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Abstract: The purpose of this study was to evaluate synthetic calcium phosphates and animal bones using
Raman spectroscopy, and explore the possibility of its application in characterizing newly formed bone around
implants. Synthetic calcium phosphates (monobasic calcium phosphate, dibasic calcium phosphate and triba-
sic calcium phosphate), hydroxyapatite and rabbit bones with and without implants were analyzed in this
study. Slight differences in the Raman bands among the 3 types of synthetic calcium phosphate and hydroxya-
patite were observed. Furthermore, a 3 cm™ difference was noted in the bands of the main PO,* in rabbit’s bone
formed around the implant compared to the existing bone, suggesting a difference in the molecular structure
between the existing and newly formed bone.

Keywords: Raman spectroscopy, bone, calcium phosphate, implant

0o Ca,H,(PO,),, carbonate apatite (CHA): Ca (PO,,CO,),(OH)( [J
(DCPD): CaHPO,-2H,0, octacalcium phosphate (OCP): 4 omogon [c.2., phosphate (P-O), carbonate (C-O), hydroxyl
209



Yasuko Numata et al:
o-pjbooooooooooooooooooboooo
OOFT-IROCOOOOOODOOODODOOOOOODOOOO
0000000000 WOOO Raman0O O OORSOO OO
OO00000000D0O0ORamansit0 0000000
ooooooo0oOooooooooobooOoooboooooon
O00000000®0Raman 00000000 O0OO0O
ooooooooooooo0mwmb0DO0O0OO0O0O0D00O0ODO
ooooooo0oooooooobboOooooooooo
O0000ooooooooooooooo®o
O00o00o0O00ooOoO0ooOoboOooooooDoooo
oo0o0o0ooooooooooooooogoooooo*
0000000000000 O0O00DULOOooDOoOg
ooooomoooooboOooooooooooom
O00000oopooOooO0OooooooooOoOoooooo
oooooooooooooooboooooooooo
oooooooooooobooobooooobooooo
000000000000 ooUooooUoooooo
hydroxyapatite0 0 0 000000000 OCOO00OOOOO
OO0RamanOO00OOO0O0D0O0ODORaman DO OO OOODO
OO00o00oOo00oooOoooobooOoooooooo
0

ooo0oooo

0d
O000D000000RamanO0 0000000 O0O0ODOODO
oooooooooooooboooboooooooooon
0 00 O monobasic calcium phosphate: Ca(H,PO,),, O dibasic
calcium phosphate: CaHPO,, [ tribasic calcium phosphate:
Ca,(PO,),,: Wako Pure Chemical Industries Ltd. Japan0O [0 O
hydroxyapatite J 12000 0 10D 0000000000000
ooooooboobooooooobooo

oooo
ooboooooooooooooboboooooooooo
OO00o000o0o00oDoOooooomboOooog 04-0027
gooo0oo00 180000 3kgh120 O New Zealand White
Rabbit DO OO OOOOO0OD0OOOOODOOODOO0O0O
Doooooooooooooooooooo®oooo
OO0o00oO0oo0oooO2smgkg0O000OOODOODO
oooooooooo2cmmO0O000O0O0OOCOODDOOO
gbooboobD2emmi0oooooooobooonoon
ooooobooobooooDoDoDODDD28mmO0O0O
10.0mm0U Ti-15% Zr-4% Nb-4%TaO O OO OOO0OOOO
ooooooo0ooooOoooobboOooooooooo
gboogooooobos3sgtbedbonrzobobooobon
oobooooooooooboooboooobooooooo
oopooooobedDOODODOOODOODODOOOOO
ooooOooo0ooooOoooobboOooooooboooo
O00oO00oOo00ooOo0oooobOoOooooooooo
0od

ooooooboooDo

210

goo0o0oobodl RamanO OO

gbobooooobooboboobooobobobaooboo
gbobooboooobobobooboobobbobobobo
gboboooooooboboobooog

