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Study of Patient Radiation Dose when Using Dental Cone-Beam CT that has a Large

Field of View

Naoki KISHIDA

Meikai University Graduate School of Dentistry

(Mentor : Prof.Yasuhiko OKUMURA)

Abstruct : Dental cone-beam computed tomography (CBCT) has recently been developed:;
these units can scan a large area and suitable radiation dosing for diagnostic purposes is
of great interest. In this study, to consider the proper exposure dose of CBCT, we
measured and calculated effective dosing using KaVo 3D eXam+, which has a similar field
of view (FOV) to cephalometric X-ray equipment. We selected the 3D Ceph mode (FOV:
130 mm height X 160 mm depth) and measured air kerma on a flat panel detector (FPD)
with a central X-ray beam using the mode QuickScan+ (90 kV, 3 mA), and Quick Scan,
Standard Scan, Quick HD Scan and HD Scan (120 kV, 5m A).

An optical stimulated luminescence dosimeter (nanoDot) and thermoluminescence
dosimeter were placed in the position of adult female organs using Rando Phantom, and
the dosages to the organs were measured and compared. The following results were
obtained.

The type of tissue contributes to the differences between absorbed doses by the
scanning angle; therefore, special attention is required for tissues such as lens cells,
which significantly experience deterministic effects. An absorbed dose occupies more than
80% in the primary beam of bone surfaces, the brain, and salivary glands, etc. The organ

tissues subjected to high-dose radiation exposure showed levels that were a triple-digit



increase from those in the tissues subjected to the lowest dose of radiation exposure.
Quick Scan+ indicates that the minimum effective dose is equivalent to a panoramic shot
or less, but the HD Scan shows that to be about 18-fold. In the shooting mode option, we
suggest there is the need to fully consider tissue radiosensitivity, the purpose of the

diagnostic test, and the testing period.

Key word : cone-beam CT of large Field of view, patient radiation dose, effective

dose



o
il

A, BB ZEEEHLCHESHh S EREEBEC

fEFVWREMICERLL TER D, BBEBIIEWY TH, W

FHIEEEE L2 VWEIRN ) I~ v 7 2B HFEEEIC LD

R oo e BB 2 W ich 2, 8 F H cone beam computed

tomography (CBCT) %# Fl H L 7= =& o\ % 2 Wk %17 9

2T, WHERAGICTEWTIDHEEORWDZM &IE

BN ARENS Te o 2 2.3 BA¥E H M o CBCT & /h & 72 field

of view (FOV) o CT & L THB ¥ & vz 450 HAIE TR

RES O FEMRBE, 477 MBRIZX T 21K ®

N

MAZITH> IR EBHE L CTEHLENIHEATE TV 5H 6-8),

T, T 477 % — 0Ok KN EHL CBCT ® FOV b 4k

KA m 253 L TW oD . FOV o 5 Kb X, B ¥ 4 ¥ © /h

S %% FOV 30 mm X 40 mm 2 %X L, K& 2t O T FOV

190 mm X 190 mm @ CBCT 28 B X X v, FH B E < o



FrEE, AR BEOZWH - BRICIHEH I DHRICE » T

X/~ 31D, X HIWCHEMH CBCTIZ WM TN I9~xx v 7 A

MR EIC SDE R Y 7 P E2HEELEZa s b

hEAEKELHERINLAWBIZE KN HEALTWD 89, 2012

oo FER RSB ET CBCTIC X 2 | % K& — 5 K&

REASNTZZI LY, BKBAETEIEGEKL £ &2

5 CBCToHE ANBNEINT 2 LE X DL D.

CBCT A DOHEMIZTHEY, BHEHKITIREOHMNS &

Ry 2 O &% 10,11 £ /- L& L2 L7 TR

57 W/ o CBCT g 2 13 i R E B O MNNBHEI D

Ty 7 AfEE oIS, &RElSLEE LD KW

2, CBCT @ # 1X < # & !X multi-detector computed

tomography (MDCT) X vV K W& 4 TWwWsbH 8, L »

LZhiF /PR HEE FOV IR L ETHDY, K&k FOV

ZB®IR T 55 6, MDCT ERAE T U EofidRE

W B A EENE bR D 812 F - o R T L,



FOViE #hk £ 2 U TCERST LI EDATRETDHY, RE D

50T ik 2 B o L B A RE R CBCT & B % & h 114k

I MBORKBAZEE LELEENEAINLD L5 ICR -

T&E/Z. L2L,CBCTHR R OBEHEHRITIHEEZ RFT L

I FE e A AT DT WA

AW Tk, CBCTOomEMFENVNILRT DI L 25 E

L T As low as reasonably achievable ( ALARA) @ &

HI 1302 X 5 m&#fb a2 AW E L T,Rk FOV & 2R /] 8 2

CBCT B W T, MAHMICH L ZHBRMEDERICK

h, BEHIIMREOBRB LD ~B &k 7o b=

VR T DO MR EEEERAERERT DD ICHE R

1T » 7= .



