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ABSTRACT

In this study, the effective dose was measured using the PCXMC v2.0 program by examining the conditions
used to set the diagnostic reference level for intraoral imaging recommended by the government, and the effect
of the Al additive filter was confirmed. In oral imaging, the largest effective dose was calculated from the oral
mucosa among 11 organs. The effect of the Al additive filter showed an excellent radiation reduction effect at
2mm rather than 1mm. In the case of children aged 5 years, the overall effective dose was calculated to be high
in all 11 organs because they are more sensitive to radiation than adults. And as a result of evaluating the image
quality according to the use of an additional filter during intraoral imaging, there was no significant difference in
SNR and CNR changes compared to before the additional filter was used. Based on this study, it is thought that
additional filter settings can be recommended for intraoral imaging.
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Assessment of Effective Dose by using additional Filters in Dental Radiography: PC-Based Monte Carlo Program Analysis

Subjected on Intraoral Radiography
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Table 1. Parameters for calculating effective dose

Parameters Intraoral radiographic examination
Additional
filter Non-filter Imm Al filter 2mm Al filter
thickness
Kerma 1.38 Gy 0.75 Gy 0.54 Gy
DAP 39.18 mGy-cn 21.28 mGy-cn 15.36 mGy-cnf
Tube voltage 60 kV
FDD 30 cm
CS 3x4 cm
Anode angle 15°

Adult Male, Female and Child 5 Years Old,

Study subject Child 10 Years Old

Calculstion of %-ray spectrum

%-1ay tube potential Filter #1 : Material Filter #2 : Material

o k¥ 13 tomic: Number 0 Atomic Number
¥-1ay tube Anode Angle Al Chenical Symbol Chemical Symbol

15.00 degree Filter #1 : Thickness Filter #2 : Thickness

1.00 T 0.00 o
0.2702 glen’? 0.0000 glen’?

Exit: Keep old spectrum
&) patient input dose w d X

Itk dose alue Input dose quantity and unit: -

" Incident air kerma [mGy)
21.2800 —

{+ Dose-Area Product [mGycm™2}

" Entrance exposure [mR)
Incident air kerma value

used in calculations:

17733 ny

[Comesponds to about

2 Jmhs]

" Exposure -Area Product [Rem™2)
" Current -Time Product (mAs]

(Input dose quantities are for
measurements without BSF)

oK1 Cancel

Fig. 1. Geometric parameters of PCMCX
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Table 2. Coordinate value of center dose

Coordinate Research subject Coordinate
value of center
Adult Male 5 cm
< Adult Female 6 cm
Child 5 Years Old 4 cm
1Child 10 Years Old 4 cm
Adult Male 5 cm
v Adult Female 6 cm
Child 5 Years Old 4 cm
Child 10 Years Old 4 cm
Adult Male 80 cm
p Adult Female 75 cm
Child 5 Years Old 48 cm
Child 10 Years Old 58 cm
{1 Defform [ ]
File
JLMannens | {5 HowFom | B GpenFom | [ SaveFom | B SaveFomps..| B pitasTen |
Header test |
Phantom data: ]
A Phantom height ~ Phantem mass
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Standerd:1785  Standard:73.2

¥ Diaw 12y fid
Geometry data for the x-1ay beam

FSD. Beam width Beamheight  Xef Yiof Zief
20 i 0 5 5 80

Proction andle ~ Cranio-caudal angle date Fie
27000 0.00

LAT3=180 47270 (poc) el 1y tube fop

LATA0 Pa=0 {neg) Caudal¥rey e

Rotation increment -+ [37° | View angle {370

Max energy [keV) Nunbe of photons

60 20000

Field size calculator 2 [V Pancreas
7 Biain W Uteus
FID Inage width Image height F Hean ¥ Live
0 3 0 Calouiate | | 7 Testes ¥ Uppet large intestine:
s v Spleen

[ Lower large intestine

Phantom exit- image distance: |°-0 v 7 Smallintestine
¥ ¥ Thyoid
¥ Kidneys v
FSD Beamwidh Bembeigh . 1| 7 e e
7 Stomach 32
i [¢ Salivary glands [V Prostate

P Ol mucosa @
@ Quick " Shaip

Fig. 2. PCMCX Coordinate value of center
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III. RESULT
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Fig. 3. Effective dose according to the thickness of
the filter in the oral mucosa in adults and children.
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Table 3. Effective dose of oral mucosa for intraoral
radiographic examination

Additional filter non-filter Imm Al 2mm Al
thickness 0 e filter filter
Adult Male 0.00072 0.00039 0.00028
Adult Female 0.00078 0.00042 0.00030
Child 10 Years Old 0.00092 0.00050 0.00036
Child 5 Years Old 0.03504 0.03692 0.00120
Unit: mSv Target: Oral mucosa

2. 771 €E A8 9% 9487}

e 45 ARG AT A W AH A8

None filter (a) Imm filter (b) 2mm filter (c)

Fig. 4. Imaging evaluation of the apical region.

