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ABSTRACT

This project was commissioned by the Atomic Energy Council to conduct on-site
inspections of mammaographic facilities and computed tomography (CT) scanners, and quality
surveys of fluoroscopic facilities. The initial goal of this project was to complete the inspections
of 660 CT scanners and 600 mammographic facilities and the on-site surveys of 450
fluoroscopic facilities. In order to achieve the goals, this project accomplished four specific aims
within four years (2016~2019): (1) To inspect the quality assurance (QA) programs for CT and
mammography in hospitals, and to evaluate the trends of quality status after the QA regulation
was enacted, recommendations for improving the regulations were also provided. (2) To survey
the current status of quality assurance for fluoroscopy facilities, to conduct counseling and
evaluate the feasibility of quality control regulations for fluoroscopy. (3) To establish a standard
survey procedure of national diagnostic reference level (NDRL) for CT scanners,
mammographic facilities, and fluoroscopic facilities. The NDRL values in Taiwan were then
derived from the collected data and compared the DRL values with other countries. The
researches related to local DRL for CT and mammography were also conducted. (4) To
establish quality control procedures for digital mammography systems and to provide the
related training courses. Radiation protection teaching materials of interventional radiological
procedures for radiologists and cardiologists were also provided. Due to the proposed items
were adjusted accordingly due to that the project budget was adjusted twice during the project
execution period, the investigation number was finalized as 660 CT scanners and 590
mammographic facilities, and 375 fluoroscopic facilities. Other related research works also

adjusted accordingly.

This year (2019), we have completed the above items for CT facilities, mammographic
facilities, and fluoroscopic facilities, which were summarized as follows. First of all, we
completed the national survey of 180 (valid data: 180) CT facilities and 150 (valid data: 150)
mammographic facilities. Second, the national DRL values for CT, mammography, and
fluoroscopy were also suggested. Third, we conducted five hands-on training courses for CT
scanners and digital mammographic facilities. Fourth, we carried out the measurements and

analysis of digital mammography. Finally, universal quality-assurance procedures for digital

vii



mammography were established to be suitable for different brand units. We have cultivated two
postgraduates to participate in the inspection process and established their professional
knowledge of medical exposure quality assurance operations. A total of 8 research assistants
were hired in this project to complete the project work items. They also accept professional

quality assurance training, and their ability was promoted to the professional level.

Reviewing the achievements of this four-year project, 660 CT scanners, 590
mammographic facilities, and 375 (actual 407) fluoroscopic facilities have been inspected and
surveyed. The current status and problems of quality assurance for these three kinds of
modalities were investigated. That provides the knowledge basis to the Atomic Energy Council
to continuously track the status of quality assurance in hospitals and to establish policies.
National DRL values, according to national surveys of mammography, CT, and fluoroscopy,
were also suggested. Ve helped several medical institutions to establish institutional diagnostic
reference levels (Local DRL) and to practice the implementation of optimization procedures.

The implementation of this kind of counseling study was beneficial.

Keywords: Mammography, Computed Tomography, Fluoroscopy, Quality Assurance

Program
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LRt T

AR X L2 0 A A 5T X R (5 A ~ o 2 R X
B A X b RILRE RIEY X R fBEw LA B S X R 48(F )

R NS AT, {1 A il
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it § 5106 # A ETIAM 2 59T 1546 S SAED X ki B LS
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o 9k 5 REeh46% -

107 & & 3 538 R0 X 5 0 F RO & drt e £ B TR
SRR X R B FRRE & R

AR ER TR R F AT A5

51~ FHEFHPPREIEP 9T L 2 H RO

P B e R gk
® P L BHIHIRAGHIFIHIR)
A SRR RRES L SARB P IETRREY Gammex 07-538-1000
pES Line pair(0.1x50x50mm
Pb)
B. ACRR/F izfgpli2 1. ACRRF CIRS 903
® P 2 M¥LREER
A 7 RIVSIERE R L MEDL R R RRABR Gammex 151
R 17.7x17.7cm 458 347
BipkEE L7 (F FI
%)
B. UAB iB&iep)zE= 2 1. BlR* UAB BEEE Fluke Nuclear
Plate A(Al) Associates
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2. #lE* UAB 48

Plate B(AI)
C. ACRRIF ia8=pli# 1. ACRIRF CIRS 903
® 93 rHRAFTR
A 5 A1HAbE A2 25 1 ACRRF CIRS 903
RE S pRES 2 2. Mapridfe®(z €+ Radel 9096
A E ) Radcal 9660A
Radcal 10X6-6
B. % Pﬁ’%ﬁi‘]flﬁ’v Agar g1 35em*35em F R B4 T ol
TSNS 2 BRARHC (7 19mm4s5 2 3 -05
NT 2R mm 4 % 4 % ~30mm
-5 1 %)
2. rrprpieF(7 54 Radcal 9096
23 Radcal 9660A
Radcal 10X6-6
C. &~REF 1 4pd 4%
2. MR E(7 =+ Radcal 9096
£3) Radcal 9660A
Radcal 10X6-6

® P4 FHBEARGRIEE L - RE
L3 R nX£¥ L1 E > GAFCHROMIC XRQA2
ALt s p EREAY
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(=) B3E-7 R

BT R 5 R SAER X R s g SR AR R 2 1ER o R
TP YR TR S REARBG ERAPHGY > ¢ 7 L BEPETA 2 MR
&~ 3 '\ETFE;%—» E A GBI GSRIOEE 2 - R 5 BARAFR T e T

A B ECT F R > T [ AEIREIE ARl 2 o
L B far R (T BT R)

MESAHED X ks 500 7 yiiendo it 3 W IBTR » 11040 k50 it
Liid e ARG R T AR AN R A SRR S B £ BT LR APS AL
K AR A ACRRIF fgag) -

A, SRR eRRRES 2

SR A RO KR 4 0 BRI B e 82 4 (Grid)
P A5 R &0 54 P 19MMARHE iR o de S AN T i 5 FlR e B
R AT o 455 Bl 14 j% R(New York City Health Code Article 175):72% &4

B WE B ARNG S R > ok 52 9077 o Pe2F(Field of view » 117 (i fLFOV) 5 6
Eeipr > (TR AL 0T A2 lpmm 5 % 6 3 FOV [ BIBER T |20 6 5
o] FOV » Rk FOV & b 238 B2 80 > f345 R 3 7 & ¢

6 P A
2Ip/mmx —— (FOV ¥ =5 #+4) (234 5.1)

452~ ¥R Y| T EP|(F R ViER)

FOV A Riptes
6w (15 2 4) 2 Ip/mm A

3} 6 Eed chd) 2Ip/mm><(ﬁ) NA
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81



B. ACRR/F B pRE=> 2

iy ACRR/F [BAg 1 * &P 22§ {5 5% 4 &2 B2 O R e s8 (FRRR T Send AR
HATE BT L2 2 B o ihE BRORS A RIE S B S TR IR (T A
ACR &3S 3005 [ iR+ 0 )iniije®s 2 2 > SRS Py ACRRIF AR
TR S licp o hoB) 510 Foiedk2 o ATE P PRRS S 2 KR53 A 53 o
% 63#e FOV B > X 57 L35 Btz > 7 30 linesfinch (/& ed) » % 2.9
#vd FOV FF > B3 7 L3[4 B RetapliEd - 7 24 linesfinch 5 AP T erplzd = 2
Bl o 29 Erd FOV B B I 07 2 5 3 +4p12&4 (AAPM Report No. 70, 2001;
AAPM Report No. 74, 2002) -

2. M HITR

PR SARER X k87 7 PR f i M o B ek SR PR Hag 2 i
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% 53~ B E AT R I ERIACR SRS BT FEEP)

FOV HARNG AP

9w} (23 24) 24 lines/inch 30 lines/inch
(3% 1 Ip/mm) (% ¥ 1.25Ip/mm)

6 ®vt (15 24) 30 lines/inch NA

(% F 1.25Ip/mm)

A H 3L BRRERRE S 2

AR 405 1 0E BAEE Rt DTRA K Y SRR I gk iR ik e
FRRE e BAZ L @ eE £4 %5 103050270 mm Fl3t 2 48F o iBARES"
TR AR o sk ¥ LA FlF4 242 0 # 54 5 CRCPD (Conference of

Radiation Control Program Directors)z_z&:& % fi] o

% 54 ~ iKgh i & 4] 2 R (CRCPD)

FOV (a3 g < 1) BAPT PRAPHCE (i H 5k
12-14 e <3mm 1mm
9-10 &w <3mm 1mm
6-7 & <3mm 1mm
4-5 v <1 mm 1mm

B. UAB BAR<Rz# ™ /2

BAGR * dp s AR R (BT R R 0 T UTRA F F AARARS & IR BARR ¥ 4y
SIERZARR E(TRRE - BAEG B PR > A B|E G 3 RFRARLZFE G o AEAREC
R BRI o et ] T AR 0 L RGBSR S E ST LR A o
itz UAB Bl ¢ * £ P (2005 & )&k B 1) g5 80KV FOV 4217 9 v ips »
CEHL A VLR IR 4 3%(4r A 5-5) o

% 55~ Mgt iR R 2 2 R|(UAB BAEE * £ p -2005 # 5K)
FOV FHARAY R Ap st
9 #vd (23 24) 3% (80KV F¥) NA
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C. ACRRIF BAcHpla- 2

ZPRBARR * dp5 Y B R RS R R 0 MTRA Y Y A ARAR S B AR F 45
ERZATREFTRREE 0 TRV L R g A o £ 56 F|0 ACR £03]E Y R
S R R AR B aE R e R AEARBEGY T o FOV 42T 9 Eed G AL RT A
FEAY AT RIR o Aok LG @ A 0 PR A FEO% D IR F S BRAPHSY
DGR T A FE3%2 F RIR -

# 5-6 ~ Myt GRIR 2] 2 B R|(ACR R/F B48)

FOV FHARHBSS PR
EiT9 & (23 2 8) it LA A1 AL [
4% (4 5 &) 6% (4 4 &) 3% (4 6 &)

3. SRR IR

rFHRFF AR e 20 TA L AALE A 2~ HRG FE B A FAALE A
Lt 2 BEARNGNE RARRS T 2 2 SR E L E C B R B T AR PRERRR * ACRRIF
Bl o A BT s A o R BAER .~ MRS BIRREAR T R ORI
87 1A o A BEREE © COREAR| A BN T > L1 PSR B 5
AR (i FlE & o BRI AT o

A. _E.-m]ig-m])’%l\ ? )s}gl—ggg PR

AR * dp ek A A RRA o TR Y BARALS B AR dp 5 R
F2f i 7RlE - # % ACRR/F BARHESRS. 21 A1R 4 0 RIE ~ SR 5 X coliclicld > ik
¥ ACR 2308 75 #0751 i £ P 42512 3R (AAPM Report No.74, 2002) » 44 57 >
B3R B e R kT 65 RImin (4 ¥4 48) -

# 57~ £ AMA X 2 > SR B 535 2] U RI(AAPM Report No. 74)

FHARFSN A st

FA iF 4 6.5 R/min NA
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B. 7 Tl 4 3 & ALK 2 RAPHG T 2 ~ MR B

7 AT & RSN S AR T 2 R E R E R R
0 TRAF T R AR T LR R R A 1AL - 12 19 mm ks | 52 4
(49 25Kkg) ~ 11 38 MM - gRfii | 3] £ (4 50Kg) ~ 2 3Bmm A-trgse 1 05 mm
Sl R - AR 2 E X (5 T5Kg) ~ 12 38 MM B cigEse b 2.0 mm ek s < 48] S
4 (49100 kg)~ 14 38 MM %55 2.0 mm s 4e b 3.0 MM sl oRRA % 48] 2 4
B P 3 — S0t ~ 34T 6 3 2 0~ ea R AR 2 M R R
APHESS > F TR R HGU A AR % BRARS AL 0 BIR RIRZIGY o d NI AR A Y
HE A2 PRARHSS 0 M A S BN k0 T E R R RS P R
BSALBR - R  ITA R ARB IR 0 SELITHMAS B E fotgs
R A 230 R RRREARER - ST A R E S

