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ABSTRACT

The aim of this study is to determine microstructure, chemical composition and crystal structure of hydroxyapatite for
mouth teeth using optical microscopy and electron microscopy as well as electron probe micro-analysis(EPMA). Enamel,
a protective cover to the teeth, consisted of rods oriented in regular and had relatively higher crystallinity and Ca com-
ponent. In contrast, dentin showed a sponge-like microstructure with circular holes which were passages of dentinal tubules,
and had higher Mg component than the enamel region due to its higher organic content. Hydroxyapatite crystals appeared
as large rods in enamel, but as small needles in dentin. Their electron diffraction patterns were different by their crystal-

linity as well as by the organic content of the matrix.
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Y32 x2S H 33} (Pamer et d., 2008; Tamerler et al.,
2008). =t W} 417 o] §7122 0] A2 EAEA o
of S RZAol 23t Tk 7} dejuhr] {3 53 WA
735 wint Aopdel wls| Aoz w2 AA =} uheRA
o= Aws| Y4 ik Wapd el A Aebd
= °F 30%2] f7|&3} 70%2] FHI TS 2Feta
glont, ¥714e) AAmrt vhol wepdel vls) AujH oz
7} okt Ho|t}(Elliott, 2002). 3}x|2t A =7} Feo
24 2473 A=) 9l Abolxl#(dentinal tubules)o)

QA APl 3AE 5 3 dsjeled 2oke) AR
yleysic), §-712- 9] A Ao we} U3 type-1 colla

gene g o]folx Sl Aopl Vﬂ—?i SHM =
o} AR BEAlS 71X ¢lew (Kinney et al., 2005; Nalla
eta., 2005), Aol w2 7= W3} F35H et 4
e ozw de FYshe o wol F45 1 gloh(Suk
& Kim, 1982). Z|ote] b vl FAlel 9127 A57e
W RE] Hoppe) Loz ol A4 oz AH9A
Ve frlzH oz Holel ot A7hg FFUh

o] %, Ao} vl F710& vk Eqsm Qe YA}
AlolA o] F¢ FAAANEL Caz} Poz o5 A*.t]i}(cal-
cification) === F7]3} (minerdlization)g} 2= Fz3A]
& Fo) <134 (apatite) & P 3te] Fole] F2F o] Fm
gl.om (Mann, 1988), 1. Fell A= AAl ol ok 58]
S hydroxyapatite (HAP; Cas(PO)s(OH))= Mell= 70%,
Fofel i 96%e] o2 o FAEE 7hA T gk (Leven-
touri et al., 2009). =} apatiteol] B|s] WA AFA o] T
HAP: <A AR W) Tr]24e dalste] o4d 4
U aAE ZAPpoma] A o3 gl oy FofelA|
3 g AA 2o o)A dAFrt Ebs] A E 1 gl &4
Tk AR A el ExERs HAp7E AAHE] 33l o]=
Z\7HA] A7ke] 87 9l 7% 5o B3 FA el ek 32
- 24 HellM= Fx F 3shHel Apels A1 e A
o mls] wf32e] HAp A7+ dubde|dM = RHAAl +
25 FAo=E APHT gioh dEell gH A A e
o4 M7z HAp7} &-457] flsirE AA el HApe
Tz} 348 FAS HE3] EAEAL o] & viEte R AT
7} Ay EHE= A o] Q3
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o] Afeldl, 28T Ap7kom FHHE Wl Fke] WAST
ol Aote] FxE WAANATHFig. 1). £ 7 Hole] 7
zolA Aoke] 9ng EeAT ol Yol T Ry
At SAee duae s geds sl e
g o 4si ABE Felbr A9 B4 Aoz u
S5 Sigjed sz vz v Wael e vy
o wal Adden TRl WAE Aoz AN B
gulge] AR el ozs 7z dnr]E o
gohe Anch wiresws AHggrozA ¥e el el
s F79) A Azte] W A, wires <)
@ Ao Eoz Qs A Aote] Fx )99

Enamel

Dentin
Pulp

Fig. 1. Microstructure of mouse teeth observed by optical microscopy.
Enamel is a protective cover to the teeth, which is significantly thicker
in the upper part of the image.

prismEe] dAg Wekoz wd
Hel e A E & %l‘%i‘:}(l:lg 2(a)). 53, oJu]#]] A
oot sheh wpel AR SHEE Be) WIFaFEe] oF
ulsko 2 lehd WEAFTI M2 gaEE T2y
oFalgieh A7) WgasEe] Az wAsA AZdes
IR Y] FEE 2 ), ol AAE A1) A
aZ Weroz Auhd PAaFED o Wil u.;w“
of Nz mAsted F2E YT AALL F2T 5 9
o} (Fong et ., 2003). a% HFFo = Aehd WPLFES A
B Flel Anmos AT o, £l 248
RAow Az el 53 olu|He) Y HapaFe
HJFH o= o 2umx18ume] vu)e} Zo|S 7iA 1 gle
u AR SR AT 24 gekshE, Ak W)
A9} Rl shetdt 438} Ahol7} gl Ao= Azhet,

