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Table 1, Means and stdev. of gray scale values obtained from 3 times measurement at control state

Thickness(mm) 0 1 1.5 2 25 3
Conventional 43.37£0.32 72.13£1.00 82,56£0.71 92.12%+0.50 101.50%0.44 112.20£0.63
Digora 66.48+4.27 107.74%+1.48 118,18%£3,58 126,90+3,18 135.51+3.16 146,231+3.88
Rect area density in control group
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Figure 1. Correlation in Control group
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Table 2, Means and stdev, obtained from 3times measurement at two type of different developing machines
in conventional X-ray system,

Thickness(mm) 0 1 1.5 2 25 3
Ref 43.3710.32 72.13+1.00 82.56+0.71 92.121+0.5. 101,50£0.44 112,20%0.63
Exp 38.33%+1.10 65.15%0.57 73.86£0.65 82,53%0.96 91.10%£0.75 100.27%0.79

Line graph of differenxes between developing machines
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Figure 2_ Correlation in different developing machines in conventional X-ray system

Table 3, Means and stdev, of gray scale values obtained from 3 times measurement at two type of 60kVp
and 70kVp

Thickness(mm) 0 1 1.5 2 25 3

Conventional Ref 43.37%0.32 72.13%1.00 82,56%0.71 92.12%£0,50 101.50£0,44  112,20£0.63
Exp 64.85+£1.25 100.82%2.81 116,16%0.43 128.89+0.81 141,00+0.72  153.39£1.50

Digora Ref 66.4814.27 107.74%1.48 118.18%+35 126.90%3.18 135.51+3.16  146.23£3.83
Exp 70.29+2.74 118.90£6,32 129.37%4,92 137.62£2.71 147.18+2.33  158.75%4.11
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Line graph of differenxes between developing machines
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Figure 3, Correlation in different kVps

Table 4, Means and stdev, of gray scale values obtained from 3 times measurement at different exposure times

Exposure  time(sec) Omm Imm 1.5mm 2mm 2.5mm 3mm

0.02 206.4710.40 218.15£0.92 223.74%0.,45 228.3810.44 230.58+0.36  230.05%1.54
0.05 151.45+2.27 179.80£1.85 190.52+1.56 199.10£1.39 20611186  211.96%+0.,99

Conventional 0.1 111,75+0.52 146.021+0.78 157.6910.46 168.3810.59 177.61£0.25 185.59+1.44
0.2 43,37%0,32 72.13+1.00 82.5610.71 92.121+0,50 101.50£0.44 112,20%0.63
0.32 12,12+0.79 34.5310.36 42.15+0.28 49.31£0.17 56.80%0.10 64.8510.21
0.4 7.49£0.28 17.57+1.87 2551%+1.39 31.9510.66 38.3010.69 46.21%0.38
0.8 out of range

0.01 233.01+0.42  237.3610.34 238.21£0.53 239.08£0.47 240.05%+0.25  241.25%0.34
0.02 20631152  215.70%£1.19 218.05%0.80 220.01£0.62 222441034 225.73%1.19
0.05 12492+0.48  153.85+5.09 159.86£1.90 165.56%0.78 172.30+0.51  180.94%2.33
Digora 0.1 75.97£6.16 117.31%£8.53 122,89£5.68 132,20£4.56 142.63£2.29  153.63%6.57
0.2 06.48%4.27 107.74%1.48 118,18%3.58 126.90%3,18 135.51£3.16  146.23+3.88
0.32 08.12£2.24 111.07£5.50 119.08%3.52 127.58£2.69 137.499£1.77  150.49+£5.36
0.4 05.621+2.16 109.39+4.23 116.32% 47 125.28+2 30 136.88+£2.81  148.79%1.33
0.8 60.75%5.45 105.99+8.84 111.55%5.44 121.6414.08 134.82+t347  149.98+7.61

Line graph of diffences between exposure times in Conventional X-ray system
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Figure 4-a, Correlation in different exposure times of conventional X-ray system
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Line graph of diffences between exposure times in Digpra system
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Figure 4-b_ Correlation in different exposure times of Digora system

Table 5, Means and stdev, of gray scale values obtained from 3 times measurement at different distances

Distance(cm) Omm 1mm 1.5mm 2mm 2.5mm 3mm

5 26.447+0,54 49.30£0.23 57.85%£0.28 65.5910.22 73.5410.31 83.06£0.39
10 43.371+0.32 72.13+1.00 82.56+0.71 92.12+0,50 101.50+0,44 112.20%0.63