C.AARBSH

G RO R 2 Xk r SRR So R 20 B TSR B A TR T B e
VAR RRITHHRETRE > R BH RS EDPUSEEERES oKV o
MA 7 £ % it prie4kis 5498 % 5 (AAPM Report No.74, 2002) » & i =% %R % R & 5%
P #1725 (Food and Drug Administration » r2 7 ff i FDA)%EE» ER R T A 587
FDA 2 £ e V2 A8 Ba 2k o T 8 R S ARERS & — S50 T 993E 5 10R/min

deag N T arLiE iRk 5 20R/min o

-

%58 A RE F 2R L2 RP|(FDA 2 2 Wb R)
Fe A T BARPS ReAR izt
PR 4e P 5SRO — A b5 5N NA
o B D PkE 2
) 10 R/min 20 R/min
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e FOV TR BT ARFR - F LBV RFTE? L2 58 &5 B2 2o 2 XpoXo
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Distance 2 = £ SID) % $+iR 3| p 4~ <riE3(Source to Object Distance 1+ & £ SOD) >
TR SRR R A R VAR L R A 597 FDA 2 2 W
SRR Bk | R SRR R TR R VAR L R AT
BbiE- 2 o7 (428 3% SID ; R FUET ALK L X EE A B e plE > 2
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kyp % B2 HU21 CFR 102032282 5 WF 4125 ¢ “rit 1160 74 474 (AAPM
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BAER TN~ DR PELR T D PG blRT e 2 (41.2%) %‘*?’%’iﬁ#’” =& B
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2. M HITR

BFABT T o I AR 1 8 F R R TR 4o 56 ¢ 513 Hh TR I
o R T R E R X kg B T i PSR R £ S

81%:4 F + 1% 5 #5A] X % 55 540) i ACR (A8 O #rd st T 7 50%¢hi 4 % .
F
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3 »HRP F 2375
A. ACR 3 21835 A » R G 537

%P F R ACR e3z8 185 444 ACR 1 7|87 ]}}% A bRk -3+ 65 R/min »
* RS S S oW 57 BT X RS(F EAR) ~ ?%ﬁ Xkt~ #
) X k48~ Bz it X ke w5 94% ~ 96% ~ 100% ~ 75% -

o - ‘ - | - ‘ - ‘
ERN

BEHAUXK | BikanE
B 43 B X6 4

BT AXE

SR
B ER) “&;

+

W57 »RBF 2 E-REFPES
B. 7 FHAR A & L AR ARE RIEHGNT 2~ HRB 276

F P AETI6 S EARMED X B8R A o RypTRA ¥ GRS TR T4
T A SR 2 R dod 511 AR rib T S FH 2 T o AU
X EA8(F BAL) > — A H 4 2 TIORFF T # ¥ - Y L 147 Rimin s e 50 4
241R/min> 4e 55 53¢ 5 142 R/min s FRRAp 13t & 142 R/min> ¥ 5k pefaficst & 120.66
mRArame ; < Y 21 FHER X ks - AR A 2 TIORF T R T - G S
152 R/min>2x+ #5358 2 263 R/min> 4c 32 5% & 1.47 R/min» it F e 4p 5% & 15.71 R/min>
H sk AR = 59.49mR/frame ; # &3] X k% » — 4Lk W‘]ng Az TIDRFHT R -
SN S 167 RIMIN 2 H55S 5 211 RMIn - 4e3a izt 5 234 Rimin > F AR st 5
121 R/min > ¥ sk Ap ;" 5 48.93mR/frame ; Bk Af izt X k4% > — kg é‘m']}}% Lz
TIoR & T - S5 5 358 R/mins e~ #5Y & 433 R/mins 4e 3 #5505 7.63 R/min »
R FRAPHSS 0 HRRAPHS 5 102.38 mR/frame -
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£ 511~ 7 FAAR A &2 L BERE BIHS T2 HRB L7

BEUXET (3 ER) IRRSE iRt R i it - AR A -~ 423 A S 483
i (19mmAD (38mMmAD _ (38MmAI+0.5mm (38mmAI+2mmCu) (38mmAI+2mmCu+3mmPb)
- #0538 (R/min) 0.48 1.05 1.47 2.89 5.23
& 2 5% (R/min) 0.68 1.71 2.41 4.32 5.88
4 5g #0538 (R/min) 0.34 1.05 1.42 3.54 7.19
@ 4 BB 4p 0 5% (R/min) 3.2 10.77 14.2 36.7 62.78
W RARHSE | gy 86.12 120.66 247.2 1368.19
(mR/frame)
cEF e FEPXLS IR R | /] %8 3 — g R A ~ 48 1) AZ ~ £ 7)
(19mmAD (38mmADN  (38mmAI+0.5mm (38BmmAI+2mmCu) (38mmAKHF-2mmCu+3mmPb)
— #4738 (R/min) 0.99 0.84 1.52 5.04 9.18
4 H#25% (R/min) 0.44 1.54 2.63 5.87 8.29
4 58 #2578 (R/min) 0.2 0.67 1.47 6.1 15.05
i 5 R 4p B0 5% (R/min) 2.03 7.9 15.71 104.5 184.34
X
SRS g gy 29.56 59.47 235.32 1367.2
(mR/frame)
15 %62 X3 41 ] 5248 3 | %8 3] - AR A - 483 Az~ il
(19mmAD (38mmAh (38mmAI+0.5mm (I8mmAH-2mmCu) (38mmAH-2mmCu+3mmPh)
— 44738 (R/min) 0.44 1.204 1.67 2.91 7.08
% % #5255 (R/min) 0.6 151 2.11 3.4 6.2
4 5% 3% (R/min) 0.55 151 2.34 4.22 9.1
i 4 PR 4P HE 5 (R/min) 1.05 3.5 12.1 22.25 9.24
. %
W RARCS g g 775 48.93 114.3 119.29
(mR/frame)
BART i | 5248 Al /] 48 Al - AR A < &3 Az~ 483l
- (19mmAD (38mmAD __ (38mmAI+-0.5mm (I8SmmAH-2mmCu) (38mmAI+2mmCu+3mmPh)
— 445738 (R/min) 1.14 2.67 3.58 574 8.5
2z % H-5% (R/min) 1.56 3.36 4.33 6.84 5.42
4v 58 3% (R/min) 2.85 5.78 7.63 12.07 12.3
i@t 5 PR Ap $C5% (R/min) NA NA NA NA NA
SERANES | 5g 0o 76.9 102.38 158.8 NA
(mR/frame)

SE AP T 3 A & RIR 2 TI50 .
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s ST AP ETE X RS(Z EAR) o EE D F R X R B R R Xk B
Fad F i X kA w] 5 94% ~ 93% ~ 100% -~ 93% -
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BARPER BT AEET AN DT ¥ R &5 e X RB(FEAR) v g
i F R X RS S B X ks~ Bl i X kisa bl h 93% ~ 96% ~ 91% -
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37 SR EMAE > B O A CEEIN AN TN RN T 2 v B2 F clicdh

brd 61 #07% o

Lyt it B o€ 107 2 RAem 7 k394 1105 3 108 & s Uik i 2 {5 S 2EFHRES
13—1?";‘531"
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Z 61 TEUTR HhR R AR AR B vl rclidg Sk

> Ak 7 ¥y () ¢ 2R WER 6] (%)
Fk R 352 o1
LR 342 83
I H 285 74
k- 2 284 73

T ra%TR 74 ik NDRL B 223 & 4 wijadicdp it S 54k 62 224 6-3 #17 » %
6-2 5 CTDlol 2. 4 7 55 % » =0 A BEF0 ~ B930 ~ FEI0 ~ PR g 4 204 62 T 300 4 %
% 56.319.3mGy ~ 10.1+7.3mGy ~ 14.7+13.8 mGy & 13.8+10.1 mGy * % = = A *¥cs 5|
% 61L5mGy ~ 11.9mGy ~ 152 mGy £2 149 mGy ; % 6-3 |5 DLP 2. & # %% » & L &
I YIRS BN T A 2 vk B 2 T 00 A w5 988.9+214.0 mGyecm ~392.6+233.8
mGyecm ~ 604.1+394.8 mGyecm £2 644.1+300.7 mGyecm > % = w 4 = fcs W) 5 1127.3
mGyecm ~ 483.9 mGyecm ~ 712.1 mGyecm £ 733.0 mGyecm °

4 62 AFT R ol RAE A TREE AL
7 %tk A2 433 (CTDho, MGy)

*Aeh
T 3o ¥ Ak
Fi% 4 56.3+9.3 615
e A 10.147.3 11.9
IR H 14.7+13.8 15.2
HI-F 29 13.8+10.1 149

% 6-3~ AR T QTR s RBEL G MELALH

HELER %ﬁ(DLP, mGyecm)
S X1
Tt T A ¥k
A 088.9+214.0 1127.3
I H 392.6+233.8 483.9
Wik B 604.1+394.8 712.1
ER-f 2 644.1+300.7 7330
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4 64~ % 65 ~uL
383 2 b2 CTDho 22 DLP 5NDRL 223k vt i » # ¥ S FT

AREE A EEEN AN S PR s BT b 2948 % 2. CTDha o NDRL 23k B4 5] &

AR E R

DETR e RV A EEIR S AR S IR N 22
PoRTR e R

62 MGy ~ 12 mGy ~ 16 mGy ¥ 15 mGy » DLP =7 NDRL £:% & 4 %] 7 1128 mGyecm ~ 484

mGyecm ~ 713 mGyecm £2 734 mGyecm -

% 64~ £ F A ¥4 CTDIvol 2 NDRL #£3% & o
& 4 # 4 CTDlho 2 NDRL 3 (MGy)
B R Tk 2 By
RN 5938 S L s

b 4 B3R 62 12 16 15
YR NA 49 9 NA 34
B NA 85 15 18 20
iR ¥R B RERL 64 7 NA 10
BER ¥ERET B 47 10 12 NA
W ¥EREHEHFL 60 10 25 NA
¥R FERTE 60 12 14 15
el HEIRL - BRE 69 15 18 18
EEW ¥FERTE 58 9 13 12
L BT NA 52 10 NA 13
S A ¥ERTE 82 14 NA 18
=32 HE IR NA NA NA NA
B kE I NA NA NA NA NA
Bz NA 30 22" 31 31
iR NA 57 16 NA 19
*A NA 60 10 15 15
NCRP NA 75 21 NA 25
ACR-AAPM-SPR  NA 56 13 NA 15

TR AYEEE 13T R AT T %A Fhds 2. NDRL 23K o

4 ,)wwo

* ; Fo SRR

#uBT Frds 2. NDRL 22 3% & o

# NCRP: Natlonal CounC|I on Radiation Protection and Measurements
ACR: American College of Radiology

AAPM: American Association of Physicists in Medicine

SPR: Society for Pediatric Radiology
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%65~ 2K 4% DLP 2. NDRL 22 iE -

A A 4 DLP 2. NDRL 223 (mGy cm)
B R T ik 2 iy
4T CHIE O Sk Y

3 AR 2 1128 484 713 734
YR NA 832 332 NA 1965
B NA 1350 550 1300* 1000
30 YRR B HEHRL 119 297 NA 472
RER FEETE 1041 445 550 NA
wE ¥ERTE - HEHL 1000 400 800 NA
¥R YEMTE 970 610 910 745
&A1 FEAFL ~ BRIE 1312 569 555 920
R FERTE 940 390 1120 600
BT NA 880 390 NA 600
ek YEMTE 1302 521 NA 874
=32 FEIRL 936 347 618 NA
5 keI NA 1050 6065 4547 7265
B2 NA 1360 420° 1425 1325
iR NA 1011 596 NA 995
A NA 850 350 360 700
NCRP NA NA NA NA NA
ACR-AAPM-SPR  NA 962 469 NA 755

"R EHHEE AT RYET HORTR H4y 2 NDRL 23R8
TOREPEL K 2 ET RETR FFf 22 NDRL 23R E -

# NCRP: National Council on Radiation Protection and Measurements
ACR: American College of Radiology

AAPM: American Association of Physicists in Medicine

SPR: Society for Pediatric Radiology

% 66 5 T rOUTE s RS DR AR B w2 F xS pRAREE 150 £

YT (7 B R RETR s REH ] SOH A2 2 FF 4 280106 1 108 E ST R R
woie 1 ko] SIEERRE 5 ROEMR B 2 G vl B 5 55 e 44 1
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3 66 TIuETR s o) ST A B S w g sl o ik o

itk d $ sl () b 2R R 6l (%)
1R A 55 37
5 RN A 44 29

3.