MoE B X Ok

Mok

CBCT X 3D eXam+ (KaVo Dental Systems Japan,

Hw) #zMH L. oW WM (F&EE, FME,

™

MM, FPD EICRBUTL2ZERA N —~B IOV — <

o)L A H) o W EIZ I RaySafe Xi( Unfors RaySafe,

Billdal), @ f # #& (dose area product, DAP) o il &

I B W T X m fE & FF Diamentor E2(PTW, Freiburg)

26 FH L 7o BB - ML ER UL OB R 0 W E I E, MR L

J

L CHAMBLIxt L 2B EFH nanoDot (E W 7 v ¥ ¥

7, T %, Fig 1) & MicroStar OSL V — ¥ — (E i 7

»HE T, TE) BLXUOIHREL TR RANDO

Phantom( Alderson Research Laboratories, New York)

% ff l L, International Commission on Radiological

Protection (ICRP) Publication 103 14 ® # # fir &= %2 ¥

IV EHREZHEBL L.



o i3k

1. CBCT o H /1M E XA Xy v A E

L E Ok 2 Table 1 12 /83 . 3D eXam+IiEX voxel size

I U T A F v v K # (Quick Scan+, Quick Scan,

Standard Scan, Quick HD Scan, HD Scan) % i R 7]

BTV, BELELLELEEEWMILT Quick Scan+T 90 kV, 3 mA,

F O DA X ¥ Tl 120kV, 5mA IZEE I T W 5.

KW TIE, N T vmEgICKLD FOV Tk biEEL KL

3D Ceph = — F (Hf£ 160 mm, & & 130 mm) % 3

L 72. Diamentor E2 # = v 7 X B K O | HEIZHD

’fTJ‘G‘j', RaySafeX1$ﬁ,‘jj%%%f7§y]\/\°*w;4717&

(FPD) Lo v —H% T A4 Ko7 n A4 5 — & (T HE

N

ik E L (Fig2), Th £ & A F v i O DAP B &

OO (BEE, FME, REERHR, FPD LIk T

LR —w B L ORNELS N — , N L R ) M & L

H

(\‘\.,

F/-EUpMNMBEICALARA—Y v 7L — Kk ST-VI (1P,



TV T7 40, HE) HAEWTT Yy 7 AR HEEEE N E

L. WEix, Thth 3BTV, HEHHICFEEHMEB L

OCE®ERE (o) ZH B L. WIZ, &7 82 FhaLilk

FrAF v AEENET DA, BRMICHTAY v

FEER LBE IAWLLIE—2FHFRKRICHKB L, 727V

V7 7 A I 7 A EKFEICEE L, 7 4 LA

]

EToxF v HEBEZMEL L (Fig 3). B4 & B %

X FCR = 7 & -1 (7 Y 7 4 v, HE) Z#H L

2. RANDO Phantom T @ fifi #5 - #fH fk W I & W &
1) WE YA+ A RY

g # - AR BMREORME TIX, N T vIHREIZLD
FOVIZ#HE L L, @BRAETH D272 b2 v M T F LR

b b, Ok KO FOV # /83 3D Ceph £ — F & % R

L. 77 vy hF2rOoONMNMBEDITIE, THEHR®% T KAWSRK



EE oo R A

R¥
=]
il

Hol & L, FEEF LI H o 2 Z X

7y A OKRAEY®EmICEEBEE L, = v 7 XK HF LRI

BWHTHE L., BEZ7 7y A M) 0FUAREER DL
S E ST, o AFr rr THLKRATYHEEEBEOT A

VU X — o T MAMEEE®RmD 3 FEDOL—H B A K E

FIHL, ig@EBglccfi@ESTarEEL, BBEMEREROD

LICEHEHET A~ —FH —% 1L —H —F 4 A by T#&

i L7 (Figd4). ## ¥4 A F VU ik, Okano & 150 #ff %%
WU Z MR RANDO Phantom @ £ #H f% & /A7 1 % i L T

