CHAPTER IV

RESULT AND DISCUSSION
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(b)

Figure 4.1 SEM photograph of BaSOy particle (a) x 1.0 k (b) x 20 k



Figure 4.2 SEM photograph of untreated hydroxyapatite particles
(a) x 1.0k (b) x50k

(b)
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Shape and size of PMMA and PMMA-Co-PEMA were shown in
Figures 4.3-4.4. Both of the polymer beads were shown to have
spherical shape and homogeneous distribution. In case of
hydroxyapatite reinforced PMMA or PMMA-Co-PEMA bone cement, it
was observed that either silane tmaye}'l or untreated hydroxyapatite still

distributed in the form of agglummat@hum in Figure 4.5 and 4.6

respectively. - 7 =

Figure 4.3 SEM photograph x.100 of PMMA" powder
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«1. 0k 3004 25kv. Wounm -

Figure 4.5 SEM photograph of fractured sample of untreated
hydroxyapatite reinforced PMMA-Co-PEMA bone

cement (a) x 800 (b) x 1.0 k

(b)
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(a)

(b)

'x3,8k,4908 251 180n,

Figure 4.6 SEM photograph of fractured sample of silane treated
hydroxyapatite reinforced PMMA-Co-PEMA bone
cement (a) x 1.0k (b)x3k
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4.2 FT-IR C ization of Silane Couplin nt on HAP

Silane coupling agent reacts on surface hydroxyapatite as shown

below.
0 -CH
X - Si- OCH,3 —» X-Si-0-AP
O - CH,
3-trimethoxysilylpropylmethacty
Figure 4.7.sh : fokyapatite before and
after treatment witmailane coupling agent uﬂ illustrates absorption

PR 360w 1) i Lk S,
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Figure 4.7 FT-IR spectra of hydroxyapatite before (a) and after (b)

silane surface treatment
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43D inati f Silan lin nt Con n

The silane coupling agent content on hydroxyapatite was
determined by burning at 550°C so that organic part of silane

tent of silane from weight loss,
n is described in appendix

decomposes, then, calculated a

B) e '
! ——
""‘"--i.
Table 4.1 Silane coupli xynpatltc
Sample No Silane content
weight of HAP

1 . 3172

2 5.21

3 7.83
4.4 Mechanical Prope : ‘ ed PMMA Bone cemen

Dependence mf mechanical properties m PMMA bone cement
‘o

upon BaSOy4 ﬂﬂrzm é’ gl igure 4.8. It was
o

observed that though the yield stress of the bone cement decreased with
the inofEa g Y EPh ﬂm uw Yoy lﬁzl-rs increased
from 3269 to 4538 MPa for 0-40 weight percent ranges of BaSO,4. The
results indicates the brittle nature or low modulus materials of the
PMMA of which the modulus increased with amount of higher modulus

reinforcement,



Table 4.2 Tensile properties of BaSO, reinforced PMMA

NOTE : ( ) is coefficienf ¢

BaSO4 Stress, MPa Strain to failure, | Modulus, MPa
% (at max. load) %

0 4962 (489)] 232 (16.03)| 3269 (13.87)
10 45.07 (542 3 (1824)] 3772 (16.56)
20 43.80 (113 mr;,%, 53} 3997 (14.36)
30 30.04 (8.4 ‘ 4196 (12.29)
40 35.8 4538 (13.25)

ﬂ‘HEl’J’VIEJ‘VIﬁWEI’m‘i
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Figure 4.8 Tensile properties of PMMA dependence with increasing
percent weight of BaSOy (a) Stress at maximum load
(b) Strain to failure (¢) Young's modulus
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4.5 Mechanical Properties of BaSO, Reinforced PMMA-Co-PEMA

Bone Cement

Comparison of tensile properties of PMMA-Co-PEMA bone

MA bone cement was shown in

cement to those of the conventiona
Table 4.3. The slightly o ndulus of the PMMA-Co-

PEMA bone cement, but 16wer yield s vas considered as a result

of PEMA moiety in tl , the Young's modulus

of the copolymer can with some particulate
reinforcements. Tensi néuties ofithe BaSQ, reinforced copolymer

bone cement was

modulus was found 6 iger€ase up 343 4 \ o\ from 3453 MPa to 4658
MPa for 0-40 weight p€rec —.-n;f' IBasSC _

