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Abstract

This study proposes the algorithm to automate image alignment and detect marginal bone destructions, based on
subtraction radiography for dental radiographic images necessary for dental PACS, which hasn't been covered by related
literatures. The proposed algorithm enables a quick and precise detection of marginal bone destructions around teeth
including implant through the knowlege-based multi-template matching in reference to ROI(Region Of Interest) obtained
from applicable teeth using information about their geometric forms to solve problems single-template matching is exposed
to. Actually, the test showed that it was possible not only to quickly and precisely detect marginal bone destructions
around teeth, but also to get more objective and quantitative results through the algorithm.
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Fig. 2. Difficulty in detecting marginal bone destructions.
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Fig. 3. Proposed algorithm.
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6719 A g Ave JAdd A 71€71E
5% 5, 2 37 71€71E 78t 2 71&719 & A
olgstd 29 59 & AFHol] Ui AMME
T 4 ok

tlo o ot

5 )
amtgfacne)
A A e AT, (o,9)E A2 B4 2
Fgtolth

L. XiHx[ote) ZMMZ HE
Aol o AFAolete 2] AFelA e
glgo] uj$ nAsle X T GoBE HAEF)
of$- olHt} webAM olg EAPE WHAsH] Y
B =3dMe AdAoE EAAE F Ue Aot 9
WA AEda, 4E2" dFd HAEE o] &3t
BEg Aot A HE:E AN MY
Z(Canny edge detection algorithm)
g ol g3t AtE WY Aokl AAS AEE
5| 2~ H 2] Al ~(Hysteresis) 9AIZHE AHggrt. ©
A G JAAE o] &3t Xole] AA dH¥ES AE
11 =L AAXE vgoz v AR o) WA
ARNEZRE A& HEdh ol AZAHE oA
2 AAAE o] g3t HEH A AIHES] A
BE o83t 1 F& AFFoEN oA HFo| A=

or

a3 6. Alotel A A& ot
Fig. 6. How to detect the contour of teeth.



74

NP S

ok

(@) zlot &t b} Rop &7 FA HE

() xlote| ZH A&

ag 7.
Fig. 7.

RXlotel AHA HE 21
Resuits of detecting the contour of teeth.

T8 8 Aote] AMME HE
Fig. 8. Detecting of the straight segment of teeth.
A ddsE R vk & Aoke YwHoz £

APel7t ZetA Yept 7 Agradient magnitude) =
4 W E Yepdth wEhA o]gjdh xjo}e] 7818t
2 BAE ol&dte] 19 637 2ol 4 HAUd Ude
ANAE deetA Ha, 28 73 o] xo}e) HAE
HEsHA "ok

olo} o] AEE AA A (3)3} o] 71 &

7] &

=

dtal, & Ag o83k 27 8% o] Xojel )i
AHEE A2 F A
1 Yi— Yi+a

A= XZ T, — T fweeght (wz) (3)

A7 A FdY 71&71001, (z,y)E 54

FHEONH, fieign: (w;)E 7] '%-71011 tHfIf} 7HEA o]tk 7t
FAE Aote] AAd ot
o= Aot AA BH HEA UH
o e Aote] AA Azt "%’4 &9
s Akt AA HE

BEolle B4 BEE vEoz Fyg5HE ¢ 9

ax x
— A

)
O

e

o

88 X U8 CIXY X-ray SHOIMC 0|4 H3 2 B0

(350)

23

o

AgatA 9

z 4440393 e
=
b

=2

2L
o

2

(line fitting)o]
o A AR
AlZtEl = e
of 2kl = Ao P
g = 43zt 9

AEF ST

01]

