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Fig. 1. Mounted dried human mandible with self-cu-

fing acrylic resin bite block attached with alu-
minum step wedge.
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(Konica Co., Japan)-& AH&3ITh

2) videodensitometry

videodensitometry®l ©]4¥ FHFE= IBM-
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D I density
Voe - maximum gray level(256)
V.  minimal gray level(1)
V. - gray level of region of interest
a . constant(—0.04688)
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HNERFS Hole 2mmTFAY aluminum step
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C= (DI_DZ)
1/2(D:+D»)
C ! relative image contrast
D) - density value of higher-density zone
D. : density value of lower-density zone
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A4dA AN 60kVp-24impulsed ™ 1.86, 65kVp-
19impulsed @ 1.85, 70kVp-15impulsed @ 1.85,
80kVp-8impulsed @ 1.85, 90kVp-6impulseZd = 1.
842 H|A A FA 3§ YER At Table
D. =8 BALT XN ZAIA|Z 0] 271 o) w}at
XAAR S 3w rt AL, XA Y] 5
e ARG XARAAZH vlFE Yo
(Fig. 2).

2) ZAtHle] CHEZ

59 AL Azl 10T XAZRARA]
oz ot dL XAARY AU EE
o] BB E AT 7IEA T BAGH ZA T
60kVpY Wl 24impulse, 65kVpY ™ 19impulse, 70
kVp¥ ™ 15impulse, 80kVp2 ™ Simpulse, 90kVp
Ao 6impulse®] A THTable 2). o1& 479 &
A4 ZARAZ 35 = aluminum step we-
dge 2+ Al¢te] 358 =A% Ay #AAY
60kVp¥ ™ aluminum step wedge®] F77} 2
mm¢! -7} 297, 10mme! 77} 1.72, 20mm¢<)
747} 13924 aluminum step wedge F77}
kS8 S3wrt EdtH(Table 3, Fig 3.

YA W Z X aluminum step wedge® F7
7 e BR\M F71EQF, aluminum step
wedge®] FA7} FALE FEAA FaHATH
T& aluminum step wedge? FA7} gk
oM 1HAGEG ABAGANA FJAA

Z=7F 37 E At (Table 4).
3) XMARE thxxe| "ot

5029 BAG dZe 1707 XARAM
o2 Fgsta] & XAAR Y gAE Gl
A 2mmF 71 9] aluminum step wedge?] &3t =9}
20mm 572} aluminum step wedged 3%
oA XAALAY R2EE AEd A, XXHA
79 E3lxrt gg ASde #Age] $71E
o Wt XAANA Y 2%y ZAAHAR, dA
o] oW XHEAMAZIO] AFE, FHY
FOH XHAZAA O] BE5E XA o
2%7} F7HE AH(Table 5, Fig. 4).

90 kVp

" 0K

/70 kvp

65 kVp

60 kvp

Fig. 2. Radiographic density of 4th step(8mm thick)
of aluminum step wedge according to kilo-
voltage and exposure time.

Table 1. Radiographic density of 4th step(8mm thick) of aluminum step wedge according to kilovoltage and

exposure time

kVp ET* 5 6 8 12 15 19 24 30 38 48 60
60 G |194.0 190.4 189.1 185.9 184.2 179.8 167.5 156.6 148.1 141.1 130.4
D |@7) (1.73) (1.749) (1.75) (1.76) (1.79) (1.86) (1.91) (1.95) (1.99) (2.05)
65 G |189.9 185.7 183.5 180.5 170.2 166.1 146.3 142.3 132.5 130.2 121.2
D |(1.73) (1.76) (1.77) (1.78) (1.80) (1.85) (1.89) (1.98) (2.04) (2.09) (2.13)
70 G |187.8 183.9 180.3 170.2 164.3 159.3 142.9 138.5 121.7 109.9 96.0
D Q.75 (1.77) (1.79) (1.82) (1.85) (1.89) (1.98) (2.05) (2.14) (2.20) (2.27)
80 G |178.8 175.2 166.9 152.9 149.4 131.0 124.9 123.8 100.2 82.4 76.5
D |(1.79 (1.81) (1.85) (1.91) (1.95) (2.01) (2.08) (2.19) (2.24) (2.32) (2.44)
90 G |167.2 166.3 159.1 139.8 130.9 126.2 110.9 99.32 85.56 80.3 73.4
D {(1.83) (1.84) (1.89) (1.97) (2.03) (2.07) (2.17) (2.25) (2.36) (2.40) (2.47)