Mean ROIL,

ignal (] )
SD of Background(ROI)

SNR=

*SD: Standard deviation
*ROI: Region of interest (X T L& X 2T

Eq. Q) A #F 9 Xod F919 gix=% g &
S-H](contrast-to-noise ratio CNR)S LRI T},
| Sy—Sg |
CNR=—2_"F )
\/ 2 2
oyt o3s

Aeh Fojep WMagps JJoA A9
TS o o)
Table 401]/\1 Kol upe} o] 4 W F49
] FHE H-9]29] SNR 94 H 7} A 3}= None filterol]
2 499.24 O] A3 1 mm filtere 499.66°]Q2H 2
mm filter= 520.63°] %131 None filter= 74/\}’6}°ﬂ~
ul SNRo| 7V FSAIN HU dHE AREE &
Artes wet AR & Aol HolA
a7 Wl 2P A F-919] SNR %
H7} A¥= None filterol] 4] 431.720] 13 Imm
filter= 429.78°]AN2™ 2mm filter= 450.29°] %)
None filter= 7AF3FS1S wf SNRo] 717 li‘?)\*ﬂ s
B AEE A}L39S wo JAEd Ay o
Zrell = 2 2boli= HolA| ¢kt Table 5olA] 1
ol wupe} Fol 7 Wl G AT F-99
CNR %377} A3+ None filteroll A 67.520] %L
1 mm filtere= 69.88°]1 S ™ 2 mm filter= 70.33°]
A3 1 mm filter® FAAFSFSIS W CNRo] 7HF =
AT 2 mm filter= HAFSFS w9} st o
2 Apol= HolA kvt 7+ Wl #FY A2
99 CNR 34H7} 23} None filterol] A
69340]};\1 1 mm filteri= 71.2501 2™ 2 mm
filterv= 72.33°]%13L None filter2 FAFSISS o
CNRo| 7Hd = SkAvE 571 A8 & A3 & ZAL
ahle weol FAstA A i & Abol

7F WA ek

B

Table 4. Evaluation of Intraoral Radiography SNR

variable Region filter type result value
None filter(a) 499.24
crown Imm filter(b) 499.66
2mm filter (c) 520.63
SNR
None filter(a) 431.72
Tooth root Imm filter(b) 429.78
2mm filter (c) 450.29

Table 5. Evaluation of Intraoral Radiography CNR

variable Region filter type result value
None filter(a) 67.52
crown Imm filter(b) 69.88
2mm filter (c) 70.33
CNR
None filter(a) 69.34
Tooth root Imm filter(b) 71.25
2mm filter (c) 72.33

495



]

R

/\éo

-

A9k pCXMCe] ALt A3t

Table 39 W=, 104 Ao}
[e)

7F ARlRTh Z7] il

ol & ek

B ¢

79]

L

IV. DISCUSSION

Assessment of Effective Dose by using additional Filters in Dental Radiography: PC-Based Monte Carlo Program Analysis
WA & ol A