1
0k
)

He

mm O 2 A ¥ — F EIZ, 10 mm X10 mm 1E 55 O

HE

Bz fE b, PR N IZ nanoDot # % % L 7= (Fig 5). 2
lZ ICRP Publication 103 IZ i & < L T\ % ik 28 « L & 2L

AW HbBHEH»SEBAHBE CA I A XAFZTIHIIHREL

S
o

b 150 M EEHE L. HOANEA LM OAE A Table 2 12 7R

4 . MicroStar OSL UV — % — T nanoDot »» & 5 — ¥ % it

L, & 3 HEMZzMMELZTOYEMEZLEESGM®R

il
e



L 72 . nanoDot (X 80 kV T® IE & # T W 5 &, & IE & &

X 90 kV M % TIix 1.1 2 v, 120kV B ¥ TIix 1.4 % fF

H L 7= .

2) A& il g M Rk %X MR oo B D7 ik

gk & - AE Ak WA R BT LN o FIH TAT o 2. A EORL T

- 5 (charged particle equilibrium, CPE) 2% 5 32 L,

Mo B MK S ER TS EREL, U FOR 1OTEXR

WU B2 HOE L.

Dair=Kair (1_g) (1>

CPE and g=0 (2)

DairZ %ﬁ&”ﬂ%ﬁ%

g o il By B &

HE O TOME T & OSL#EEE o Fh Fh T CPE

WS T 5 EMRE L, LF O X 1T - A% INEE

®OE L -

Dr=Dair (Hen/p ) T/ (Men/p ) air (3)



CPE=0

Dr=fig & - A & % I # =

(H-en/,0>T:H%nn°f\ﬂf\g‘g§i*/bﬁr\“—‘%ﬁqﬂ

(H-en/,0>airzgﬁgii*/vﬁh‘&”y'f%iﬁ

CoXoHEeE, WELLEME LYY, £HxxLF—

T 90 kV T 35keV, 120kV T 50keV & #H T L, &K IC
T HHEE T XX — WIS T 1.06, BB E

T 5.09 & L 2.

(i1

=

MEBIX 7 70 P AHNOEKEFBITHE AN BREH N

et

5 H

i

L. EBEEHARKANDOREGFTH 7656 g @ 4 4 18)]

My
=
AR

et

95 H B T R v & — W I AR Boid R A Rk A ORR

(@

&

1.06 & L T EELH  LAEELEZ. & £HMKEITHEH

(@
i

R

CREAMNOMEER W, ZERICHT HHET XL X — KN

BREILT 5092 Wi, BRI RKADOE I XTI VE 3,700

gl it » T EZITY, BHMELSRKOIIREZAIT-

7= . B M & 1X nanoDot 2 & FL HIZH » T HEE F HEH &

12



iz 24 MAAMA LA EEZTY, TOFYMHEEEERE L

L. 25 0K EmME 1.5 m2 202 %4 2% #f & B2 H #

M SN2 EZEHEHMHE (BHEo0oBER 200 mm, BB O

X 130 mm M E) OHEAE L L T 0.0545 # fEHE L, &

J§ OO M oE A2 H O L 2.

3) EHMEOHH

T X TOPEINT-ZRIRBLEME»S 40 L 5=z v

J AR OBE A EAKE 1L LT HEMMAREICEMHL .

WIWZEDHMREIT 5 N X HITHEMMBMBEIZ DWW T ICRP

Publication 103490 f #fk mf R L 2 ® U T3 X T O M

=p6
=
S

=g
5153

S b BEE L T2

W B (Gy) (4)

4
=)
=
S
i
0p)
<

|
=
=
X

Wr oo B R ATE AR

EHHHME (Sv) =2l owmE (WeX FEflifRE) (5)

13



mo R

1. CBCT & i 71 B M K QXA X ¥ » A &

FOV M 160 mm ® & ¥, &% FOV & & CT® DAP © {E %

Table 32,7 7 74 L7 d D% Figé6 iz 7 . X8 FOV,

Y#hix DAPOfECTH H. H D27 7 71F 90 kV, 3 mA H

WO THbL, Fo s T 70F 120 kV, 5 mA B 5

DHL DO TH L. DAP TR — FOV g IZ B W T 90 kV T X

21.3~64.8 mGycm?2 @ #i T 4% FOV o & S T % L #%E

o B A2 L CWil . FEEIC 120kVIEB T 5 DAP & 277~

865.8mGycm?2 @ HFH THREILEZE Z L T Wi, F i @ ix

120 kV TIE ¥ # 9.33 mmAl, 90 kV T X ¥ ¥ 7.84 mmAl

T H o 7= .

