PRELEH Z ~ M IZE81T D Synthetic bone mineral DIEENA > 7 F o MEJEFHE OB
RRIZ 5% % 52

HAR SRR 5 i 22 Fe R} 7 B

i A

(FFig . T L2 #dR)



Abstract
1. =5
2. BPBEE T7iE
1) fakHER
2) EEREMW) K 0RO /R
3) INEREH T v M2 D SBM ORDERNRA 7T v MEEERIZEZ 5
B (e 1)
(1) AEHEH
a. 5l & R
b. BMD I X T' BMD color imaging
c. HOLWAREEEIZ
d. RERE
(2) HuEHFEMT
4) JREREH T » MIZBITS SBM O OERNA > 7T > MERHEEICE 2 5
W (WH9E 2)
(1) BRUMEERIE 3D 7 — % OfFHR
(2) METHH
(3) HLEHFEMT
1) QU%Tﬁ-ﬂb‘j7 v MZBITD SBM ORRDERNA 77 MEEBBRICE 2D
B (Fge 1)
(1) 5l &b
(2) BMD
(3) BMD color imaging
(4) HOCHREEIEE
(5) RERE
2) JREAREH T » MCEIT D SBM OfRROEINA 7T o MEEFEEICEZ 5
% W)
(1) BHEDH
(2) FR&RmAL
(3) ‘B RME
(4) Trabecular star volume
(5) B
4. H5
5. i
6. & 3CHK



Abstract

Background

Osteoporosis contributes to impaired bone regeneration and remodeling through an imbalance
of osteoblastic and osteoclastic activity, and can delay peri-implant bone formation after dental
implant surgery, resulting in a prolonged treatment period. It poses several difficulties for
individuals with large edentulous areas, and decreases their quality of life. Consequently,
prompt postoperative placement of the final prosthesis is clinically very important. Peri-implant
bone formation may be enhanced by systemic approaches, such as use of osteoporosis
supplements, to promote bone metabolism. The Synthetic bone mineral (SBM) has been
developed as osteoporosis supplement to improve and prevent the disease. Investigation of
peri-implant bone has been carried out in normal rats fed with SBM, to clarify the acceleration
of peri-implant bone formation with SBM. However, peri-implant bone formation of

ovariectomized rat is unknown.

Objective
The purpose of the present study was to confirm whether intake of Synthetic bone mineral
(SBM) developed for osteoporosis supplement, affect peri-implant bone formation in an

ovariectomized rat.

Material and Methods
Research 1:

Thirty-six 7-weeks-old ovariectomized female Wistar rats were randomly assigned to receive a
standardized diet with or without SBM (Diet with SBM group and Diet without SBM group, n =
18 for respective group). The rats underwent implant surgery at 9 weeks of age under general
anesthesia. The main outcome measures, pull-out strength, bone mineral density (BMD), BMD
color imaging and fluorescence microscopy imaging of the implant from the femur, were
compared at 2 and 4 weeks after implantation by using the Mann-Whitney U test.

Research 2:

The outcome measures, bone volume fraction (BV/TV), bone surface ratio (BS/BV), trabecular
thickness (TbTh), trabecular star volume (Vtr) and trabecular number (TbN) of the implant from
the femur, were compared between group at 2 and 4 weeks after implantation using the

Mann-Whitney U test.

Results
Research 1:

Pull-out strength and BMD for the Diet with SBM group were significantly greater than those



without SBM group at 2 and 4 weeks after implantation. BMD color imaging of the Diet with
SBM group demonstrated high BMD of peri-implant bone than that of the Diet without SBM
group at both 2 and 4 weeks after implantation. Fluorescence microscopy imaging of the Diet
with SBM group also demonstrated more green fluorescence (indicating bone formation) than
that of the Diet without SBM group at both 2 and 4 weeks after implantation.
Research 2:

BV/TV, TbTh and Vtr in the Diet with SBM group were significantly greater than those in the
Diet without SBM group at 2 and 4 weeks after implantation, whereas BS/BV was significantly
smaller with Diet with SBM.

