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Detection for demineralization of dental hard tissues using index-sequenced radiographs
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ABSTRACT

Purpose : The purpose of this study was to develop the radiographic technique for detecting the demineralization
which is known as indication of dental caries.

Materials and Methods : This technique was based on the comparing of multiple radiographs which was irradiated
by multiple X-ray spectra. For the meaningful comparing, the multiple radiographs were reconstructed to the dosi-
metrically consistent images using a standard material. The difference of resulting images of same target with mul-
tiple spectra represents the difference of response of material as regards the spectra.

Results : We have found about 10% of demineralization of dental hard tissues particularly in the proximal region
through the analyzing of differences.

Conclusion : Most intriguing thing in this investigation was that the method to analyze difference shows us to an
anatomic structure of dental hard tissues even if absolute values of optical density were excluded during the proce-
dures. (Korean J Oral Maxillofac Radiol 2009; 39 : 61-8)

KEY WORDS : Demineralization, Radiography, X-ray spectrum, Beam hardening

g A= EF3l3, XA 27] A A] {44
= Agte)] 7P Aa WA M Q3] o)A

AF7L S dfid e s HEUE whEe 2R ol Boh AAl2 Ad 30dzk AR Aoh-4F (proximal
o]F, o] 2)&te] ATt JAdojA] AAAY e wET dental caries)®] At o3 A3l FElw x| o}&Al = (occlu-
W 7 dee] ghe B 28 suow AHT 9 sal dental caries) AW JAT A, AUAAE ol
ooAed oz BA) U Aol B3 ued skl Ackeaze) A e W AL Fol) el
Ang B 5 Aok LS PR el 2k A4 2 AR A2 Y

F!

g
Fol 2t = < A7k e =3 AA 9
ARolm, Aol = o] ojste] Ateddel A shebatd ol HEFHAA T AL o] g3ed HopgAe) A
go} A2 9 o) JhA) A% Pl WA S FES ArIMez wooky ¥UT AT RER B

Q) ARER 3 gl o) A} AR AR elNe) FY Aok XA FHRY 54, 748 4 =, 27
= AobgA] WA WA Sy, mz 2ehe A9l

::23;&:;:?011 was supported by the research fund from Seoul R & BD (grant # ;91 9l 2]-017]- ]0]-—?—/-‘-] ____/] HJ'/\]-/‘J 51_;9' __ 01 % 7_" 6‘]—

A4 (20099 430 159), £ (20099 49 309), A Y 20099 59 49) t F9 olwdd st shA HJA} Azl 2 Q)R]

Correspondence to : Prof. Hun-Kuk Park = -

Department of Biomedical Engineering, School of Medicine, KyungHee University, Q- —/F 9‘)‘7] HKHH% %‘ﬁi}ﬂ- 30~40% ] e Z\lsﬁ}]o}o]:

Healthcare Industry Research Institute, Kyung Hee University, #1 Hoegi-dong, Dong- gt AR 27 ghaAl A ALl S X3 At 713l A=
ok A e A S S A2

daemun-gu, Seoul 130-701, Korea

Tel) 82-2-961-0200, Fax) 82-2-6008-5535, E-mail) sigmoidus@khu.ackr A& 3hte] gelolgl & 4 gt ©2o] HRALAAL

— 61—



WAIMAREIS) olejA-aA BAME S8t XlojdEAle| Holst 2%
o | . . . (a) F¥ \ (b) Fig. 1. Schematic diagrams of pen-
g | ! ! E I etration rate for the X-ray beams
= : : : = : for the multiple spectra. Gray scal-
0 i i ; ed optical density representation is
oo ! i also appeared in figure (¢) and (d).
| “Jl\ : J.: : (b) If we consider a reference mate-
; i S : : rial with given thickness and density
| ! ! "~ Hard X-ray | AN 3 p, and choose the standard X-ray
: : \ : : ““““““““ Hard X-ray  spectrum (index 2), and make all
i i | i \ 2 the other X-ray spectrums to coin-
! ! : J ! : softxray  Cide at the density p using rescaling,
: : i Soft X-ray : ; | ! then the index inversion occurs when
T T ¥ o T H H 1 1
< p <m Density < p <pa Density density varies from p; to p;.
z4 (c) z2h (d)
g g
E Soft X-ray E
§ _; Soft X-ray
& S 2
/ ''''''' Hard X-ray
J
S—— Hard X-ray ’ ;
I i
i |
! 1 i
i i |
i | I
> P . -
Density pr< p <p2 Density
AL Bl 277} d& 4 9 Husl 23 A=) o 3 XAle] ol & BAL A5 XA FHEE
& %o (projection)® 3| 2e] 3 (gray scale)gk s AAIe FE FJEvEHE £ T d=ot dU=

olghs AM HA] WAARA o] Zhe A FHA ol o]
2ok¢-2F2] 27] AGE oA F= olfolvth L
Al AAEE HPAME ol 48] FUHAA ARE d& &
A AEH 2E9 G4 A Wl ds AAstaxt
Kisss