106 & % 108 & T "u¥Th Frfy RE-H S L EEI0 ~ BGIN  FEIN S BEINT A 2Eie B
25 R B B TR AAR D BT e RBE A AR -

AR T W%k 474 k2 NDRL 223 E 5 %% CTDho %2 DLP A # 2% 2 5=z &
Bl R IF AR NPT T RS R o fR R L R 2 NDRLaZ R B2 % ok
BERPS LR T R gk R S YRR R Bl p R E T
A2 Fupt - BRE S N2 G R G M o AR LR ERL Y 2 5% ISR
REIEEORA SF R 28% 0 7 MR S SN By Bdpich 2
FIEGE TR 2 SR PR LR o pBE TR YR < AR 6
AEGHI I LR F R LR 2 HE SRR Rl S AT ARG
Tk B 3822 (filtered back projection, FBP)#? & X :& & ;2 (iterative reconstruction, IR) » 12
¥5 Achille Mileto % * ** 2019 # 3 %\»iv‘}]?e\:‘ Fadi @ IREFHRSE B AR
FAARR 2 R SPHE T T A R 2 e (Mileto, A, 2019)

Tk e (7] SR A2 vt BIpIRE A g B W 3 Ty BTG 0 v T2 G vl 2 v
WA ER]- T2 b (40%) 0 ERBIFFN A E AR 2 ERE o

(=) #=N 5 5 XRBERR
1 ez

oA % X kR NDRL 2 2 5 2 4 5 £ 215§ M8 270 L% 1 S 412
Z AL s ol 6-1 1T o T B E ﬁ?l‘?ﬁ I A P %ii93“8$efll;%_ (average
glandular dose, AGD ) % &/ % ﬁi AGD L35iEts » MH o ® ¥ F = v & iHom i 2
=3 8B T % - =i¥ % NDRL -
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NDRL

h 4 A ,
H A A 4 h 4

&R IR ILE b OC view
42cm,50% SLAR B 4.5+5 cm >5¢m et B
45 em, 50% FLILE R P BORR

ACR f§ #0358

B 6-1~ i85t s X kB RNDRLE > + %

TR AR S AR ST R TS AR S S 308 T 2 B

13 .

A EAls5 AGD

= Al5v s AGD A 2 2 4cem B 5.4 (poly (methyl methacrylate), PMMA) 548 1555 )
AR S (RU AR 45 om o R A OREE L X 2 34 %) £ R s I (American
College of Radiology , ACR) 1B i8R i8 5 A& 450m > #o#m82 5t & £ 254 5)eh AGD
=T

PR RPIFALLE KA TR AR S 2 RB IR E 0 ¢ iR

dikAR
e @ ’g ;F:@‘lé 3 ? ﬁ,/f%ﬁ&%\ﬁ‘% ) TpIE & )L—%E’Z}/T‘?‘\r"}’?—r—l‘l‘ E‘i%—,ﬁa )‘}’TEﬂ
R Sl ?/*J: (EC, 2008; Dance, 1990; Dance, 2000; Dance, 2009) ¥ ] 4.5 cm 7 4.2

EATF R 2 VS Ao R ggié;zwﬂpwji 2_i& 4% F|+ (g factor ~ ¢ factor ~ s factor) »

Hr

cm

PEL S TR

Bipc R A R § 107 £ R A3 R I AR 1105 3 108 £ SRS U § 2 ISt 2 FR R
SRR
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B. %os £ 44 % AGD

FUREE S Ve wle & B gt 5 3t Eg%re (craniocaudal view, CC view) Peip2 B ié
FEERPTA L (<4Ccm) s /3T 45]5 24 (455 cm)g <35 2 A (> 5 em)z X
o reERH AL S Y 2N IR e (mediolateral oblique view, MLO view) BB4pT
SRET RS S B R R ERBE (R Y 2 F TR TN RA)
BRI AR E o TR R EL M AT /\Efﬁi%%ﬂ‘i B R TRE R R L
AGD -

2 %

A4 106 1 108 & B 4442 )50 5 ¢ 4 cm PMMA 54822 ACR @ 5B A 1]
@ Pl 308 52 352 LN qt s XOkHER K2 vl o <4om-45cm-~>5cm
Té&%’%ﬁ Z BB EE T 160 & ~207 S22 141 Sdcie st At s X R R § 9%
By o B¢ i gt s XOGEER R el B R A F ok 6-7 AT o

Bl16-2 % %77 #3855 X LR k2L 4 cm PMMA B82 AGD 4 % > #4+4 cm
PMMA e 2_ %75 #ER° & ~ B3R % st (Digital Radiography, DR) #&R ik £2 & Hatcsf
(Computed Radiography, CR) #%’ ik AGD L5 4 %] i 133029 mGy (0.29~2.86
mGy) ~ 1.22+0.30 mGy (0.29~2.34 mGy)¥2 1.75+0.37 mGy (0.71~2.86 mGy) *» % = = 4 =
#ep 4w % 156 MGy ~ 1.36 MGy £2 1.98 MGy - B] 6-3 & #77 #eimiist s X L\ k2
ACR & stip48 AGD & % 117} » &4+ ACR B 4tiphljc k2 75 %R & - DR &7 & &
CR #% ik AGD T 154 w5 153+048 mGy (O.35~2.89 mGy) ~ 1.38+0.36 mGy
(0.35~2.75 mGy)¥? 2.12+0.40 mGy (0.84~2.89 mMGy) » & = w 4 = #ch| 4 ©] 5 1.83mGy
1.55mGy & 2.34 mGy -
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% 67~ Fim N $ X k3R & NDRL o § & #ic2 8ici 5 R i L8 a +

Tirie s X RERR ok

A o A
%l;: RU% A5 Pi\lﬂchr;l] A .QAgg;gg <4cm 45+5cm  >5cm
DR GE Senographe 2000D 32 33 19 14 14
Senographe DS 15 16 9 5 5
Senographe Essential 27 30 19 14 12
Senographe Pristina 3 4 3 3 2
Senographe Crystal Nova 0 1 0 0 0
Hologic Lorad Selenia (Mo) 20 22 14 10 9
Lorad Selenia (W) 57 62 39 20 20
Selenia Dimensions 26 33 18 17 15
Fujifilm Innovality 3 7 3 6 3
Metaltronica  Helianthus 1 1 1 1 1
Philips MicroDose SI L50 3 3 2 1 1
Siemens MAMMOMAT Novation 3 3 0 0 0
MAMMOMAT Inspiration 32 37 20 19 17
MAMMOMAT Fusion 2 2 2 2 2
MAMMOMAT Revalation 1 2 0 1 1
IMS Giotto Image 3D 17 19 13 12 8
IMS Giotto TOMO 2 2 2 2 2
IMS Giotto Class 1 1 0 0 0
CR  Fujifilm 35 39 22 16 16
Kodak
(Carestream) 8 1 7 > 5
Konica 19 23 13 u 8
Agfa 1 1 1 1 0
EEBDRE Sk 308 352 207 160 141
¢ 2R R 6] (%) 87 100 59 45 40
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4 cm PMMA 2 AGD 7 A

3.50
3.00
2.50
200 o= o o e e e e s e e e e e e e e e e s e e e e s s e e e s e e
- 2.00 = w1 $=1.56 mGy
MGY) @b m o e m e e m e m e e o o o
1.50 z
= =B @ T % 2 i (2 mGy)
1.00
- -k A (1.6 mGy)
0.50

0.00

#in KSLE XA/ PR

¥ 6-2 ~ 2® 4cmPMMA B8 AGD £ # 35

¥ 6-3 ~ 2R ACR @ 1LiB48 AGD £ # 35

W64 57 R85 5 B A T fRAk < fe >t CCview T 22 AGD & # 4 #75 4k
Bik&¥ <4cem-~455cm ¥ > 5 cm §4 % %ﬁ—*ﬁ* CC view T 2. T35 AGD 4 4 A
1.2740.38 mGy (0.54~2.69 mGy) ~ 1.67+0.54 mGy (0.34~3.76 mGy) ¥ 2.06+0.79 mGy
(0.89~5.06 mMGy) » % = w &~ i #P| & B 5 145 mGy ~ 1.99 mGy £2 249 mGy - B 6-5 =
P EREFS BRIk X Jfé—‘g * MLOview * 2. AGD 4 # -5 #73 #R k&4 <4
cm~45t5ecm £ >5cm §E% X %ﬁ;ﬁ ** MLOview T z2_ T35 AGD 4 5| & 1.30£0.39 mGy
(0.52~2.67 mGy) ~ 1.72+0.57 mGy (0.33~4.00 mGy) £7 2.15+0.82 mGy (0.97~5.49 mGy) »
$ 2w A dkB] A u % 151 mGy ~2.01mGy £ 251 mGy - 4 68 5|1 DR % 527 CR %

122



SONA RS LRUEERET AGD chTtaE® $ - w A m#c ¥R CR k.

AGD ‘¥ 4p#iz DR % &3 k2. AGD 5 % -

R 2

W64 % o RIES % B R L Toh £ 4 CCview T2 AGD A% « f33]¥ & %4 3

I 9

w
8

4.00

AGD ;oo
(mGy) ™

2.00

1.00

0.00

|

—
L.

|——[I|———|

i

4.5+5 cm
ERGRE

>5cm

W i A AR
M DR %4
CR %4

W65~ 7 e R3E 5 % B2 To £ 4+ MLOview T2 AGD 2% « f33]7 & 1t 4

5 TiaE

123



4 68 DR 4 %BCR AMMIBPFEIREERTF2Z AGD A+

AGD (mGy)
FPERIEER CC view MLO view

DR CR DR CR

<4cm TiawE 1.22+0.37 1.46+0.38 1.23+0.36 1.57+0.39
EE ARG d 1.36 1.55 1.37 1.73

45t5cm  TiE=E 1.57+0.52 2.05+0.44 1.58+0.49 2.25+0.56
EER ARG e 1.90 2.26 191 2.57

>5cm T 5 186062  2.84+091 190058  3.09+0.96
EE ARLE : d 2.24 3.49 2.27 3.74

AR NDRL 2.2k ERE> 4 69> 7304 610~ £ 6-11 ¢ &2 2 F‘ﬂ@/g%wﬁ’ H
¥ 4610 3 & B A5 % AGD 2 A 1uaz 2 NDRL e % B 84 B b B 10 4%
T_EAE4e PMMA 548 ¢ ACR & SLBERE: =5 R RIEF R MEE L 5 7 AGD eh& - £
6-11 5 & B Tiodk £ H % Bobpa™ i AGD 4~ rusz = NDRL 2 5 BI2 > 4335 & FIE =
2P 5L B AGD A F A A o APRES S 2 B R SSRRA S
PAZAREF S ARG 0 AGD A F Sk Apin o ERAF LR o

% 6-9 > AR NDRL 2 223 iE

NDRL % (mGy)

e R
DR CR
LA s 4cm PMMA 1.4 2.0
ACR % sLiEgy 1.6 2.4
Tk % %ﬁ—‘g <4cm CC 14 1.6
MLO 1.4 18
4-5cm CcC 19 2.3
MLO 20 26
>5¢m CC 23 35
MLO 23 38
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% 6-10 ~ & FL A5 % AGD 3= 2 %%
G E _ AGD & AGD (MmGy)
RECI A % 7= T 3o 75% NDRL 3 &
ACR A~ Dance All: 1.53 All: 1.83
DR: 1.37 DR: 1.54 DR: 1.6
CR:2.12 CR:2.34 CR: 24
iR Wu All: 14 NA NA
DR: 14
CR: 1.9
SIF:18
Lo Wu All: 1.16 All: 1.30
DR: 1.04 DR: 1.10 DR: 11
CR:1.28 CR:1.36 CR:14
40 mm PMMA | Dance All: 1.33 All: 1.56
DR: 1.22 DR: 1.36 DR: 14
CR:1.35 CR:1.98 CR:20
z Dance 21 NA NA
p & NA 177 2.00 24"
“p A2 AGD & # 2% 95 F A i#icii s NDRL 23k (6
# 6-11 ~ & TRk X ¥ AGD £ # 23
RiEFSER AGDE AGD (CC/MLO) (mGy)
BR R o, )
2IRRmA EERFS 75% NDRL 223k (&
>5cm A~F  NA Dance All: 2.49/ 251
DR: 2.24/2.27 DR:23/23
CR:3.49/3.74 CR:35/38
#®  MLO view Dance NA SMLO: 35
50-60 cm; 50%
A2 NA Dance 2.03 NA
4-5cm *~&  CCview Dance All: 1.99/2.01
4.5 cm; 50% DR:1.90/1.91 DR:19/20
CR: 2.26/2.57 CR:2.3/26
p &  42cm;50% Wu 191 191
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3.

g B 57122 1 4287 3 g ¢ (Institute of Physics and Engineering in Medicine,
IPEM) % 88 54k ¢ » ML U5 KT | Bp2 #0 REcE BACER 7277 #7 &
#F 40% (IPEM, 2004) » #2775 ¥ & I8 2 1@% FAaRArEE R P b iRk
FWRIRG AL 24 F L G pATRIR e <4em & SEem TR R A N B 2
Yoot 107 # » B E B Fie . F t‘*ﬁ%gm&f s I p g o

