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W T HS FRT 7ol —Bes MYl
el Exete RFME MEHE FFE "l
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FLBRED LB e Pal ohviel EBaELRTF
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ﬁa'ﬁmzon %3 SEel Ehitte] 29 o] HK

L BI-EEaEA A EEsL S BRI} A
FItepEahe] 3B, FFE FHI W HEX
dl A Bfaolx, RHEHEANAE A2 vehte
BRT Hol s REFTE Wl K
flER oz Nel EHEE RE3A ot



I Ea S H ol R AR T E ke ol
g B ot IEEMEEBAS T H 2l MLtEeE
B T E e HEHTEE st WA X3 &
IR R T H O S RIS T E o Bt
S #Ele ZolR = KBS FE( ek

o| #lell Wi REMMERM HESM NS Miller
2l Masseler (1962)* 2} Barber2} Massler (1963)°
2] B, Rowles2} Levine 1973)™ 2] fm %
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0. WEME R Hik

1. BIRE#R

WA E-S 7HA Abeko) kA K 30018E ki
B B2+ Bl # 2070 sfeE Kmol M
¥ BASS BRESHY T scalerS Y MWHES
Brislslom HiRdl A REAN HESHC

2. MRHIE

(1) #A*¥te] ArgReE

Carborundum disc& ffisle] WEaBET S Bl
YoR SEAAN% Ugme2Y e  HEMSE
B o3 BERFES wRs ek 2FHE 5
FIRARel = round burdl /NEBE fFHSIG o BE
MREFES BREI th BEREFEE Y LRI 7
B3 RKES 7y Baoe Jehgs Hiiy
T BKE BEIA HERoe N HEGTHS
BRE Hstddch

(2) 3ktel k1L

SEBRR S MR E) BERTE MK 60
T2 wtgdRoll A 240579 %4417 mortar 2} pes-
tleS RS BMMRIL3IE T 200 mesh standa-
rd sieves FBAH HEHEKS Rt HEH
KB 60C ofl 4 2451 AR 18 Haol 15
35ick

(3) X-ray diffraction patterniflisg

X-ray diffractometer (with microcomputer syst-
em, Rigaku geigerflex M, Japan) 2] #4&#E-S Cu-

target2 {#Hi5ke] 30Kv, 30mA monochromator &
tracingdl%ict. Scintillation counter& detector 2
fFAsI3 2™ step widtht 0. 02degree, full  scale
2 400cps A FERR= 1270° Ak

% %9 #¥= X-ray diffractometerffi  sample
holderoll 715 A ¢ HlEstd o= HEER= AS-
TM 3 JCPPSEXel #sted #4733} (Table
1).

Table 1. The d-values of apatitic crystals.

source d-value of Cas(PO4)3; OH,CO3, F

2.81 2.78 2.72 -
2.81 2.78 2.72 215

ASTM | — —
JCPDS | 8.17 3.17

ASTM : the American Society for Testing and
Materials
JCPDS : Joint Committee on Powder Diffrac-

tion Standards

(4) Infrared spectra®| iz
% HEBERE+ 2B 5mg# anhydrous pota-
ssium bromide 500mg?| HZEE2 ®EsS 3047

_ mortar$} pestle (Perkins-Elmeriit 8) 2  B¥# L

2 BEL A7l 1 % BAY B0mgd & FE
3l BZEIME pellet SRS FHSlS 600kg/cm?
9{ B oz s R vaccum pump® Z2E S}
BRE BrEshsioh BT B pelletd B 1.0
em®] translicent disc3vl. FME X SHEE
+ Laser beam$ reference® {#f3l= FT-IR
spectrophotometer (Nicolet Instrument Corporati-
on) 24] data processor (Model. IR—80)& {#Ff 3}
et

Absorption band intensity= F 2 percentage tr-
ansmittance (% T) 2 Yelgl o £ pellet 2] spe-
ctral analysist= L8] =fal4d 3@ KES o).