Table 4.3 Comparisan ¢ € prope PMMA-Co-PEMA to

Lo e

PMMA HdA¢

* Modulus, MPa

QZ@ (13.87)
Q?gf I (12.09)

NOTE : ( ) is coefficient of variation
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Table 4.4 Tensile properties of BaSO4 reinforced PMMA-Co-PEMA

BaSO4 . Stress, MPa Strain to failure, Modulus, MPa
% (at max. load) %
0 4877 (889)] 226 (19.93)] 3453 (12.09)
5 46.28 : ] (751)] 3635 (4.00)
10 44.93 MM;’ 777 177)[ 3862 (10.71)
20 40.45 (d. ‘ 4122 (8.23)
30 35,09 . ----- 4265  (6.37)

40 32. 4660 (10.64)

NOTE : ( ) is coeffi€ic

ﬂ‘UEl’J’VlEl‘VIﬁWEI']ﬂ‘i
’QW’W&NT]‘?EUNWTJWEHMI



83

60

] (a)
§ 50
I %
Eﬁ 30-3
E 20

0 Y = -3.4328X + 53.3267

3 1 , e

25 ] _/% \ ®)
P

. 2462)( +2.5669

Strain to failure, %
O

v T
30 40

9 g P
ATENINGNS
09715 T LA B Sk

0 5 10 20 30 40
% BaSOy

Bla v o

¥
| "

ﬂng's modulus, GPa

9

=1 .-.)Nﬁ

Figure 4.9 Tensile properties of PMMA-Co-PEMA dependence with
increasing percent weight of BaSO,(a) Stress at maximum
load (b) Strain to faliure (¢) Young's modulus
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4.6 hanical Properties of roxvapatite Reinforced PMMA-Co-

PEMA Bone ment

It has been reported that hydroxyapatite not only improves

s but also introduces interfacial

}e tissue(82-89). Therefore,

mechanical properties hydroxyapa orced copolymer bone

cement was also investigak sh. e 4.5 and Figure 4.10.

) r;/ | CICESC i 3 3453
“ e up o 39 % from

MPa to 4802 MPa for 0440 yeight -1_-._‘ ent ran ‘ of hydroxyapatite.

mechanical properties of bone

bone between the bone
The Young's modulus

Table 4.5 Tensile propergic 3{ pi >d hydroxyapatite reinforced

HAP Modulus, MPa

0 87 ' 3453 (12.09)
5 92 (34.193| 3861 (9.50)
10 _‘gum (14.04)
20 | (8145 4408 (12.41)
30 |7 3817 (1048) 131 (1886 4746, (7.24)
4&1 h| ﬁv{?ﬂ?ﬁﬁ | if FRF[(7.65)

NOTE : ( ) is coefficient of variation
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Figure 4.10 Tensile properties of PMMA-Co-PEMA dependence with
increasing percent weight of untreated HAP (a) Stress at
maximum load (b) Strain to failure (¢) Young's modulus
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4.7 Mechanical

PMMA-Co-PE Bone Cement

With the introduction of silane treated hydroxyapatite to the
PMMA-Co-PEMA bone cement, lan/ enhancement of tensile properties

’ chemical bonding between

the hydroxyapatite and PMMA-Qo- wwbependence of Young's

modulus of the hune( :

illustrated in Figure 4 ; “Thé S ulus was observed to
be increased from 345 1 ‘MPa \ 3 to 5535 MPa, and
nd 7.83 % silane content, as
shown in Table 4.6-4.8 A ; as observed that Young's

modulus of the copolymer ,_,7 ased wath increasing weight percent of

hydroxyapatite reinfc “and ter hgmaximum when the

)y weight, as shown in

§
AULINENINYINS
RINNTUUNINIAY

hydroxyapatite had &
Figure 4.14.
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Table 4.6 Tensile properties of PMMA-Co-PEMA bone cement
reinforced with hydroxyapatite having 3.72 weight percent

silane content

HAP Stress, MPa Strain to failure, Modulus, MPa
% (at max. load). \ ,
0 877 (@80)| 24677a993)| 3453 (12.09)
5 46.98 ~-j‘ 2)| 3913 (5.71)
10 4048 i3 //ﬂr{'ﬁmﬂx 4116 (10.39)
| A AR o)
30 ﬁrﬁﬁﬂ' \‘«1“ : 5051  (7.40)

