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Abstract : As for the panoramic radiography method, a technique of Quantum
Radiography is developing. And it is possible to make image formation using the
number of the X-ray photons. Recently years, there are the problem of allergy to
body with the intraoral metal. And the demand for restoration thing of the
metal-free increases.We thought whether analysis of the dental metals are
possible as a help of a new diagnosis method using photon counting new detector.

Pure metals and Dental materials were used. And there was intended whether
intraoral dental metal could analyze an identifiable quantitative spectrum with
analysis software and tested them using two kinds of indexes.

Relative Attenuation Index (RAI) : Quantity of relative decrement

Spectrum Deformation Index (SDI) : Based on the X-ray energy distribution
that penetrated an unknown material The X-rays energy amount of change that
penetrated an unknown material

Using a photon counting type panoramic X-rays device, the results were as
follows:

1. The metal that is light specific gravity became a large RAI and a small SDI.
2. RAI became small and SDI became large generally, when copper used.

3. The clear change was not accepted by position relations of RAI and SDI
between the metals, when copper used.

Key words : photon counting, panoramic radiology, dental material
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2) R &M (Table 3)
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PTFicEnEZnEEoHEE L TITRT.
RAI=(W1+W2+W3)/ (U1+U2+U3) : Y i
SDI=(W3/U3) / (W1/U1) or (W3/U3) / (W2/U2) : X ik
W a2/ ) T<lH#E, UEsT VI T—HEZEELTH.

ZOHETIT 3 DORBR ST XX —FHROMR IR A HEEH L T ZnZEi=
FNFX—O B HEEOERERET 22 E0nTE5Fig2). TNENTRLF—D
BB OE N XV RWIEL S, W1 XU Ok 25~38keV, W2 I LW
U2 OfEIIE 38~55keV, W3 XN U3 OfEiki% 55~80keV T % (Table 4). SDI
DAY [ VIRHT Cldde b 53R O RN HIB] FTREZ2(W3/U3) / (W1/UD) D54 H
WTCHT 21T o 7.
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GAER) 72 > TN D T2 DM EL DR EIZ D72 F 5 Z E R AlREZR 5.

RAT fE(Y #) D A7 hVREHT T 8 D2 TOZ R/ —FEILD 7 + b % H
T 5. SDIEX i) D ALY MAFEITTIEZ D 3 DD 5 B 2 DD F/LF—fH
EHWZEDHRTRD 5N ENEE DR N UIRIT Tl bR AL L5 W3W1
DOFEREZ RO CTHT 24T - 7=,
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HLEREIT -T2,
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(2) NMEFYAINE@Cmm EHHR) 12 & 2T
FRIESLbay ha— LVl E R DT Xy U T L— g T — X ORSEAT
ST, FOBRSEBEM—INEPIITILRS ETELAR—ICD L ZAZENEN
fdiE L (Fig 6) H— &R X O WA HESRZ T ENABHEEINE Y - 2L & 5T
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1. B—&BDO 7+ b T 4 v TRNT
1) ST L o5 R (Table 5, Fig 7).

RAT fEIEEWIIAIZ Al 2.198+0. 011, Ti: 1. 622+0. 004, Cr: 1. 327+0. 003, Co :
0. 533£0. 003, Zn : 0. 462+0. 006, Ni : 0. 369+0. 002, Cu : 0. 321+0. 007, Ag :
—3.221+0. 007, Pd : —3.419 +0.011 TH 7.

SDI fE %@ IEIC Ag:0. 064+0. 020, Cu: —0. 027=+0. 019, Zn: —0. 044=0. 024,
Co:—0.056%0.015, Ni:—0.065*+0.012, Pd: —0. 111=0. 011, Cr : —0. 522=*0.
012, Ti: —0.711£0.013,Al : —1.051+0. 023 TH-7=.

T(AD, F¥(TD, 7 a(CrR 81377 7 OfEM T E L3kl 2% D
RAI fEA K& < SDI /IS < 22 HfH AN 72 > 7.

FTRADNRT VT LAPDILT T 7 OMEMT E LTIEAT, 2F D RATEN/NS
< SDIfERKE L 22 AN 72 o 7.
2) HRRAIIN L7256 0fs % (Table 6, Fig 8).

RAI {13 WIIEIC Al: —1. 078 £0. 004, Ti: —1. 362%0. 003, Cr: — 1. 524+0. 004,
Co : —2.064*+0.004,Zn : —2.110%0. 005, Cu : —2.175%0. 005, Ni : —2. 186=
0. 004, Ag : —5.3810. 009, Pd : —5.666=0. 007 T > 7.