I. % A&

R TH, EPHEMARTE ¥ BRI HEY
£ Kol ¥ x-ray diffraction patterne t}
=3 23k} (Fig 1, 2, 3).

Be2RFHE(Fig 1) 2 0 —degree 30° 8¢ 33°
Atolol|l 4l hydroxyapatite®] $LEIFIQ) peakS e}y
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v}, o] peaks BUfEE FEIRZF HE 2 0 —degree
31.731° ol A d-value7} 2,818, 2 8 —degree 32,225°
ol A d-valuer} 2,775° 2L 2 § —degree 32, 805 o
Al d-value7} 2, 7280]gict (Table 2).

W ES e WRFEEHE #E" x-ray
diffractogram& 2.8 2 9} 29kvl. 2 § —degree 30°
B 33°4}6) 9] peakt- 9 A| hydroxyapatite2| SLFY
fy9l peak@e o] peak®] Bifix Table 2 ol 4
#rs ube)l 7o) 2 @ —degree 31. 665° ol A d-value
2,823, 2 6 —degree 32.132° ¢l A d-valuer} 2,783
9 32.860°2] 2 @ —degreeoll A d-value} 2, 723¢]
ek

EEEBaR T ER Y BB KRFE Wk
X-rav diffractogram (Fig.3) 4] Fpeaks} 2 6. —

degree 30° %€} 33° #lolol]l = 0™ hydroxy-
apatite?] B#AYQ) peaki®S X 3l

Table 214 ™ & peakt 2 6 —degree 31.6
94° o] 4] d-value7} 2,8210]90 3L 2 § —degree 32.1
66° ol 4] 2,7802] d-valueE R 312" 20 —degree
32. 95001 4] d-value 2, 71603ttt

BEeRFHE WRIHE ¥ EHHEMRTE 5
ol 4 28 —degree 31° ¥ 2| d-value 2. 82 peak
7} U] 26 —degree 32°dlA vehd &% 2
4 9] peakell Hatd HHBEF E3heh =} d-
value 2.82 peak: full width half maximumo] Table
2ol Ao} o] fLRFHAA 0.22022 744 =
sto o] ELRFEAA 0.3200]9 2 HESE T Ho
A 0.34002 7pA A Wb}

-
urTrerere oo zeeC e SYRTCLRORAXSRARARRRP FIPFFPFPPREXQIRRES RRLICILBERS

Fig.1. X-ray diffractogram of sound dentin powcer.
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Fig. 2. X—rayrdiffractogram of sclerotic dentin powder.
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Fig 3. X-ray diffractogram of active carious dentin powder.

Table 2. X-ray diffraction patterns of hydroxyapatite from sound dentin, sclerotic dentin

and active carious dentin

patterns o relative full width
- angle d-value(A™) . . .

dentin intensity half maximum

31.731 2.818 308 0.220
sound 32.225 2.775 284 0.280
dentin

32.805 2.728 189 0.120

31.665 2.823 361 0.320
sclerotic 32.132 2.783 264 0.260
dentin

32.860 2.723 253 0.300
active 31.694 2.821 353 0.340
carious 32.166 2.780 261 0.240
dentin 32.950 2.716 185 0.240

Table 3. X-ray diffraction patterns of magnesium whitlockite ;Mg, (POs) 2from active

carious dentin

d-value relative d-value relative d-value relative

(A®%) intensity (A% intensity (A% intensity
3.44 100 3.449 154 3,455 185
3.85 80 3.887 91 3.901 86
4.08 60 4.141 89 4.215 74
5.58 20 - - - ) —




manesium whitlockite & HEIIT o Bt Fh4
R BESFES BHEFENAE 1 HES
AT 7 Aok 2y EasFE HY  X-
ray diffraction pattern-® Table 3|42} 7to]
BIel4: d-valuer} 3,449, 3,887 ¥ 4,1412 o}
ebr e BB ol 4= d-valuest 3,455, 3,901 %
4,2158 S#rsgich

& Bl SHACR RS BE AARRIX
spectra+ linear mode® el ¢ wave num-
ber+ 400cm™" H-&1 4, 000em ™" 7}.2] g3},

RLSFE EEEBMRTE ¥ ERaTEY
#£2 KIMR BN spectrats Fig.4 ol 49}  7bo)
EEE ARKRILHIKE 3 BB HAE spect-
ras} &7 FE—EEfol A ks Qo).

