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2357t AdAZ AeHoMe XA XxEA|7e]
Z18d wel XAAAY dzzg&r ZrtE

=2
ez BRI}l XAARoEY
% Qe B 2

B Adgng b Be 93 oje

2 Bae) XAANEALRE ARG BAE ol
2o 4310 o] 5 B AT WAl sz 9
t}, olo] AL 60—90kVpel JALH, 5—

60 impulsed] XAXxFA|ZHE ohofFsiAl H 34
oz wAslE XAAzY E3zel oz

b, AT 2

185 3 AAE 2mmFAe] 8AIte®
4% aluminum step wedge$} x]o}7} ®]mF
AxsA Algslo] e AxH QA dehE 3
A o5 s Hop 50MPew ZAR}E DE
Ultraspeed DF—58, Kodak Co.,U.S.A.)
3 73 x EF(Ektaspeed EP—21, Kodak
Co.,U.S.A)9 HAZIZFIEE &3
o}, XA aedAzlE  Flexomatic 90(S.S.
White Co.,U.S. Aol z dHAY =
Pantomat 10(Hope Co., U.S.A.)°]3ic}.
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ol

283 Agfarle] dHA40E AR |
Z271% 80.6°F, 5.5% olqdch. 4w XA
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2. raiey
1) BAQf XAdxZA 7] wE XAALS
3tz &34

Z ET¢ X422 aluminum

b= D¥3t

step wedges F-23 ¥ XA2FAAF o] F
3le] 60, 65, 70, 75, 80, 85,90kVpe 7+
Astele} 5, 6, 8 10, 12, 15, 19, 24, 30,
38, 48, 60impulse?] XAxZA|7te s XA
zZod 3k9d o) aluminum step wedge?] A 14
tlo A Al 8Aleb7A] 2 Alwke) FARL] X

AAAERES FEXA72 FAscH

o

2) VAL XAxZA| k] ut
zxe 37}

aluminum step wedges I AMA| & 3le] 60,
65, 70, 75, 80, 85, 90kVp2el HAHtel 5, 6,
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XAxEA7ES A Lslo] ol XAAAESE
9 FAAE FolAd FAE XAAASIHE=E
Ho]¥E aluminum step wedge A 4Agke]l X
ArAAsss e FHAE ARz vlae
7122 ARt o] o Aol FAsH
XA x%EA]7bel]  &iwksl= aluminum  step
wedge 7+ Algke] XAAAZSEE =3
7t Aol FAA iz S vl rhek o

5] A2 o

ru

3) XAAHd e dzEg A2

60, 70, 80, 90kVpe] WA twich 6, 12,
19, 24, 30impulse® XA& =ZAHLd X
AERAo] 71 & A4E ¥o|: aluminum
step wdge 2mm FA9 XAAAE Szt X
AEFHAe] 714 & AL
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Image contrast percentage
density of radiolucent density of radiopaque