ET* : exposure time(impulse), G : gray level, D : radiographic density
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Table 2. Kilovoltage and exposure time to produces
similar density of 4th step (8mm thich) of
aluminum step wedge

exposure time

kVp (impulse) Density §

60 24 1.86

65 19 1.85

70 15 1.85

80 8 1.85 . o ==

90 6 1.84 a ‘¢ 6 8 10 12 [ 16 8 20

Thickness of aluminum steps{mm)

Fig. 3. Radiographic density of aluminum step we-
dge according to thickness(mm).

Table 3. Radiographic density of aluminum step wedge according to thickness(mm)

thickness of aluminum step(mm)

kVp ET*

2 4 6 8 10 12 14 16 18 20
60 24 2.97 2.43 2.04 1.86 1.72 1.60 1.49 1.43 1.40 1.39
65 19 2.94 2.40 2.03 1.85 1.71 1.59 1.47 1.41 1.38 1.36
70 15 2.87 2.39 2.02 1.85 1.71 1.57 1.43 1.36 1.31 1.29
80 8 2.86 2.39 2.02 1.85 1.71 1.56 1.42 1.34 1.29 1.29
90 6 2.74 2.28 1.96 1.86 1.72 1.54 1.39 1.31 1.25 1.21

ET* : exposure time(impulse)

Tabie 4. Difference of radiographic density between individual aluminum steps

difference between individual aluminum steps

kVp ET*

1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 1-10
60 24 0.54 0.39 0.18 0.14 0.12 0.11 0.06 0.03 0.01 1.58
65 19 0.54 0.37 0.18 0.14 0.12 0.12 0.06 0.03 0.02 1.58
70 15 0.48 0.37 0.17 0.14 0.14 0.14 0.07 0.05 0.02 1.58
80 8 0.47 0.37 0.17 0.14 0.15 0.14 0.08 0.06 0.03 1.57
90 6 0.36 0.32 0.10 0.14 0.18 0.15 0.08 0.06 0.04 1.53

ET* : exposure time (impulse)

Table 5. Relative Image contrast at individual kilovoltage and exposure time in non-constant radiographic den-
sity
kVp ET* 5 6 8 12 15 19 24 30 38 48 60
60 24 0.34 0.33 0.40 0.46 052 057 0.72 0.78 1.01 1.12 1.28
65 19 0.42 0.46 0.49 053 0.61 0.75 0.82 1.08 1.11 1.23 1.37
70 15 0.53 0.57 0.60 0.65 0.76 0.89 0.95 1.29 1.35 1.42 1.49

80 8 6.92 0.79 0.76 0.69 0.63 0.55 0.45 0.29 0.22 0.09 1.52
90 6 .81 0.77 0.69 0.61 053 0.47 0.40 0.32 0.19 0.11 0.07

ET* : exposure time(impulse)
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Relative image contrast
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Exposure time(impulse)
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38 ll@

Fig. 4. Relative image contrast at individual kilovol-
tage and exposure time in non-constant ra-

diographic density.

Score(average)

RN /|
X/
BRSNS e4

5 6 B 12 15 19 24 30 33 48 60
Exposure time(impulse)

Fig. 5. Mean values of readability of radiograph by

score rating at individual kilovoltage and ex-
posure time.

Table 6. Evaluation of readability of radiograph by score rating at individual kilovoltage and exposure time