WP ANt s X RERSRY 4 om PMMA B[R 2 AGD T F S E
(acceptable level) = 2.0 MGy ¥2:&:% i (achievable level) = 1.6 mGy (EC, 2008) - 4 %] 5 Bl
6-2 ¥ ¢ mAEE S RAITE R E A7) HeisV s X R L A5 5 AGD
AP QAR el )7 % AGD FF MONECE 1T R T L B (20 MGY)HiE i
L8 HF TT%HERRT MOTEE 37 222 3R E (L6 mGy) o 2ARILIT/2 4495 % W
SR SRR % (Mammography Quality Standards Act, MQSA) 4%+ ACR & sLipad
2. AGD .25 "4 ACR B 5uip A8 H - TR BE ™ #1345 2. AGD # #4z2:8 3mGy (ACR,
1999) > Z B 6-3 ¥ %3¢ mimATit & i o ACR B ALEAEHAGD &2 4cm PMMA iB482-
¥ AGD pForig * 2 » bt R BT T BA A 5 0 ACR BiLiBss & 5 450m > F)pt
ACR & SiER8 5 £ 92 3 2 4cm PMMA 548 -

F I BB R 2 TR X te ¢ > CCview T & MLOview ™ % 7 L CR & Sullel’ k2
AGD ¥ tp#iz DR % %3 k2. AGD 5 % ’a‘étiE'J“ﬁ%l%i’: —"Ff RGN Sl R
P CR % ﬁui&‘%ﬁifib’ﬂg"’ﬁaiﬁn‘éﬁz@%‘,.%_E_él % % Mo/Mo £ Mo/Rh » @ %4 DR & e

#7e3 RW/Rh ~ W/Rh & W/AI F = 4&/jm 7 2.& > 1345 Kenneth C Young % 4 % 2016 &
rﬂ?);%:fﬂ 11 Rh/Rh ~ W/Rh 2@ W/AI % ¥eim/jp @ 2 8 fc A 4 B 2o a0 300 M f 2

A& (Kenneth, 2016; Varjonen, 2008) -

o i ik el A 178 3R 0 4-5 om TRk X e 51 5 AGD 4 2y L5t 5 AGD &
T ATAR > BRFIT A S ek TRk L et % AGD > i CC view TR R 1F
ek ikyp o P ES TRH K F]” 52 ?x“’”]"\?}i pARRREERET P G AR
ot R R ST SHRETEL S S o Tl A AR e
A28

%69 5 Ay 2 NDRLZ#%E > FIDR 45 CR ki sz AE A P AL
B A E A WA DR k522 CR k sude 1) NDRL 23k 8 > e kedp % b
W g S T2 NDRL 232 B @ @ 727 NDRL 2. # » /e i 1 p Mgt & 2ed o
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2 o3 K3 é}?&@%&“ WG 7 & WE2 NDRL 2 4pH ?}E& ) ¥ FiTE KBk
EA o ESE AL SR S SRR R RS & S E R
FAFENE ek 610~ £ 611 ¢ @) DaTH 2 & B NDRL % £ TR o i ¢
FIMEFEZ2 NDRL %5 #77 Ip > i = NDRL £ R chkjRe ag 8RS 5 2 302
YRR KRB kS BRIz 4 F s @ * Dance & 4 & WU F 42222 AGD

e FF & o 15 Mie ISHII % 4 > 2013 & mv}gk AR £ 2T 2 Dance % A E =

AGD i F)| 3252 AGD T+ Wu £ 1222 AGD & ik 553248
AGD 184% (ISHII, 2013) > F]pt 4% B~ 7 e i d F]5+ 35 AGD ¢ #9137 fr el £ &

T o

’

N

-~

d % 6-10 ¥ 7 I F ACR @ siipdg 2. AGD 3 /2 ACR & siipg82. AGD >
iR ?]“,f.%i?f% * 2. AGD 33 #3551 5 B0 RS RACH L A AR o 3
R p A% * AcmPMMA BERE: =L 5L 2 B8 > p A2 NDRLZZRER > AR
2 ERE SR SF2ZFAEVFRARTFIZE M AGD »F 2% 95 F A il
NDRL £ (8 > SRFIH 2F 2. TG "L g2 8- H A7 ¥ eb o d £ 611 ¢ ¥ g
R MILT2 NDRLEZREL AR A f2 3232 E 7 P Az £ 8> ® RI{72 NDRL
HRESEHMLOview T 5 RUEE R S5 T 6cm 2 z“’f]l?ﬁﬂ}: 50002 5L 5iE 2
7 3 ER 2001 & 2002 &2 3 A Echpdt k2 23R B 0 2016 £ WEF T HEAT A2
AGD 4 # » fiLey & it % 2% { 37 NDRL 2234 18 o

AT EG -8 - GIRT NDRL ¥ a4 A R etk b Adbvr2 2 B
o bt ST B KB TR R A 4T o [BIRA B4 Siemens ~ Giotto o & H & kA2 A E
P T RBIE R A ST A R E v e X0 T TRRRBIEE ) FEA
YRR E AR P (PerryN,2013) 2 fpifda st o e * R R N A H S B> FiE
FRESIT BRER2PERFERT > AR SRETFRIFL o = S U S RUES R
féiff“ﬁl%& 2202 53 WS R+ 3% (Interational Atomic Energy Agency, IAEA)
B R R RIEEPRIASY % & F  (National Health Service Breast Screening
Programme, NHSBSP)2_ = ;2 » # it &2 A R4 54 5 R385 & 22 5 w??)i: Mtk H
2 AGD 35 P2 ik T3 Aphd > F@ i3 SR E TG R o
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(2) BT X L
1 g iz

FH4t- AR T5kg Ful Al 4 0 2 R RS R )RR E R 11 38 mm ek
e b 05 MM g fiR— SA8A] 2 E A (9 75 kg) o BN Rl 5 - BN T 6 B
b2 A Y~ Ao Y R RPN B H AR BRAP G o Aok TR A £ dr s i
AR BRARF AL 0 PIRERGS LRI -

EAERS X k2 3 A RA 5 LU X KB(F SR o B ik F R X X
W BEA X kS BRABE Tt X Re L8 T RTRE @ SAEED X 2
Kol > TAS X EEHRAr X 43 aT2 wtr%«w’* X ki 2 fE e
A RREFE S PRRSALER X R aRE R A BB PRl § 7 i 2
dedk 612 #77F o

% 6-12 ~ P2 A E PR B K

5w 7AW
XEgok it ] 6-6
XEERET i 6-7
TR T X ks %] 6-8

lf‘iﬂ
ﬁ’a’
2

W66~ X % F3h &t eripl £ A
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W67~ X 6§ 3 & crpl EME 2 3k

W68 RAREIR A DREHE 2 HK

TR ALA REH A 5 800 (1) E* IR A AR (- SR A ERIERR S
i B W B R R B R B o TRk F OV A O RIE Y 2
(Q E» WG AAEA BRIk A R kA L R TR 2
WM H o PIET 2 S Q) ErUNRAMRS B SOARER X kil F R
wHALATER > Ra (DEQFEIA KA S T 7 RE RAMSTEE ST
RERLE* L™ hAzs o
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2. %%

&

A 103 # 3 107 & & © fc b § 2l 716 (30 4444 & R PRk AR e o) JLfE -

i R IR f AT -

-~

o AEALEER X R - e h o BORER s vl E R EHR B 5 R
AR & R B h o M2 L DIRARATEP BT 0 P ou A TR R

B P EAERF Fhh e

10 T AT B Pl TOR IR > BT X RS ATRATY LSRN LR A =
fao A WA SN S S BN e G 0 Z AN R Fd D) A F L D e
B A G s - G e SRR AR P Bt R FIELFRZAE R A B TR
Flt 5 # A ka2 eoNDRL 5 & & M At B R IS F ek T4+ 20 100 & Ao
BEE o

EHTRA IR A AR K 0 B AR A S PEIRARA (adultabodomen, AA) ~ 33 3tAE
F(adult chest, AC)% 442 5= ~ 47 ; H ¢ MR Rk ¥ 393 A F A LR E
SYIMARR TRAR @ AR A F fu g &'g%ﬁ’ X Egafsd) b o a mfFTARhF 0 R
BP AR SRk R X £ 27 Bafpki aA85 7 » BEF A A SRR
w

AR~ EFT GRS 0 IR R Aom g AR < ,—.»M%-*F? E\"ﬁﬂ_ BT 0 )
PRl AL S RIS ] o JERIS S SR TR GO A B R BRI

% 6-13~ % 614~ 4 6-15 2 B 5 S A FEIRAR S ~ 2 A QN4 E BB RARA T T
FARANE 2 P EGS o SRR S 0 H ¢ X A IR A Fle 5N 2 By P & R TR IR
BEETEEY o LK LA HTs P EE s T § w4 8T 5 47450 NDRL 22
R LA EPFTARS T 125 O Tt B RGP E ! TR R o A F B R RIS
R 32875 kT ansi » LAELR7 g &425 2 B2 & f# 37 (dose area product)
ME TSR AT LA A ARGy 2w 4 e (Q3) TR MRZET ST
KT o FRRTIEHP EL BT E (National Council on Radiation Protection and
Measurements, NCRP) % 172 5:4p 4 @ 3% 417 iﬁ‘f“i?iéﬁf‘u%ﬁ # (upper gastrointestinal (GI)
fluoroscopy) s R 7 ¥75- k- TiEzx s i@ * 7 4 5o b F{cH RBAPHIE (F5 53 Sd0
AR A B AR E B A i 2T fgE ik 0 @ Strauss et al. ARl £ ) 82
D THG 3B T BAPRP LI ATy AR O VRG DV RDL P A A

23] Q3 & % 20(MGy/min) RPN - 17 2t £ 6-16 -
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% 6-13~ & A IR AT T M E = BHSRE S (R/min)

& A HEIR(AA) B25  502F  THaF 10025 12525
T o 0.60 1.39 1.96 3.99 6.87
— N BEL 057 1.24 155 257 3.88
$zw Ak 0.79 1.70 241 5.07 9.16
T o 0.85 2.08 297 531 6.64
24 N HEL 0.72 142 1.87 318 342
A ik 111 2.62 3.83 6.88 854
T ya 1.26 272 3.75 7.32 12.26
Se o HEL 201 343 4.10 5.64 7.10
Fzw Ak 171 430 5.78 10.46 1592
# 614~ & A nAe BT 7 B R - BEGCRIE S (R/min)
& £ 9328(AC) B2 5025 752aF 1002% 12525
T yo 154 0.94 1.72 5.34 9.13
— N BEL 12.90 057 091 1.84 3.13
E IR S S 043 1.40 2.32 6.44 9.89
T 3o 042 1.48 251 5.77 8.83
24 BN HEL 0.25 0.73 1.06 1.83 1.30
= A ik 061 2.03 3.32 6.77 971
T yo 0.17 0.68 153 5.74 11.11
de AR BEL 0.11 0.37 0.79 173 2.60
E IR S S 0.20 0.88 1.96 7.17 13.76
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3 615~ @I RAAT T BHAE Z BHASNESF (Rimin)

BPEE %25 5025 752aF 10045 1252

T o 050 1.34 1.84 3.20 7.45

— N BEL 0.35 1.00 1.04 1.58 28.40
Fzw Ak 058 1.48 2.15 3.65 6.06

T o 0.66 1.65 2.28 372 453

24 N HEL 0.48 0.98 1.19 1.85 1.08
= Ak 0.79 1.87 258 411 5.42

T o 0.73 1.89 2.79 4.9 7.05

Se iR HEL 1.19 1.95 2.28 3.62 0.88
ek 0.70 2.00 3.07 5.37 NA

% 6-16 ~ & RSAREER: X %42 NDRL 3%

NCRP Strauss
2l $ 172482 E P&
Kar &2 & A N o) 82 N S
(MGy/min) 25 kg 50 kg 75 kg |REB 7 8A 35.9kg"
SEFHL F 2.88 7.33 14.06 NA NA NA 20
B2 X i
e X L4 3.58 9.08 15.10 NA NA 5.03 20
Bwra X ks 541 1144 16.85 4 80 NA 20
(3 B4R)

¢ 1+ #]151-57.9]
T AMERE 52T

N
MTEEEF|A106 £ 3 45 E B2 AR e T8 FIERA ER o

() TrauTkFH NDRL 222 U A fpr ¥ L2 E7P 52

Fyp 2P w7 150 5 T esTR frde R 22 64 SR AR P 2 S80S ¥
BT YTis I L A EEIR B8 B A IR B2 F ol A Bl 55 5 (37%)
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B AL L (29%) 0 BT TG R R SOHR A2t D TR M RAR T KR 2
e B AR5 Bh iz = NDRLY Flpt A2 4 ¥ 3547k #rds & NDRL 2.2 = 12 &0 & 77
L2 AP 53 o