=Dy 7 AB|ITEBIT S5 FPD m L T o zerhze K h —

~ WM ELEHERLELERGBE 72 b vicB T 5 DAP %

Table 4 I/ " L, 7 7 74 Lz Hm ER I —~ % Fig 7

o4 . HEE O WM X, Quick Scan+ T 0~0.2 mGy (0

14



~ 150 Pulse $t) & 2 vV IS &K % L T\ 7= . Quick Scan

Tl 0~2.8 mGy (0~ 630 Pulse ) & 72 v & B 1T & B

W &Z L TWwihk. W — FOV TR —X2F% v A K, A — MK

B HF M C© & D5 Quick Scan+ & Quick Scan O b i T E

i
H
e
g
i

S MO MEEIIC LY BEE O EIT 35 E L.

180°A ¥ ¥ » ® Quick Scan & Quick HD Scan & O

360°A & ¥ » @ Standard Scan & HD Scan @ [k # T IX

i
it
H
e
it
i

St N — BT HDHTEDITHREILIR —TH U,

o 2 v X0 28Ik pB LT W

AF v UAEICOWNWTO #HMBE Fig8 a7 . KH T

AL AN oy 7 ZHE A~y FiLETHY, &

DAFx ¥ riZB T b5~y FEIDFEREDIZ

30°% @) L 7= W )R CTHRH 2B KM S 7. Quick Scan+,

Quick Scan T R EF O % F K 180°H s ® N — 7 X ¥ ¥

>, HD Scan T Ii% 360°m 8 LV 4 — X — L CTZ7 /L A F ¥

v T o o 2.

15



A Xy R R E R REROBEMERE, N XHEBIX

] — CT& %5 ® T HD Scanidflt ® 2 2D 2 F ¥ » L v M »

< m B E I EEgAEHHE L TR, L EoOME, 22X

Y OB DIBHEORMENKMENPSL, R~ FOV T

I B 2% A2 B ¥ Quick scan+, Quick Scan, B X UM% O

DAX ¥ v TRILVAKFIZHEBH L TWE., Zo05%KMH %5 E

L, & MIZB T 20 - MM ENTITHMERED

=0 O Wk s - MR IR B N R D Quick Scan+, Quick

Scan, HD Scan 3 ®» Y u ka2 L iz > \WTIT W, B VY oD

2EIZOWTIEHEHAERIN —~oax W THWBLE

(Table 4) .

2. b MIZB T DA - MR E O E

ICRP Publication 103 TH /r & 3L T W\ 5 i R/ & 2 |C

I 2 N0 EBOZ T T 270 TE 14 0K M

e & 13 DK VML ICOWT, b MBEORE 71 k=3 b2

16



X2 1H kL7720 OG- MDD RIIKEZ Table 5

R T T hE &GN oEREERAT Yy O EBEIZO

W Tk LE., PO ZXFy b —RE—LHLKNOOKMER

7 E oSBT —HKicm WEEZ R L, —RE— L0906 B

N7 cixTELWVWE E 2L 7. HD Scan T Ii% 1 1 #&

¥4 2,15 mGy~ 3.4 mGy © & & & 0 wiE < &2 = 17

LR BB Fm S, 0.001 mGy ML F o K& & % iE <

b EEMRETC3IMULEDODEEZ R L. - EmMBE

IXLS &R D2ERPMRICE YT, ¥ 7T b 3ok /DI

Quick Scan+ & fix K i HD Scan @ #f & L& % 17 9 & 18

o B RD BT,

3. B EOHEH

AEl O FERICET D EEMETOELYKEEL Table 6 I

7~ 9 .Quick Scan+ T 0.0108 mSv, Quick Scan T 0.0514

mSv, Standard Scan T 0.0958 mSv, Quick HD Scan T

17



0.107 mSv, HD Scan T 0.193 mSv & 7% o 7= . [f — FOV

WEBWTER 70 haric kv BEIFITRELELY X

18 f& o L # -~ L 7= .



£

Pl

M shiczy 7 2RI PEEERICEZEL, W

W S BRI RE L L TR D .