Raman U [0 O

RamanO OO OOO0OO0DOOODOOOOOOODOOODO
ooooooo0ooooOoooobboOooooooooo
ObOOoboOoob0O0O0O0O00O0OD KaiserJ O Raman RXNI [
00000000000 (S.T.JAPAN Inc.,Japan)0 O O OO
oooooooooooobooboOooooooooo
OO00000DOD0DmoOoOoooOoO0s32om 000785 nm
UbOob0Oo0O0O0bO0bdO0d hydroxyapatite [ 532 nm [
oobooooobooboobooobooobodlemtDOODO
ooooooooooooboooboOooooooooon
OO0ooOoOoooobooOooooon o 3700 cm0 0O
O00o00oO00ooO0ooo@muoooooooom
0000 GRAMS (Thermo Galactic®, France) 0O 0 00O
0d

gooo

obooboooooboon
obooboooo0oo0o0ob0bOFe 10000 OOO0OO
gobooboooboboobooboboobooboobo
gboboooboobooooobobooooboooboboan
oobO0o0obO0o0oobO00bO00bO00b0000000Fig. 1

Raman O OO ODOOODO
JUodoobobbbbObOOd monobasic calcium phosphate:
Ca(H,PO,),, O dibasic calcium phosphate: CaHPQ,,[] tribasic
calcium phosphate:Ca,(PO,),00 O O hydroxyapatiteJ [0 0 [0 0
00 Fig2000O0O

dibasic calcium phosphate U tribasic calcium phosphate [
963 cm™ 000000 PO O Raman bands [ [J monobasic
calcium phosphate [ tribasic calcium phosphate 0 1047 cm™ [0
0000PO> 0 Ramanbands 0 000000000000
o0DO0o0obDOoO0ooO0oebODbOODOODOODOOO
0000000 Fg3000000000v POXO0000O
O00Feg 4000000000000 O0O0OO0OOO Table
100000030000000000 00 hydroxyapatite[
O00000D00D0000000 RamanbandsO0O OO O
RamanO OO O0O0O0OOO0O0O0ODODOODOOOODOOFig. 2
O 40 Table 1

ooooooo
gbobooobooboooboobobooooboobobon
OO00ORamanbands0 0O OO OOOOOOOODOODOODO
OoooO0oooooooooooOoOoooooooooca
ropo00000000000D00O0O0O0DOOOODOO
UD0000 Ramanbands DO OO0 0000000 ODOOO
gboboooobooobobobgooooooboboon



J.Hard Tissue Biology Vol. 16(4):xxx-xxx,2007

Fig.l OO0O00OO0OO0O0O0OO0O0OOODOeOOODOODOOODOO
a0 0000000000 bO0oooonon
goo0 Oooooobooooooo

Monobasic Calcium Phosphate Dibasic Calcium Phosphate
2000 1700 1400 1100 300 500 200 2000 1700 1400 17100 300 500 200
em’”! el
Tribasic Calcium Phosphate Hydroxyapatite 1200°C,1h
|
2000 1700 1400 1100 200 500 200 2000 1700 1400 1100 00 500 200
E cm!
cm

Fig2 300000000000000 hydroxyapatite J 200-2000cm™ 0 0 0 0 Raman 0 0 0 00O

211



Yasuko Numataetal: OO0 0000000 RamanO 0O O

2000 1800 1600 1400 1200 1000 800 600 400 200

Raman sift (cm™)

Fig3-00 00000000060 DDOODO0ODOODOODDO
Raman 0 O 0O 00

gboooooboboboboOobbU Raman0 OO0
goobooooooooooon
gboooooboooboooboobebuoboboboboOn
Raman OO OOOO0OO0OO0OOO0OO0DOOOOOOOOOO
gbobooooboooboobobooooboooboobon
gbobooooobooboboobooobobobobooon
gboboooobooboboboobobobobobon
gboboooboooboobobobooobobobobon
oooooOooO0oOoobooOoooooooobooood»ooono
gbobooooboooboobobooooooboboon
oooooooomoobooooooooooooom
gboboooboooboobobobooobobobobon
gboboooooboobobobooobobobobon
gooo
gbobooobooobobooboboboobobobobobon
gboboobooboooboobobooobooobooban
gboboooooboobobobooobobobobon
gbooboooooosazamOO00O00oOooOoOoOonogon
gboboooboooobobooboboobobobobob
U0 Ramanbands U O OO OO0O00O00OO0OO0OOOOO
gbobooooooo7esnmi0oooooooonogon
gooobdbbbpandsUOO0DOOOOODOOODOODO
oo