Fig. 4 ol 4 OH-o)l'{£3} wave number 3, 570cm~'
ol A o] FAMERIL bands ABAKRILBEIKE - B
BWHANA = IRt vebyl o @BeRFES &
FCMRRLSTE U WRF A BEY 4 9

dokh EI ABMOR ARUKE LKA 3 HE
2 BT HANAE KA WL spectra®] band
7t |FBIA o BARFE S EEMEas T E 2
band= FFIsHA Fsla Zcl

HHE] FIMERIL spectradl HERES k%
B3 R Table 4 ¢} 2o} HI SEKMAL IR
£ wave number 3,570cm™; 1,624cm™ % 630cm ™
A Yebd hydroxyl groupe| 3,570cm™ 2+ 630cm™
ol A& 883HAl el ot 1, 624em~" ol A & #5535}
A el s @EBBE-S 3, 570m™ ol Al ak
PERES] FRARBINE Rol Hfhe ABKEL
BKA s BEsksich 28y #LRFHEY B
BaRTE ¥ BEREFEANAE $#3 wave numb-
er 3,570cm™" ol 4 FRIHRWIN bands BEE +
R2 ™ wave number 1,624em™" ol A R4 IHEHHE-O-
ekl B ERFHES bR 3 EEMEMS T E
& #58Al AHIHERIN bandE B.gcl

1000 3500 3200 <2BO0  2x00 2000 (600 1200 800 400
- WAVENIMBARS .

Fig 4. Comparison of infrared spectra from synthetic hydroxyapatite, sound enamel,

sound dentin, sclerotic dentin and active carious dentin.

- -69~



ol2j3t Bl L carbonated groupell A ©l-¢ &
7} eyl wave number 1,423em~ o] 4 = ft4
BFHANA BT FIERIE specira® ¥ gm
HEHE BRFHAN = b%E, 123 Eil
WMERT Holl A= B AR spectra® X
Som ARKRLHKE A= BES £ 4 9
At} wave number 873cm™ ol A= 45 F H ol 4)
FEES RIBRBIR spectraa i"l ﬁ@ v 2|

AT L) g e

Aol 4= REES Jebd =) &3tch. wave number
703em~" of| A= FK EFoll 4 HHIRE FABRIAE
S b Al %3teh. wave number 960cm™ o A =
BRARIEKGAA = @A, Jolx RLmE
H BESTH SHEMAERTE 2 BLeYE
AlA = R fﬂﬁ%& spectra® E v} (Fig.
5, 6, 7).
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Table 4. Relative degrees of infrared absorption at various wave numbers

OH 3570 1624
2=
co%
3-
PO,

ions

630
1423 873 703
960

synthetic
hydroxy- +++ +
apatite

sound ++ +
enamel

sound
dentin

samples
- +++

sclerotic _ ++
dentin

active
carious — +
dentin

+
f

- +++ +++

++ ++ + - +++

+++ ++ ++ - +++

++ ++ + - ++

V. #1E % %

RN R BERESS —BmCE apat-
ite calcium phosphate® o] %061z 2™  aif-dl
calciumo]\} phosphorus%¥ ¢l TR Hik 22 7h-&
BRHERA 2 BHEREA R dck