Conclusion
This study demonstrated that SBM could be effective in peri-implant bone formation and

improve the trabecular structure in an ovariectomized rat.
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AIN-93M B LY AIN-93M + SBM DFHAL Sy % Table 1 (287,
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B —YWIC 1 BT OAN, KEBFLHRICERCTEIRETTHE L, 7 v b
FEREZICIES ST 5720 1 BREOTHEE 21T 7%, 7 BRI > b2
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b. BMD # L' BMD color imaging (Fig. 3)
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L7z, £/, BHINEfEN S BMD color imaging # {Ef L7,
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(3) HEEHEEAT
2 % EHA 4 % ICEBIT S BV/TV, BS/BV, TbTh, Vir 33X TbN DRER
HHZIZ Mann-Whitney U BRE % V7o, T X CTOREHENTIEL, PASW® Statistics 18.0
(SPSS, IL, USA) ZfEM L, AEMEIL 5% & L1,

3. fER



1) SRR T >~ M2 D SBM ORROEBINA 77 MEEHERICEH 2 55
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(1) 5l&HERE (Fig. 5A)

KRR L OVEBRBEO 5| Z 8 A 2 HERICB W TENEI 6.70 £ 0.72 N,
10.6 +4.86 N TEBRIENK 1.6 FAEICEWEZ R L (p<0.05), HA 4 HF#%T
IZZENZEH 23.00£4.18N B L 3410+ 885N T, FHEBREEDF| & b X 58 136 REE L
Hig L THEICEVWEZ R LE (p<0.05),

(2) BMD  (Fig. 5B)

SHHERERS X OVEBREED BMD (ZH#A 2 HZICB W TENEIL 292.04 £ 15.60
mg/em’ , 474.13 £ 59.39 mg/em’ THEBREENK 1.6 HFAEICEVMEEZ R LT (p<0.05),
M 4 A% TIZENE 484.64 £ 75.59 mg/em’ B LT 709.36 + 56.65 mg/cm® T,
FEERRED BMD 3 HBEE L il L CHEICEVMEZ R LT (p<0.05),

(3) BMD color imaging (Fig. 6A)

XTHEHED BMD color imaging [ZH A 2 BLO 4 HE#% TEICHEB L O ENZE
<2 a7z (Fig. 6A-aand ¢), [ URFRICISIT 2 EERFED BMD color imaging 1X3E(Z
HENE L, —HICH LRI STz (Fig. 6A-b and d) , BMD color imaging (%7,
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KPR RNEBRBEN LV @ BMD 26952 L aRL7,

4) IR EEEIZE (Fig. 6B)
HEF LB 1 D BBRAE O A 2 B X O 4 B[ 0w YA s w4 (3o Bt & b
LT, B E RTREELE R LT,

(5) RENE (Fig. 7)

OVX 7 v b ORI AREAITHEEEICB N T 7 B\ERE 5 9, 11, 13 EEsITH
JCAEICHINE R LT (Friedman BE, p<0.01), xﬁﬁﬁiki()\%%ﬁﬁi@ﬁiﬁ IZHR A
2 HERICBWTZENEIL 167.18+6.58 g BL N 184.39+1127¢g , A 4 EE%ZIC
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% OREM LB TII A B2 R 372> 72 (Mann—Whitney U #7E, p > 0.05),
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(1) ‘BAERES%E (BV/TV) (Fig. 8A)

SPREER X OVEBREED BV/TV IZHA 2 BEFZIZBWT 781 £ 340 % BLW
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FEO BV/TV [IxHREE L Il L CTHEICEWMEZ R LT (p<0.05),

(2) ‘BZ&mfEtk (BS/BV) (Fig.8B)

KRR K OVERREEO BS/BV (I 2 HE&ZIZE VT 44.68 + 4.88 1/mm B L
3587 + 1.82 1/mm , HA 4 #EZICH T 38.75 £ 6.69 I/mm BELO 3125 + 1.91
I/mm THEBREED BS/BV I3l & ik L THEICEVMEZ R L2 (p<0.05),

(3) ‘BZME (TbTh) (Fig. 8C)