b

a
| | | | |

T T T T T
990 975 960 945 930
cm’!

Figd 00DO00DO0O0OO0ODO6OODOOODOOODOOV PO
Raman bands

O0a0000 959 cm! bO O OO 962cm’!

00000000000000000000000dv
PO 0 Ramanbands 0 000 3em™ 0000000000
00000000ooooooooooooooooog
O00000ooooooooooooooooooog
o0oo0ooooooooooooooooooooog
0d
O00000000000000FT-IROOO XOOOO
U Chydroxyapatite l D O OO0 00000000 O0OODOO
O0o0o000ooo0oooDoooooooooooooxa
O00o000oo0o0oooooooooooooooog
ODO00ORamanOD 0000 1lem?0000000000O0OO
0000oDo0ooDooooooooooooooooog
000000 DODO O O hydroxyapatite[ [ hydroxyapatite
o0000oo00ooooooooooooooomood
O000000o0oooooooooooooooooog
O0o0o0o0ooDoDwmd 00000000000 0DOOO
O00ORamanD0 000000000 ODOODOOOOODOO
o0o0oodooooooooogoooog

oo
gbooboooobooboo rRooboboooisooooo
gboooooobooboboboooboobooboboooog
gbobooooboooobobobooboobooboobo

Table 10 3000000000 0OOQOODO hydroxyapatite J 0 0 0 Raman bands 0 0 0 O O

monobasic dibasic tribasic exsisting
calcium phosphate calcium phosphate calcium phosphate hydroxyapatite bone
433 423 430 431 425
528 582 589 590 582
670 963 963 959 959
914 987 1047 1047 1039
1047 1086 1082 1085 1457

212



O

J.Hard Tissue Biology Vol. 16(4):xxx-xxx,2007
D000 CcOO00O 1892145000000 00BOOOO

197914620 00000000

oooo

LeGeros RZ: Calcium Phosphates in Oral Biology and
Medicine, Karger Basel; 1991. p. 24-36

Nicole JC, Victoria P, Michael DM, Pieter S and Michael AlJ:
Raman spectroscopic evidence for octacalcium phosphate and
other transient mineral species deposited during
intramembranous mineralization. BONE 434-442 :39, 2006
Walters MA, Leung YC, Blumenthal NC, LeGeros RZ and
Konsker KA: A Raman and infrared spectroscopic
investigation of biological hydroxyapatite. J Inorg Biochem
193-200: 39, 1990

Lezzi G, Scarano A, Petrone G and Piattelli A: Two human

hydroxyapatite-coated dental implants retrieved after a 14-

213

year loading period: a histologic and histomorphometric case
report. J Periodontal 940-947: 78, 2007

Katranji A, Misch K and Wang HL: Cortical bone thickness
in dentate and edentulous human cadavers. J Periodontal 874-
878: 78,2007

Nakada H, Sakae T, LeGeros RZ, LeGeros JP, Suwa T, Numata
Y and Kobayashi K: Early Tissue Response to Modified
Implant Surfaces Using Back Scattered Imaging. (2007)
Implant Dentistry 281-289: 16(3), 2007

.gboobooooboboboboboboobooooboon

oopobooOo0ooOboOoOobooOoOoboOooboboooobo
goooogoobonb . oobooooobooo . 19:
453-460, 2006

Schmidt W1J: Polarizing Microscopy of Dental Tissue; 1971.
p. 12-16




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