<

o »0

o
-

TER Y U - )
2t o Mo

N
-

.a
i
B
&

m
oX
Joy
2
>,
e olN 2w
ok

oy

[d

> o

.
13+
Wol o

A2
ge 2
AHE o aA gezs

rk

HEY =g
UAY X-ray G4olA QEo] AztEE 2
ARSI Wstesh W vk )& A
IMe 2 I A8 FES & e JRE do
mf¢- ok wEbd B =FdAE uAE
FaLeld g Jug 5y
A= 7 (summation) 71¥-& Attt ¥4 7y
FEAL g ARAAE PHsto 2y Al
3 5aE &3 Ei "‘Q’“ A= @y),_g 347
A n

gl

AL

N¢

A0l

2

oz
§]1

rlr

o Hr B oo lo

& A
e ol&3te] Aot Add W
FALZ wAshE

o
A & 3 a5sie

MON e

go mo 1 X
A
g &

i

o

o
M
2
2
of
=
e

¥

elZ ot ¥ Xpodx|ofe] AMHA Ea|
Identification of ROI in implant and teeth.

a8 g
Fig. o



2010 5% HXIZ&S ==X A 47 & SP H

217 e 0B ARgge
zoA Yetzz BEoldd 2E 144
(smoothing)& SeHa ke AFel AFAL A
F7ksHeY), of 91X AR ANAAZ @ 9, o 3
Bsh HUHRS o83t 1Y 9% ol BUIE
2elg olsh 2& e HE Hop o ¥
o] A59 WA FPE

FAYEE olsh

A=
254

d ¥
AGe F Ao AFEA de AARE d7)
L3 A2 AA ARAE Fu 99 F 9
ZEo] ozte] YK 9 wr9jel A5 7pPoR
ste] &3] A= Zié Exog Ft}
e 94 BEe MRS 4 A &=
o]7] YsiA olm] Atd 2]‘4«] AR BB}
o} Xote] AAM ARE vlnA &I Xote]
9 (orientation)®} $X(position) HHE AHFTo=
Gde HAFA A & dA3 €49 F AUtk £
TFAME AN FGFNA Kol w9t e AH
o) g% JYolER BEL 9% GHT™ 7wt 34 A
g s ol 8dtt

Add F4 B3E WS HWA AAA JHE
e BAFGAA AAE T3t F1 b S
TR QYA GHTE o83t %
TR ol FAV1e] HHE ANE Axe T
A, 2 AdE %] oA MYE o8t #AHF
AN A7 G5 A4S Y T Uk
A A8 BN A HgE F4387] YA 3

O ox o
= oog N
i wﬁoiw"?aﬂ
r{umzd.-u

op
)

T S S -

b) o5 =

I
E8l g4

a8 10. e 37l wE
Fig.

Hgte| Atol
10. Difference of template mathcing according to the
size of pattern.

(351)

3=z 75
As w3 Z4, 29 103 2o] 2 A 2 AE
Roll izt JHAdE A& FPol I, AFE

sdgts FAdA BolAF4E oA WA AXA
Al wAg v ddo] g FfdlE
R vfjHo] 7hgetn], £ Ao} AN F4 B
Aol HE A% £ FF d9uke dide= o
F 223 A e H8s] died A Aho)
7bsetd, ARRAME FAg Zpo]7t vepde

AgtE WS GHTY wHE 3 g #2g AT
A v HH e F40 #9W A wE #55
FA dd 27] 2R A AHEE 1s] A3
oln] 54 ANMEE ol&3t &, A5E JAAL
9] 71€7] Aol AR WAE Astel T H9 HAA 3
S Huz 7t FHIGEE 3 Aol o
g Hes Sdxoz H8E F 37 Wi 2u A
g Aol 7Hsatt.

A

L.

o
=

3. lMEE 2B

#4999 Aol g2 T I ¥RE 1}
Bile A94e FEALT B3R 4 @s gol
429 999 Be) AL A Rk

ROL

input2

ALS.
=

3
p o4

(z,y)|
(4)
A71A (z,y)E FRANM Z ARE 9n|ste,
ROL, 1 (z,y)€ A8A 4833404 228 249
QOl3, ROL,u(z,y)e FHA AFIEAA o
SHE BHdgot

SUb(:E?y)ROI = |Roénputl (:c,y)