T E IR EEY - XL F — 08K T

Mk &= - Mk~ B L EE L LENMTIE RN,

T MEZELE T 2 23ICFTRRYE SN KSR

ElEa - MM oM ERKICLD BT T DL

19, FEECKEH TOWRNRMBKENEZ2MHEL L
KEER I IRESFZEELISHALL2THL T 2D

WAL T

Z D H AL

A 753,

AEZ2HWTERT 20X HEFICHETH L . K-> TK

ERBRICB W I E®ERN ZMHS RANDO Phantom

HERaH kT 2R ELFW L. T ERBER

Z R 2Nz 5.

Z fEH L

RSN ANNE

3D eXam+id mEEBEBRMEHE X L X FHFATHY, =0

NNV 2B ORETEEEREZ 217> T W 5. #

N —ETCAbNIT, B Te Faric Kb EZR

19



EAL T HEE T RE & 2 B 21D,

3D eXam+2U S OB IZ B T 5k % HIE -GN E TR

J 5 M E W E IO W TIiX Okano H 15X RANDO

Phantom & % Y 7 7 X% % H \w, CB MercuRay(80 kV,

5 mA, 18 s, HMN A7 4 2, WH) Kk O 3D Accuitomo

(120 kV, 15 mA, 9.8s, U %, &) oK & 0 © %

T o TW5dH.F OH % 3D Accuitomo ® FOV H £ 40 mm,

M X 40 mm TIiX 0.0499 mSv, E £ 60mm, m & 60 mm

TIiX 0.1015 mSv, CB MercuRay {Z 8\ TIiX 0.5106 mSv

EFEHIREEZHME L TV D LF MBS 2203 WOk B ot

=P

i B 3} thermouminescent dosimeter ( TLD-1500) ¢&

MSO-S # *+ % H \w T Alphard VEGA 3030 (8| H v »

gy LKA, XH) ofERE 21T, PE —

F# 2 (100kV, 15 mA) 12 T FOV HE £ 154 mm, & &

154 mm ® E & #H &= % 0.413 mSv & ®EHF L T W 5.

Alphard VEGA ® FOV | 3D eXam+® 114% K T & % 7,

20



HE SN EDKREITHKR KIME T HD Scan 0.193 mSv ® 2

LU EZzRLTWE. W —FiEZEB FOVTH LH N/ T

N

~ i ¥ , MDCT fx %2 , CBCT #x %% ® E %) #t & ff % Loubele

5 23), Pauwels b 24, Ludlow & 25K 8 Michael & 26)

OFHE LD B LK EIT o . iR L7 CBCT % & X

3D eXam+® Quick Scan+LLl 4 9+ <~ T 120 kV, 5 mA T

H YV, B/ 0.051 mSv26), F KM 0.193 mSv & [l FOV

BT 2EDIHREOENKN 4% %7 L 7~. Quick Scan+

DX/ 7 ~FEDOEDHEE 0.006 mSv2e L [T IF [

CfE 2~ L 7. FOV N2 72 5 4 12 Btk T 20 Mn

MDCT #2122 B W TH/MNE 0.199 mSv26’ [T HD Scan &

WL L, B KfE 1.410 mSv26’ [T HD Scan & b # L K 7

xR L. UEOHBEID 3D eXam+D £ 2 B & 13

HHBEEHEREZICBW TN 7 vgg i lr 5 MDCT #&

bl T O 18FFE oLl E L, ®RBE T e b oa R

R T ok ELoEBHEMERN TR I, FLREEICE



> 5 M EME I > W TH Schilling & Geibel27(C L 1

KaVo 3D eXam O W I & L OEDHFEEIP HE LT W
5. ZOXETCHWSLRN TWDSD RANDO phantom X & &

175 cm K ® 73.5 kg o B M 2 HL TEY,

88 TH 5% 2
5 25 mm g TR LI AT A4 & L, 24 @ T AL 2 TLD »

ﬂxﬁéhy

I

DA T A AZHBHEHHEMNS 9MH E CEOHICHW
T W7 . TLD ® &% & |z

OV Tl Ludlow & Ivanovic28)
O EEHWIICADLDEY CREEINL TR, KL ELRFE FOV
TdH 5 H £ 160 mm,

