing the mechanical
"""""'-&

cement, and relatively hig

materials.

properties of bone ce directed towards improving

\.

existing PMMA rathe -'-\ ement because of the

and obtaining approval

: . ass
time and expense req défiy r.. i

.i:
E_.
i

__

, . o ‘-‘5‘ m and Foods and Drugs

from federal regulatog artmant of Health and

Social Service (DHSS) of)

‘"i_- merica. These attempted

modifications, which have -, ; ‘n improving the strength and

d:stnhutmn of load

from the metal ste fo the surrounding bone(-lm For this reason, the
o ;:’::::Fmﬁw ni‘ﬂmﬂ?f::i;?).“"°“’ “
0 mmgm UNANYAY

Since bone cement has a poor properties and a
shrinkage after polymerization, gap between constituents can occurred.
Certain problems associate with loosening of orthopedic devices may a
rise from the dissimilarity between the properties of conventional

synthetic material. Metal fixation has a higher modulus than the cortical
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bone and consequently causes the bone to be loaded abnormally and
resorbed. Such dissimilar modulus, with the associated differential
strain characteristics, also make it difficult to create a stable interface
between tissue and implant. Although one solution to loosening has
ogical bone between the implant

ials), it should be possible, to
45 to cortical bone. So,

—

been to attempt to create a

material and bone (using bi
produce a material :
particulated reinforc ies of biod diametrical
an occurance bone- papers found that using
hydroxyapatite cou g tensile strength of
the interface betw; 1¢(84), using several
electron microscop transmission electron
microscopy (TEM), sg + migroscopy (SEM), scanning-
transmission electron mi . were studied(85,86) and
this experimentals were bo d_in vitro in animals and in

man(88).

clﬁsea of hydroxyapatite
coated polymer was eyaluated mechapically and histologically. Coated

and uncoated ﬂpu&l ’f}m pr @W‘ﬂlqtﬂi the distal femurs

of rabbits fnr four and twelve weekse, these results found that
hydmx)&ﬂq &t&ﬂ ﬁm&m '11-'}30#&] %ﬂb&lﬂ strength
between polymers and bone by allowing direct bone apposition and
some mechanical interlocking with the bone(89). At present, the
biological performance of macroporous and dense hydroxyapatite after
implantation in the rat middle ear was evaluated during an induced
Staphylococcus aureus middle ear infection. The results obtained so far

suggest that hydroxyapatite was highly suitable for middle ear
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for middle ear implantation(90). In addition, hydroxyapatite was the
major inorganic component of human matrix which has long been
suggested as a possible bone substitute. It was a different from many

other biomaterials, characterized by excellent osteoconductive ability
through its appropriate pore strugturg, direct contact with bone tissue
without any intervening “ W/s ue, mechanical strength
ic‘ lozd€ 7 yivo, and nontoxicity(91).

‘ e oth Ors have concentrated on

| \

sufficient to withstand p

fiber reiforcement, othg ate reinforcement with

various inclusions su nrgamc bone particles,

sugar, and tricalciuin plogpiate '. ‘bone \ All particulates have

been used primarily to AP operties and in some

could a promote ingrowt nto the cement at the
bone/cement interface with—v fegrees of success. The most

promising results weg = as hydroxyapatite.

Park et al.(92) she _patite particle with

3 rupagaan rates decreased and
the bone/ceme hese finding have
also been bac@%ﬁﬁﬁeﬂ ﬁﬂysﬁﬁ%@ﬁ) who alloyed
bone ¢ o with
hydmxﬁﬂwlﬁmi ﬁﬁiﬁn ‘ ﬂi@ gmechamca]

performance of the composites. They performed creep tests on

cement, and found that fatigue

rectangular bar specimens and showed that cements alloyed with
hydroxyapatite attain the stationary stage of creep sooner and fracture
stress varies with the hydroxyapatite concentration producing a
maximum of about 69 MPa with a hydroxyapatite content of about 2.6

%. Young's modulus was also seen to increase from 2.6 to 3.5 GPa.



53

The same authors undertook to obtain measurements of Young's
modulus for the filled cement as an indirect measure of the strength.
They introduced in the polymer a second phase made up by crystalline
hydroxyapatite, showed significant difference between the pure polymer
and the composite. This differes as partly due to hydroxyapatite
having a higher Young's medu ) and also partly due to the
action of hydruxjrap ' : ndmfactur for the porosity

present in the do zatmn process which

mechanical properties /X/ c y @

ws in Table 2.8. In
addition, having to igp i \-\ ogu:al characteristic of
PMMA normally emplgygt ?\ > sungery(94), hydroxyapatite

N\
*\ h\* fo 12.5. From the tests

was alloyed in varyifig pe
t es e of hydroxyapatite was

carried out, it was determi

almost 3 %, i fe—about & gnificant increase in flexural
strength. _ i
Table 2.8 The mechmical prope s o ¢ typi@m bioactive

"HiEAneninens
" ahﬁ*ﬂ‘aﬁmﬁ*mmﬁfﬂ

45-D-5 Bm@s
Hydroxyapatite 190 0.9

Note : ND, no data.
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The hydroxyapatite reinforced high molecular
weight polyethylene(96-98) was a development which seeked to address
biocompatibility as well as the mechanicals requirements. The
mechanical properties data for the hydroxyapatite reinforced

that an increase in modulus with

polyethylene system demonstrat

e of a decrease in elongation

'ue,’ly"&upriate balance between

volume fraction was achie
to fracture toughness. ”
stiffness and fracture® eved, so as to obtain
approximate modulus g/ s I \- .,;\ r fracture toughness as
compare with cortical/bofg __ a e incorporation of the
hydroxyapatite phafc ifi olymer 4t \