Criteria Criteria
kVp ET kVp ET
LD DC RC DE]J] TB ABR Mean LD DC RC DE] TB ABR Mean
60 5 4.0 4.0 4.0 4.0 4.0 3.6 3.9 8 5 3.0 3.0 3.0 3.3 3.0 2.0 2.9
6 4.0 4.0 4.0 40 40 2.6 3.8 6 26 2.6 2.6 2.3 26 1.6 2.4
8 3.3 3.7 3.3 3.7 3.7 2.6 3.4 8 2.3 2.0 2.0 2.0 2.0 1.6 2.0
12 3.3 33 3.0 3.0 3.3 2.0 3.0 12 1.6 1.3 2.0 1.6 1.3 1.3 1.5
15 2.6 3.0 2.3 2.3 3.0 1.6 2.5 15 1.3 1.0 1.3 1.0 1.0 1.0 1.1
19 2.6 2.3 2.3 2.0 26 1.6 2.2 19* |1.0 1.0 1.0 1.0-1.0 1.0 1.0
24 2.0 16 2.0 2.0 2.0 1.0 1.8 24 1.0 1.0 1.0 1.0 1.0 1.3 1.1
30 1.3 1.3 1.3 1.0 1.3 1.0 1.2 30 1.0 1.0 1.0 1.0 1.0 1.6 1.1
38 1.3 1.0 1.3 1.0 1.3 1.0 1.2 38 1.0 1.0 1.0 1.0 1.0 1.6 1.1
48* | 1.0 1.0 1.0 1.0 1.0 1.0 1.0 48 1.6 1.0 1.0 1.0 1.6 2.3 1.4
60 1.0 1.0 1.0 1.0 1.0 1.3 1.1 60 26 1.6 2.0 1.6 2.0 3.0 2.1
65 5 3.7 4.0 3.7 4.0 4.0 3.0 3.7}9% 5 2.6 2.0 2.3 2.3 2.0 1.3 2.1
6 3.7 3.7 3.7 4.0 4.0 2.6 3.6 6 2.0 2.0 2.0 1.6 2.0 1.0 1.8
8 3.0 3.7 3.3 3.7 33 2.3 3.2 8 1.0 1.0 1.3 1.0 1.0 1.0 1.1
12 2.0 3.0 2.3 2.6 2.6 1.6 2.4 12* |1.0 1.0 1.0 1.0 1.0 1.0 1.0
15 2.0 2.6 2.3 2.6 2.0 1.6 2.2 15 1.3 1.0 1.0 1.0 1.0 1.3 1.1
19 2.0 2.6 2.3 2.6 2.0 1.6 2.2 19 1.3 1.3 1.0 1.0 1.0 2.0 1.3
24 2.0 2.6 2.3 16 2.0 1.6 2.0 24 1.3 13,10 1.0 1.0 2.0 1.3
30 2.0 2.3 1.3 16 2.0 1.3 1.8 30 1.6 1.3 1.0 1.0 1.3 2.6 1.5
38* {1.0 1.0 1.0 1.0 1.0 1.0 1.0 38 26 2.3 1.3 1.3 2.0 3.0 2.1
48 1.0 1.0 1.0 1.0 10 1.0 1.0 48 40 3.0 2.3 2.3 3.0 4.0 3.1
60 1.0 1.0 1.0 1.0 1.0 2.0 1.2 60 40 40 3.3 3.0 4.0 4.0 3.7
70 5 3.7 4.0 3.7 4.0 4.0 3.0 3.7 | DEJ : dentincenamel junction
6 3.7 3.7 3.7 3.7 3.7 2.6 3.5
8 3.3 3.0 3.0 3.0 3.0 2.3 2.9 RC : root canal
12 2.3 2.3 2.6 2.3 23 1.6 2.2
15 2.0 2.3 2.0 2.0 2.0 1.6 2.0 LD :alveolar lamina dura
19 1.6 1.6 1.6 1.0 1.6 1.0 1.4
24 1.0 1.0 1.0 1.0 1.3 1.0 1.1 TB :trabecular bone
30* 1.0 1.0 1.0 1.0 1.0 1.0 1.0|-
38 1.0 1.0 1.0 1.0 1.0 1.0 1.0] DC :dental caries
48 1.0 1.0 1.0 1.0 1.0 1.6 1.1
60 1.0 1.0 1.0 1.0 1.0 1.6 1.1 | ABR :degree of alveolar bone resorption

* . exposure time of excellent readability
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7oz #Psted de XMARNE 3339 X3
AHAE AFoEol AAH BEFET AFR
71%e] Wt F53Y e FFE AR