Aobde o 0.1~2ume] chekdl 21718 AhAl Atm e
TR B FFel FE3ho] v 2R} e Fehe) T
zolgh(Fig. 2(b)). o] FHe A5 Aobde Adshe
ot el Alelshe Row Aokl Wi AL F4sted
QAT )5 PR iAo (Nabandian et d.,
1960; Boyde & Lester, 1967; Habelitz et al., 2005).
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Fig. 2. SEM image of the freeze fractured samples: (a) enamel, (b) dentin. An arbitrary axis explaining orientations of enamel rods is designated

in (a).
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Fig. 3. (Left) EPMA elemental mapping of mouse teeth: (a) and (€) BSE image, (b) and (f) Ca-mapping, (c) and (g) P-mapping, (d) and (h) Mg-
mapping. (Right) EPMA line profile of the enamel and dentin along the mark in (a).
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setsteiet. gepd e mwAbde] Wkl vludt Aol s
Aopde Aoz £4wst a1 Ewle] AAA veht
AR oA Wkl $718E THET Y Ao}
ol ¥is) Austn Gt ol el slEg shersislet
=4 AellA Po| s AR o Fd3
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Fig. 4. Bright field TEM images and electron diffraction patterns of mouse teeth: (a) and (b) enamel; (c) and (d) dentin. The numbersin (b) and

(d) correspond to diffraction planes analyzed and listed in Table 1.
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Table 1. Lists of distances between the transmitted beam and the diffracted beams (R), corresponding d-spacings and hkl planes for enamel and

dentin displayed in Fig. 4(b) and (d).

“ Enamel Dentin
R (mm) d(A) hkl R (mm) d(R) hki
1 154 4.583 110 2.03 3.517 002
2 2.06 3.510 002 2.49 2.898 211, 112, 300
3 2.55 2.828 211, 112, 300 3.08 2.391 220
4 3.10 2.335 220, 212, 320 3.78 1.937 222
5 361 1.998 203 4.22 1.761 004
6 4.10 1.765 004 - - -
7 4.86 1.489 421, 214, 502, 510 - - -
8 5.62 1.286 423, 324, 602 - - -
9 6.14 1.180 405, 106, 620 - - -
10 6.88 1.138 434, 306, 505 - - -
80 S antdoz A el HApe) -2 3l A7l = collagen
L —— Enam
ol g - - Dentin of & gL mAE Aoz delA Qo (Pdmer et d.,
- g 2008). Collagen Alo]Alolell Ez)3l= HAp: cEo= AR}
or J 3= collagene] A& e} st 27 AR W
N o] type-1collagens Z&slx 9l v} Aol r] e A
g B AR REL cF Weko g el s Rle] FEFH
g o Urehdo). gubdel HApe] AAkEaelA ol=se)= el
§ ° e SAsRle] o Wikl s)dwiql (002)¢) (004)H &
5 gd g§§§§ vrebdie], o}z1e] Am=g Fsbel wit opdel M2 colla
S ONSSEa genst HApS] wigw 323 4 glch(Glimcher, 2006). 3
& §§—<r §¥ 25k collageneo] ZA)31A] ok W=kl o] HAp A =}13]A
e S E— - AR A = F3g (002)9 (004)HE AT & 7ol

6 5 4 3 2 1
d-spacing (A)

Fig. 5. Intensity profile of the diffraction patterns of enamel and den-
tin shown in Fig. 4(b) and 4(d).
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2 xE AR 24 5o AFRZE HAZEE Ao
23S o & sioh AR el va Ax Jd=
S3te] HAp 3)digle] 548 shofgt A3t o2 ring
patternel] B]sl (211), (112), (300)2] ring patterne] )= 7}
=7} etz Fs vehbe e & 4 dsiH ole
HAp 27 F-24 (211), (112), (300)2] ZAXwH o] FFA}el
A Fed AL 3k S A, 53] HzhAEvt
W7 Al e SRS b7t ol= HEjolARt M2 F
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Fig. 6. A HRTEM image of a particle of teeth (a) and corresponding electron diffraction pattern (b), which indicates [ —120] zone axis of hydro-
xyapatite, as shown as the simulated kinematical electron diffraction patternin (c).
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