Conventional 15 54.6710.24 86.3410.29 98.49%0.36 109.69£0.15 120,74£0.13 132.16%0.30
20 73.31£0.30 107.15%0.65 120.01£0.32 132.00+0,23 142.87+0.62 153.81£0.24
30 116,04%0.10 146,83+0,62 160.2610,94 171.35+0.82 180.5640.61 189.66%0.29
5 (69.81+3.18 112,56+2.28 120,7613.60 128.52£2.78 138.64%0.76 152.03£3.42
10 66.48+4.27 107.74%1.48 118,18£3.58 126,90%3.18 135.51%3.16 146.231+3.88

Digora 15 73.88£5.08 111.65%+6.38 120.64+3.13 131.26+3.15 143,19+4.59 154.95£6.40

20 72.63+3.69 112.87+6.67 123.18+£1.08 131.36+1.97 140,24%1,92 151.81£2.83
30 76.31£4.59 114,19+5.61 122624279 132.13+2.91 143,28+3 84 154.05+2.15
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Line graph of diffences between exposure times in Conventional X-ray system
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Figure 5-a, Correlation in different distances of conventional X-ray system

Line graph of diffences between distances in Digora system
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Figure 5-b, Correlation in different distances of Digora system

of| Al :=Z Aol 0.1%Y | 12=0.91880] St} LUt wH 2=0,99250] 931, 74 v AAAFE Hel A

AR oA =2 AR 0.822 819S woll+ < Digora A|2=Kllo)4] A2]7} 20em ¥ 12=0,9447
AZo] Bl & AR Hukz o 2 AFxwr} 7 o] ¥tKTable 5, Figure 5a, b).
o] =4 o] B7}53FtHTable 4, Figure 4a, b).

V.52 e 0y

5. 72} MAAM|TIAIS] HZ| Tt Density Profile

o O|Als g AP Rl TR GRS o83 FU =R

4e] Bg o] U ol o f7} Yk A

A FAHT0kVp) B =EFARH0.22)3 oA T 2= Benders?? Ramadans-&) Fune] Qi
g ok TARARES] A2](5,10,15,20,30em)el] A B)ATe] F4 s WEo| gl & Ak
ohal Al Qb HhAbA A 2El) Digora A28 HEH ARIGA T o] olgi g sfuEe] ik 1)

S Ao] AN JERISlow], A e AAA o] A% 305me] o] AHaEolol BEo] sttt
S2 0Q) AL Qi AR BEAN AT b sem 1 R vl 9l ool W) AFAAe) UAgslE

205



0]-&-3& Wl Ortman's-&"7 AZF/Z A FA=
of] 2Jst A EHEZ E24(Densitometric analysis)]]
X 569] B AT 4 ATk Lech

YA Gsolre] A WA= AR ARRIE F
FE AFS = J=s HEAT|= Ao R,
CCD7HEh 20U E o]-8-8to] 7]&e] WARIAL
AL PRE3fE= | ‘?j‘dz} intraoral direct imaging
devicesE AH&-3h= WMo SleHl, REAIS7E
ARt} AR AFIE AR E0 2 Mk
s gl

CCDE AHE3l= Alol= XA 3o YA 7}
CCDZA7]9) oate] A714Q] Als = 215 ek
& A|2281¢] Sens-A Ray, VIXA/Visualixs-o] $Jal
CCDAA 719 =2 =YW XA oUA & 734
© 2 A%AF)= A]2EQ] RVG, Flash Dent7} 912
b @A AHEBHE A2 Digomel e ol elah

AzREe) FRoRE A glo] 54 4 o
2 4 9131 ¥ =7} contrast enhancement)©] 1} A
Z = YHA(gray scale reversal) 50 2 g Z22Hg
F glon skate] MAMA =Tk E-speed filmo)

Hlal c0%7HAl Al 4 ek ey CCDRA]
1% ol Tl A B DL

2ol BJ3ke] vl 71215 11417]8] s 50] 10 line
pais/mm2151 Wol 3L 240717} 1) 27}
7] ogign s%o] golabd 9o H Telm wd
ARS) BV B A Sol o2 A7
Ha ek o]t o] = B AFlAM = YA o
g AZE Fo A 7 BEA o= ARgo] HaL 9]
+ Digora A|28lE A7) o 2 8ol