5 X 130 mm @ Standard Scan IZ

-

B W T 0.1067 mSv & WO R AEZRRL, T HITAMI T

®» Quick HD Scan O R L b LIFIEFR UMETH 5.
Roberts © 29X RANDO Phantom & TLD % A W [A £ fit
F T H DH i-CAT I CH FOV = &= # & L, ICRP
Publication 103 # B £ 2 7= H H TE M & 13X 0.1105

mSv *HE L TWSD., HnwimilEtsE e b= i RHATH

-~

N A > ol vl Gl n B A VA N

O BAE 1T A M FE D Quick

22



HD Scan & 1L L T W 5 . Jeong H 30X [A £t fh % f& T &

%5 KaVo 3D eXam & TLD % W T & | & L fh # &

CBCT & MDCT » E zhft & & g L7z . FOV T R4 % &

Hopoh BB W T X A0 120kV, 1.37 mA T E YK E

X 0.1116 mSv # R L 7. Somatom Sensation 10

(Siemens Healthineers, Berlin) & " Somatom

Emotion 6 ( Siemens Healthineers, Berlin) (X 0.4258

mSv & ¥ 0.1994 mSv & 3D eXam+ HD Scan UL FE o g %

L T W 5.

diagnostic reference level (DRL) & ® B & & + 75 (2

ZRET NETHDL BXD DX LERNOHEBRENRB

Wbl BT A/ REE (EZR 40 mm,m & 40 mm) D M

BFBHa— b —24u CTHAE® DRL IZ,DAP 2B W T 470

mGyem?2 3 E N TWDLD . AMEIETHBXL XD HKE

72 FOV (HE £ 160 mm,®m & 130 mm) Th 5 Z & 20 b #

HE LY REABRBEICR>TEZ.20RE%ER— FOV I #H T

23



HE 13D 1 RV /NS RHEITKR-TE. 2EBEICTBIT S

s &Moo 75%% 4 V% DRL & L TWadHZ &b, K

W92 © DAP 5 498 mGycm?2 X DRL ® & % f 7= L T W

HEE PR D LR T, T HMEBLBDO KM E2EE

TOHETEZEOLLODMELEEADND . U LELOMREL,

Ty 7 AME MWl EmA TR EREIC XY ERE T

B x ol & b2 & . FE 7 FOV & BB EICHO W T

BIEgMR s 2 F N0 , BEATIEEICODNTmEEROD

R EALCHREINHRIICRBICEEIRERL DI LE

BT 2LEENH L. 2L THEEREICDHEL->TIETIhH

b Z Ltz tHoHEETLILEND D ERBRbDN D.

CBCTH# EZH Wi AT A 77 o bl & /D

Voo LR o f W R, M6 E WG IS B 5 AT R & S R

O LHEHRTHK AL THDY, INRBREOLELHHSEE O

Flr B ExaxkEILEIT O FIXTA%EICEEIZR - TL

5. £72 3D eXam+lF N T v ELELKET IO FOV

24



B WT,®BR 7 ha vz kN 5k s FE%N»

5 MDCT g £ Al % £ TR &K AT 2HF1/2HHL L. AN

VAR E MW 3D eXam+Iik N L R T kW R A EE

A HE L TEBY, K FOVIC XV DAP % # & 7 48 T &

5. FOVoOoR#EILPMMEBEHNEEBICRETIEEGET S LN

5, LRV /NS W FOV 2 @RS 5 HF 0 EHEIZR - T

< 5. ICRPo# EHE g, EHREMBLESICHREREIZTERTE

ST W WwR, MEREZEOS VMR K& EE

HIELSMEEZEZEE LRI IT RS 2w 6,8)F  F /- H X

MM s HICER TSR EBEE ~O R AE T HERH

A

B E SO DL EICENDIFENNL kB E AT O M

ZEHENDH L LEEFEZXZLONDL. MEMEZRICE W Tr/DE R

HZHEME X, B0 N ARE DO 100 mSv, & W T H I BRI

D 250 mSv TdoH 5. KM I TIiX HD Scan IZ B IJ 5 W

WD 3.4 mGy gk KMEThHVEMEZEZIZDZ LB ®END

R ThHhoTl. ELLABBEMMEMICH 5 K G Lo

25



CBCT ® MDCT TIE#H IS HMEN & 2 8 b MR T,Z
ODEBBADPDLHRESFMHICHLT TCOoOREO K#EETRKD EE
b EEFEZLNND. A% ZOKRIET, WE B2 KBS T
¥ % 7% FOV # A+ %5 CBCT M & T i ¥ 72 3 % © W M4

S EATOICHRLY, BEEQREHE2E S LE X LMD

26



1.