(£) ERT AT MR RE© S AfpAh ¥ L21647 P > 3~ NDRL #
;]

AEAT G AR E WAL A FEAR L A A LR L A A RGN A A PR T 2 vdg o)
NDRL i3k iE - %5 B His W72 NDRLA AP # F Hufen¥ L2+ 4%kt
PV~ NDRL# A1 i%9 > 4eEg it f § # 4 (brain sinus CT) ~ T *G¥rA o 3016
% (CT angiography) ~ % f2+7 B39 v4k A(HRCT)% % » #m A58 %d 3 K X8 468
P FRIRAZ LT RRFINSER A ARAT IS W TR TR b
A4 TF AR f A ASATY T AOEERIN L IR 3R EIR T F 2 vk ) NDRL 22
RIE A RFF QAT ENDRL TE & BORE L » 7R L3 4 HE TR ¥ 22
LA HIE R AFEET NDRLB &1 17 o

(=) #ixs 5 X LB REREAFEN S ERS ~REP SRR T304 cmy
g7 T &x3-50m ) 2. NDRL #3k &

A AR A ® T2 AGD A % A5 3 107 Ei:“,% R RS S E R 45405
cm 2z %quzgﬁwg s RSB S BR T2t 4 em 2 T Xt 5em Ll 2 %
BOEE o BE YR E A4S 0 44 DR A2 B N T S X RIBBR S ER T 4
cm gl < 5ch)»’}’ﬁ'£’& CCview ™ AGD z. NDRL #2248 4 & 5 1.40mGy £ 230
MGy > CR 4 sep]4 %] 5 1.6 MGy #2 35mGy ; > MLOview ™ DR s sest 5 B g o] 3%
4 cm, g T x> 50m s:%ﬁﬁ AGD 2. NDRL #2354 %] 5 14 mGy 2 23 mGy - CR
S B Bl 5 1.8mGy 22 3.8 mGy o

() ZRA KV P 5 XRIPRTE & 47805 #5752 2 NDRL &

T Fo B S XOCRERR RETR & 174 R st 2 @ A kR 2> 7 H AGD
2 AT SRR (E A R R L2 GRAT R BB S X RET K 1T 2 &
Bz hF B B R R S X R RETE K 19 2 AP M S e
BERE TR HAES foin st s XL EER RETR K 114 BN AGD 2 i
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iz NDRL > M3 4phd 1 154 B 44 o
() ERBrepM e $¥DRL 2 AR LR

*» NDRL i £ dcfhiife? > a5 e ke v 2 0 a2 NDRL 2 B ¢h 223k
A E M (FRTE R €) 2 RN APK B ¢ 7 72 DRLAPM M kv 5600 ¢ %?z},%: 3
“oAp B FE A B A0 f2 DRL g & et o ie— 3k B st * S 0 559 DRL

HURH* o

(#) DRL#E* e 2% dplk » % 502 DRL 155 @t B3R R 24y v el ik
¥

A=A 3R 2 NDRL 23k B2 % P 2. NDRL - gifs IRyt 5 #7128 >

- W AT IR E PR A eE 2 & e 2 TR i S g s R E R 2
FAEAR TR HELT LR KR fa‘ﬁm%ﬁﬁﬁ%f_ﬁ?‘[ﬁ%p\ % #2840 NDRL 175
B 7 5 5 T R R iRy R o

(=) NDRLzZ*ZR* % - BEkiERE - B e g d ~ 7

NDRL &2 ]« §873] % - s Bz e 4 LAk > 2% IPEM % 88 5535 2. £7 ICRP
% 13554 NDRL B2 A ATV PRI E EEE 2RI B EE T2 R -

R T

1945 106 T 108 # & # NDRL 23 % &2 4 474 % 35 1) T "0 %7k Fde R0 A 5530
W ABGIN S N A GRS A FEIR— A 22 T FETR A E 4 iRkeh NDRL &3R4 B 5
62 mGy ~ 12 mGy ~ 16 mGy £2 15 mGy » &€ & & f A% 7NDRL 2R E 0|4 %] 5 1128
mGyecm ~ 484 mGyecm ~ 713 mGyecm £2 734 mGyscm ; DR & %oz #iciz ;85 5 X kg
&2 Al 5 AGD ¥ 4 cm PMMA 22 ACR @ suipd82. NDRL 23 4 %] 5 1.4 mGy
#16mGy > CR 4 5R]A 5] % 20mGy 22 24mGy » DR % 5oz #ici= 854 5 X L8 ik
TS S 2 gk X Jfﬁ-‘k%? CCview ¥2 MLO view & AGD 2. NDRL #£3% & 4 5] 5 1.9 mGy
2220mGy > CR k %f|& b 5 23 MGy &2 2.6 mGy ; 543 X k2. NDRL i£3%
A s HE S B X RSB Xk U X ks (38R ) A 8l5 15
15 ~ 17 mGy/min °
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(-) % rusth gy R NDRL 222+ 1 A e ¥ L2k 495D %

(Z) B2RT APSERT oUTA il RE© 2 AT ¥ L2445 P > 3~ NDRL# 2

(2) feimstqt s XLl kp R REN SRR RIS SRR Tt 4 om ) &
M+ +>5em ; 2. NDRL £33k i

() kA k7 44N 5 5 X R ETR & 1744 i & = NDRL &

(I) ERBrapiicirs $DRLZBABEL |
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S BHFRRESTRER D96k
- ~105-108 -ﬁﬁﬁvj‘%&% RE SRR TR

108 & (e ke FHL R + 58 FARTE BH R Y L R F R
B RER (TIERA PN A R W AR TR 0 DIBERT R s R
F ik Vi ﬁﬁgﬁf?ﬁgg&rjﬁg@gp@@@g TR R B £ 52 4 7-1> 105% 1108

2405 FYREL G F R R A ST RER TR 108 0 IR A iid 1954
VRARA FPHLZ S F AR B SRR TR 108 R s 120

A o

%7-1~105-108+ 2 S FHR B ST FER 0996k

EE R BRAN
ER TrEEARE R P X LRBR S g%
105 3 47 1 17 2 29 0 0
106 3 36 1 13 2 22 0 0
107 3 36 1 11 34 1 6
108 3 35 0 0 0 0 2 23
Wi 12 154 3 41 7 01 3 29
£ 15 = » 195 4 £ 10 H= » 120 4

SRR

A3h4 105 #4 {7 5 108# @ MEFIPHT 2 X 25H-F (T Rk R P R PR
7| fgrdrie 5 401058108 BV 5 B 4% 123k B3R S| 4o

(-) FHzt s

WEE Y- B T R {ATRAT Rt 6 SRR i i RS
REigLT™ ;\.«3_;& b 4L R Rl fIgr Y AL § Bor i dBg 0 @ A7 3% QReode
NER T IR N IR PPN R | TR b 2 kT s

137



kg w o1
(=) BRF BRRFSTREL T

BB A EREIEOST RS F BV A P BB 1 RS R
RPEA S LI P & B R A REES B A T Ra Tl L b vk
B R ERSFREI D PF N P RN TGRS 0 b 3R T
ST E RS RRIE D P E 0 A R 0 E s i SRR
X A F R o i o [ AP R S R AR A R0 20T SRR T et
B TSR %rﬁ$g§ﬁ$;m|%§“’?ﬁﬂr FTRAVHEEXA R
SRR F AL RRELGSR TSR A AR SRR R T T
ERAUED 0 R ARGFERID P RIRGF B o SHRHE R TR eIl TR SR
FRREDEFEHLET2 S| YRR FFNE R ST R | RIT R R SR
EALELALE St 3 LS EEURREE S A ks it SRRy S & Aot ok S4EL 1

FRAT > @ p 95 A MU A B S FRRB ST RS > S8
75 2~3 wg#&%y N~E ]Lﬁ,,w,?gp,mg W%ﬁ‘,,\','_asrfﬁ RIE P nE paﬁ$/L$§;;1 3
F TR TRl SRR IEERAL

—

Varktih 34 R €
TR o
BiEgtihd it R €
,,E;I,Rff%%p;i °

107 & R Ao L - F W AR 1105 1 108 & 3hf S Uk 2 5 5% 2 F R R A

107 # B4 3om 3 H 0 A4 1105 1 108 £ bS8k f 2 f5 5% 2 & FRR B

138



# ~ 53

-%‘\7

SERMGHTERFAE] e 2L ERTEZ P £ 2D 180 &R GETE 4
B R ~150 S5t 5 XkiBERik > Bufpha (Tp gme 24 o

R P E RS S 0 £ 2660 5T eETA e R 2590 o5t 5 X RIER R
BUEBE P 2N A07 SEAED X TR AR A AR A A
FLP R PPN o EHEAF S X kED RV X kEP e d 2 8,
S BETHR AR AT B2 PR EARA B R RER 2 BT %ﬁw
PRSI TS R AR O SR EE e S LU T RS g i
WA T B X B F R RE ST RS 27 R S HEBAR
F X AR Y ST X R R iRl L 2 ek

DETEA KT A T F R AR S oo B T ISER TS s TR F I
N R RN Ly e R L T
Fo5 X CRHRR G~ SRR X RSB G ATRA R AT P RERTIE RS K
T2 R o g A P P BRI R PR TR R

—",!;7}417}3" l?]%’}”o

=<
~ _—

5

N

EA 4

\\\Xr

R R ST RN R IE P AT A E R PET 12 57 T
Kot RF MR B ST AR (T 0035 X B RFRRE ST T (0900
PUE AN O 2R B PR AR o PN AR N F ARG H 0 R PED T B4R
Bl X LB FRR A ST FET T 2R eg s X RSBV RFRRAE ST F
HATHE L 2 KA S 0 R 3 R (T Mk o SR H 25 B 0 A il
315 Ak oyt F G A PEOR IRV R A RXVER AL F Y > APES
EHTAARAER X B F R R B S BTyl H 08 Sl a e o i (e
FFIfri-t FAL -

BECTIREH Y 0 ISR X KRR AL (FA B L4 ek E30dck o &
P ?%ﬁ PEFFF N ,\,;xg.? PBEFF ~ I L ﬁ \'%;:E/TEFF f%#ﬂi"’ﬁﬁ-ﬁ ’Fr-\i'- A ﬁ x> ”rl@i
T3 # 207 bl et o KT S 2APMIEA T F Pk

139



140



S 3E e

AR+ (R100 2120 28 )

F 1P LN pus 2% BATHES SR LA PIERRRREER Y EARF RS R ¢
WP TEeR o F B 205 2008, 33(3):153-179 -

Flerp Bz 2 FRI BB FRA i FREHBRLELT kT dE 2 i o R
£ 2012;16(5):518-528.

TP E LI MR R RS~ Rl D SAER 48 kR 2 15 E 2 o o FE 2014,18(3):
345-354

FAPE B R SR R IS o S S 2015, 19(5)517-527 -

PLGRFAER 63 A2 TR 2HEF (R 101 &7 5p)

BB S uE 2 F PR X TR kR IR SR Y FARF S S € Tk 1
(EREAR 4 o ¥ Eei A R 4 5054 2009, 34(4)173-184 -

RS S ASE PR AR 1 1106 3 108 s SR A L 4R 282 PR R AT 1 105
EEF TP HDREL o FrdihF it | ¢ 2016 -

% %a AR S FARTE S AR S AR 1105 3 108 EhRA R L {5 2 FRRR SRR

;*ga,@ SEEA o 1erE 105 3 108 SRR L 45 5E 28 FRRF SR EF 107 & e
THEPREL AR F AL R £ 20180

American College of Radiology: Barium Enema Quality Control Manual. Reston, VA, American College of
Radiology;1998.

American College of Radiology. Mammography Quality Control Manual. Reston, Va: American College of
Radiology 1999:225-315.

American Association of Physicists in Medicine. Cardiac catheterization equipment performance. AAPM Report No.
70. Madison, WI: Medical Physics,2001.

American Association of Physicists in Medicine. Quality control in diagnostic radiology. AAPM Report No.74.
Medical Physics Publishing, Madison, WI1,2002.

American College of Radiology. ACR practice guidance for diagnostic reference levels in medical X-ray imaging.
Reston, VA: American College of Radiology, revised 2008.

American College of Radiology. Digital Mammography Quality Control Manual. Reston, Va: American College of

Radiology 2016.

141



Bloomquist AK et al, Quality control for digital mammography in the ACRIN DMIST ftrial: Part 1, Med Phys 33:719-
736(2006).