(2) AEeirE

1. excellent | 25 HEFFEESo] =53

_ image image THEE S
density of radiolucent image X 2. good ! 25 HFYFTe] vlawy FE3
A 792 A
3. fair . ®& HEFEFo] vlad 3ol
4) VAJPTH XAEEA7Y Ao G2 X A T A
AR A 57} 4. bad: & IEYEHF FHo| ofzlF
Az QA shtE 3ot LA Ao (AAE 785
257, T-AF 2570) 507HE tHdoz 3Jlod 7
35 EZe 9202 XARYE doct. A= M. o745
AA stFolde Aott 22tk F-H7F XA
Bgo] 2= gk XA AL 60, ) BEY Y XMZFAZO| BE XA
70, 80, 90kVpel z+7 A oltulct 6, 12, 19, x-3-113
24, 30impulsed] XA& =FA|Zow, #43
AAeld XAAAES 399 A A A W XAXEA7ke] XAAIAE3HE
ZYEo] g9 FEEEL U5 dojA A n A e zARss) s BASH 60, 70,
F9 HFAE AEs XAAAS 2E H7) 80, 90kVpe Z7tell XAx2A17F 6, 12, 19,
st BEFE A4Ro JEE o 24, 30impulse® HEA]7 L aluminum
e}, step wedge 4A%H(8mme] FA)<e XAAAA
(1) SHEFE 2359 2A4x+ Table 13} Fig 1, 201 A A
@ et A sgct. A%E DE% EZ 4E 2% 2A%
@ H=wA o] F7hEel wah X4ANERES F7EY
@ AAzEFY T < dl, XAxZA7e] F7424EF FAt X
@® =47 AAA ST Tl Xt wlelAel #A7 QL
® AokrAZ govl, A%s ETe A%l 3= DE
Table 1. . Radiographic density of 8mm thick aluminum according to change of kilovoltage and exposure time
exposure
9r°‘;‘f’ time* 6 12 19 24 30
kVp film
60 E 0.19 0.29 0.38 0.47 0.57
D 0.09 0.15 0.22 0.26 0.33
70 E 0.30 0.52 0.72 0.89 1.02
o} 0.16 0.29 0.43 0.53 0.67
80 E 0.49 0.82 1.10 1.34 1.67
D 0.25 0.43 0.66 0.80 1.01
0 E 0.67 1.14 1.62 1.83 2.10
D 0.39 0.66 0.96 1.16 1.42
* impulse
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density
1.6 4

exposure
1.4 4 time
124 (impulse)
.6
1 ~_- on
0.8 1 -19
0.61 -2
- 30
0.4
A
0.2
0
V]
60 65 70 75 80 85 %0 7

Fig. 1. Radiographic density of 8mm thick
aluminum according to change of kilo-
voltage and exposure time in group D

2) BEYn XMEAIZHo g DALy
E

AR XAEZA 7] HE XA EFE
£ %43l aluminum step wedge 47| %ho)| A
ARG XAAA SRSt Hol 5’47\1‘%} 2 X
AxeZA70 28 XAAREIEE Table 2
o A4 sk o},

Mz FARE XAAAESE S Bole

aluminum step wedge 475kl XAA}AE 3
29 FAHAE 7IEAE AAFTD, oju) odo]

A BAGH XA:2A7HE AEste 22

density
22 exposure
2 time
1.8 4 (impulse)
1.6
1.4 4

1.2 1

0.8
0.6 3
0.4
0.2

Fig. 2. Radiographic density of 8mm thick
aluminum according to change of kilo-
voltage and exposure time in group E

film. )
aluminum step wedge Z At} A
35 = Table 30, 1A= Agkzke] XAA}
5.3}% xlo]l&= Table 49 2o}, 7+ XA ARAlO)
4} aluminum step wedge o ¥ Algt7re 2
&3tz ol ALEsrete] AHole ZAFE D
o)

fo
5
r>~
S
>

T3 E¥+ IE 254 #Agte]l FohE
wz} 2bolH owl, aluminum step wedgeel F
A7L ke & AdAgel Y A Atz
XAAAE3lx 9] zo]rt maAglteld B
°k7F Z2u} aluminum step wedgeol Al%he
FAZL FAE4E dcstel o7 AAA
o] XAAAESE S Hole T4FAH.

Table 2. Kilovoltage and exposure time to produce similar radiographic density through 8mm thick aluminum

D group E group
LV
P exposure radiographic exposure radiographic

time* density time* density
60 60 0.64 30 0.57
65 48 0.73 19 0.57
70 30 0.67 15 0.61
75 24 0.68 10 0.60
80 19 0.66 8 0.64
85 15 0.65 6 0.60
90 12 0.66 5 0.59

* impulse

— 116 —



Table 3. Radiographic density of aluminum step wedges, ranging in thickness from 2 to 16mm