SDI fE % & IEC Cu: 0. 450%0. 029, Co: 0. 391%0. 019, Zn: 0. 386£0. 031, Ni:

0.346=*0. 020, Ag:0.281%0.027,Ti: 0.268+0.027,Al : 0. 2569+0. 030, Cr :
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0.247%£0. 025, Pd : 0. 219%£0. 031

EERIICET, 2E Y RAIEA/NES < SDIEARE < 257~ 7.

L2 L @R L O ERMRIZET N7 LR & i L TH R&E S BRI Lo 7z,
TIV(AD, ¥ (T, 7 a(Cr) 72EX7 T 7OMEMT E L TEoaE &Lt
i LT RAIED R E < R DMHHEIZ e o Tz,

F28B(Ag) T VU AP X7 T 7 OAEMT E LT HERRICHOE)E & g
L CRAIE/ N E L e DEANZ 72 o 7z
2. WRHHEBO T+ by T 4 v AT

1) SAARATINEE L ofE S (Table 7, Fig 9).

RAI fEIZEWIIEIZ CoCr : 0. 628+0. 010, 12% palladium : —2. 812+0. 002,
Silver : —2. 959%0. 007, 14k gold : —3. 024%0. 006, 18k gold : —3. 564*0. 009,
Semi precious : —3. 829*0. 014, PGA : —3. 873=*0. 015, 20k gold : —3. 951=*
0. 008, Precious : —4.493+0.033 Th-o7-.

SDI fE L& VIIEIZ 14k gold : 0. 351%£0. 015, Silver : 0. 264=+0. 038, 12%
palladium : 0. 242+0. 009, 18k gold : 0. 216%0. 014, PGA : 0. 089*+0. 024, 20k
gold : 0. 062=£0. 014, CoCr : —0. 140%0. 010, Semi precious : —0. 154=%0. 023,
Precious : —0.345+0. 039 Th-o7-.

a/3b k7 1 A(CoCr) 1377 7OMERIT E LTt/ R, 2F 0D RATENKE L
SDI A& < 72 DAHFENS 2R > Tz

ZOMOEBBICEH L TELZ 7 7OMEM T ELTIAET, 2£ 0 RATfEN /NS

7257275 SDIEIZEA L TIER/MNES D E MO b,
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2) FAMRATIN L7234 04 R (Table 8, Fig 10)

RAI fEIZE WIIEIZ CoCr : —2. 034+0. 011, 12% palladium : —4. 882=+0. 005,
Silver : —5. 0560. 009, 14k gold : —5. 101+=0. 006, 18k gold : —5. 644=%0. 014,
Semi precious : —6. 029=%0. 006, 20k gold : —6. 085=0. 013, Precious : —6. 833
+0.015 ThHoT-.

SDI fl 1% WIEIC Silver : 0. 493+0. 016, 14k gold : 0. 468+0. 016, 12%
palladium : 0. 367=0. 010, CoCr : 0. 361+0. 012, 18k gold : 0. 317=£0. 023, PGA :
0.231£0. 042, 20k gold : 0. 194+0. 026, Semi precious : 0. 126+0. 014, Precious :
—0.406+0. 044 TH o7,

TLTy A RERERMICA T, DF 0 RALED/NE < SDIE KR E < 72 HfEHm
IZ7g o7z,

72, @R LOAERFR TN LR & L THRE S BT LR o7z,
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LEX—FESROBMESE R L, OV FL—ra VL SERIE T ~DEBRNAE,
@7 I u T T UANGEERENRAREL R HI2DBERM ) A AT 0T OEENDIR,
@74 =X VFXF—DMENRETH D Z L1 bR ¥—rfigeom b, @B
2 DL ) DT R F—HITTT —Z DOorBErHE, @RI E 7 B A XDIME
DORREMEZ AT D, & WV o T REN 2T v d 1920, Complementary Metal Oxide
Semiconductor(CMOS)<° Charge Coupled Device(CCD)IZft#E S B0k D 2 kT
MBS ITT v 7 At — B OGRRICEBR T 20 o F L— 2 — 2 VT2 REEEThH
5. ZIHIETm y 7 AT LR — (T AMHDEERITH L THERICRE W2, =y 7
MEFNX—L T L —F —ORNIBOBRITREZ KT, LL, Yo FL—F
— C—HAHGRRICER T 272010 R e A4 L, =31/ F—5fifae TITRIE
WARATRETH 5 2. —J7, CdTe ITfRFE SN2 BRI E T v 7 A1 %
BT IS D O 72D = L F =T EOWEN TRETH 5. Liid > THtE:
DTV F =53 BN ATRE TH T R F—fHIROFREFIN T2 Z LI X VKO FH
EMNATRE L 725 T 5 2229),

