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Comparative Study on Osseointegration of Calcium Metaphosphate (CMP)
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Purpose: This study was conducted in order to compare the efficacy of osseointegration of three different
calcium metaphosphate (CMP) coated implants in the rabbit s femur.

Materials and Methods: Twenty four rabbits and three different type of CMP coated implants and RBM
implants were used in this study. The animals were divided into 4 groups on the basis of implant surface
characteristics. Two implants were installed into the condyle of femur of each rabbits. The animals were
sacrificed at 2 and 4 weeks after installation. The undecalcified specimens were prepared for histological,
radiological examination and histomorphometric analysis of implant-bone contact ratios (BIC) and bone

area ratio (BA).

Results: Two implants were failed to osseointegrate and implant success rate was 95.2%. There were not
any significant inflammatory response in all groups. Fluorescent image at 4 weeks shows that remodeling
is slower in RBM group than CMP group. CMP III showed more active remodeling than CMP I, II. In
histomorphologic analysis, BIC ratio at 2 weeks was lower than 4 weeks.

Conclusion: The results suggest that the ratios of CMP coated implants were higher than that of RBM
control group but there is no significantly difference between RBM group and CMP group. In conclusion,
CMP coated implant had more clinical availability than RBM implants.
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YZHEE US I plus (Osstem, Korea)
% A7l gom Adggor 5
EHES 47| tE 2119
7t R vt z3st
of 2t A8 CMP group YEUE i
dip-spin coating method& 2 pm ©]3+] coatingZ< &
gato] Alztete o] mE hEs| At wet 7}
e A7 CMP 1, 7kl 3417 CMP 11, 7h¢
23 12412k CMP 1112 EF3891 dETez
Resorblable Blast Media (RBM) groups A% at% 2.
HEHE 71AZFE 8 FE9Hel 350-400 pme] HA (hitem-
comedical appliactions, inc.)42He L{O2 FAMA
AR7IE AAZ BHo R AHFAHS Bl HAE 94
5] AASAT. EH F4 #Ed= AAEn A (SEM,
JSM-6480LV, JEOL, Japan)< AH&-8tglon FH A2
718 HEA 2371 (SV-300084, Mitutoyo, Japan)=
o] &ale] JIS1994 Frol| 2AI FAskon FHL
5 #Aoll= EDS (Energy Dispersive Spectrometer
INCA Energy., UK)& AH&-3t5th(Figs. 1-4, Tables 1,
2).
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Fig. 1. Chemical structure of Calcium metaphosphate
(CMP).
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Fig. 2. Dip spin coating method.
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Fig. 3. SEM of surface of RBM (Resorbable blast media) and CMP | (calcium metaphosphate with 1 hour hydrolysis) with

different surface morphology; Original magnification X 2000.

Fig. 4. SEM of surface of CMP Il (calcium metaphosphate with 3 hours hydrolysis) and CMP Il (calcium metaphosphate with 12
hours hydrolysis) with different surface morphology: Original magnification x 2000.

Table 1. Surface roughness of RBM, CMP |, CMP I, Table 2. Composition analysis of RBM, CMP |, CMP I,
and CMP Il and CMP Il using by EDS (Energy Dispersive
Spectrometer INCA Energy., UK) (%)

1.4

RBM CMP1I CMPII CMP III

1.2 T p 5.09 1.082 0.91

0 T Ca 2.81 0.12 0.106
08 Ti 100 92.10 92.31 93.08
0.6
0.4
0.2

0 ‘ . ,

RBM

CMP | CMP I CMP il

Ra (um)

RBM CMPI CMPII CMPIII
Ra (um) 1.01 1.056 1.082 0.91
S.D. 0.2 0.175 0.12 0.106
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Implant 213 A% tetracycline HCl (15 mg/kg body
weight, Sigma-Aldrich. Inc,. USA), ¥ 15+ %
xylenol orange (90 mg/kg body weight, Sigma-
Aldrich. Inc,. USA), 49 25 ¥ calcein (10 mg/kg
body weight, Sigma-Aldrich. Inc,. USA) 22l 4% 3
T % alizarin red S (25 mg/kg body weight, Sigma-
Aldrich. Inc,. USA)E 2% NaHCO; £l 4lo 233}
At 45F 7MEE S AYAAH A EeolE AE 2§ ol
0]z] 24L& 319 2 H-E stains sk tHFig. 5).