No. of
Al. step
1 2 3 4 5 6 7 8
group of
kVp film
60 D 1.99 1.36 0.91 0.64 0.47 0.34 0.26 0.20
E 1.55 1.11 0.79 0.57 0.43 0.32 0.27 0.22
65 D 2.03 1.41 1.01 0.73 0.54 0.42 0.32 0.27
E 1.44 1.03 0.76 0.567 0.43 0.34 0.28 0.24
70 D 1.75 1.23 0.89 0.67 0.51 0.39 0.31 0.25
E 1.45 1.06 0.79 0.61 0.48 0.38 0.31 0.25
75 D 1.70 1.23 0.91 0.68 0.52 0.41 0.33 0.26
E 1.38 1.03 0.78 0.60 0.48 0.38 0.32 0.27
80 D 1.58 1.14 0.85 0.66 0.50 0.39 0.30 0.24
E 1.43 1.07 0.81 0.64 0.51 0.41 0.35 0.31
85 D 1.51 1.12 0.85 0.65 0.49 0.39 0.32 0.26
E 1.33 1.00 0.79 0.60 0.49 0.40 0.33 0.28
90 D 1.51 1.12 0.85 0.66 0.51 0.42 0.34 0.28
E 1.27 0.99 0.77 0.59 0.47 0.40 0.33 0.29

Table 4. Differences in radiographic density between aluminum steps

No. of
Al. step
1-2 2-3 3-4 4-5 ©5-6 6-7 7-8 1-8
group of
kVp film
60 D 0.63 0.45 0.27 0.17 0.1 0.08 0.06 1.79
E 0.44 0.32 0.22 0.14 0.1 0.05 0.05 1.33
65 D 0.62 0.32 0.28 0.16 0.12 0.10 0.05 1.33
E 0.41 0.27 0.19 0.14 0.09 0.06 0.04 1.20
70 D 052 0.34 0.22 0.16 0.12 0.08 0.06 1.50
E 0.39 0.27 0.18 0.13 0.10 0.07 0.06 1.20
75 D 0.47 0.32 0.23 0.16 0.11 0.08 0.07 1.44
E 0.35 025 0.18 0.12 0.10 0.06 0.05 1.1
80 D 0.44 0.29 0.19 0.16 0.1 0.09 0.08 1.34
E 0.36 0.26 0.17 0.13 0.10 0.06 0.04 1.12
85 D 0.39 0.27 0.20 0.16 0.10 0.07 0.06 1.25
£ 0.33 0.21 0.19 0.1 0.09 0.07 0.05 1,06
90 D 0.39 0.27 0.19 0.15 0.09 0.08 0.06 1.23.
E 0.28 0.22 0.18 0.12 0.07 0.07 0.04 0.98
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3) XMAIR =28

60, 70, 80, 90kVpel Zzel X

o] 6, 12, 19, 24, 30impulsed HEA|7] o
2 XAARA &Sz XAAAZ ] 2 dF
2 9ekS wlole, HAGol FrH wet ol
o] =Ego] FiEE A4S Bod =z
283 XAXEAZY F4AE dATE FA
£ volx gtk zEjm HJAYY A5l
£ XAXxZFAZbe] o8, =d 13HUY
Afole XAXRZA7} o] HAES4E o9 dizx
Ego] ¥ 74%E ¥} (Table 5, Fig. 3,
4). &1 735 D¥ol 3= Edel vl ¥
L XAAAAY] dzx g Vel

4) XY XM EAIZIe| HMsto ME X
MALZISl EIt
A9k 60—90kVp, =EA4|7F 6—30impulse
o Weiel A, XAxEFAIZ FAYge] A
b £2 EAse] B&ol XAol Trixgss
Table 5. Image contrast percentage at different kVpand
exposure time in non-constant radiographic
density
kVp

ex roup of
posure g i 60 70 80 90

. film

time

6 D 739 79.1 815 804
E 733 789 766 76.3
12 D 829 835 847 81.4
E 805 819 78.7 76.1
19 D 84.1 848 848 81.7
E 84.1 82.3 78.7 73.9
24 D 86.2 85.0 83.3 80.3
E 855 826 77.9 71.6
30 D 885 857 833 779
E 85.8 82.8 75.2 685

_j_\j/].l__’. XX‘—L—_%—K = \_7\_0\:}0]
Zohaol wheh XA Hobob kEsielen
ool xFAe]l BE Wi DALl FoHel
izt XAARA H7bsh ks al R chot oA B E
A =ldow, At XAXxFA 7] F7t
2 AL AAFdME 59T XAx=F2A3}
o FARH Het 47 HxzsE 7ol
ggom XAAAY #EFe] EFeigch
(Table 6).