Msh 42 e 94N £ ge 2 €
o 2 Kop 79 At EAse R
X-ray I o1 dehdr] Bhgo] AgglAs

st A 9o, mad dud 9As yes
Aol ABFAY FAE 2AE Bahe
A9 B, 3, A2 PREA 2ol G
el A AANE Agste] QARG A, AA
AstEThe 7919 QRPRE B T3] AEIE
2AFel BAY e olaE EANL #E3)
o B =RAAE 2e8 7 BAIGES A8
45stn, 459 2 F94ui 2vydds JAE
9T ¢ Ut OF 9EQ P FTRHA AR
A,

u

—

Kl
K

2

XX
=



76 XA7H OE

]
S
mjo
=
oo
ro
pall
\-_l

Aok Tz EAFRA
A7 Bug vigoz wrs

)>T
)< T

1 if subgoslz,y

g(x’y)z 0 if SubR01($7y

A7VA, subgoy(a,y)E BAGLNN Dol =
T, T ARE FRHA A, glz,y)E
ggolct,

Zeher ug wigo s B 999
AX AR 799G P9 FeHBE 93
ez ahe A AARE g e @

o]

=)

T

2ReE ANS FY F A3, FA PH5E 990
Aol #99 B3 RIS YT £ Ak o3I B
Y 799 99 #4 39 WiHmerge)s 2, 3
NM9 BAEe dogy Hol WYH Fdst AN
o 3 @5t AFYer FA5so) EAdt
I 23 % 24

2 oeRdN A PEe Ang dBA2Y

(Dental PACS)SIA ol-¢:3t7] $18) el wol) o)

ol A7le] PCO BRHAHOZ ALEHI Qe A
9l AE$2 20008 o83t 7V ¢nYF F
ol ALed e MTESH ¥ gaxie) dae

E 1 12| TS5

Table 1. The algorithm performance.

FHAZHE)

gyuz olZx{oluld DetxjojolMl olX|Z|gt  AT|ZET|

oAU HHBWY NN SNEHT)
24504670 918 1612 5@ 427
450670 203 1804 6084 5901
670640 238 201 9237 6184
670640 Cotee o ps1 9854 700
512x768 - 1914 7915 542
802455 B T 8812 5601
63248 - e 94 798
61243 - 2003 89 801
A4 1.964 1.960 8218 633

2 CIXIE X-ray oMo njAHSt ZE0| 25

%7

miN

e Ttoltt.
Aok
2 QFHo}e] X-ray 947 899 AF
¥ 1004 BXRo| A
HEth oS AEsHA 3= A At
Hog wWE FYIEEES Holy L 7
Wo) o2t AAE oz $887) &l Az
o] A7)l HE Ae] HHFLE Ftste W
ot W 9dA =Y BAGYE 2T ¥
A719] BAGATE ez FYsr] wielth
33349 AHY
RMS(Root Mean
fﬂﬁ} RMSE
g o83t

g Ao +AHUS 45

e o] 71Ee 9%
o

3
1
o g

F

” (i

h=4
=
4R 3

< 2 g 0] "t}

RMS=

0471*1 NEeg"e 7
€ 9@ 1089 XF
03*0‘3 ez JAgge A
113} o] AgHE o] 7]E9]
g3 49E d& F ATk

oA 7|&9 uc}ué,g_[eﬂl]o] G A2

will=

Eé d
A
=
d] gA
i,

BEe 1599 AFA} ALRIAN
AAelAA
AdRotel Xray e U¥ez Agsteieh

O

\

<]
6~
(<]

=

a

(<]

b

e

A& vustrl A8 2 ©)F 2ol
Square difference or error)®& o] &
FA7+e] ¥r7) A (intensity difference)
S 2R HHog

(©)

oz

Fd BBE FYs] WEol X-ray 9 F9A A

Aot Al
71&ed 45, 8x1e AN

FAHALA (central beam)2] YA
AHZA ] WolAoz

Imege Aligniment (RMS Results)

RMS

19 110

12 13 14 B 1B 17 8
Dertal Irmages
—o— FIQHE Y (avr.=3.674)
—m— MR Q4T WH(6] (avr. = 9.583)
IJIZEIIG SAHY WY (avr. = 11.197)

e §=
Fig.