B Driessen%s (1982)° 3 Featherstone (1983)
Y& ARUKELEKE 2R e HEES X-ray diff-
raction patterna [@—3lets BEE st 28
oo A& EHMQ RS EFEMAKRS HpoR
g Aol EMEC = HI EF MK # Ll
= RS vl ol$ =8 Biffolel. E&x ol
BBt KB MRFBERE A2 BBRfh &Kat
RKFE| B, ¥ FREDMWBMETE EILRTF
B HELERN FitS T8 A X-ray diffract-
ometerdl] K3+ FHBIFEE Bl

Table 14| 43}4d JCPDS data®] Caw(PO,).
(OH). o] %43} d-values} 8.17, 3.17, 2.81, 2.78,
2.72 R 2154 Hdd K HRAA RAB=
As BeRFEHE EPHEMARTE Y BLRFHE

2 d-valuedll A FHK 4 o] hydroxyapatite 3%-&-& 8
el T #sl £3 peakd d-valert 3 fEwt
—Fstd BHLS dE ASTMEMSH: A8 —
Halddol olo e R RFHY EREEmE
He WMLl ksl RIKD E#po) RS
22 Eebs BIFEEY-S hydroxyapatite®] RS
ol - 58 EYEHI oA WMILEFHAAE hy-
droxyapatiter} £ &S ol F3 YSS ¢ 5 Udg
of. Zelu Ei@tkdls HTF 2RE 2o 29 —
degree 31.7° &] HHEE L 7} & peakol 4] full
width half maximun$ (#5195 S o #LKFHLS
0.220, WILFFE-L 0.320, 1l [EEMERERS
FEE 0.34002 4 #qHdA s BLefFHo 7
%A, 1 ohgo] MkRF B oA, EE
BRI E- fEdtEe) Fyth 2oy BLETHE
o EEMEEMRTELS &% 0.3205) 0.340 224
BHE & £ZRE Rolxl 4yrl o]obrre X-ray
diffraction patternfF+ FHRARBIN spectra ol 4
= BEHREA) M Fig 4 v ABKBESIKE,
ReBERER K, RERFE SHEEMRTE 2
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BEERFES &% 2 FOHERIN spectral HEA|
7 RS Ao ARUKBLSIKE > HINE 2
e RF HS RFIR AR spectras B H-F
of ftatel BEREFES FRIMEBRIHE  spectrazt
HER sl =) F3AUR olo} Higsled iEENMEM
R F AN e % Kobsl FARRNHE spec-
tras ¥ 9o 24 A X-ray diffraction pattern
A = HRERe SREERA H oHER
o FasRA

Termines} Posner 1966)™ = —i#H)22 calci-
um phosphate~} crystalline hydroxyapatite 2 %4t
e @A BBkl BE KABBIN  specira
+ 3 @] 9 band® H-B] S ER wet
measE A4 =1 @2l POI” band’} wave number 600
em™ ol A A B OR MBS BRI
A At KR Figh 6 NIAAE BLFFES E
{ERFE > S REMR T Holl sl wave num-
ber 600cm ol 41 2| spectrafBf7} BIMEs} et M1k
RIF B EBIERR RS T E ol A BRI Aok
o9 HEXE ¢go] R-ray diffractometerol} &
B f b TR R R A sk sdek

Hodge®} Mckay (1973)™ = @RIl fKkatel T
213 Van Huysen®(1937)" & Wi ®EMAA
BLRT EHo| FBido HESFE sld gl
FE/L 2% BR ®ED 6 ek

2 A B fERO) KESMES hydroxyapatite
ERBEREA AL BRatESE Brsls Adozd @
ol mEole masle] Mook gl

X-ray diffraction patternoll ¥+ #7, iEEhiE
Bahg I H A4 = magnesium whitlockite 7} 3
RE =l o] A Vahl(1964)* o] G F EN ol
+ magnesium whitlockite7} apatitef fholl FRins o]
velbycln #E3 IRGERE HHERI Az 4
Ao ksl BB BE7 RS = BR
A —if BREA S BRA = mReR Y H
=l AR S A2 E A Bl R
T odglon @ KE=olol & fioleln B
Bk