\
1

Oduced a significantly
higher fracture tougifess % i T: -“ : \ cd for hydroxyapatite by
itself. The processing 6f Gmpbsite was diffcult, and the choice
of compounding and mouldias was important to minimize
polymer degradation. r
7 X

2.3.5.! mer Replacement Bone! ¢ :

ﬂ gl Qﬂlﬂfﬂﬁ;ﬂl&lm;img S
MW\ 1R PR ) o

methacrylate containing with 2.5 % by volume of N,N-dimethyl-p-

toluidine. Unfortunately, the new bone cement was observed to have a
Young's modulus of elasticity approximately half of the commercial
PMMA bone cement and to have a ductility about 5 to 10 times greater.
This was suggested unlikely to be significance since the materials lower

Young's modulus would reduce the stress to which it was subjected and
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its greatly increased ductility means that it had to be strained far more
than polymethylmethacrylate before it cracked.

However, Behiri et al.(7) found that both Young's
modulus and yield stress of the PEMA bone cement reinforced with 0-

02-1417 MPa and 18-22.69 MPa,

respectively. Moreover, Strair V)&of the system was found to
=

- ’

:\\\m with Silane Coupling
= \ 0

40 % hydroxyapatite increased

Agent
:;,\ a material that provides
"2 ¢ £ 1 - -
a water resistant bond betweén canié polymer and an inorganic

i . o g - s .
substrate. Modification of- the interface material produced other
- '."W"‘?"‘:"J 4

changes in composites urface treatment of a

mineral may imprgye 1 ‘ ell as dispersion of

fillers in liquid polmners. e treatme protats the mineral against

be strengthe Ealtgr:ﬂ ﬂonimﬂ;]ﬂ otes alignment of
polymer. s nts and interdiffuses with olymer, pessibly forming
interpeﬂtﬂﬁ élﬁlﬁ iﬁﬂ(ﬁlim sgoﬁ Figure 2.4.

Surface modification may overcome inhibition of polymer cure by

cleavage andg evefl keal flaws in thé surface. The polymer layer may

mineral surfaces. A silane treatment on a metal oxide surface stabilizers
the oxide against recrystallization into a week oxide form. All these
factors may be important in determing total pratical adhesion, but the

test of a true coupling agent is whether it promotes retention of
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adhesion under wet conditions. Their use resultes in improved bonding

and upgraded mechanical and electrical properties.

Chemically Bonde
Interface,

Polymer

iﬁ&g
¢

\"‘\ﬂ‘? "‘ ‘_"t“b +

Figure 2.4 Bonding thré erdiffusion: open circles

indicate - solid circles.

%er , g aﬁnts can be represented
by the formula YRSiX;. where X represents a hydrolyzable group as

opiaty stk UE TN RBUIBEADT, s 0 amin

methacrytnxy, epoxy, etc. For R typicallysis a small aliphatic linkage,
{CHz)ﬂ wlla'g n im umﬂgnﬂqc@ &lp to silicon
(Si). Sulane coupling agents provides chemical bond between organic
polymer and mineral surfaces. Methoxy silanes [-Si(OH);] may react
directly with hydroxyl groups on a mineral surface to form oxane
bonds. The silane may also be prehydrolyzed to form silanetriols, which
condenses with surface hydroxyl groups and with each other to form an

organosilicone bonds surface. The fiberglass industry invariably applies
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silanes from aqueous solution to deposite about 0.5 % by weight of

siloxane on the fibers, as shown in Figure 2.5.

General Structure

¥ Iz polymer reactive group
such ns:

= Melhacrylate

= Amine

* Epoxy

" = Slyrene

Y
Trinlkoxy I H;0
Siane | RO-Si—on 0,

OR

Physical
Adsorption

¥ Surlace

| Polymerization
HO—Si—0H

| Y Y ¥

oL | | |

ITH Si—0—Si—0—5i—0

H | |

o}
|

i,

Figure 2.5 Monolayer mod nineral-polymer
compo ;—f‘ |
upling agents may be added to resins to obtain

unprimed adheﬂ;ucﬂ,‘}w surfdes) Siands by bb formulated into

primers by partml hydrolysiss or by modification gwith polymer
precursﬂ "ﬂﬂ:ﬁbﬂ Q‘Emum rl]r{f)cmﬂ rllaﬂn coupling
agents apphed to fiberglass or particulate minerals but are often applied
in much thicker layers.

Organofunctional silanes are used in mineral filled
thermoplastic  polymers, desirable improvements in composite
processing and strength properties were observed(100). Moreover,

some of investigators (Bonar Polymers Ltd.) showed recently that
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superior mechanical properties were obtained when filler alloyed in the
bone cement alloyed with hydroxyapatite pretreated with
organofunctional silane to the one encapsulated in PMMA beads should
show desirable improvements in mechanical properties. At the same

investigation(101), applying a_si coupling agents to treat the

yrove the mechanical, thermal,

and electrical properties” dveéﬂmld shrinkage and color

difference of the .(7) also found that

: | \\
introduction of a | \\\\\
i hy

methacrylate) to th <ydpatite further enhanced the

-trimethoxysilylpropyl

properties of the hy bone cement.
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