a4 tt. Histological preparatione Donath &
Breuner (1982)¢} Donath (1988)¢ll 23] A< Atk
HY & o] &slo o] o, ¢AE FEE T/ W
Ho g &438la Technovit 7200 VLC (Kulzer GmbH,
Germany)°.2 ¥ujalitt. Xujdt 24 blockS dia-
mond band cutting system (Exakt 300CP, EXAKT
Technologies, Inc., Germany)< °©]-§3te] 250 sme F
A2 AS3slal micro grinding system (Exakt 400CS,
EXAKT Technologies, Inc.,Germany)< °©]&3t9 35
um FARE Avp F SEpolEE Attt 7 JEHE
g 279 &gol=E A At Peri-implant boneZ}
interfaceol A 9] 224 #z 9 histomorphometrical
analysisg 9l38te] 38 dw|7 (BX51, Olympus Co.,
Japan) .2 #2313 digital camera (DP71, Olympus

RBM CMPI

CMPII CMPI

Fig. 5. Immunohistochemistic finding, yellow color indicating tetracyline HCI staining A, orange color indicating xylenol orange
staining B, green color indicating calcein staining C, red color indicating alizarin red staining D at 4 weeks.
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C.CMPII D.CMPIII

Fig. 6. Histologic view at two magnifications (X 1.25, x100) of control group A and experimental group B, C, D after 2 weeks of
healing (H-E stain).

C. CMP I ‘ D.CMPIII

Fig. 7. Histologic view at two magnifications (X 1.25, X 100) of control group A and experimental group B, C, D after 4 weeks of
healing (H-E stain).
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Co., Japan)Z UAE 935 4L thy 9484 ==
@ (Image-Pro Plus, Media Cybernetics, Inc. USA)<
o] &ato] 2AASEA & st THFigs. 6, 7).
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HE ZAASTAA FAHYI YAAE BIC (bone
implant contact ratio)H] &2 25%Fdd= 52.59 +
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CMP [#& 2539 55.37 + 8.950] oM, 455 &=

Fig. 8. Clinical and radiological finding of femoral condyle in rabbit; calcium metaphosphate implant was submerged in lateral
condylar process of femur.
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Table 3. A, B. Evaluation of the bone-to-implant con-
tacts ratio showed no significant difference between
2 weeks and 4 weeks

A 400 BOW mAW
90
80
70
60
50
40
30
20
10

0

BIC (%)

RBM CMP | CMP I CMP Il

2W BIC (%) 2W SD 4W BIC (%) 4W SD
RBM 52.59 17.44 50.44 9.80
CMP I 55.37 8.95 52.62 6.02
CMP 1II 62.19 10.15 37.50 19.37
CMP 1II 65.21 15.22 51.40 12.48

52.62 + 6.025 YEH I CMP II-& 2530 62.19 +
10.15019101 4FF & 37.50 + 19.372 Vet &=
CMP II7& 230 65.21 + 15.220]910H 453
51.40 + 12.48% Yeldt}. 7 9] Al7]¥ BIC 34 =
RE B 23T RO 47T Aol A 28] hdte AR
2 Btk w3 2374 RBMaRt CMP I, CMP 11,
CMP Il A2 BIC7F S7ete 2RE Hlom 45
T E CMP I1E A 96t 25773 B3 S Bl
o} o]& E5F Student t-test (P 0.05)°4 A Ao

Fig. 9. Histomophometry (BIC, BA).

Bone-implant contact ratio (%) = length of implant surface
attached bone / length of implant surface % 100.
Bone-implant area ratio (%) = bone area between implant
thread / total area between implant thread x100.

Table 4. A, B. Evaluation of the bone-to-implant area
ratio showed slightly increase in CMP group than
RBM group. And there was no constant relationship
between 2 weeks and 4 weeks

A 100 ) B2W B4W

alll

80
70
60
50
40
CMP| CMP Il CMP Il

2W BA (%) 2W SD 4W BA (%) 4W SD
RBM 30.08 7.95 31.01 11.45
CMP I 47.34 15.78 44.61 17.44
CMP 11 51.16 10.88 57.38 3.72
CMP III 53.50 13.05 55.05 7.63

BA (%)

30
20
10

0

2 Fogduet A3E HolFx] £t} BA (bone area
ratio) A= CMP [&& 275l 47.34 £ 15.78|A<
o 433 & 4461 + 17445 Yebdia CMP I+ 2
F3o] 51.16 £ 10.88¢]|1om 4% = 57.38 £
3.72% Yepdon CMP Il 2539 53.50 + 13.05
o]9lom 4F% o= 55.05 + 7.635 YERL o]& T3
Student t-test (P < 0.05)°14 Aoz ol dqtst
A5 B T2 Zdrh(Fig. 9, Tables 3, 4).
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