%0

exposure
aSBT time
£ 86 (impulse)
ésa ®6
%82 on
'2 -19
g 80 s
578 2 a3

76

74

724 + 4 ' " Lvp

60 65 70 75 80 85 9

Fig. 3. Graph of image contrast percentage at
different kVp and exposure time with-
out constant radiographic density in

group D film.
exposure
time
° (impulse)
8 .6
[
& 012
8
‘5 ©+24
: -30
o
E
68 t + + + i xVp

60 65 70 75 80 85 90

Fig. 4. Graph of image contrast percentage at
different kVp and exposure time with-
out constant radiographic density in
group E film.
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Table 6. Evaluation of film quality by score ratings
kVp
ex- 60 70 80 90
posure
time site 12345 average 12345 average 12 3 4 5 average 1 2 3 45 average
6 P 44344 38 43233 30 22233 24 22122 18
A 43 34 35 4 2 4 30 32 23 25 21 12 15
12 P 44 333 34 33223 16 21122 16 21211 1.4
A 42 23 28 3 3 25 1 1 1.5 12 12 15
19 P 32223 24 22122 18 11221 1.4 11311 1.4
A 21 13 18 21 12 156 11 11 1.0 14 31 23
24 P 22222 20 21222 1.8 11311 1.4 11421 1.8
A 21 12 15 21 12 156 12 11 1.3 14 41 25
30 P 21222 18 11311 1.4 11411 1.6 13431 24
A 21 12 15 12 11 1.3 13 21 1.8 24 42 30
* Classification of criteria
1. dentinoenamel junction P: posterior segment of jaw
2. alveolar lamina dura A: anterior segment of jaw
3. resorptive pattern in interdental bone
4. trabecular bone
b, dental caries
Al A Hysdeny, #APs EF9
v. &2 ¢ Jeot Eol DEY HEo vls) A L XA
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— ABSTRACT —

EXPERIMENTAL STUDY OF INFLUENCE ON RADIOGRAPHIC
DENSITY AND CONTRAST BY THE CHANGE OF
KILOVOLTAGE AND EXPOSURE TIME

Byeong Do Lee, D.M.D., Sang Rae Lee, D.D.S., M.S.D., Ph. D.

‘Department of Oral Radiology, College of Dentistry, Kyung Hee University

For the study of the influence of kilovoltage and exposure time on radiographic density
and contrast, we measured radiographic density of aluminum step wedge which composed of
contiguous 8 steps wedges of 2-16mm thickness with densitometer. Aluminum step wedge was
radiographed on Kodak ultraspeed DF-58 and Ektaspeed EP-21 film with range of 60-90 kVp and
5-60 impulse and subject contrast of aluminum step wedge with constant radiographic density
and image contrast percentage without radiographic density was evaluated.

Then we evaluated the film quality of teeth and their surrounding structure according to
the change of kVp and exposure time by score rating method.

The obtained results were as follows:

1. Radiographic density was related to the change of kilovoltage, especially in increased exposure
time.

2. With constant radiographic density, subject contrast of thin aluminum step wedges was
greater in low kilovoltage than high kilovoltage, but kilovoltage had not great influence on
subject contrast of thick aluminum step wedge. On the other hand, radiographic density
difference between 2mm and 16mm aluminum step wedge was decreased according to in-
creasing kilovoltage.

3. Without constant radiographic density, image contrast percentage was decreased with in-
creasing kilovoltage, but was not related with the change of exposure time,

4. Radiographic contrast of teeth and their surrounding structure which was taken with the
range of 60-90 kVp and 6-30 impulse had not great influence on film quality.
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