YA AP e Fol 7 Bt e 9 A%
B 7ledte] Ao g A WHHA=UPD, vA]
e FA| el A Ao Axeet &dFrEe] Az
TE Hlulste] & Wi FuE AAsiels B
dT-Eo] Faxlon, = 249 HelE 4FrE T
A 2 A wgslehe W Ee] AL, o)+ =
I AT Y e A I v frAfeE
2 A9 2 AL AR S TAIZITRE A
7)Z8kaL 7k E ik,

o] el o]HE gL

FEAAAES

206

‘I_4

Nt 0

22 7 w7kl A8 l
FzAe A8, Ao
AL 7%11, T e] wsto]
uhet Ueped o Qe &FrAe S3kEARo] <]
HEAA A Fejob 1 Al Ade ARSI LAk
AP AJ2Ele] Fg-ol] QlofA, lmEAIRte] ST
5, Wok A At TPkeE A A
ko] S7kshs Fd& HAt Digora A|AH o=
=E A7) 0.12(2=0.9188) A o] AAA 7} 714
2FkAL, 0.022(r=0.9507)9} 0.42(:2=0.9501) 911 A
BAF7E =4 UEke on, vk o g dwbiat
2 A 2¥l3} Digora A28 ROl w3HAA 2 o)
ek A7 A epl Tt ofEgt Ay &
Frlg A A Qo] AxEgte =& 4
BAZE Mtk Harsst dAjslt). S71Enet
A 2= Digora A|2RlE] 7ol o IAHA)
Zke] A7} semof Al 30em7bA], mEAREO] 0.1%
ool 4R AxEE BT

o|AS Z3hs) Euf] INFALA A 2AElF TR
W& A=HT tiE A2 Digora A|AF R5F=
X WAV S B5E wjo) A2 5 e EﬁﬁH
Aoz Y7V gl T B, sk ==
AIRE, ok IARA] A 2o Agakglo] wabAle] =
o thet HAIE Qe Alxms 24 Fejef s

WAZ o1 B L% U

mfz fig

o

e i o

7o)
A3k,

4»:&

il

¢

o1% olgste] 771e] Yk WA WO w B
© PP T e stelen 2zl Gl U

e 2g AxHoR AT 4 glrh
B090930) Algtel e WERslE 94 7}

T8 @ 5 vk spieh = veo) U 33
AZ0] 7] it A A s
= 5 Alg) R s AzE Aole]
o ARIRAYE o153l T Aol 15
Q) AF7} FsAA S5k,

V. EE

F279) YY1 o) &5 W A



]
H3} Digora A|2ElS T} 5 AHEA]
Brainddsp W] R SAT, o] o] -8l
Slo] GFrEdEEld o2
o] Htish 44 9 o] vAE 3
& AEsA W s 2AARE 2 )
oEd ¢TGN M| #AE B

ekl thaat 22 des AT

1. 2dellA] ARgo] e Q0 I H(T0kVp),
E=EATH0.2%), I-oF TAFAIS] AR](10cm)
o] st A Z s GFu) s s
AL duk WAL A A"l A= Y=
11.21X+46,62 12=0,9898, Digora A|2=El o] 4=
Y=12.68X+74.59 1=0,9528 0. 1], T A| 28] &
oA AAEATE e & 5 ATk

2, GRFAPAA| 28 oA @A 2] A ElE RIS
713 YA 3PS T skl &
T E s A 42 Y=10.07Xx+41.64
2=0,98615 YERfo] 2 JAAAE LR
At

3. TS 70kVpollA] 60kVpRE H3IA)7]aL L
A AL L 3FE wel 6okvpe] 75
= AMeAIE Bom, kAR Al 2E]
o] W3 AA| 2 Y=14,60X+68.86 r>=0,9886°]
%AaL, Digora A]2=F] o4& Y=13,90X+80.68
12=0,92380] St}

4, =Z A 0,014 0.8%7H4] HStA)7]aL 1
WA & FL shs wlell Ak
A|2~E]7} Digora A|2~8] BT 20 AAE e}
Ut )P s & Bolal 2%
A4 0.9188914] 0.99007}A] HIE5} 01,
7k 0 2= ARPPARI Al 25l o] Digora Al
glo] o] 2 ARA5e] 25 Bt

5. 39} FARAIZE] AElE Semd A 30cm7HA]
HSA 71 Y] 3ES st sks o
of A9PIAMAA| 287} Digora A| 28] B 2
ABAE el GFr)addsPia s
2 B33 BAAGTE 0.9463904 0.99257}14]

207

BESGO, APARHA 2] F ol
Ak VA A5E FRAGT AR A%
2 gk

VI, Anss

. Goaz PW, White SC. Oral Radiology. Principales

and Interpretation, 3rd ed., St. Louis, Missouri.
Mosby-Year Book Inc, 1994,

. Nelvig P, Wing K, and Welander U. Sen-A-Ray.