24 3% (monochromatic) XA o] & Fiale AL
H3H A AT 4 Qo AT o g FEe] %
AstA AdA vehbes dubddd 39 Ax a9
A5 vs XA9 29 =) WeE AEs 43 gldg
= B4 W3 74 F2 B g dehir)=
PES ToF YAMIARIERZRE] F71 HRE A& $ Q)
T ool g 2R Bkt 29 E3 e XA HE)
A 2 A #elT S8 e g de] AdEdY
o] Apolol] A 7 AT olE EAIA dojd A
ojch. 3 & A3k XA Au|2RE] vhft AuE S o
/M 29 S 4F0E 9EE o)4sle Aot
e FAHAEA A7) g mAs) 98 =2
Az 25 AR WARIARRLE Thofgl a9 ey
o A A& & U old] Ao XA AWEHL
QE7F FAYNAEA A zelvA] A9 w)go] AR
.

1

R

7} 271 W XA 3L S8 Hid oW A3d
Azol we}t Foj=t: vge tadP uely A3} A=
7} 2 o8 AdEYY] XHozRE AL FUT i}
Aol g PAAAR B 3] =g Fole EAE V)
Z= (reference) .2 Z}o} |AAYs= #AA & 7)F 24
o 22 of9 A7l g AAH wEH V|EEEY
A A A3 Azl weiy F 28] oA o] A3t
(Fig. 1). o] Q252 ¢AME B3] 7[EL =l 3 X}
AzxAY U= zlo|F & 4 917 "ot

227t F2 FAE 7HAE YA (ename)?] ¢ 2
=+ g 28~29g/m® H = 7 £2]7} 7|EEA = =}
F AHgsle dRRR A 27 gem’ H2olvh Pubre
2 27] HolgAFe Hole] W3l muldM €dsE
S AAEEE AWy m¥H 5o AopsAlF
9 (bite-wing) WAMIAMA & o] &3l FFsTAL Sh=
g ¢ &h3 A= FE= 83 Whgeld. AL,
7R Fast A2 4A% H2AY 22 AFESA (dosi-
metry)E& 8 Il Bo3 Ao AHR=E 93
¥ & 7} (Heel effect), JA|F4 3 (inverse square law) S|
Q& 7148} A] 4= =) A o] = (background noise) = A A
Hoo} g}




I 2 3 4 :X-ray(index)
(175,178, 172, 174)

(185, 184, 181, 182)

4 Opiical density

(165, 162, 163, 166)

‘ Sort and replace ODs with indices
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« Sequence of indices

Fig. 2. Example of index sequencing. Radiographs have been tagged from 1 to 4 as regards the hardening of used beam. Optical densities
of given location are sorted and replaced with indices. Henceforth optical density information is abolished.
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Fig. 3. Portable X-ray device, digital detector, step-wedge and immobilization mount.
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Table 1. Eight conditions were listed for the exposure time and
the thickness of aluminum filter. The hardening of X-ray beam
was consecutively numbered by an index. The smaller index indi-
cates the softer X-ray spectrum and the larger one implies the hard-
er one '

Index Exposure time (s) Thickness of Al filter (mm)
1 0.15 0
2 0.20 1
3 0.25 2
4 0.30 3
5 0.35 4
6 0.40 5
7 0.45 6
8 0.50 7
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Fig. 4. (Top) The optical density

plots for BND in x-axis are shown.
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Table 2. Noise factors (NFs) were calculated for both tooth and
step-wedge independently

Index Exppsure time(s) Noise factor (1) Noise factor (2)
/Thickness (mm) for tooth for step-wedge

1 0.15/0 0.87 0.73

2 0.2011 0.93 0.80

3 0.25/2 1.24 1.03

4 0.30/3 1.45 1.29

5 0.35/4 1.61 1.37

6 0.40/5 133 1.05

7 0.45/6 1.44 1.10

8 0.50/7 1.34 1.03
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Fig. 5. The optical density plot for x and y-axis of actual tooth radiograph are shown with specific condition. (Exposure time 0.15s, without
Al filter) (Left) The optical density plots for the tooth radiograph before background noise subtraction. (Right) The optical density plots after

subtraction.
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Fig. 6. The optical density characteristic curves of eight conditions
were described using Al step-wedge.
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Fig. 7. (Upper-right) The reconstruction image which represents the sequences of spectrum index was built by their own gray scale, (Others)
The tooth was sliced and irradiated to confirm the algorithm. The background noise of disk radiograph was also subtracted by correspond-

ing NF in table 1.
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