FEEBROFESR, B —SRBTOHRETIITAI=AAD, 72T BLOZ o i
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(Cr) TRAIfENKE 72 SDIEA/NEWVEIZ/ZR 57, ZHUE, 2N HDOEROE
EMEL —EAICBEWERICPESN TV DEINETHA ). TRIIX LT RT VT A
(Pd) HR(Ag) 13 RATED /NS < R DMBAICR Y 26 OB ITEE N & < — iRy
ICEWERBIZHOFEIND. EOMD 4 FHEHOSRITIZIEFR UALEIZH > 7-. RATED
MERMRIIF URE S 2l L CE G BEICEKFEL TWDOERAICH D 2 &3 b)
S 7-. SDIEIZEA L TIEE L & DRI & 2 23 L 7o = ¢ L 2 — i O #: HH 2R
D7 4 MBI HEFET D1 D@RB I L ITEVRAELTZEBEZBND.

B — & R IS ARFE Y AN 2mm 8 L7256 28t Mo 2a WA & i 2 &
ARAIIC RAT MK 72 0 SDIEA @ < 72 DA 72 o 72, ETARNE AR I
BV L bl L RALEAMEL 72 0 SDIEAE L 2 5L L 0 FHTh o7z, =
DJERITARAR G DFINIMENEE DS BIZH L TR VB B L2 T eld s
Z DD, BEOEOEROFEE DL B IR O 4RI i LT/ 722 ME A T
B 0 HIZ SDIMETIXEENEH TH 7. Lo LEHNE1T-72 & LThLeRR+
D77 EOMBERBRITEELTEY, 777 EREMEZELITRD Do T,
AU AEREARE LT85 6 THEE DGV O FEMER T 23 ATRETS & D
ZENRBINTZEEZHLND. L URFESIVNE ARUVEEE O 4 R 1A N3 78
FIUXRDNZ EFRIEOELENRE WD, LORBENEWVIT B LE L 725,

R &R OHA TIHRWEE D 231 b7 b LA 4:(CoCr) 23 RALEA K &
VME L 2V BENR b EWA X LET I v 7 &SR Typel(Precious) 23 b /S
WMl & 7otz BB REEENMEVIE L RALEA K E < 258 H 2R LI
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Table 1 Constitution of Pure Metals.

Material Density (g/cm?3)  Constitution (%)

Al 2.7 99. 99
Ti 4.5 99. 9
Pd 12.0 99. 95
Ag 10. 4 99. 98
Co 8.9 99. 99
Ni 8.9 99. 0
7n 7.1 99. 5
Cu 8.9 99. 99
Cr 7.1 99. 9
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Table 2 Constitution of Dental Metals.

Material Density (g/cm?) Constitution (%)
CoCr 8.2 Co(63.3)-Cr(30)-Mo(5)-Others(1.7)
Silver 9.5 Ag(72)-1r(6)Zn(12) - Others:Sn*Ru+Al(10)
PGA 15.9 Au(77)-Pt(1.5)-Pd(2.5)* Ag(8) - Cu(10) - Ir(0.1) - Others(0.9)
12% palladium  11.3 Au(12)-Pd(20)-Ag(50) - Cu(17)Others:Ir-Zn+-In(1)
14k gold 13.6 Au(58.4)-Pd(3.5)-Ag(14.7) - Cu(21.7)-1r(0.1) - Others(1.6)
18k gold 15.4 Au(75)-Pt(0. 5)-Ag(8. 9)-Cu(14.6) - Ir(0.1) - Others(0.9)
20k gold 16.6 Au(83.4)-Pt(0.5)- Ag(6.8) - Cu(8.9)-1r(0.1) - Others(0.3)
Precious 18.8 Au(86.5)-Pt(11.3)-Others:Ir-Zn-In*Fe-Mn(2.2)
Semi precious 13.2 Au(39)-Pt(1)-Ag(19.4) - Pd(35) - Others(0.6)

14



Table 3 Specification of QR-Master-P.

Tube Voltage:80 keV

Tube Current:4 mA

Total Filtation:2.5 mmAl

Exposure Time: 10 sec

Si1ze of Focus:0.5mm X 0.5mm

High Voltage Generator:Inverter System
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Table 4 Response Level of Each Detector.