2.

BaAEfH S TWwd CBCTIZ B W T M= IT < % &

L TW5d 3D eXam+iZ N L A XK THUYV XA F v v IZ

Do B e E L EBREMRBKEZAT o TV DL EBAE TS

BoORBEALD -8R RELEEBREREZMNASL

T 322 AR HMBMEL T, 20K EOKITITHONT

TEAT o T ERO KW =25 7.

ik w f@M (FOV) ok #EAITHITIHEMLBIZAHZD T

b D .

e 7o ha oL EICELDDE FOV T E QK &I

KK 18 D EZ2 R L TEV R ELEEOB SNDH

bl 2R R 2ERST LS LEDPEEL D

3. EMEFTEHWM FEICEIY RES R MEMREE OE

e 2 i IT N # T H D

L7 o TkEALZ 2124 5 2B EHIEOMR

™ wELEZLNLD.

27



K rx®zx bbb, KugrgicZ#
Y oE LB ORYE RFEREE SRR

fig . F - 2 f5E
=i 7 S A

HABFRZERABEA BN RY BN ZZARICERRD

1}

HEERL X T

FrrEBRMBMAEBDY ELEWHBERFERE
OB R B R R EERR AL R
R OR B S MF R D OE R e B R
T M B, M R F R F B S b %
P& ORE R b oE R ER P R R o ik B I IR <

RKRECAMEZIT> THELZY, A O
FTH S ELLEWB R RYEDORELETGIC
g E T

Be o 7 F 52 B

% # 2, W
R W Rk E
BomoE & oam B
& OH B Lk T
o B, W

CELS#EALHR L B

28



1)

2)

3)

4)

5)

6)

7)

8)

9)

1M 3C R
B T : Rontgen & X #ROFEFL. W5k 51, 292-294, 1996
Ludlow JB and Walker C : Assessment of phantom dosimetry and image quality
of 1-CAT FLX cone-beam computed tomography.Am J Orthod Dentofacial Orthop
144, 802-817, 2013
MEEBRE . NI EAEOBWHEE « 70X VR T~y 7 AR, SR
4538 ) Ty 7 AR L OV 8.0 tesla MRI & 22— B —2A CT O#z. H
K- 89, 57-62, 2015
Arai Y, Tammisalo E, Iwai K, Hashimoto K, Shinoda K : Development of a
compact computed tomographic apparatus for dental use. Dentomaxillofac Radiol
28, 245-248, 1999
Hashimoto K, Kawashima S, Araki M, Iwai K, Sawada K, Akiyama Y :
Comparison of image performance between cone-beam computed tomography for
dental use and four-row multidetector helical CT. J Oral Sci 48, 27-34, 2006
B, SRR, AL, PR N a— e — 4 CT #i62i
% S5, HIGRR 40, 251-259, 2000
Guerrero ME, Jacobs R, Loubele M, Schutyser F, Suetens P, van Steenberghe
D : State-of-the-art on cone beam CT imaging for preoperative planning of
implant placement. Clin Oral Investig 10, 1-7, 2006
Va)IEE—, 8 =] 56 3 [al A a2 —2 B —2A CT NAT D HRAHIER O —%
D 1 HLR &SRO, AR 46, 260-267, 2013
s SOOI, NIERRZE, IR EERE, TRRFN, Veildt!e, ik 2 MIREA, BAR
Z R 21— B =24 CT (CBCT)R MO LI H D42, HHIEEGEE 34, 84-88,

2015

29



10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

Okano T : Radiation dose and protection in dentistry. Jpn Dent Sci Rev 46,
112-121, 2010

Chambers D, Bohay R, Kaci L, Barnett R and Battista J : The Effective Dose of
Different Scanning Protocols Using the Sirona GALILEOSR comfort CBCT
scanner. Dentomaxillofac Radiol 44, 20140287, 2014

g =l PE)IEE— R = — B — A CT LERH CT Lo -2 0 2. thiFt
¥l 109, 73-75, 2009

HEEN BART A Y F—"7% : ICRP Publication 26. In : [EBSHUERFRIER B S
S, AHEEN BART A Y M=, B pp23, 1977

International Commission on Radiological Protection : The 2007
Recommendations of the International Commission on Radiological
Protection.ICRP Publication 103. Ann ICRP, 37(2-4), 2007

