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Table 1. Specimen of control group

Numnber Specimen
1-1 Enamel of sound tooth
1-2 Dentin of sound tooth
2-1, 2-2, 2-3 Gold crown
3-1, 3-2, 3-3 Base metal crown
4-1, 4-2, 4-3 Gold inlay
5-1, 52, 5-3 Amalgam
6-1 Zinc phosphate cement
7-1 Polycarboxylate cement

EDXEME Al ¢+ IEF AotE FF/
2 FA8t diamond coated separating
disc®} superfinegrit(SF101, SF104R) dia-
mord burZ WA, Aold z2b-g 3x3x
2mme| AV|2 At AlHE A2t
th Al HA R E FRTE 9 250 AE
71 Al B 2E %‘—% ol A A A 8

of AzAZ

Table 2. Specimen of experimental group

CHEH-AZHHI8IBIAT Vol 28, No. 2, 1998

(W} & A3 £EAL v AFE AAH 5
Ao}, & lefo] Ao}, ofZt FHA
AA 2t FEA 0}% FTHFE FAs 2
diamond coated separating disc$t super-
"me grit(SF 101, SF104R) diamond burs

Eaxlotd M $£EES Beldtd 58 7}
7—1‘% EDXEAE Al 4 UEE 3x3X
2mm AHE AL F/FTE WS X
g AF7 HAstn sBE ERe
A AzAACG

(th) lAtold ARl E, )71 dHolE AW E
& AgA F %%-'?E’-_ A 3t diamond
coated separating disc®t superfine grit(SF
101, SF104R) diamond bur® z+zHg& EDX
FAE AE £ JYESE 3X3X2mm AlH
& UE F ERTFE S 7~—°—Ii‘r *1]7—‘471 of

=

A AHstn s2E
AzAZ

(2) 48 (Table 2)

b 7 7@ FEA L vAGS AFd 75
Aot 5 Addlo] FHRA AN FEEE A
A F AMEZL Folgle F9& EDXE

Number Specimen
8-1, 8-2, 8-3 Remaining cement of gold crown tooth
9-1, 9-2, 9-3 Remaining cement of base metal crown tooth
10-1, 10-2, 10-3 Remaining cement of gold inlay tooth
11-1, 11-2, 11-3 Gold crown tooth

12-1, 12-2, 12-3

13-1, 13-2, 13-3

14-1, 14-2, 14-3
15-1, 15-2
16-1, 16-2
17-1, 17-2
18-1, 18-2

Base metal crown tooth
Gold inlay tooth
Amalgam tooth
Adjacent tooth of gold crown
Adjacent tooth of base metal crown
Adjacent tooth of gold inlay

Adjacent tooth of amalgam
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A ABE F UxE FHFZ FAs
diamond coated separating disc®} superfine
grit(SF101, SF104R) diamond bur® 3X3X
2mm A|HE TE F 2 FHFA AA
st dzA AT
W 2 JA3H FEX L, v AF
Ao}, F Qléo] FEXo}, ol
M F+EES AAS L 4 +8
o 273 g o] &3l FIE AMWEE #
* EDXEA S Al ¢ JEE A }
F+ 2 A8t diamond coated separating
disc9} superfine grit(SF101,SF104R) dia-
mond burZ 3x3X2mm AlHE A& s
FHTE ¥ 259 AH7]oA AHstn
BTEE Z850 AAH T AzAZL
%, vASS A3, 5 ddlol, of
g ?l Sﬂ 2 ote] FEE HEH A
HEFAE BN ¥ 474E EDXEA S A
B ¢ UEE Aol FHFZ FAsn
diamond coated separating disc®} super-
fine grit(SF101, SF104R) diamond burZ A
D3] o] & Bl 3x3x2mm A|HE A
ety FHFFE YW 239 AlFH7IA
AHstn 22 SHRFN AR Az

A7

.,_,
)

41->

U}L rzt
rzi r

._‘

_>_4;

2y

s M
S e 4y
OIN ¢ oo 2

Fi

arbon specimen
mount®f ¥ "L/\] AR KEVEX high vaccum ev-
aporatorl 4 A ZAENE 400A ¥4 coating@
R T*Pﬂz}ﬁdﬂ?g(SEM)*JoﬂH 20
kV®] beam accelerating voltage, 200picoAmps
2] beam current, 2lmme] working distance, tilt
angle< 0%, takeoff angle2 3559 scanning
mode® AN}, EDX spectrume KEVEX
energy dispersive spectrum® o] &3] #s}
At AHE  spectrume 0-10 keVY
electron energy oA 7|&= A1 A= F
2 Ka-line& £33ttt
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e

7F A Ao}
Fd : CaZ P/} F2 H2HJR 1 9 7|E
AEE A2 AHFig. 1.
gold - @A A9} o] Ca, P 5ol AEH
A Fig. 2).

¥

3 2 A%
Au, Ag, Cu 5 2859 784 ] EFA

7 &= A HFig. 3).