1. AN RMSe] bl Z3f
11. Comparison of image alignment using RMS.

(352)



20104 5% MxZEE =X M 47 @ SPH N3 =

I

E 2 HAE Ho|g HE
Table 2. Test data.

iz ol gxt K=ot X}

1 2 3 4 5 6 7 8 9 10
574 405 401 572 49 | 475 584 577 661 577
s Al x x x x x x x x x x
429 369 388 378 433 i 405 240 311 388 378

§xt

ERgE

N 40 52 44 24 62 50 58 62 46 48
(pixels)
g LAE = 2ol 2 A3 A4S FFHE F= Ao
o] ojg]e whA A" vy {ER-do} ZAW
(cemento—enamel  junction)o]y} FEEZS] - HAR

(crown margin)& 7|F22 3 WA X ZF(marginal
alveolar bone)®] 4T3 A& wEste BHYHE
wEata olg tider AN AEE Y5y Wil
Adodoez AL a719 49& g st FFA
& A F AA7] wiEolrt. oel g, v)Ee] W
Yol 4 #Fg9gel9]e dYoME B AR
e AYsd) wef ol& e Afde 2 277}
-5 AR A "t

AA X Fg OAE AR GAdell A A E 5
al st g H2E e 7] H8f 1089 A3
Aol AN 2L F 4 G Alset)ell daf Aot 3
T+ ZEFF AY, S 8% 99 WdlA AA AT A
3 Z2ads JAE vA H3le AAsta, o]& A
e M 7)E WYL HAEE FP3Arh

F 2 AAE HZEd g AEola, Agtd W
W 71 Ite] vAWs HEe HYAS vy
A3 A (NE AHEEHT o] A& AFH oz nAd
32 ASd AA dA o A4 32 dAEHE o
A Fote) Hl2 FBAo] &9 9= 00] ek

A

L
e

MDTP_ CDTP

Ratio = (7

Mpzp
ANM, Mpppe HEY AH FAFoM, Cppe
AA ¥t RoA AEE A o}

a9 12& vAst A&l gis 71 s Al

ol 71& B Hs) JrhHos we
e ofe 1E ESe] G4 AAF %
3 A4H YANE AGIHE A FxAe
stut 39 49 ¥t § a4 dEHEe 44
B3e) ol o¥unE ¥ 9go) Yoz A

(333)

77

o|MiEis & Z2HUZ%Io)

—e— X ohtH
—s— Threestep
Semi—auto

Pl P2 P3 P4 P5
At

ol Mg st & 2 2HAIAR|0)

—o— K| Qe
—a—scaling
edge

P6 P7 P8 P9 P10
=2

O8 12 olMMst 24E Bln Ao

Fig. 12. Comparison of detection of marginal bone
destructions.

(0 7|& g

d&dn
a8 13 olMHEt A& Zak (elslop

Fig. 13. Result of detecting marginal bone destructions

(implant),

vebvbed e, AtE Wy #agYgwe
2 33 S5 JAAE o] &R 7|Ee Wi
B3l Xo} 919 mARsvhE A&sA BT &
7] wjioltt,

¥ 13% 19 4= nARE HJE 4 ootk

29 132 AFA o T mAs} HE A 9
o g o2 AA HA Wt #9227 2037 400]th
AEE AL AGD el 7 217 42, 71E WY
o] A4 499 512 YEH o2 oS58 FHo o
Holo] nHss BoZEo A 7|E&HHd) bjd) e

(})}\



78 XA7|H oE

HE3E 0188 N8

7 14, o|M#HE HE 23} (Ktedxjof)
Fig. 14. Result of detecting marginal bone destructions
(teeth).

Compare of results

8 B

S

Pixels

oW

Pt P2 P3 P4 P5 P6 P7 P8 P P10 P11 P12 P13 P14 P15
Pafients

—e—Detist
—w— The proposed method
[ The existed method

a8 15 ojMHEst HE 53
Fig. 15. Comparative measurement of detection of
marginal bone destructions.