5221 (12.96)

9 9§ s‘lmﬁr F\N\\x

5 e \
NOTE : ( ) is coefficient @1 \

aids. < 2
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Figure 4.11 Tensile properties of PMMA-Co-PEMA dependence with
increasing weight percent of hydroxyapatite having 3.72
weight percent silane content (a) Stress at maximum load
(b) Strain to failure (c) Young's modulus
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Table 4.7 Tensile properties of PMMA-Co-PEMA bone cement

reinforced with hydroxyapatite having 5.21 weight percent silane

content
HAP Stress, MPa Strain to failure, Modulus, MPa
% (at max. load) % \
0 1877 @B9)| ) 20 A09.93)| 3453 (12.09)
48.47 wblebty| 2.195(2559)| 4424 (8.30)
A0y . | 165 (162%

10 44 L"l', ;/‘m%‘:\\?i“‘ 4506 (8.82)
20 " JZI‘ 1“?}‘\\:‘;‘{@ 4731 (12.60)
30 3728 _JA6800F, (110 (30.:9¢ 5305 (13.23)

40 32.25 I j-;' J ?\ﬂ\f@ 5535 (12.55)
i

s ‘.d-
NOTE : ( ) is coefficient ¢ *E,

(AT
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Figure 4.12 Tensile properties of PMMA-Co-PEMA dependence with
increasing weight percent of hydroxyapatite having 5.21
weight percent silane content (a) Stress at maximum load
(b) Strain to failure (¢) Young's modulus
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Table 4.8 Tensile properties of PMMA-Co-PEMA bone cement
reinforced with hydroxyapatite having 7.83 weight percent

silane content

HAP Stress, MPa Strain to failure, Modulus, MPa
% (at max. loa \ %

0 48.77 ‘;j:__"?.";;:-_ 7 @003 3453 (12.09)
5 46.92 il _2&5) 4080 (10.05)
10 . y | m\h‘:& 4214 (4.59)
3 B A5 n\.r-w.kﬁ B3 (1193)
30 ‘gwgfﬂ ,&hi\ A 5203 (8.58)

I lmz..ﬁm\\ b 50 qosT)
g
-

WY 2
NOTE : ( ) is coefficiént of V_ &
i s ;.-:'-J ’

7 Y]
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Figure 4.13 Tensile properties of PMMA-Co-PEMA dependence with
increasing weight percent of hydroxyapatite having 7.83

weight percent content (a) Stress at maximum load
(b) Strain to failure (c) Young's modulus
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Young's modulus, GFa

Comparison D:tf tensile properties b&w:en the untreated

hydroxyapatit percent of silane

treated hydro odulus increased

o A AN e S e

hydroxy

Note: The result of specimens tested with Instron universal testing
machine, showed in appendix A, was similar to those obtained from

Lloyd universal testing machine.
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4.8 Void Content in the Bone Cement Specimens

It was observed from Table 4.9 that void content was rather low

in case of pure bone cements, but higher in case of the bone cements

These results indicate dep®s ¢ of "'te.nt on compatibility
between the bone cemy i rnement. Moreover, it
was observed that void g R0 much which may be
considered as a result o |

Due to large ‘disgributi of void igent, dependence of void
content on amount of reiiforeement annot be determined. As higher
void content will result to lower ical strength, void content in
each specimen shc 1 : tly-with the mechanical