Energy Level W U Response Level
Low W1 Ul 25-38 keV
Middle W2 U2 38-55 keV
High W3 U3 55-80 keV

W: Value of panoramic U: Value of Aluminum



Table 5 Comparison of mono metal materials without cupper loaded.

Material SDI:X-axis (S.D.) RAI:Y-axis (S.D.)
Al -1.051(0.023) 2.198 (0.011)
Ti -0.711 (0.013) 1.622 (0.004)
Pd -0.111 (0.011) -3.419 (0.011)
Ag 0.064 (0.020) -3.221 (0.007)
Co -0.056 (0.015) 0.533 (0.003)
Ni -0.065 (0.012) 0.369 (0.002)
Zn -0.044 (0.024) 0.462 (0.006)
Cu -0.027 (0.019) 0.321 (0.007)
Cr -0.522 (0.012) 1.327 (0.003)
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Table 6 Comparison of mono metal materials with cupper loaded.

Material

SDI:X-axis (S.D.)

RAI:Y-axis (S.D.)

Al
Ti
Pd
Ag
Co
Ni
/n
Cu
Cr

0.259 (0.030)
0.268 (0.027)
0.219 (0.031)
0.281 (0.027)
0.391 (0.019)
0.346 (0.020)
0.386 (0.031)
0.450 (0.029)
0.247 (0.025)

-1.078 (0.004)
-1.362 (0.003)
-5.666 (0.007)
-5.381 (0.009)
-2.064(0.004)
-2.186 (0.004)
-2.110 (0.005)
-2.175 (0.005)
-1.524 (0.004)




Table 7 Comparison of composition metal materials without Cupper loaded.

0¢

Material SDI:X-axis (S.D.) RAI:Y-axis (S.D.)
CoCr -0.140 (0.010) 0.628 (0.010)
Silver 0.264 (0.038) -2.959 (0.007)
PGA 0.089 (0.024) -3.873 (0.015)

12% palladium
14k gold
18k gold
20k gold
Precious

Semi precious

0.242 (0.009)
0.351 (0.015)
0.216 (0.014)
0.062 (0.014)

-0.345 (0.039)
-0.154 (0.023)

-2.812 (0.002)
-3.024 (0.006)
-3.564 (0.009)
-3.951 (0.008)
-4.493 (0.033)
-3.829 (0.014)
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Table 8 Comparison of composition metal materials with cupper loaded.

Material

SDI:X-axis (S.D.)

RAIY-axis (S.D.)

CoCr
Silver
PGA
12% palladium
14k gold
18k gold
20k gold
Precious

Semi precious

0.361 (0.012)
0.493 (0.016)
0.231 (0.042)
0.367 (0.010)
0.468 (0.016)
0.317 (0.023)
0.194 (0.026)

-0.406 (0.044)

0.126 (0.014)

-2.034 (0.011)

-5.056 (0.009)

-6.019 (0.011)

-4.882 (0.005)
-5.101 (0.006)
-5.644 (0.014)
-6.085 (0.013)
-6.833 (0.015)
-6.029 (0.006)
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Fig 1 X-ray device: QR-master-P.
Fig 2 X-ray spectrum and distinguishing of energy.
Three detector response areas W1 : 25-38keV.
W2 : 38-55keV.
W3 : 55-80keV.
Fig 3 Colony of X-ray photons (ROI 10mmx10mm).
O : Gravity of photons.
Fig 4 ROI of Imm-10mm thick aluminum analysis using QRMC.

Fig 5 Address of Imm-10mm thick aluminum analysis using QRMC.

Fig 6 Arrangement of metal materials in line.
Fig 7 Address of mono metal materials without cupper loaded.

Fig 8 Address of mono metal materials with cupper loaded.

Fig 9 Address of composition metal materials without cupper loaded.

Fig 10 Address of composition metal materials with cupper loaded.

32



€e

Fig 1 X-ray device : QR-master-P
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Fig 2 X-ray spectrum and distinguishing of energy

Three detector response areas W1 : 25-38keV
W2 : 38-55keV
W3 : 55-80keV
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Fig 3 Colony of X-ray photons (ROI 10mm X 10mm)
O : Gravity of photons
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Fig 4 ROI of Imm-10mm thick aluminum analysis using QRMC
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Fig 7 Address of mono metal materials without cupper loaded
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Fig 8 Address of mono metal materials with cupper loaded
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Fig 9 Address of composition metal materials without cupper loaded
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Fig 10 Address of composition metal materials with cupper loaded