LeGeros% (1969)”) Engelsl Klee(1972)® ¥ Go-
nzalez-Diaz ¢} Hidalgo (1976)™ = KER(LBEIKE o A
hydroxyl groupdll &3l IR =l SAEIEY IR RN
Band+ wave number 3,570cm~' 3} 1,624em™" %

630cm=" o] 4 Ehdebi 3FQ.0™ 3, 750em ™ ol A4 9]
band T HHE MHERELA FRTE 5+ dov
LeGeros (1978)™ o] #3}™ %3] wave number 3,5
70cm=" ol A &] FAME WIX spectral] A E
band7} $FIs}A] BiE A2 % hydroxyl gro-
uwp?l HFESl BEMBE WET 5 oebx sk
HTRE Boll A HRAME WL spectravs RFEAK
7} wave number 3,570cm~" ol A FAEE RIS
VERRR e Hgal . BRAERclE . wave number
3,570cm™, 1,624cm~" ¥ 630em~' ollA BE SR
K7k AR RIS Ble=dl (Fig5, 6, 7 ¥
Table 4), ¢ #£58X MaloneZ(1966)*, LeGeros .
9} Shannon(1979)™ ] i RAT —FH== AL
24 SFHA 2 hydroxyapatitez} ffdatEol ot
Velbr] 982 zo] hydroxyl group® H&S o
el e Ao e £+ gloh
Okazaki(1983) " 2| FiEoll #kabd COUol-2 &5
#°8  hydroxyapatite®l FHRIMED Kool HEH
sensitivity information 33ttt 3F5i=ul o]l
BAEE BRol X PIRERAAE ekt Ao
EiEr o+ oloh 919 22 B4 & R4
COydl %3+ H#H5E p#T38cl wave number
1,423cm™, 873cm™ % 703em ' Al A ABUKER (LK
AL FHRE B spectras BET A=l
e BeMEE BESTH EPHEHEMSTHE
2 (R FE B5= wave number 1,423cm~" 3k
873em~" ol 4 CO3-¢| HHEE viebll = HSHR BN
bands Boli ¢gdch 1} wave number 703
em~' Al A E FHAHR BIGES BE HEHEKNA #
Ha 4 glodel pbol SRed BFEAs C
Oi 7t s Aok wREskslal £k olefdt
Pl wave number 1,423cm™" =+ 873em~ ol A o]
o] BEES + U7l 703em™' Al A 2] FER mfa] ol
B Slobe BEEch(Fig5, 6, 7 2 Table 4).
LeGeros% (1970)** -& apatitef 55y COT+= ap-
atitel 5ol A ¥ LEI R polzl sldleH
LeGeros(1974) ' ol #k3}™ Carbonatet= apatite {4
#EAAA PO group — el Hiks| 22 apatite 9|
FHP-S- %% wave numberdl 4 2] COi~ band®| 1
EMT R & drkn B @Esack
Okazaki(1981)™ Oliver®} Sweet 1976)™ % Te-
rmine3} Posner (1966)™ %2] #i5oll #3lH wave