A new system for direct digital intraoral radiogra-
phy. Oral Surg Oral Med Oral Pathol
1992,74:818-823,

. Grondahl HG, Borg E. Endodontic mesurements

with an intraoral image plate technique-the
Digora System. The proceeding of the 10th
international congress of dento-maxillofacial
radiol 1994;101-151,

. Kashima I, et ai, Computed panoramic tomogra-

phy with scanning laser-stimulated lumines-
cence. Oral Surg Oral Med Oral Pathol
1985;00:448-453.

. Kashima I, et al, Intraoral computed radiography

using the Fuji computed radiography imagimg
plate, Oral Surg Oral Med Oral Pathol
1994;78:239-240,

. Sandernk GCH, van der stelt PF, Velders XL,

Image quality of a new indirect digital intraoral
X-ray sensor system. The digora system com-
pared to direct digital systems and film in assess-
ing root canal length, The proceeding of the
10th international congress of dento-maxillaofa-
cial radiol 1994;377-379.

. Welander U, et al. Resolution as defined by line

spread and modulation transfer function for four
digital intraoral radiographic system, Oral surg
Oral med Oral pathol 1994;78:109-115,

. Veders XL. The effect of different exposure

times on the detectability of endodontic files in



10,

11,

12,

13

14,

15,

10.

17.

the new Diora direct digital introral X-ray sys-
tem, The proceeding of the 10th international
congress of Dentomaxillofacial Radiol 1994;245-
240.

. Borg E, Grondahl HG. Dynamic range of film

and digital systems for image acquisition in intr-
ra-oralradiography. Third Symposium on Digital
in Dental Radiography. Dentomaxillofacial
Radiol 1995;224:104-105,

Ruttimann UE, Webber RL. Volumetry of local-
ized bone lesions by subtraction radiography J
Periodontal Res 1987;,22:215-216,

Nummikoski PV, Martinez TS, Matteson SR,
Mcdavid WD, Dove SB. Digiral subtraction radi-
ography in artificial recurrent caries detection.
Dentomaxillofac radiol 1992;21:59-64,

Braegger U, Pasquali L, Weber H, Kornman KS.
Computer-assisted densitometric image analysis
(CADIA) for the assessment of alveolar bone
density changes in furcations, J Clin Peridontol
1989;16:46-52.

Engelke W, Ruttimann UE, Tsuchimochi M,
Bacher JD. An experimental study of new diag-
nostic methods for the examination of osseous
lesions in the temporomandibular joint, Oral
Surg Oral Med Oral Pathol 1992;73:348-349.
Ludlow JB, Soltmann R, Tyndal D, Gray JJ.
Digital subtracted linear tomograms: Three tech-
niques for mesuring condylar displacement, in
digitally subtracted linear tomography.
Dentomaxillofac radiol 1992;21:81-89,

Walker A, Honeer K, Czajka J, Shearer AC,
Wilson NHF, Quantitative assesmesnt of a new
dental imaging system, British J Radiography
1991;64:529-30.

Webber RL, Ruttimann UE, Heaven TJ,
Calibration errors in digital subtraction radiogra-
phy. J Periodontal Res 1990;25:268-275,

Ortman LF, Dunford R, Mchenry K, Hausmann

208

18.

19.

20,

21,

22,

23,

24,

206,

E. Subtraction radiography and computer assist-
ed densitometric analyses of standardized radi-
ographs, A comparison study with I absorp-
tiomeetry. J Periodont Res 1985;20:644-651,

Strid KG, Klebo P, Bone mass determination
from microradiographs by computer-assisted
videodensitometry. I. Methodology. Acta
Radiologica 1998;29:465-472.

Sun H, Ohki M, Yamada N, Quantitative evalua-
tion of bone repair of peroapical lesions using
digital subtraction radiography, part 2. Clinical
application, Oral Radiol 1991;7:35-46,

Vos MH, Janssen PTM, van Aken J, Heethaar
RM. Quantitative mesurement of periodontal
bone changes by digital subtraction as a bias for
assessment of periodontal changes J Periodont
Res 1986;21:583-591,

Webber RL, Ruttimann UE, Grondahl HG. X-ray
image subtraction as a bias for assessment of
periodontal changes. Res
1982;17:509-511,

Bender 1B, Seltzer S. Roentgenographic and

J Periodont

direct observation of experimental lesions in
bone, I JAVA 1961;62:708-716,

Ramadan AE, Mitchell DF. A roentgenogrphic
study of experimental bone destruction, Oral
Surg 1962;15:934-943,

van der Stelt PF. Computer-assisted interpreta-
tion in radiographic diagnosis. Dental Clinics of
North America 1993;37:683-696.