250l A Nj, Cr, Cu, Fe & Ni-Crg&¢| +4
g &0l A&HUTHFig. 4).

gt 5 Aol

Ay, Ag, Cu 50| 259 A &9 U HFig. 5).

w}. o}zz}

v H
Aesden HEdao] e A¥d wet
Oa o8 S EdokFig. 6, Fig. 7).

u Qlteld AlME

R

Zn, P, Na, Mg, Ca, Ale]l &5 A (Fig. 8).

AL EE7HEA Yol E AWE
Zn, Na, Mg, Cacl ZAZ¥AtHFig. 9).

7 E AAT £BA ol BEANE
Zn, Na 5 AMES FA4EH 3¢ 7
BARY Cu 5ol A2ANLH Auk 429

otk (Fig. 10).

U HARE AT FRAcke FEAUNE
Zn, Na, P 5 AWES] FHHEH Ni Cr 5
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Fig. 1. EDX spectrum from enamel of sound
tooth
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Fig. 2. EDX spectrum from dentin of sound
tooth
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Fig. 3. EDX spectrum from gold crown
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Fig. 4. EDX spectrum from base metal crown
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Fig. 5. EDX spectrum from gold inlay
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Fig. 6. EDX spectrum from amalgam(1)

197



LHEt 22HH I3 SIAT Vol. 23. No. 2. 1998

ik me

Fig. 7. EDX spectrum from amalgam(2)
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Fig. 8. EDX spectrum from zinc phosphate ce-

ment
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Fig. 9. EDX spectrum from polycaboxylate ce-
ment
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L3 ED

Fig. 10. EDX spectrum from remaining cement
of gold crown
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Fig. 11. EDX spectrum from remaining cement
of gold crown
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Fig. 12. EDX spectrum from remaining cement
of gold inlay
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Fig. 13. EDX spectrum from gold crown-resto-
red tooth

Table 3. Result of EDX from control group.

Specimen Detected element

Sound tooth Ca P
Gold crown Au, Ag, Cu
Ni, Cr. Cu, Fe
Au, Ag, Cu
Ag, Hg, Sn, Cu
Zinc phosphate cement Zn, P, Na, Al, Ca

Base metal crown
Gold inlay
Amalgam

Polycarboxylate cement Zn, Mg, Ca, Na

Ni-Créhad] FAAE d57F A& UK Fig.
11).

o 7 el 5 FE A
Zn, Na & Al EZ<] ﬁl"é@*‘?:ﬂ} "L%L?:lﬂ T
=E o Auy HEEA

¢
[
-
1o,
e
r,\a

5 Xole] 455 Zn, Na 59 A9
| &5 3 Ay, Ag, Cus 3889 F
TAAEE FEHA e hFig. 13).
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Range:1d wev

Ccanat

Fig. 14. DX speactrum from base metal crown-
2ioras tooth

Table 4. Result of EDX from remaining ce-
ments.

Specimen Detected element

Remaining cement of gold

Zn, Na, Cu
crown tooth

Remaining cement of base

Zn, Na, P, Ni, Cr
metal crown tooth

Remaining cement of gold

. Zn, Na, Cu
inlay tooth

Table 5. Resuit of EDX from restorated testh.

Detected element

Ca, P, Zn, Na

%p(% men

( xold CTOWn moth
Base metal crown tooth Ca, P. Zn, Ni, Cr. Fe, Cu
Gold inlay tooth Ca, P. Zn. Na

Amalgam tooth Ca, P, Hg, Ag, Sn, Cu

AEI Zn T AHE
5} Cr, Fe, Cu ¥ Ni-Cr&+&9 A
5 AEHA }(rlg 14). 22jv Al 12-3¢ A
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Fig. 15. EDX spectrum from gold inlay-restored
tooth
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Fig. 16. EDX spectrum from amalgam-restored
tooth(1)

nnnnn

CHEH LA DISISIA] Vol 23. No. 2. 1998

Range:lo kav

Fig. 17. EDX spectrum from amalgam-restored
tooth(2)
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Fig. 18. EDX spectrum from adjacent tooth of
gold crown

o3

Caz} P & X|ol9] 14 %7} Zn, Na 5 A9
E i Ay, Ag, Cu 5 8359
TG EL HEHA EkhFig. 15).

AL opgt FH Ao}

Cas} P 5 Aoto] nHAE &7 Hg Ag,
Sn, Cu & °oFE3 a9 48] HEHAY
(Fig. 16, 17).

A
FEaTe PAYRE W29 BYeHFig.

19).

Ak & ddlo] A A of
Cadt P 5 Aote] J¥e] 2 HEHAR |
el RS HEHA FUdrhFig. 20).



Table 6. Result of EDX from adjacent testh of
restoration.