properties. v, ' X J

s

y G
AULINENTNYINS
RINNTUUNININY



Table 4.9 Void content of bone cement specimens

Pure PMMA weight (g) Void content
. mir [m water |huﬁn.gmm after ignition % by volume
1 0.1609 0.0273] 0.54
2 0.0937 0,0164 0.37
3 0.1313] 0.42
4 0.0764] 0.31
] 0.1328] -8 0.68
6 0.1324) 2 0.49
7 I 0.54
] 0.64
PMMA +
BaS0, 10%
1 2.64
2 2.71
3 -0.45
4 0.78
5 0.99
[ 1404 G.036s _ 3.08
7 T anall oo -‘-l-..a, ’ 1.68
8 0.1485) Mg,m [ g\ 237y 1.93
- = .
BaS0, 20 %
1 1.97
2 0.88
3 2.61
4 1.47
5 227
[ 3.31
7 1.41
3 2.78
PMMA +
BaS0, 30 %
1 : , -0.22
2 0.1314] 0.0361 1.21
3 0.1474] 0.0404/ 21.8939 21.7359 -19.05
4 N 1 65 19.9752 2.00
5 41 ‘ 5 | 126823 455
AN ' 1 7 | J233471 138
PMMAT
BaS0, 40 % ¢ o
U 0. : 24 0.00
q 3 0,1600 0.0520] 32.9244| 32.8072 -0.72
4 0.1623] 0.0523| 31,9060 31.7873 -0.22
5 0.1288] 0.0421 26.8120] 26.7186 -0.41
6 0.1661 0.0547 34.1669| 34.0519 1.88
7 0.1577 0.0483 26.6060] 264889 1.21




Table 4.9 Void content of bone cement specimens (continued)

Pure PMMA-Co-PEMA, weight (g) Void content
mn air m water before ignition  |after ignition % by volume
1 0.1152 0.0187 0.31
2 0.1525] 00261 0.54
3 0.1064 0,0180 0.35
4 0.1456 00237 0,39
5 0.1413] o ‘ 0,47
6 0.1224 035
7 0.1 0.54
8 0.57
PMMA-Co-FEMA +
BaSO, 5 % 4 ﬂ
1 0, A 25.8100] -0.78
2 g2s| 26.0622] 0.91
3 i) 25.7130| 0.92
e . 25.5497 -0.54
5 0 28.7559] 0.38
6 1 4 31.8245 0.00
PMMA-Co-PEMA + =
BaSO, 10 % 5 -
1 J 27.5815 2.12
2 - 25.6652| 0.82
3 10004 < 33.4747 -0.34
4 ool v 32.2287 1.08
5 Al 31 31.6101 0.41
6 ZZ 24.0534 -1.20
7 012460 .E366 25.7184 1.81
g 0.12270 70 5964 32.4806 2.19
PMMA-Co-FEMA + S e
BaS0,20% .-
: .
2 —
3
4 E 0.1361 0,0327
5 0.1435] 0.0346
3 2 1
Ba80,
)|
1 4 0.1513] _.0.0416
= 0. . 0039
ECEme
] D.1 LDs0z| e
4 s 0.1471 0.0427 20,9227 20.8062 112
PPMA-Co-PEMA +
BaSO, 40 %
1 0.1496 0.0495 22,3850 22.2772 -1.39
2 0.1782 0.0570) 21.8842 21.7566 0.62
3 0.1509| 0.0478| 23.0529 22.9446 0.94
4 0.1513 0.0492| 20.3818]| 20.2720 0.95
5 0.1465 0.0478| 20,4006 20,2958 -0.27
[ 0.1655 0.0471 22.3145 22.1955 529
7 0.1466 0.0461 20.2378] 20,1321 1.01
8 0.1735 0.0545) 22.4808] 22.3570)] 1.66
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Table 4.9 Void content of bone cement specimens (continued)

PMMA-Co-PEMA + weight (g) Void Content
HAP 5% in air [im water before i after i % by volume