Okano T, Harata Y, Sugihara Y, Sakaino R, Tsuchida R, Iwai K, Seki K and Araki
K : Absorbed and effective doses from cone beam volumetric imaging for implant
planning.Dentomaxillofac Radiol 38, 79-85, 2009

PSR T O R & SRR E A~ DR L DOFFfR  ICRPI0 At 3
il Tz ->C. AARRT/I¥R5E 48,427-432, 2001

A ABENBREIT 2 - HOTVE LR, In « BRRBCHBREIT IR N N7 > 7. ARSI
SRR, &, SRR, IERERERENTTEL, AR pp4bT7-465, 1996

Waah  HE SLILFER], RO — @ 2T XS K D IERMREOHEE (1974) 5=
HEE & AR A SRR BAERSEE 36, 216224, 1976

Tanaka G, Kawamura H, and Nomura E : Refference Japanese Man 11
Distibution of Strontium in the Skeleton and in the Mass of Mineralized Bone.

Health Physics 40, 601-614, 1981

30



20)

21)

22)

23)

24)

25)

26)

27)

28)

G2 R A In © BARNRAESSE. -T2 i, 5628, rIlE:, B,
pp442, 1966

HUKIER © RMIRE O BA PRI EHEE. it 87, 191-202, 1997

[EFIE—, IR, B —, M E D, IR, BAMEK, /NIER] @ 2 fif
FHADOWFI ] 71— =2 CT OWRIGH & & ERhEI B D). H ket 68,
216-225, 2012

Loubele M, Bogaerts R, Van DE, Pauwels R, Vanheusden S, Suetens P, Marchal
G, Sanderink G and Jacobs R : Comparison between effective radiation dose of
CBCT and MSCT scanners for dentomaxillofacial applications. Eur J Radiol 71,
461-468, 2009

Pauwels R, Beinsberger J, Collaert B, Theodorakou C, Rogers J, Walker A,
Cockmartin L, Bosmans H, Jacobs R, Bogaerts R and Horner K : Effective dose
range for dental cone beam computed tomography scanners. Eur J Radiol 82,
267-271, 2012

Ludlow JB, Timothy R, Walker C, Hunter R, Benavides E, Samuelson DB and
Scheske Md : Effective dose of dental CBCT-a meta analysis of published data
and additional data for nine CBCT units. Dentomaxillofac Radiol 44, 20140197,
2014

Michael MB, William CS, Vida MV and Reinhilde J : Cone Beam Computed
Tomography in Implant Dentistry: A Systematic Review Focusing on
Guidelines,Indications,and Radiation Dose Risks. JOMI 29, 55-77, 2014

Schilling R and Geibel MA : Assessment of the effective doses from two dental
cone beam CT devices. Dentomaxillofac Radiol 42, 20120273, 2013

Ludlow JB and Ivanovic M : Comparative dosimetry of dental CBCT devices and

31



29)

30)

64-slice CT for oral and maxillofacial radiology. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 106, 106-114, 2008

Roberts JA, Drage NA, Davies J and Thomas DW : Effective Dose from Cone
Beam CT Examinations in Dentistry. Br J Radiol 82, 35-40, 2009

Jeong DK, Lee SC, Huh KH, Y1 WJ, Heo MSS, Lee SS and Choi SC : Comparison of
effective dose for imaging of mandible between multi-detector CT and

cone-beam CT. Imaging Sci Dent 42, 65-70, 2012

32



33



Table 1
Table 2
Table 3
Table 4

Table 5

Table 6
Fig1
Fig 2
Fig 3
Fig 4
Fig 5
Fig 6

Fig 7

Fig 8

SELETS

Scaning protocol at 3D eXam+

The number of implanted tissue dosimeter

Each DAP according to FOV in an identical protocols

DAP and Kair result of each protocols

Organ and tissue absorbed dose of each protocols. It abbreviated Quick
Scan+, Quick Scan, Standard Scan, Quick HD Scan, HD Scan from the
left.

Effective dose of each protocols

optically stimulated luminescent dosimeter, nanoDot

Xi detector setting position for 3D eXam+ FPD

ST-VI setting position for palse scaning

RANDO Phantom setting position and marker position

nanoDot implanting situetion for RANDO Phantom

DAP value of each protocols

Kair value of each pulse and protocols. The X axis is the number of
pulses during scanning, and the Y axis is the air kerma

Pulse interval and Starting position at QS+, QS and HD Scan
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