Specimen Detected element
Adjacent tooth of gold crown Ca, P
Adjacent tooth of base metal .
Ca, P
crown
Adjacent tooth of gold inlay Ca, P
Adjacent tooth of amalgam  Ca, P, Hg, Ag, Sn

Table 7. Detection of remaining element from

EDX
T~__specimen adjacent
L cement tooth

material tooth
Gold crown + - -
Base metal crown + + -
Gold inlay + - -
Amalgam + -
+ 1 detected
- > non-detected

7). obEzt Qg o}

Ca¥ P & Aote] 4£3 37 He, Ag, Sn 5
ohgggEel di: AEHAG AEFdEe
o7t E Xold] vla] Ao

A cHFig. 2).

V. &2 ¥ DA

Aok AR A 3 44 dve Ados
W, old, wetd Lol Az oz FAS
o lo} 9)%el Tergt Ao wRE 227, o
84 xgdol £ A3 Roje] 1% 27 A
& 917] WEo] Welshiokol] sHel A A )
$ 229 A8 55} Aolst pAW Be
wib WT A8 AQAE S A A,
Qurmow Azst Aol AH o4y elstat

it tBISIA) Vol 28 No. 2. 1998

|
| .
"\S_A_f_.i,«':;i'},ﬁ \Azm e

Fig. 19. EDX spectrum from adjacent tooth of
base metal crown

casmy

X 3 5 T

Fig. 20. EDX spectrum from adjacent tooth of
gold inlay

\A-\M
) L Cinat
Lezn A A

Fig. 21. EDX spectrum from adjacent tooth of
amalgam

% T i e
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F, 2, Z(Ay, Ag, Cu) 39419 &Folt} & o
7o AN E o]e} YA st Aol AEH
A (Fig 3, Fig 5).

v A 3483 (base metal alloys)e
7] Q&el ALl FEFS
2 3k Co-CriEas A3t &
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9.2 (o, Cr, Nio}] FA4EE o] F1 o™ Mo,
Ferl £@E7% shu| gargashyd 7144 44
< MAskE AE B2Hoz C Si, Mg, P, Al
Mn, W, Be 59 vl&d4art drisr% g
Ni-Cr&H2€ Co-Crgad Hlsjx fdstn 4
Aol & Aol EAo|t} FxAE Ni-Crgae
A< B Nio] 78-85%, Cro] 8-12%°.2 F
Bg o]|F3 )3 ojvtd Cu, Mo, Sn, In, Al,
Fe 59 njgd oz FAH ot & d79
AT N E Ni-Cril 29 #A dA st A2
o] A&= A (Fig 4).

ofzt F£EEL FIhHAM AlZto] A
utel x|olBE AAE uet FHo] A =
£33 AAE /A1 e olw dAse B
B2 32 BAY AR g 7IAA oy
oz zggth olEtEd F2 Ag, Hg, Sn
o & FAE 9ler Cu, Zn, Pd 59 9450
EgH7Ix 3 22 ol M E Cut &
88 AR ¥ B A7 Agdus
ozt ge FAHEHY dA st HRe] HE
= At (Fig 6).
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Analysis of Residual Dental Materials Existing on the Teeth and Its
Application to Individual Identification

Joong-Kyo Yoon, D.D.S.. M.S.D., Jong-Hoon Choi, D.D.S.. M.S.D.. Ph.D..
Chong-You! Kim, D.D.S., M.S.D.. Ph.D.

Dept. of Oral Medicine, College of Dentistry, Yonsei University

In identifying bodies that are severely decayed or damaged, methcd  using fingerprints and various biochemical
tests are known to have its limits. To overcome this, forensic odontological method which is based on the analysis
of the cranium, tooth and dental restoration is used to enhance the accuracy of individual identification. For this
reason, I have come to analysis of the dental materials that exists between the teeth that is perceived to have been
previously restored and the one adjacent to it. By analyzing the constituents of gold crown-restored, non-precious
metal-restored, gold inlay-restored and amalgam-restored teeth, and adjacent teeth using EDX(energy dispersive
X-ray microanalysis) which was invented to analyze very small amount of elements, the nature of the restoration
could be predicted and the results obtained were as follows.

1. Some of constituents of gold alloy was extracted from residual cement of gold crown restoration, but that was
not extracted from the restored tooth and the one adjacent to it

2. Some of constituents of non-precious metal alloy was extracted both in the residual cement on the tooth with
non-precious metal restoration and in the tooth with the restoration itself. However, none of its constituents were
found in the tooth adjacent to it

3. Some of constituents of gold alloy were found in the residual cement of gold inlay, but they were not found in
the restored tooth and the adjacent tooth.

4. Some of constituents of amalgam alloy were found both in tooth restored with amalgam and in the adjacent tooth.

From the results obtained above, it is possible to utilize the data obtained from analyzing residual dental materials
in a more effective way. This data compensates for the lost data due to any harm done to the restorations prior to
individual identification and further enhances the accuracy. Therefore, it could he concluded that this process of
analyzing residual dental materials could be beneficial to individual identification in the area of forensic odontology.

Key words : individual identification, tooth, residual dental materials, constitutional analysis, EDX
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