1 0.1110 0.0178 21.0144 20.9061 2.34

2 0.1227 0,0193] 25.6697 25.5497 2.56

3 0.1441 0.0235 31.9665 31.8254] 1.81

4 0.1068] 0.0161 34.1172 34.0135 3.72

5 0.1585] 238 25.8156 25.6613 2.19

6 0.0905 \ 4 28.8435 28.7551 3.68

7 o125 " oomigll & 265710 264486 1.79

8 G.1004] . 0oldal# A 335711 33.4716 3.15

PMMA-Co-FEMA + —
HAP 10 % - 7

1 QLB 00275 “endd 3204] 24.1811 1.61

2 012870 0.0243] . .32 7775) 32.6513 1.42

3 .gﬂmflﬂ.l 12} 25%an 25.7162 -033

4 220177 F OB Fagel7 22.1254 0.42

E] o8l J I oodaTlN % \ 21.7120| 136

6 .ﬂ‘ﬂ’lﬂ?\l‘ 20.8003] 0.18

7 20.4452] 0.42
s 22.3133] 0.83

2.61

2.10

771

4.14

2.46

2.96

270

136

558

7.85

2.02

229

1.45

2.92

3.86

2.40

_aﬁwn a1oh A~ odor~ale

1 | 0.131 BIE: =] 448

H 0. 0421 = 20 = 363
L 3 0.1537| 0.0422 21.0572 20.9440] 336
4 0.1263] 0.0363 19.8604 19.7661 1.28

5 0.1180] 0.0314 21.2442 21.1579 4.83

[ 0.1339] 0.0370 20.9098] 20.8108] 293

7 0.1674] 0.0440) 28.9206] 28.7962| 4.45

] 0.1577] 0.0420 25.8150] 25.6988] 4.42
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Table 4.9 Void content of bone cement specimens (continued)

PMMA-Co-FEMA + ‘_ weight (g) Void content
HAP 5%-silane 3.72% _|in air |m water before i afler ignition % by volume
1 0.1454 0.0261 27.7197 27.5774) 0.12
2 0.1069 0.0185 323256 32.2200] 0.11
3 0.1161 0.0195] 31.7200 31.6060| 1.07
4 0.1260/ 0.0205| 21.0354 20.9158] 1.75
5 0.1161 ' 20.9105 20.7969] 1.79
6 0.1241] 20.7123) 20.5908] 0.71
7 0.1 2261 22.12 u‘l 4.26
8 19.9416 2.77
PMMA-Co-PEMA + .
HAP 10%-silane 3.72% et
1 0.0183 21.1309 1.09
2 0 - 27.5789| 9.14
E] : 33.4742 0.87
4 1 25.6620/ -0.79
5 0, 32. 2.95
6 ] % 31.6079 3.00
7 0. _ 26.4495 1.29
| 8 X 1 31.827 1.24
PMMA-Co-PEMA. + :# i)
HAP 20%-silanc 3.72% L,
1 1. 31.6116 -0.56
2 1 o 40 3 31.8326] 0.03
3 0. ¥ 34 34.0229 -0.60
a E 264558 0.44
5 kil 1 32.2275 0.97
[ 0.1143—003 6885 27.5847 1.76
7 0.1 0,0 19 33.4798| 1.67
8 = : =t 22.3173 3.39
PMMA-Co-PEMA + |
HAP 30%-silane 3.
1
2
3
4
5
6
7
8

|

4

J

3 0.1455 0.0380 223
4 0.1112 0.0274 264702 4.18
s 0.1011 0.0222 28.8541 28.7755 7.56
6 0.1332 0.0356 21.0360 20.9337 2.19
7 0.1208] 0.0337 20.8970| 20.8042 0.58
B 0.1091] 0.0285 20.1330| 20.0485 2.61




Table 4.9 Void content of bone cement specimens (continued)