AFABeT BAY
4% 2% 99oE, A
$ 247 20% 500l AEE HAL
WMol 242 199 50, 7)E W) B9 329
10122 gF3Acke] PR BN we A
43 ABYE AT,

a7E2 ALY Pl 71T PEel B ER
N A9 QA wrh B B AAE ABYE ¢
% i,

29 15 1599 £ dolel Aol 31l A3te

At o8 =AY Avte] Hagat Agd Wy, g
I 71E Y F oA N AEges ¥ HE
AR, agdA BEo] AFHrprt SATE Wl
At ol frAae ¢ F At

)

ol sl Al A, F AAAE A U, A%
g 3y, aela v By e BAAY A5

HAE X-ray SY0M2 ajMEHst F&0f

(354)

?

Aty Y3 v RS o] 43ty A Huike ¥
Kruscal-Wallis 774 %
Z A FoJAT &A% vyl
71€ 9d, 2832 ARAE AT S Akd
W g 7|E i Abd Wy ke Aol s
A&t7] 913 Fisher's PLSDS} Scheffe 7% #lle
o] &atqict. Tt Aolo tigh AAAAE XY ¢
8 Spearman Rank Corrlelation 34188 23] x|3te)
ARZE A% W Akd Wz dAEE SHE
At
449, At 538 Pun AT B
A% #94F 0058t p-Valert 2 4038
(p-Value>0.05)0] AArg oz zpol7} gloke AF7HA
& AP, XAt 245 s 7)& Wyl
AeE freleE 00550 p-Value(<0.0001)7F 2o
g ko] Aot gtk AFIMEE 717y
%}0]7} e BAFAT £3, X FHart 48 u
At Ate o] dvizke] ARBAE IAEAE
B8 A9 foleF 00550 p-Value (p-Value =
0.0005)7F Zrom g T Hbhy 7%4 FHBA Sk A
FAEE 717bete AV A& BFm e, o
24 (Rho=0.929)-2 °F 81% 7:4561‘:}.

I

ha

o

TE
=

V.2 g
2 wEdMe AHg oJgragda ez g

A7Hg YA X-ray 94E LR gl AAYE 2
M (subtraction radiography) Bg& 7|Wteg &9 A
Zholl Zutgte] upe} dAshs Xo} F9)9 w4 WEE
A& WAE Ak At WEe A4 IdF
Aot} ApAA]ol R FE-¥l e,

At WP V)EY AF WYEC] e 24
o A HAE LR e Y 2 AR A
B8 A% A £, 22 A SyHE F

B 5o BAE sidste] dvbe 4
FA. ~‘=5? AA g5-e o] 9
= 49 8749 wgy



E3 & o] &3t FHAHA YANE
JgEz 247 AgHQ 5HE
24 7)&

APATNA BZol, At HEE
/qg A AL ez 4

20104 58 HXIS&3 =2X X 47 @ SP H

=2
=2

Axatel 2t By
el A} Fo
A 4 9k

O

Eo BAHE
T8 £xW
Faets Rt 8Q
Bag Mg ZAE BAFALH, Aot 7)std}

7—‘1 -‘3;4:1-.; Fotal 7129 G AAE dAeR de
e FAME dAstn, Aob AN Fd #F

39, 3

Aad Ee

sjdstr] S8 =7

fob PPN rﬁ"_‘. o nJZ: m[o o

m{o

(]

(2]

(3]
4]

(5]

6]

(71

st &gk v A g}

94 BHE dF 23 E4S T Agd W

GRS gz 4 AL & Fdshd
HoFnh ¢ A9 At A
A JAXNE 2zt B E
gt} 2tz AegozA 2 BUGYS) Jelg
F9E HEE + Aok

k-l

2 Aseh Aekd 7]
W)

23

EREENPEY:

d R AL AT

g,

=}

S gLl

e

Mo

Compend Contin Educ Dent, “Computerized
Image Analysis in Densitry: Present Status and
Future Application”, Vol.XIII, No.11

TM Lehmann, H-G Grondahl and DK Benn,

“Computer-based  Registration  for  Digital
Subtraction in Dental Radiography”,
Dentomaxillofacial ~ Radiology (2000) 29,
p.323-346, 2000.