. Okano T, Mera T, Ohki M, Ishikawa I, Yamada

N. Digital subtraction of radiograph in evaluat-
ing alveolar bone changes after initial periodon-
tal therapy, Oral Surg Oral Med Oral Pathol
1990;69:258-262,

Hassfeld S, Klug D, Merkle K, Ziegler C. First
experience with the new siemens digital intra-
oral radiographic system. Third symposium on

digital imaging in dental radiography.



27,

28.

29.

30.

Dentomaxillofac Radiol 1995;24:93-98,

Miles DA. Imaging using solid-state detectors,
Advaned in dental imagimg. Dental Clinics of
North America 1993;37:531-540.

Harada T, Nishikawa K, Shibuya H, Hayakawa
Y, Kuroyanagi K. Sen-A-Ray characteristics with
variation in beam quality, Oral Surg Oral Med
Oral Pathol Oral Radiol, Endo 1995;80:120-123,
Bragger U. Digital imaging in periodontal radi-
ography. A review. I Clin Periodontol
1988;15,551-557.

Fujita M, Kodera Y, Ogawa M, Wada T, Doi K,
Digital image processing of periopical radi-
ographs. Oral Surg Oral Med Oral Pathol

209

31

32,

33.

1988;05:490-494,

Grondahl HG, Grondahl K, Webber RL, A digital
subtraction technique for dental radiography.
Oral Surg 1983;55:96-102,

Grondahl K, Grondahl HG, Webber R,L,
Influence of variations in projection geometry on
the detectability of periodontal bone loss; A
comparison between subtraction radiography
and conventional radiographic technique, I Clin
Periodontol 1984;11:411-420,

Wenzel A, Warrer K, Karring T. Digital substrac-
tion radiography in assessing bone changes in
periodontal defects following guided tissue
regeneration, I Clin Periodontal 1992;19:208-213.



-Abstract-

Consideration of density matching technique of the
plate type direct radiologic image system and the
conventional X-ray film : first step for the subtraction

Sung-Soo So!, Hyeun-Soo Noh!, Chang-Sung Kim!, Seong-Ho Choi!, Kee-Deog Kim?, Kyoo-Sung Cho!

Department of Periodontology!, Department of Dental Radiology?,
College of Dentistry, Yonsei University Research Institute for Periodontal Regeneration!

Digital substraction technique and computer-assisted densitometirc analysis detect minor change in bone
density and thus increase the diagnostic accuracy. This advantage as well as high sensitivity and objectivity
which precludes human bias have drawn interest in radiologic research area.

The objectives of this study are to verify if Radiographic density can be recognized in linear pattern when
density profile of standard periapical radiograph with the aluminium stepwedge as the reference, was investi-
gated under varies circumstances which can be encountered in clinical situations, and in addition to that to
obtain mutual relationship between the existing standard radiographic system, and future digital image systems,
by confirming the corelationship between the standard radiograph and Digora system which is a digital image
system currently being used.

In order to make quantitative analysis of the bone tissue, digital image system which uses high resolution
automatic slide scanner as an input device, and Digora system were compared and analyzed using multifunc-

tional program, Brain3dsp.

The following conclusions were obtained.

1. Under common clinical situation that is 70kVp, 0.2 sec., and focal distance 10cm, Al-Equivalent image
equation was found to be Y=11,21X+46.62 r?=0.9898 in standard radiographic system, and
Y=12.68X+74.59, =0,9528 in Digora system, and linear relation was confirmed in both the systems,

2, In standard radiographic system, when all conditions were maintained the same except for the condition
of developing solution, Al-Equivalent image equation was Y=10,07X+41,64, r>=0,9861 which shows high
corelationship.

3. When all conditions were maintained the same except for the Kilovoltage peak, linear relationship was
still maintained under 60kVp, and Al-Equivalent image equation was Y=14.60X+68.86, =0.9886 in the
standard radiograhic system, and Y=13,90X+80,68, 1=0,9238 in Digora system,

4, When all conditions were maintained the same except for the exposure time which was varied from 0,01

sec. to 0.8 sec., Al-Equivalent image equation was found to be linear in both the standard radiographic
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system and Digora system, The R-square was distributed from 0,9188 to 0.9900, and in general, standard
radiographic system showed higher R-square than Digora system,

5. When all conditions were maintained the same except for the focal distance which was varied from 5cm
to 30cm, Al-Equivalent image equation was found to be linear in both the standard radiographic system
and Digora system, The R-square was distributed from 0,9463 to 0,9925, and the standard radiographic

system had the tendency to show higher R-square in shorter focal distances.

Key words : Conventional X-ray, Digora, Density profile, Digital substraction
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