Ao B55E v 23, 60kVp-48impu-
Ise, 65kVp-38impulse, 70kVp-30impulse, 80kVp-19
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6, Fig. 5).
V. &g % a¢t
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Aol B3y, o]F f3te] XAz E3E,
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o] BEAL Hrtshe: Ae wl$ Fasith
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Ze XA489, gAHaQ], XHFEHa9
o] glon o] F XA&gelogzy #ASL,
AR, XAZRAIAZE BF BEDAY, 2349
a7, ANE, 3, 2948329 E&4850 dan,
A A 2 E2E HAHA S A9 2=V QL
XAAAZE AN ERE ALY 24
e HERHY, S74A AMEAE, AT
o] 9 410,

gukA o g7 #AGH XA o] F7HE
2 XA Y Z3lxE 7150, Hodge 5
wo E3tol FANTE FAAAHA vHH
AE Belttn Basigct. B d7olA, #d
3} XM ZAFAIZRO] F7ME O whel XAAR Y
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trygol A 3o 4L #AGGUY i
S9 HF AZEE A e A0 8 A
2552 At 2569tA 2 UYERlong Fgl

e A
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=9 Azzrt whEE7] ol wabA
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A e FAZ FAL Afde XA BAY
F7F F7HE 0] o] AR XMAMR Y S8 x7t
ZAased, ¥ d7dAMx 60kVp-24impulse ]
XAzAzdes 298 XAARIAA  alumi-
num step wedge® F77F 2mm¥w 280, 10
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wedge?l $A7E FALESE FsE7t #AaH
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A7 HE XAZARHE 200 2 F7HA 7 -
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A9 F3 =7t 17524 Fitzgeraldst fFAHE 2
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XAAR Y d2EE olFE 449 sl
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AT A, X025 DA g [ FA ol
S UZEE A7) 93iME Folx 120kVp7h
2] BAYE oo Hdy EHYE, Wuehr-
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E AFqMT v ZAE SIEE HQl
60kVp-24impulse, 65kVp-19impulse, 70kVp-15im-
pulse, 80kVp-8impulse, 90kVp-6impulse] 712
2 F93 XA S vl - G 23, FAL
A Z%EE aluminum step wedge®] 47} gk
BEA F7HEAoY, FALE FRAME 2
259tk £3 aluminum step wedge®] 77}
e REME ITHAYRYG ABHGAA
YA ZE7F F7HE A ol8d Aode A
BAYE o) &3 AUt 1BAFAYY 7B v
3t AW XAAZRE £ dxFd FeH
v %S $79 aluminum step wedgedlA I
AUzt F7HE wbde] XobA A 4
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AARRZH 3 erb SAEEA] 23 e o A
FALT XAZAA T ] B E 229 ¥EtE
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T W3l dAZ AT o] FA &sken,
ABAG A= XHARAA o] 4 o, 1
ALY B$ole XA 2AMA] #HS @ X
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Manson-Hing?$8] A7Z#4gx FAFSH
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Wale] @2 XMAZAAS Hoie A3 BE
XAAA A FaE e AT FAART 60
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—ABSTRACT -~

THE VIDEODENSITOMETRIC ANALYSIS OF THE RADIOGRAPHIC
DENSITY AND CONTRAST

Young Sun Yoo * Sang Rae Lee

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

Generally the patient’s absorb dose and readability of radiograms are affected by the exposure time and kVp of
which are related with the radiographic density and contrast.

The investigator carried studies to know the adequate level of exposure time and kVp to obtain the better readability
of radiograms. In these studies dried human mandible with selfcuring acrylic resins attached with aluminum step
wedge was used and readability of radiograms were compared with each other by videodensitometry among various
combination sets of the exposure time, such as 5, 6, 8, 12, 15, 19, 24, 30, 38, 48 and 60, and varing level of kVp,
such as 60, 65, 70, 80 and 90 respectively.

The obtained results were as follows :

1. As exposure time and kVp were increased, radiographic density of radiograms was increased.

2. The subject contrast was increased where aluminum step wedge was thin and reduced in the reversed condition.
At the thin aluminum step wedge, subject contrast was increased at the condition of lower kilovoltage than that
of higher kilovoltage.

3. In the case of non-constant radiographic density, the radiographic contrast was reduced with the increment kilovoltage.
The radiographic contrast was increased in the lower kilovoltage with the longer exposure time and the higher
kilovoltage with the shorter exposure time.

4. At the condition of short exposure time, better readability of each reading item was obtained with the increment
of the kilovoltage but at the opposite condition increasing exposure time worsened readability of radiograms.
Since X-ray machine in the current dental clinics is fixed between the range of 60~70kVp and 10 mA, good

radiograms can be obtained by varied exposure time. But according to the conclusion of these studies, better radiograms

can be obtained by using filtered high kVp and then the absorb dose to patient and exposure time can be reduced.
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