Glenn F. Knoll, “Radiation Detection and
Measurement”, Wiley, 1983

Yonghak Ahn, Oksam Chae, “Automatic
Subtraction Radiography Algorithm for Detection
of Periodontal Disease in Internet Environment”,
ICCSA2005, Springer, LNCS3481, pp.732-740,
2005.

h&E o]Fd, S, “BAGHE o] &3 A}
£ WA FAelM Y A Ao 9 WA A
Zol| #3t A" AT =84 A48 SP
H A6=, p.73-80, 2004

DC Yoon, “A New Method for The Automated

Alignment of Dental Radiography”
Dentomacillofacial Radiography 29, pp.11-19,
2000.

Paul F. van der Stelt, Wil GM.Geraets,
“Computer-Aided Interpretation and
Quantification of Angular Periodontal Bone
Defects on Dental Radiographs”, IEEE

Transactions on Biomedical, Engineering, Vol.38,

(355)

H3z 79

No.4, pp.334-338, April 1991.

CC. Leung, PCK Kwok, KY.Zee, F.HY. Chan,
“Estimation of The Gray Level Variations in
Soft and Hard Peri-Implant Tissue from X-ray
Images”, 16th  International Conference
IEEE/EMBS, pp.802-804, 1997.

Bernard Imbert, Jean Meunier, Aldo Camarda

(8]

(9]

and Roni Berbari, “A  System for
Osseointegration Quantification in Oral
Implantology”, IEEE/EBMBS and CMBEC
Theme 2 : Imaging, pp.425-426, 1995.

[10] HG. Grondahl, K. Grondahl, RL. Webber, “A
Digital Subtraction Technique for Dental
Radiography”, Oral Surg, Vol55, No.l,
pp.96-102, January, 1983.

[11]1Paul F. van der Stelt, Wil GM.Geraets,
“Computer-Aided Interpretation and

Quantification of Angular Periodontal Bone
Defects on  Dental Radiographs”, IEEE
Transactions on Biomedical, Engineering, Vol.38,
No.4, pp.334-338, April 1991.

(12]. J.Camny, “A Computational Approach to Edge
Detection”, IEEE Transactions on PAMI, 8-6,
pp.679-698, 1986.

[13] OK SAM CHAE . “Specialized Parallel Structure
For VLSI Implementation of the Hough
Transform for Arbitrary Shape Detection”,
Oklahoma State University, Ph.D., 1982.

(14] Ok-sam Chae, Jung-hun Lee, Young-hyun Ha,
“Integrated Image Processing Environment for

Teaching and Research”, Proceedings of
TWIE2002, International Workshop on
Informations & Electrical Engineering, 2002.

[15] ol #, o238, Aq&At, “A&AYU AdHeg A&

S A% T 24 o] B3I AP, RAAF
8382 #4198 SPA A63, p.73-80, 2004

[16] William H. Kruskal and W. Allen Wallis, “Use
of Ranks in One-Criterion Variance Aanalysis’,
Journal of the American Statistical Association,
47 (260), 583 - 621, 1952.

[17] Morris L. Eaton, “Some Remarks on Scheffe’s
Solution to the Behrens-Fisher Problem”, Journal
of the American Statistical Association, 64 (328),
1318-1322, 1969.

[18] C. Spearman, “The Proof and Measurement of
Association between Two Things”, Amer. ]J.
Psychol 15 72 - 101, 1904.



80

KA7|gt CHE HESE 0|88 AAB CXY X-ray FAMO Dj4HS HE0f et A 24E8 9
X KAl
oF & (a4 M = AAEIL)-2AAR
19919 <A hq]a}"t A Ay ek a} 1977 13t A =xpF gt
AL 4. - ghaL &4,
L | 1997 FEogw AAA R 1982 e gtz gdisn

T HAL &4,

2000 ~2004'd FEHE AR
AAE w4

20053 A Eheta AApAALEF St vhAlL &9,

20063 ~2008'd 7FEYuista HFH P TER
i

2010 A A xil%t}li” AFEEe o

<F AR AFHU A, DIP, 2] to]>

(356)

A7 44 FE %%
HA E4.

19864

eEHIVIFHA TR W LHFH

&8ta gL Y.

19861 ~19883 Texas Instrument Image
Processing Lab. ¥4 d7¢

1988 ~d A Asdgtn AFH TS we

<FHIAECF ¢ HFEUPAE, FE oo E A

g, A, AEHE>