Christina Heilmaier, MD, MBA, Niklaus Zuber, RT, CAS,Christian Berthold, MD, Levent Kara, MD, EBIR, and
Dominik Weishaupt, MD. Establishing Local Diagnostic Reference Levels in IR Procedures with Dose
Management Software.Journal of Vascular and Interventional Radiology Vblume 28, Issue 3, March 2017,
Pages 429-441

Compliance to Diagnostic Reference Levels for radiation exposure in common radiological procedures in Dutch
hospitals: A nation-wide survey carried out by medical imaging students. Author links open overlay
panel.H.BijwaardabG.de
VfriesaJ.ScheurleeraT.RodingaH.ErensteincWW.RavensbergencS.Haarmans-JonkmancF.van
Welied.RadiographyVolume 23, Issue 3, August 2017, Pages 197-201

Code of Federal Regulations 21 Food and Drugs. 21 CFR part 1020, Office of the Federal Register National Archives

and Records Administration. April, 1994.
CRCPD Committee on Quality Assurance in Diagnostic X-Ray (H-7): Quality Assurance Tips for Fluoroscopic
Image Evaluation Low Contrast Performance. Conference of Radiation Control Program Directors Inc.,2008.
Dance DR: Monte Carlo calculation of conversion factors for the estimation of mean glandular breast dose. Phys Med
Biol 1990;35:1211-9.
Dance DR, Skinner CL, Young KC, et al : Additional factors for the estimation of mean glandular breast dose using the
UK mammography dosimetry protocol. Phys Med Biol 2000;45:3225-40.
Dance DR, Young KC, van Engen RE : Further factors for the estimation of mean glandular dose using the United
Kingdom, European and IAEA breast dosimetry protocols. Phys Med Biol 2009;54:4361-72.
Department of Health. The lonising Radiation (Medical Exposure) Regulations 2000. London, UK.
European Commission. European guidelines for quality assurance in breast cancer screening and diagnosis.2008: 1—
432.

European Commission. Criteria for Acceptability of Medical Radiological Equipment used in Diagnostic Radiology,
Nuclear Medicine and Radiotherapy. (Radaiaiton Protection Number 162) 2012.

Hart D, Hillier MC and Wall BF. Doses to Patients from Medical X-ray Examinations in the UK — 2000
Review.NRPB-W14 (NRPB, Chilton) 2002.

Hwang YS, Tsai HY, Chen CC, Tsay PK, Pan HB, Hsu GC, Lin JH, Chui CS, Wan YL and Liu HL. Effects of

Quality Assurance Regulatory Enforcement on Performance of Mammography Systems: Evidence From

142



Large-Scale Surveys in Taiwan. American Journal of Roentgenology 2013; 201(2): W307-W312.

ISHII, Mie, YOSHIDA, Akira, ISHII, Rie: A trial of converting one method to another in average dose calculation.
Humanity and Science Journal of the Faculty of Health and Welfare, Prefectural University of Hiroshima 2013;
13:19-31.

International Atomic Energy Agency. International Basic Safety Standards for Protection Against IAEA lonizing
Radiation and for the Safety of Radiation Sources, Safety Series No 115. Vienna, Austria: International Atomic
Energy Agency; 1996.

International Commission on Radiological Protection. 1996 Radiological protection and safety in medicine ICRP
Publication 73 Annals of the ICRP 26 No. 2; 1996.

International Commission on Radiological Protection. 2017 Diagnostic reference levels in medical imaging ICRP
Publication 135 Annals of the ICRP 46 No. 5; 2017.

International Atomic Energy Agency. Radiological Protection for Medical Exposure to lonizing Radiation. IAEA
Safety Standards Series. Safety Guide No RS-G-1.5. Vienna, Austria: International Atomic Energy Agency; 2002.

Institute of Physics and Engineering in Medicine, DRL Working Party. Guidance and Use of Diagnostic Reference
Levels for Medical X-Ray Examinations. IPEM Report 88 (IPEM, York) 2004.

Institute of Physics and Engineering in Medicine. Recommended Standards For The Routine Performance Testing Of
Diagnostic X Ray Imaging Systems. IPEM Report 91 (IPEM, York) 2005.

International Atomic Energy Agency. International Basic Safety Standards for Protection against lonizing Radiation
and for the Safety of Radiation Sources, Draft 3.0 Safety Requirements DS379. Vienna, Austria: International
Atomic Energy Agency; 2010.

Japan Network for Research and Information on Medical Exposures(J-RIME). Diagnostic Reference Levels

Based on Latest Surveys in Japan, 2015. (Accessed October 15, 2015, at http://mwviomp.org/sites/defau

Itffiles/drihoukokusyoeng.pdf)

Kenneth C Young, Jennifer M Oduko: Radiation doses received in the United Kingdom breast screening programme
in 2010 to 2012. Br J Radiol. 2016;89:1058.

Law J, Dance DR, Faulkner K, et al: Ramsdale ML, Robinson A. Commissioning and routine testing of
mammographic X-ray systems. York: Institute of Physical Sciences in Medicine (IPEM), 1994. (IPEM Report No.
59/2)

Ministry of Health Malaysia. Technical Quality Control Protocol Handbook for Fluoroscopy System (General

Fluoroscopy and Mobile C-Arm). 2015.

143


http://www.iomp.org/sites/default/files/drlhoukokusyoeng.pdf
http://www.iomp.org/sites/default/files/drlhoukokusyoeng.pdf

Napier I. Reference doses for dental radiography. British Dental Journal, 186, 392-396, 1999

National Council on Radiation Protection. lonizing Radiation Exposure of the Population of the United States, NCRP
Report No. 160. National Council on Radiation Protection, 2009.

National Council of Radiation Protection and Measurements. Radiation dose management for fluoroscopically-guided
interventional medical procedures, NCRP Report No.168. Bethesda, MD: National Council on Radiation
Protection and Measurements (2010).

National Council on Radiation Protection and Measurements, NCRP report 172. Reference Levels and Achievable
Doses in Medical and Dental Imaging: Recommendations for the United States (2012).

New York City Department of Health of Mental Hygiene Board of Health: New York City Health Code Avrticle 175.

Nuclear Associates 07-645 Operators Manual : http://assets.fluke.com/manuals/07_645 _umeng0000.pdf

Perry N. et al , European Guidelines for quality assurance in breast cancer screening and diagnosis, fourth edition,
European Commission, 2006.

Perry N. et al , European Guidelines for quality assurance in breast cancer screening and diagnosis, fourth edition,
supplements, European Commission, 2013.

Suleiman OH, Spelic DC, McCrohan JL, Symonds GR, and Houn F, Mammography in the 1990s: the United States
and Canada. Radiology 210:345-351 (1999).

Shrimpton PC, Hillier MC, Lewis MA and Dunn M. Doses from Computed Tomography (CT) Examinations in the
UK —2003 Review.NRPB-W67 (NRPB, Chilton) 2005.

Spelic DC. Dose and image quality in mammography: Trends during the first decade of MQSA. FDA rep
ort 2006. Available online at :http:/Amww.fda.gov/Radiation-EmittingProducts/MammographyQualityStandar
dsActandProgram/FacilityScorecard/ucm113352.htm.Published June 16, 2006. Accessed November 11, 201
1

Varjonen M., Strémmer P: Optimizing the Target-Filter Combination in Digital Mammography in the Sense of Image

Quiality and Average Glandular Dose. Digital mammo graphy 2008; 5116: 570-6.

Wagner LK and Archer BR, Minimizing Risks from Fluoroscopic X Rays: Bioeffects, Instrumentation, and
Examination, 4nd Ed, RM Partnership, TX, USA, 2006.

Young KC, Burch Aand Oduko JM. Radiation doses received in the UK Breast Screening Programme in 2001 and
2002. British Journal of Radiology, 78, 207-218, 2005.

Yaffe MJ et al., Quality control for digital mammography: Part 1 recommendations from the ACRIN DMIST trial,

Med Phys 33:737-752 (2006).

144


http://www.fda.gov/Radiation-EmittingProducts/MammographyQualityStandardsActandProgram/FacilityScorecard/ucm113352.htm
http://www.fda.gov/Radiation-EmittingProducts/MammographyQualityStandardsActandProgram/FacilityScorecard/ucm113352.htm

L AR é.jlv‘;z =2 e ﬁ/ﬁ%)ﬁ(outcome)

tt%‘fqﬁngw ' A2+4105-107 & B & 3 213K A7 1 %2 ;1082 5 436~ 35 ~ ) 5
(1) “National survey of radiation dose in computed tomography in Taiwan: a distribution from
2009 to 2018”7 4 £t % 3 {5 64H £ &2 * W'EF734 € 5 (2) “Impact of using the new
American College of Radiology digital mammography phantom on quality survey in modern
digital mammography systems: Evidence from nationwide surveys in Taiwan” % # »+2019+#
TAEE 51175 5 (3) “BAREEXEZ RFP U5 KT D 2RPEHEA LTV
e c A FE RS

A€ ?‘)*Jc" o 0 A3F 105-107 -&fim?‘}*% ?‘ﬂg iR E R o) RIEL Y 5 108
E}i@%‘"ﬁ THEE ?E‘}gk

() #ESFARE 2 50 - 5 LATR G RIS TR R & AR S (i

R ] BRE R EA AT R RS 0 112 ACR AT

SETR s RS IRER AR A RRFE 2 ik {ATE £ AR TRTE
SR o A5 5 EHHCE L X SRR R ST A (4
2) 0 B AR & FIARE - R SR 2 R R T Y
A% XA R R SRR F o 2 5 R SRR X L IR
Bl GRS ()

Q) HEEDABFAFTEED 3o H - L TRk £ HABR S $T8 B (2D )
BTy MR E R AR L AR 11 B % 2 0% (AT & A RTRTIR S AR
Bd o 5 F MR S gk B2 5% X RERRE DABR A {7k
RAER(HET) 2 ek 97-108 £ 2 25 % X k48R kv i & o > #27% 103-105 &
2 telchh 0 4106 3 108 £ el 1 X ARS S X RIEU R AL > TR T
2 P X R R R e BT S LR A
SRR PP SCRIP N T FESEE et T g

(3) {7 106~108 & H 3|5t 5 X L\ RE 5L 5 X kiFpca d LFRRBETF
B ABE YT RN L Bh o BN RA EREFLA(HEE)

() #OHF LT X RS IE 2RERE S 2 B TER(RE )

() A3 HF 4R > - b 2RSSR X L 2REAE D AP L 5
7 E i AR RS R R R RS R KT () H S AR KR

n
N
A

=4
,;a

=

145



T kies CT S Ric L MBI B2 -« {ATRR L & " ARl (74 PR
e e B B 4 R Y TR IR e CT S R I - (i )

LAEE LT3 5 0105107 P2 20502 6 LAE LAy 4 s 108E R 524 0 15 ¢
B (7 LT BG5S XD R e AAEA 2SR B LA
i“”ﬁ%%ﬁ@%?@ﬂw%wwwﬁ%ﬁﬁ °%?%%ﬁﬂﬁpfyg’%%@
AES R ERFERY P MREFRESTRETERY S TH STy

BH R E G LB EERE TR S SRERF AR ST IR LA T
i’tl ?%F*wlﬁf‘rﬁg #/\ﬁ‘?"% rr,'r,?rr —;s;tiib’;r gé\%#ﬁ—ﬁ#ﬁfﬁgizké PRV

e BN SARR X L2 fot% 22 FRREST -

146



105 # 1 108 # %5 8k A 2 5 54% 2 FRR B &F

’v/pﬂ"

PAELFLALETHREZ

- TR $3107 5
1) Tfpdr L Ap0 %97 (Dfe &y
(D) *FEALEw RAGH » UL o LR | Q THRF L L T F AR K
hFErpE o Forusd e s n T o kv gtz [ | WORD &2 PDF Ak & - 5 ¥ &
IR A H s E PR 2 N URIE - v AR AR RN R
Q) AL T FhFHRE word fh 2 pdf o & s A2 | — T2 5 PDF #§ 5 it
Ltz BuiERE LB WORD #§, 5 %t ~ T it - —
() W2 L WBEIFTHE B S 2 Riokh - 2442 | 5 PDF A o
(BBt > R ERE- P RE G ©3 Ao Q) E 2 N F oo 20E - i
Vv Bk B 2 B iR AR R
PEA R o dpBE o TR 2
FE e oM AT FH R AT
“m&%%* S AR SEE 1
AR St
2 | 374 (7 i )word A2 B et e
(1) &fs48? > 4] -TimesNewRoman #~ 34|~ p < 12| (D22 ~p = 2R HiEp <
FAA L SR 2 AREIERERFR 2 8 00 F | FHE AR BREAAA
BEFR LD B 7% ~ S EApEE0S 7 o ek 13»FH
@ & "%, E¥FHe (3)F 45 X LB LEF
(B) AvipEzi3lpgrs v BEFH -
3| FRBESRCEL MR (D) wfht ki e o