PMMA-Co-PEMA + | wzi%‘ Void content
HAP 5%-silanc 5.21%  |in air [ water  ignition [afler i % by vohume
1 0.1003 0.0197 34,1093 34.0126 -133
2 0.1521 0.0272 32.9155 32.7691 0.94
3 0.1126] 0.0207 24,2835 24.1750 0.27
4 0.1001 0.0188 25.9059 25.8096 -0.13
5 0.0978 25,8065 257119 2.10
6 0.0997. 2.8362 32.7400 1.67
7 0. 31.8375] 31.7466 2.15
2 17 223092 0.42
PMMA-Co-PEMA + J
HAP 10%-silane 5.21% .
1 0.0 22.1538| 1.74
2 0, 22.1258] 144
3 20.2353 0.96
4 .0 22.9066 1.58
5 0 20,9213 2.01
6 £ 21.7110] 1.93
7 0 19.9451| 1.76
8 3 31.7520( 2.07
PMMA-Co-PEMA, + s e f
HAP 20%-silme 5.21% Mo
1 , = 22.9141 0.64
2 1832 12 20,6041 -1.28
3 0. I 20.2410] -1.04
4 ey 20.1068 -0.02
5 il 5 202783 1.24
] 0.11 — 22.1629 1.12
7 0.1 e 683 19.9563 0.09
8 Q. - 212474 0,14
PMMA-Co-FEMA Xz
HAP 30%-silane 5.21 ‘{
1 21.7258] 1.67
2 T ) = 211442 0.30
3 ,J_‘} 0.1202 22.3547] 22.2582 0.64
4 0.1174] 0.0315 20,0575 19.9630| -0.46
5 0 01193 0.0302 20.3488] 202526} 1.48
6 1 ‘ 59| -0.87
: a T
8" [ &) 20.6158] 0.20
mﬂﬂ'&*‘ ‘
5.21% - _L’
HA\ . ‘ Y | B
| 0 D.1 2101 L) a0 @ 1.62
9 3 0.1223 0.0352 21.2487 21.1 235
4 0.1367| 0.0387 19,8703 19.7694 2.10
s 0.0914] 0.0267 31.9132 31.8453 0.52
6 0.1171 0.0338| 32.3364 32.2493 0.94
7 0.1095 0.0323| 34.1208 34.0396 0.21
8 0.0901 0.0275 27.6649 27.5986 0,85
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Table 4.9 Void content of bone cement specimens (continued)

PMMA-Co-PEMA, + weight (8) Void content
HAP 5%-silme 7.83%  |im air [inwater [before ignition_|ailer ignition % by vohume
1 0.1160] 0.0199 25.8260 257122 0.70
2 0.1278 0.0226 32,6924 32.7672 0.14
3 0.1088 0.0177 325538 324773 1.88
3 0.1023| 0.0185) 24.2765 24.1745| 1,40
5 0.0924 0.0164] 6. 7782 26,6874 -0.12
[3 0.0979 Ui 19,8304 19.7345 021
7 0.1098] 1.012 20.9058] 0.69
8 0.1 1249] 20.0262 0.36
PMMA-Co-PEMA +
HAF 10%-silane 7.83%
1 0. 31.7495 1.48
2 0. 1 25.8134 0.66
3 0 32.7438 230
3 26.0661 1.01
5 26.6913 037
& 0. 32.2225) 039
7 - 0 32.7709| -0.24
B 32.4799) 0.14
PMMA-Co-PEMA, +
HAF 20%-silane 7.83%
1 0 322410 1.06
2 ' 316183 1.43
3 120850 - 22.2499 1.32
3 y ¥ 20, 20,8128 19.87
5 04839] 2140 203719 3.0
6 i 0. . 20.6040 125
7 0.1 = 6512 20.5316| 1.53
8 0.1 2232 20.1074 238
PMMA-Co-PEMA + P T,
HAP 30%-silane 7.83% . i
1 b 45,8339 0.90
2 ' 1.7730| 0.90
3 32.7598] 073
4 ﬁ- 20.4588] 376
L] 20,9007 20.8003| 198
6 323419 32.2411) 1.74
7 ; | 3.53
— R T T
PMMA-Co- = v
HAFP 7
1 202802 200515 2.23
Wﬂ‘ 4 : : [N ED
; 1 0iag1 25 18
q 4 0.1379 0.0385 28,6900 28, 28
] 0.1072 0.0300 31.9278 31.B485 143
6 0.1087 0.0308] 27.6825 27.6022 2.02
7 0.1351 0.0392 25.7911 256919 1.40
g 0.1084 0,0299 33.5768| 33,4964 2.84

100



	Chapter IV Results and Discussion
	4.1 Shape of Pmma, Pmma-Co-Pema, Baso4, Hap Investigated by Sem
	4.2 Ft-Ir Characterization of Silane Coupling Agent on Hydroxyapatite
	4.3 Silane Coupling Agent Content on Hydroxyapatite
	4.4 Mechanical Properties of Baso4 Reinforced Pmma-Co-Pema Bone Cement
	4.6 Mechanical Properties of Hydroxypatie Reinforced Pmma-Co-Pema Bone Cement
	4.7 Mechanical Properties of Silane Trated Hap Reinforced Pmma-Co-Pema Bone Cement
	4.8 Void Content in the Bone Cement Specimens