Subjected on Intraoral Radiography

o

WHwﬂﬂm@mﬂﬂﬂﬂﬂmﬁﬁm%mﬂ@%ﬁﬂiﬁ%ﬁﬂ%wvﬂﬂiwﬂﬁ
j— T —_ X KO B W K = 0 . N ! " o e
RS SN E BN R RV il BN
0 T <R ) BO o0 r o . S o Ay < < oy B o o o A=
B X7 X= 8T 8O 0 T o 5 of X & <0 = W
TP e e mt TR TR T a W N N o T B
BR R P LTl _FRUP BT g Ten o MaR g B L
O_HAT \‘W\_UH ,ﬂd ‘lqﬂE‘l_ﬁlﬂ_Al‘LrLll‘mlEEllxmo ﬂAl;OJlO‘LIJ'Zﬁ‘mOiﬁATﬂmoaa_l
S B e N o T W Ty o X iy I
T o B B A WHE TN & " Bl TR T R H
=z o< @Mﬂo_ Hﬁ? 1.lﬂ.%%o]ﬂo€1.l.€7o] ey A3
Peld g2 TR Fg i PN pwoy e 2 gL e
uL,oEAT%_@_nsn S I TR %o K, ﬂLomo&rmM;{]aoE
. o g N N n
d.%lm%}aﬂurm%yurmc_.%ﬁd.ﬂmom_xfrm\mmM ﬂuﬁTA&oﬂuo_Lucﬁ%
N = T — O 0 <O oy © - T -
HH e R g T ig s TR E T P g ol E el T g P
o T o JlL,_._mc&l = mﬂﬂﬂlﬂul, 2 ﬂMEMﬂHTHﬂW]HLﬂLLo_E
ST _,%thﬂo;nwl_u ofp }T}m_#,_ﬂ(,ﬁ_ c2 A
gp R g LA T g S e XN By By o F XN 4 %
PRI T e Ga e oz _wagh® TR, Ty e
~X =y T Jl‘._.ﬂ - —_— i~ I~ - B = X ~ .
aomﬂﬂiﬂiuuéiauEmaiﬁMQﬂﬂamqﬁm@%&g%ﬂrﬂmLWﬁzﬁ%ﬂ{du
TN E o T~ ® . FRRPE EFR g T sigeuwx gy
_Egﬂzﬁo_aﬂﬁo%ﬂwnﬁog%%ﬂw@}w#ﬂﬂﬂ%%%%%ﬁﬂ%g
o_HNJJ;odﬂ.Eﬂmoldoﬂ.éea_lﬂoﬂrﬂaﬁmmﬁronﬂmo7z*.elen_Lu§oLﬁod%NromMormﬂﬂﬂr
= L Yoo = BN o g 2 R LT - B o o
oAy T YT R RO T A G S - o B b
RN DHH T ETRdTT o MTIWPTETEND®HESRH DT O
oo M P BTT FEETETRTRERTETITFTMHEFET CH T 0TI
g oA IR oo Mo B WA px o A B po o MR oy BRI L B A o T N ® O
=o ) o 2 ) N RN TN WS = RO hal o iy
CET B ssrrTsa b Teg et e n PR L P mRL e sy
%ﬂ_ﬂ&@miﬂﬂ?iwﬁmxm T K = .%%%ﬂm%%ng:§7wv%%1ﬁ
— 2o T @ X y - — — . —_
e s Py peesSingrgap tey 1T dT Ty
ﬂ.f__ooi%aghmﬂi T oo W T ook o © or ooy o, O g T g X ok =
TR ™ S I o mam oL CTF LR 2 oy BRTR g
(=T ) _— oy "o _— —
ﬂﬁ.%lloTMmVlo_Mwﬂﬂ_EﬁWUFUWWJOATWWMM]Wivﬁﬂﬂ&roixLLtMﬂzmﬂmou.t
R A R S I R RN Bl
T oF s — © X < N — 0 X Ry g Sl Bt BT R -G B
N%Mmrw%mwmo%ﬂ%%mmw)?%uw@i%ﬂ%ﬂ%ﬂﬁﬂ%ﬁﬁ%qwgoﬂﬂ
xR = ' = ]_7 — — ~ v < ~
HA_I MOU.ﬁoT&oNILO ATAL‘O|1IﬂiLﬂooﬂauxoTﬂmﬁ‘_tiﬁE,ﬁ:.LO_HOW.;,MAHLWS\MI‘NIWW
Rz W R Y o T T w X =L T i - ! oS
H,.H_@.EOY‘_&.L — o ﬂ‘._ ﬂo_adllﬂ_ﬂ ,ﬁodl HLHJIMMAOE\IAO_HOT\NJU#i&!L
o} agzto#am.ﬂ%% = %%J%Hﬁ%@mﬂtmm%ﬁo&o»% ﬂ}o_%_/o
%%Qﬂaoo_w,%ﬂ%ﬂmzﬂﬁﬁi.gdwwr.arﬂo%Qﬂ#%%i%ﬁ%?
T — 1o~ fe) ' =
ooimol@%%mﬂuzxouoﬁﬂmﬂﬂw%@ﬂﬁiﬁi%@oﬂmﬂeiﬁogm%HT%
ol wm I X 4 BTRFE” AR TD G WTTEFRPT LT TS
0 ol —
ez xE T e ek p T rsereAaTaddrge IV aw =y
TUHWRETITPATTRIXAPTUFIANTRPDPBERRT sINMTTRNT T

ATt

o3

ZA}st

=

=

7}

"

B el

i
=

7F

=]

5

B

3

El

Zhol
496

A u
=i



"J. Korean Soc. Radiol., Vol. 15, No. 4, August 2021"

V. CONCLUSION
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