number 450~700cm™" 2+ 950~1, 200em~" o] 48]  #

ﬂ“ﬁ WW Spectl‘ﬂ.‘gl ﬁ&“\‘% %‘5‘] PO|_°“ fK?}Oﬁ B

WXE Aol o] bandr} FE o) Evhd 1 K
2 ‘calcium phosphatez} i #4535} vt

A PSR wave number 960cm™ A2 PO
band+ BE SFEHEREGA velt o oo} |
foll COrbands Vehd Ao 2 Ho} &b LeGe-
ros (1974)™ 9] —#¥issdi = Al BKoleln
25 ch(Fig5, 6, 7 ¥ Table 4). 28} wave
number 1,423em™ 3} 873em™’ N4 BLBFH-L
ERFE 3 EEEMS T E R o} [F— S o
Al B FOHE RIVES 24T #3] wave nu-
mber 1,624cn™" A+ BEERF Bl IHEMEIAS
FAA 3l COF7l Bl & WX bandE S =l
Joe Hot COTY 4&L REFFHANA H
BRI I ohgo) BLRFE, EEMEMSTHE )
BEelsiet. M3 Grén(1973)™) Grénzt Hay(1976)™
% Moreno% (1979) ™ol fka}tel mERgS] #4ETF ol A
calcium phosphate®) L&) HEE v 2= Bz
HF-Soll M #tist g0t oAseld meIR
COF 9 FHL W bol 8 Mk $£o2Y 9
Skttt olels) Mo} BFFAMS apatite JUBL
figoll oln] @a&H Aolglom Mgkl Al . 1Y
K= eE mEY 1+ ok

V. & R

EEE RAEEEAA OS] Bpol =slu e
FFE HEAEN BiEE Y= A HRE
EHskSic)

30062 kA EZYe] REFTHE, FEMMME
FH Y BaFEE FREAen 49 APE
#R S 2 X-ray diffractometer®} infrared spectr-
ophotometers {FMsled S ES KB =+t
2L #Hwe Ak

1. BeSFEsL EHEMMRTE ¥ BsdF
B ¥ EisHEE< hydroxyapatiteo] e,

2. RIBFE) EBEMMRT AN hydrox-
yapatite®] bt ER7 o~ BegTHS
Habe) %ghe,

3. iEEMEIEAR FH-S magnesium whitlockite S

HEstn o BEeFFHESN BIRTHAAE
BRE T Adgich

4. Carbonate B RERFH, BILEFE
EHHEMSETES Hes, RLEFHAN 7%

Bgrek
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— Abstract —

AN ANALYTICAL STUDY ON THE PHYSICO-CHEMICAL
CHARACTERISTICS OF CARIOUS DENTIN

Jong Soo Han, Ho Young Choi, Byung Soon Min, Sang Jin Park

Department of Operative, Division of Dentistry
Kyung Hee University

Carious dentin can be classified, on the basis of their clinical characteristics, into three groups;
sound, sclerotic and active carious dentin.

Active carious dentin differs from sclerotic dentin by its abscence of variable bacteria within
tubles and amount of chemical content.

But the apatite molecules of active carious dentin are not fully studied.

The purpose of this study was to observed the physico-chemical characteristics of deep
carious dentin.

The samples of sound, sclerotic and active carious dentin were obtained respectively from 300
freshly extracted carious teeth.

Bacterial-rich zone of superficial soft dentin layer was removed with hand instruments from
all samples in advance.

The samples were powdered and sieved (200 mesh) before analyses.

Identification and estimation of the crystallinity of the samples were carried with X-ray
diffraction and infrared absorption analyses.

Measurements were made on a Rigaku Denki (Rigaku, geiger flex 111, Japan) X-ray diffracto-
meter with Cu-target at 30 Kv, 30 mA and are traced on a monochromatic tracer.

Infrared absorption analysis was made on FT-IR spectrophometer (Nicolet Instrument Co,)
using KBr pellets containing the samples and was recorded on data process (Model IR-80. Nicolet -
Instrument, Co).

The following conclusions were as follows;

1. The nature of the main inorganic structure of sound, sclerotic and active carious dentin
proved to be hydroxyapatite.

2. It was difficult to determine the identification due to their crystallinity of sound, sclerotic
and active carious dentin. But sound dentin was the highest in crystallinity among them.

3. The magnesium whitlockite was to be found in active carious dentin, but not in sound and
sclerotic dentin.

4. The carbonate content was highest in sound dentin, but the lowest was in active carious

dentin.
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