SRR L OVERREEO TbTh (FHA 2 BHEZICTE W T 69.65 £ 400 pm 3B L
7930+ 535 um , A 4 BEHZICHBNT 75.77 £ 11.87 um BE Y 9424 +7.50 pm T
FEERFED TOTh (I B & B L THEICEWMEZ R LTZ (p<0.05),

(4) Trabecular star volume (Vtr) (Fig. 9A)

SRR L OVEBREE O Vir 1ZHA 2 EEZICEBVT 0.009 £ 0.003 mm’ LN
0.016 £ 0.005 mm’, A 4 B2V T 0.012+0.006 mm® L 0.018 +0.005 mm’
THEREBREEO Vir TR S i L CHEICEVEZ R LT (p<0.05),

(5) ‘BZ#% (TbN) (Fig. 9B)
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HREOWEM, FEREEOBLD, KRVWVEZR, EtEr X omELcEREEL R L2
EMB, SBM 134 7T v MAEIZEIT 5B RELHICWESE DL Z LW 50
LAY

e 1 BEO 2 1B DB LY EBRBEON ADE WL, fAEHZ SBM M5 F
ILTWNDDY, WRWPRDEWTH T, R 1 I8 T L5177 MEEBHOE D
BMD ®7(% SBM OBEEHRIEEERTHH LB X Lz, W5 2 1B\ TA 7T
NMAE B I 1T D5 O/ IMEE OFER TR BT SBM O HiFE ST
AREMEN H D, SBM & & Lo EHTIIR RREDO L L i LT Mg %2 7 1%, Zn % 12
BE A, SLICRBROfEHIIZE IRV F 25 A TS, Mg, Zn BXO F 11F
TER & BWRIIC W CHREZRZE 2R L TWD 32, Mg 133 A A o8Nz
i LA AR S O BN 2 3] S8 3, Zn i3h T 7Y B X OURERILKEESE O mRNA O
FEBL A D S MR OIRE 2 BLET 5 0 £72, F idRa 7 -7 UG &E D ALP
EHEEINSE 2 Z LI L BIEMROMEEZRESE 5 ), 2o o5l SBM %
EE L7 OVX 7 v F2Y SBM R L7 ->72 OVX 7 v MIH~<EW BMD %R
L7eZ EEFBIHTE 5 B2 bV, EEMICEIERT 5 72O 1ERk L7 BMD color imaging
IZBWTH SBM #EHL7Z OVX 7 v hDA 7T v MEEFE L SBM 28 L7
MNolz OVX 7 v MZle~ BMD BEn-o7z,

BMD # X O BMD color imaging OfEHIEA 77 > MEBEFHE 2 SBM AL
72 OVX 7 MZBWT IV ZLDFERBHR NI 2R L, ZHITEOYET
U TENEE A R T EOEBMEE B O R L — B L T e, FNHIC XY SBM A HEELL 72
MoTe OVX 7 v M~ SBM Z#EH L7z OVX 7 v hOF| R ERENRFE - T
EEZ LN,

B O IMEE ORI T, BV/TV 3 XY BS/BV, TbTh, Vir (2351 HRERFE L v,
FEBRBE IR FRE & i U TR RS, BREENED L, BRENKL 20, B
ZowfgtEnsm B L2 2 LR SIVERBIRAED LERERMEL S LI &0 E
Z B3z, TON ORI OFER) S SBM O OERUT SBM 23E 25 OB ClX
R BREEOUGRE IR EREL VDL EEZI LN, £ OVX 7 v FOARKF|Z
A LTZBEDA 7T FEAFB BT 2B EESE, BRE, BRI RGRE LT
i UC, R METAHER 12 HEE G 20 37%, 16%, 75% O _E5, BIFRER LT
12 ERBEG D, 64%, 26%, 54% O LH, HHERIEZ 22 Dy o 8 EEEGS PN,
96%, 48%, 112% O L5, HFHRIEBREER TH DL 7 X NVHBA harF U A 12 HEES
2008 63%, 35%, 118% D EHR-ZBDH = EMEN SN TND, ZIUTK LAFRIZENT
SBM fEEEED B IRFE 3R, B8, BREIIIEREE L i U CHA 2 BE%EnT
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AT LRSI o, RO B M IMEGEFHI O FIL Jing & P OWE LT el L 7\
R LT Z LD, ARFFEOFEANTIX SBM O DERN Lo Ra2 5 2 &
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Table 1: Mineral compositions (Wt %) of diets without and with SBM