(1) Gz a A uer T ek #ids &
CFE XCREERR 0 2 T AR X R

I’}%L’ﬁJ ET:\:J o

=
-3-~ L p r ok
AAARRERE R T T REAR A
%&Blﬂ-ﬁi‘gét— )~’
Rk bl 22K

@
CREAELFIFE, ot

1E:L \!i‘\:;‘apg N %&H s # I,{;\IE F;L'Flg |§

(2)®
(3=

RypE RS P o
R RS i o

147




©)

AEA R FEL(RFD)Y R (2 SR 4 A
AR (RF)E Bdh. (P R)BRRL AL %
A G E B AR S

Bl R e 5 i R R A L ¢
P F R 2R LALA FERE S BT P
fuds 2 g R o

BriFEr2 G ML F 2L BTER

@
@)

©)

)

)

)

W 2ers TErR RS A R (AR €) e
DY EHEERS L SRR X B 55 X X
R TR A R o
S 5(RA3T) T A E 2T s Tk
B 2MEE o b sn A T ek
oA &Rz BT 0 AT L A s T ks
F IR LR BT, o FEITIRT BT o
Sz (E)2AFMBE) FHTEEAR SR E A
- WO RRALE AR AL TR 1A AT A5 F 108
EREY IR DT G B w0t B AL
IS of\;ﬂ—wljxllf °
FELF -2 ~(C)2FL1F(%120F) T - A 5 T35
=

»

) <
L
-

k!
o

>

.
(=
.
x|
&

2}

[e]

$ELF - ~(2) 3 By #($1027) ...
FRA R £ 2L PR REE FRA
FELZ‘EL LR

(1) © ikgpeEirizec -
(2) = ZypiEikidec -
(@) © fEE e -
(4) = gpEikisec -
(5) = EpiEikid -
PEES - VES

AL w4 B otk > A3R2 e & #(105-108

).

im,él)a\*ﬁ_zi%,,e/‘(ai 55_@_3» %ﬁ‘f‘j’" RN~

Arif > F_F 44 106-108 & Hody b 17 0 i_ﬂ.b i
BAT LB AR P o

FEE e REERY O R
2F % 47831 F = itk
(-)&FTEiebs% > 103 =
2105 &5 %= 2RkEL >
106 & 3 108 & % % w =t > Fik
%o A 7% L 106-108 & 2
AR SRR

>
g¥
~ = WO

148




FEFT IHHEHIEP L 3t AR
f- H5(2)
e BEER 2 RHES N GRS B R~ T BEER
20 FRGERMEEREE > FRNEEPR R | C U Y Btk Rkt
TR FEAFRA — T s TaEzk > iER]S
ORI ke A
* o
Ao TR E%wgg, @ A RPN P o
A FCBEFMIBEMFEGI TR AT - B o8 B¢ B FREFR
WFRTD A bl4cR B C3r COIA X M 32 | C. (1) = £ RS I £
s 5-15 -
B. %P 18 B fFp Fehr 3 Fa5mp > Fuz itk | C(2) M7 AR X X
H o IR e 5N Wit E R L4 5130
C. #4C31iegp > E Rt N S e
(D) ®REIr 3 FEHRER SFTEEREF | @ SHRE R4 51503
LT BN AR RS IIRGFEN | LR LR R G (2 )
NDRL % Bt i piist it eng Bz 2 | DJ(1) @ Redpd ki ec
LT FEMC ot h e i d mE - | DUQ) ° RpEiRig ek o
s AesiAt A IRA AR > RS | D) © RypERizez o
BT ¥ 2 TR B BT Pl @ kep o 1 | D(4) © RypEiRidec o
RN SEE Y este Sid R IATAS LTAS S R
(Q FMTLEERT R SRRE TR S5 2
I kY AR TG AR B b BT
RGP AT R V- ) & M s
2 Fitgm o
D. Tw /%,
(1) &3t ig 25 viEzp L4 EE

g,q/p‘_:.%fc ,«3_3 lHuy]u/sz T4 2L RETT o
EH4tR 210 R Rk B RS (R ST Fhs &
5 X R R ~ SALER X K i¥)A & ABC 47

2

149




() % ¢ TSR W RRAGEEE § 304 40
o R ATRRT I 2 .
1 iE5 p B.6.* 108 £ 3 it~ g T R

Bd 221 T RF o A A s o

4

8| AE AT iR PR B A o ko AphE | RERETR AR R RIpER Y
R It H K R R AISL R B griA 3l
Fou XKER R HHEp e
BroFAREE - &8 (-)
AR X ks 1 o iRfhatik
ez & b5l
9Ol ¥ L% P~ (7 B z\)ﬂf@ﬁ%: TRAIXEKA(F | © RypERS L -
HAR) g *Lfg%ﬁ X%t& #3) X %3] -
Rk i Xk 33 1 5 ‘,7}% 4 %77

X ki9(7 B0 ~ v H 3 l?i’ﬂ'- FHR X - B
XGRS~ RARST T Xk o

10

$ELF - (=) 1-AZ2 45159798 F) £
Pl 1R AT B HP IRAT R A UER] > L6 &
w1 FOV —‘5 H_12 2 342 x [6/FOV] unit; lp/mm)& 12
IR o ZER

(D) 2% ReX 2R mRERR TG - IR T
6 inches (15cm) FOV is not available, the system must be
operated in the smallest FOV that exceeds the 6 inches
(15cm) FOV. ;> @ w3412 T2L6 v FOV | k3%
PR E e T 2B FOV 153 6 v | e IS
FREREZRRI ARG o

A REMEF F R AR NAT e BARER X
R EER Y ) ﬁﬁ%ﬁﬂ 11 2_ X-ray tube/detector #5 iz 2
i FOV 2 o]0 6 3 2 1) RF R ™

Bhe 2R G o Tl R 0 B HEAGEARRE

©)

(]_) F\ S ,’,éJ}_ o
() ¥ BAEE X 5 E
Fi PRI DREEEHR S
|6 e e FOV o § 18
\h’TLFL?"?FE};rE‘-
TRERF  Z 4&@ LARRE-S S i
TR A TP EXE EF )
36 Erd e FOV > if:f@’«kﬁ? 3
RATIIETE - FI R
LI NS AR R B R
_EEJ ’ ;L}%L. LL[{‘@’J% DE

f«tb‘a-]]l

150




HTAR R AF DAt 23y TR 7

11

‘aif;_jr\—\( )~ 3A£z\56(av1 ';.‘T)’AAPM
4§02 AR < 2~ R A S 57k
o T RAPHS | Tl kY i

AAPM 74§t § 367 1o 3P ?

2 g
r /

ﬁ@

AAPM 31 % ACR 3328 #74% £
Y5 > 7 202 ACRR/F iBadipl £
BRATERZ DY KT o
ACR 328 774 Bpl3dl (v £ p
TR P ARG L HT S
KT R o

2|3 M&%LE ~= ~(2)~3-B % 4 510(% 112-113 | (1) 4 g & B 3m -
EREE 1ES ~(3)~2 2 % 6-13~6-15(% 157-159 | (2)# 5-10 %7 % 6-13~6-15F_* -
F)2An3 PR Bl AT 17 0 (2 &
(1) A 4 5-10 srlfcyp b % 0 £ 04937 700 4k 5 e 3t | 6-13~6-15 { 17— ¥ k5= TR
oo SREABEAFE R NTIOE(RZ e A &%ﬁﬁﬁi}—% R W e A
W2 RIRRIEE(RER) B P 2 g LR R = JEARS B G A A TR
(2) # 510 % 6-13~6-15 &% — R lidpii? {7k ﬁg}% v R A BYEIRFR B 0 BT m T
T ek S Y o R AN P Ao 2122 | B o B L RETRZEEY K
T Ptk & 6-13~6-15 “id%
2 fidy o
13 | Flf e Bens i BT EARS (L) p % p| 8 HE A F &3 RTI
(1) AFEEPE2Hr 2REAL VAP LLAER | TRERFLR G RE 7 BIE D
) iE- 2 - ($1F) " k¥ 106-108 & i+ i 4 ”‘“ﬁ#’" SR B A o AP
B¢ & imitdd % i3t 9538 2 CT s ke 8 EAL 1 B (A kAR
g RIFL A2 5 24PN F o e h cdch 540 | 3 %&r’?f‘i‘?lﬂ"i—i )& E 45,—;1
oo ﬁfﬂw » FigE 2 B0 & RTI ek i £
@ -2 CE)FAT) E2 FALEGRETEE 2 | P IRH °§i?‘]§ﬂ]f€_/}z’r’pjéb&
Tk @ ¥ WEFR N T ARE > EF A AT B T R PEROTR E AR
%X R FEER T AL PR BEERE ?F L | B ER R P AR
WP RF R RV ERAN
@) rE-2= \( Y% 6 F) itz Tamy e 22 5| (2 7 2 A FARGTH A

CT i Rz iRl % - Lo fiikE e p % 106-108 &
30 540 5o B AECATE 202 SAREEHE ik o R R

B ek A BT 538 &
(3 it * ARG BE A

151




©)

)

)

®)

©)

Bhpz KBS0 7

G- L2 (S5 ILT) 0 k2 () St £ ek
202 L o @ AEATEF rclRE 2 200 A 5 R AR

T2 AR R R ?

MiE- 22 ~(E)F A3 F) k= (- ) Pt Bk

202 pdichy o A bR Rl 271 A RN A

T2l S Hp A PR TF]?
k- 2 4 O-11(% 1517 F) > #S HVL BB 2 % >
5291 11 =kBlEA7 AHBH 2 FHP

g';‘;i TAAFSL o

-z = (% 18 ) o feeees FRE e BB 1 e
FONERGP AILEY BE- FRe- I r= | i

18 ) L AR T AP B =

2 RE TAR AR PSR 0 X H
CTDI - 4ci¢ * B 4R E » £F svdoe @ 97

i - PR TR TAR R AR | 3

'h
7D

N

protocol
i 23!

(4) 5 aH5Z T KA e i
o2 106 # 5 dilcl B
PR A R Tl

(5) ¥ D ETH KK bk
Jio v 106 & S HR1cE o FPE
PR A R Tl

(6) ¥ &P Wil i
o2 106 # s dflcl B
PR A R Tl

(7)e 33z

(8)= 12z

(9) ¥ &4 CTDIlyg 78 P 2% &
FIRME MR AR Fi e
KPR xR IR

@ — ALPFERAEE (T

%#z

SR

141 (1) witz22 (=) B 2% 9F) » ¥ st T-R2R4 | (1)° gz ikigec F05 9
ot BB MFE 2SR 6) p kA 79 | B0 R LB R T (T e
& et AR 1000% » 2 RGTE ATFERS © ()% 6 L 5 =% BrEl o
( I openETR6, 5 Tor Rkl 2tk | AR ATI0 S R ERE
BB o2t e DR g itpel | FiE B2 s h 2% o
15 | st = 2o £ 13(% 17 F) > - 5L AASAHPA S | @ Rdpadkigec ) 0% 17
PH? < 47 o T % 13-
16|22 ~(-)~C-2A528F) "o Fa5P & | © RypdRriZee 2% 27
gy WG RF A D P ¥3R% 1A
17 | vt = 22 S U(% 29 )" ---4- ACRCT ;2 B+ | @ ke kidec s F0 % 28

152




Mg 5 T4 ACR 3z 2. CT i ol - i *
ACRCT srztiphg b iz 2052 * ACR
wore2. CT BEAgra ohee o Grig v o

18

2w ~3(% 20-30 F) T L - A
B BT AFL S SR ”ﬂm ¥

o R it E L

4

>

RypERS o FA % 28

% 3E

=

19

i \/ﬂ”ﬂf‘k(?ﬁ 31 E) ri&&ff}%ﬂ;’é%?ﬁ’
’/E‘v%.*g"gJ/;‘ﬂ? m108-&5n3OEJ*
‘}}IIJK;ﬁ% ;ri't"'/lgj )@Eié’ ri'}\;f’:‘f‘J ’ X $.3 CT e kL