AIN-93M AIN-93M + SBM
( Diet without SBM ) ( Diet with SBM )
Calcium (Ca) 0.51 0.74
Phosphate (P) 0.30 0.48
Magnesium (Mg) 0.05 0.10
Zinc (Zn) 0.003 0.036
Fluorine (F) 0.00 0.005
Carbonate (CO3) 0.00 0.12
Natrium (Na) 0.10 0.10
Kalium (K) 0.35 0.35
Chlorine (CI) 0.16 0.16

SBM: Synthetic bone mineral
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Figure 1: Time schedule
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7 weeks old rats were randomly allocated to one of two groups: a control group was given the

diet without SBM or an experimental group was given the diet with SBM. All 9 weeks old rats

underwent implant surgery. Nine rats in each group were randomly selected and euthanised at 2,

4 weeks after implantation. All rats were allocated for pull-out testing, BMD analysis and

fluorescence microscopy observation.
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Figure 2: Pull-out strength test

Specimens were mechanically anchored to a baseplate with self-curing resin. The load cell was

positioned to pull the implant as perpendicularly as possible to minimize shear forces, at a

cross-head speed of 1.0 mm/min™".
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Figure 3: Peri-implant bone scanning for BMD analyses

A 1.5-mm” area surrounding the bone socket where a 1.2-mm implant had been placed was
scanned three-dimensionally, from a depth of 0.5-1.0 mm from the inner cortical bone. Thus, a
cuboid of peri-implant bone with a 1.5 mm x 1.5 mm base and a 0.5-mm height was scanned.

BMD: Bone mineral density.
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Figure 4: Bone quality measurement
A. Total volume (TV): The volume of the entire figure, outlined by the bold black line.
B. Bone volume (BV): The volume of the grey area.
C. Bone surface: The surface area within the double lines.
D. Trabecular thickness (TbTh): The distance between the two arrows.
E. Trabecular number (TbN): The number of trabecular structures in the dashed line.

F. Trabecular star volume (Vtr): Indicated by the radial arrows.
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Figure 5: Between-group comparisons of BMD and pull-out strength (*: p < 0.05)
BMD: Bone mineral density, SBM: Synthetic bone mineral.
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Figure 6: BMD color imaging and fluorescent imaging
A: BMD color image observations.

The Diet without SBM group color image was predominantly blue and green at 2 and 4
weeks after implantation (Figs. 6A-a and c); however, the Diet with SBM group color image
was predominantly yellow, with some red and blue, at 2 and 4 weeks after implantation (Figs.
6A-b and d). Blue/light blue, green/yellow, and orange/red represent low, medium, and high
BMD values, respectively.

B: Fluorescence images.

Fluorescence microscopy imaging of the Diet with SBM group had more green fluorescence
(indicating new bone formation) than that of the Diet without SBM group at both 2 and 4 weeks
after implantation (Fig. 6).

BMD: Bone mineral density, SBM: Synthetic bone mineral.
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Figure 7: Body weight changes in the rats

Body weight significantly increased in both the Diet with SBM and Diet without SBM groups
over the feeding period (p < 0.01). No significant body weight differences were observed
between the groups at 2 and 4 weeks after implantation.

SBM: Synthetic bone mineral.
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Figure 8: Between-group comparisons of BV/TV, BS/BV and TbTh (*: p < 0.05)
BV/TV: Bone volume fraction, BS/BV: Bone surface ratio, TbTh: Trabecular thickness.
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Figure 9: Between-group comparisons of Vtr and TbN (*: p < 0.05)

Vtr: Trabecular star volume, TbN: Trabecular number.
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