LpERAER TR RS T A 3D

-
3

iR e
E I

#o%33

20 p BTt = "*’”“%«*‘r/é]%ﬂ* &2 ﬂtﬁz%f}%‘ﬁi’%%%‘r Q)&FicEmAE L2 P i
FRE TR ITIA S el A AR P UTA AP B
(1) LamEdazidd > 50 Tisgmalmlr 200 p ¢ | RRFAZFR TSR MR R
R BARF SRR A SETE R ER T IE/?JPM 2 Y TR A
WA R EA SR A S 0 R IE o b | R ITER TR ER IR
ZRWM > S EPFE T2 o PRI IR e TR SR
) L AmEikAes 2 202 ACR 2017 & 5 s> feptdr | 184 B 2.4 o
Hﬁ%b’*ﬁ%%ﬁi@?éi%“ﬁ 3 SUeEH R S| (Q)° B E 0 FLE 30T o
FALFFER  EGFEATGRL B2 e | 2R Rl R Ez?ifif.ﬁ_
ARRFA20% &1
%’féﬁﬁm%ﬁ%§°
21 | itz 2= ~(2)~(U)(% 28 ) LFOV S v 3| @ i3 2 F 5 TS Rl
i SFOV > 32 % 17 F % 13 (7
22| Mz ~(T) @ 25F) T THCT EF | e Br L% 18F % 19 7
(E B ¥ el 5HU » 2 2478 THU ) » 35 3,848
7 A& iR
23|tz ~(2)~(M)(% 33 F) AR AAD | 2 4o r 2 QF 4iF %
Gelejlns FAmR AN FH A 24 F % 10 7 o
24 | "tz 2L~ (2)~B)F 34 T )2 Ty BBl | ® ik 5 F 28 ook H
SEYERTESARR) 20%, 0 wplE T | #R)

153




TSR | R G R B R AL R (1)@ T AU R R s
Cepi AR G BRI TR R - e &g Talic? ¥ AZaE 005 -
TR REELRE? 0 M AARM T S xgﬁ

25

iz t- ~(2)6)(* 41f;f)»r
DR R R R IR B
W\Jppf" “%PZ

?AHTJQ

ST SR

:

‘(

T 1 S

EER IR S AP AT R ;ujf':\ 9;\4; ?\7}_'.

r

o

iR REAIFI

J,;Q;];Jc

» %

154




#E S giEiRF
GHE - I R R
MRS S T RRRTR Frdy R R P ARR A 4T 4k R
SRR R B R R BT R RIS S

wte s FERAF S X LER RS X LERc d ST REE S
A AT

T s U s Xk HER %—P?}%‘"ﬁ»%w SER B R A
A S X R REHFRRE SRR TR AT
S F LR X R BRI 2RGAEL T B vk

s~ BARER X XRREHFRREEST RETRRTRST A
i HAE R

i SRR X £z RRZEEE KT 2EPAEA AP E
HHEL 108 R ISR R B ST RET (0 0k

it - 108 & B fRH = 5

155



156



‘ﬁ 1+ -

ALK BRI




FAEERERT LR SFRErE2 Py 224 %

FER R BAED  fRT E  ER
! FEas TG 0 Rt
ZF@ REFEH YT PE A
7&,—4 F/%F;/:»ﬁ,,ﬁpfféfl
4 FEE P31 g P ET T

I

1=
e

— N

40!

T Mo %74 A 2 3p tk(computed tomography dose index, CTDI) & & % %7 & 45
R (EE 2 {5508 £ 4918325 515 > £ CTDL ¥ 7 fRTRAk #& 498 B 2 4§ 544
Bl o p o FRGUE SR DIGETA R RS Y L0500 Ak AR F LA
B0 X kg - B (ThhkF R 03¢, axial scanmode) TRIF L F RE E 0 5
t% 1@ 3 CIDI -

~E

nl

<
N

foFRERARATTT A SRR XEF A AT E
e E R A LR ST @ s 0 2 VA 5 LR R 4 155 (helical scan mode) ©
P TR Frde BESS 4 5 W RS S 0 k95 106-108 E Akt i L R g
(MTHHERGE) SFHRTERASENRT > 9B Qo PBANGEF A
IVCT Frdy R ¥ 23 < Ik & FF > 98% (528 ) T e lrhk i th'w & * 11
P AT TARL £ 4378 ST TR ik R By o A iRiT Y
7 CTDL 2RI P BF > @ * PR BN 2 e & iF 2 > F L3 = e 3 e 10
FooAa R LA A AR R T

TELAALCREFEART IR £ TR Fh RFEE Rl AL T %
FiEA ALGRET VAR R S T ERFR RN DHEL G {1
FE A R E R F RS T HCTDI M HE SR EATRF R AR TR
(7o F XA LR LRI T R & Pl Sy L)

AL R OL TR AL R BATRA KR AR TRE CIDL 5% A2 ¥
A RESE ek F RN BRI R FRFUAL
FERIT U R L ER -



(<) %A HE 5 R

£ pI CTDI 5 @ * Pefors? 3 e Hids % 412 A0 AL 5 R &
AHE B/ 16em A EEIR 0 BT 32em R A SRIF o B 1 5 T GETE R
&R E BEAE ER e, B-FACE R 5 100 mm A58 vE(DCT 100, RTI, Sweden)
oA Lo BB AR R AT TR R RIFR R R P b
TRk TR E RS e Y R AR FR T RITRE &
gd oav 1R TR eUTA ’?\"Jﬂip #¥(CTDI0o) *

CTDlgy = ——— [0 b () dz (255 1)

min{N -T,100mm}~—50mm

2o f AHEE =S R B S TR T FRIERE

AoplE EedE =5 Ry P =8.7mGy/R ;5 C 3 LA 4o %1+ 51 3

W

<

AR OFARER IR S 100mmsN-T 52 8 Bei =5 mmeo

Bl 1~ T stk 4 honl B EA S prapy

EPFAEE h Y & (CTDlygo 2 % Bw B 2% (CTDlyggp) R RIS » i5d 2

U2V E AR e dTk A E ip #(weighted CTDI, CTDI,) :

CTDI, = 3 CTDlgoc +=CTDlygop (25 2)



BRI R HS T R RAE - G S B RP RO - B
1T 1 CTDI > &2 452 (pitch)dp M pitch % X & e~ Btk & 4 ¥ 22 JE4L >
R A A

N-T

BT BB A B R T A R R AR A L 2 e

CTDI,
Pitc

CTDIlyp = (238 4)

B8 IRk de 02N 2 pitch (5 o Rdp 2N 4 R HAE T A A E 4,

1% (volume CTDI, CTDl,y)) :

CTDI,, = CTDI,, - (2345)
ERASRIE T FRNTRA R AR S0 il S AR
FRB BRI X E-BIRGFET - D RFEE - FHEAT &
ik Fdy 0 ¥ Fiesik b 5 BB B IEY SRR 0 RSk A
W igig R (D2 BREE (pitch) o TRk ¥ RAFH F5j feds p 80§ Tt i o
Rlazg 2o BT #EN? IMAF A FHER G 4
ARG AR g TR (MA)R F RN R A (mAs) 0 BH T30 0 ©k
B LY R AP Y RS A IR A P AR 22

U
A~

\\\?{r
<l
i

i o

(=) »53rep| € CTDI 07 2

ERF RN AP AR AARS VR L LR AR
RIRIE AR PFee G it i dy > 8 6 SRt tale « ki ™ 0 %
ﬁ/égﬁﬁgéff@%&iﬁl{ﬁﬁ_@@#ﬁg‘_B__BE*_ ’ ?Eﬁﬁ’f‘?’\ﬁ’fiﬁiﬁ-ﬁ'ﬁ o

A A AR e vEe TR T A A 3R ~ R

¢ R ek 2 FRELY Blehe BF S RS A R o E TRk TR T ledr
Hiioiﬁﬂﬁudﬂw’%fmﬁﬂﬁliﬁﬁﬁﬁﬁmh@JTiiJﬁk’

3



QW@ﬁWEiﬁﬁx R RPE RAEE ORI E B R B o B G 4R
IR G A Fe o BT A PEHIEAT IR 2 JE‘_IE_’?HQ) (4)r#% % 73] CTDLq °

() B ¥ =pE CTDI > 2

AEG R TRETR Fa RE * TR 1 4% B (CT Dose Profiler, RTI,
Sweden)B| £ CTDI > 4cB] 2 > F A58 dEapl £ > 5% 0 3 Lesr ¥ 4 4 13N
Wh2 s S8 AENHRSEEF TRk * 5 fF4 #5387 B2 CTDI -
B RZR*ALGREDRAT &Y - SLPFRIZEFTRP -

B2~ %7k 4 &% * i & F(CT Dose Profiler, RTI)

W%ﬁﬁw’ﬁi%ﬁ#i&ﬁﬂﬂn@ﬁﬁwiﬁ%’ﬁﬂﬁiﬁ
Tenglc R TR XA - BORBET A RELE 5

CTDIL,
CTDIyg0,c

TR OFALPREE LS KRRl XA Dl P RAL
iyx CTDL R |2 238 F £ > plfe - o0t § oy » ERIHE - &5

s BB (pitch) ~ k-factor % (k-factor 2. % 3% 5 "k = Yo %

&
B4 CTDIL,, » * X Rl %5% 7 11 Excel 8 ®EHFL A D » (T &k

(z) #5537 A&

i * f5e-% ¢ K % (Radiochromic film, XR-CT, Gafchromic, USA):i& i7ip]



oA SURE TEER R RT MR ERE Y B &7 oA Ris
Tl e d e EFFE  Fh AL HFEHTAR  TER ERST R
RAE R FERAR Y AR AP E 2 ARG PR ST FE AR
AT o M@ P el TSR AR R AL @

20%z 2 <> 1 mm e

(VA BR R iGH TR 4

BALEGRBEE N RFEFR BT R EY dho VT f 7 BIEENE
BoFfPEm® ek A BEIRE 8 A A il B SR EUBE2
s & 4~ 4 R (radiation dose profile) 134p# € ¢ L 3 > % (full

width at half maximum, FWHM) i85 %+ %5 R -

(=) F i W & BRIE HVL = 72
B h A B E TR 30 B S (gantry) ) BT S o Fr b R A
P p B iR B RBEd L SOKVHER S H# SR BUBRE T LR
BKVER I #a iR EL > S a iR BHRLINKVEFf£ > >~ HVL & -




(=) R F TR

AR RCI06 £ F R RRGETE 0 1074 B RN ¥ L2 TR
B RACH B BB E T L BAF R ERELFR U S el
292 5 TSR i B2 B RIBCE (7 A 4 s BACH 53 B R Ao 4
PR PREPN PR LR R R TR 22 g
R

HITACHI
3%

Bl 4292 5 CT #4s R2- B A F 5zt

-~ kfactor 33t 5

k-factor 8% * Bl B BERHE R Sl Fla i * BB EBER
CTDIW,,EE?“" #-H ATy BRI BT IR TG BB Y k-factor B B~in
FHREYFREEETEE LR 'ﬂﬁfﬁ*ﬁﬁﬁ‘u‘fﬁi%ﬁﬁ RTI o fga & * +
P o k-factor ¥k 0 2 * PRA R £ EE M - By o

R oo Rk B2 k-factor ¥k & 7 = 5&%%!‘%%5"—"%% L= ’-’E%@?/é;ﬁ?
$o koo A - 106~108 57 £ | 540 £ 2 2 X LI k-factor 2. By it 7 EEIL
PSR AR TR R RIE383 5 o A 12245 ERR

k-factor %% & -

% 1~106~108 & 4< # Siemens 2 k-factor ¥¥y



SIEMENS

350 kV kg BpE* RTI
Somatom Definition 120 2 1.58+0.02 NA
Somatom Definition AS 120 33 1.573+0.038 1.59
Somatom Definition Flash 100 1 1.670 1.68

120 13 1.592+0.018 1.69
Somatom Emotion 130 3 1.597+0.013 1.729
Somatom Emotion 16 130 10 1.592+0.024 NA
Somatom Emotion 6 130 3 1.582+0.007 1.526
Somatom Perspective 130 4 1.592+0.028 NA
Somatom Sensation 120 1 1.579 NA
Somatom Sensation 16 120 2 1.649+0.002 1.639
Somatom Sensation 64 120 6 1.549+0.001 1.532
Somatom Sensation Open 120 1 1.606 1.601

kR R F R E R f_ﬁ_“f 12 RTI R B ¥+ 0 k-factor #7189 2. 3% 4

XA F BRI kfactor 2. T 35E B AR E A



# 2 ~106~108 # j & GE 2. k-factor %y

GE
350 kv  #k 2 RE RTI
BrightSpeed 120 1 1.668 NA
BrightSpeed 16 120 1 1.664 NA
BrightSpeed Edge Select 120 3 1.691+0.006 NA
BrightSpeed Elite 120 7 1.653+0.013 NA
BrightSpeed Elite Select 120 8 1.686+0.016 NA
BrightSpeed Excel Select 120 1 1.697 NA
Brivo CT385 120 4 1.658+0.017 NA
Discovery CT750 HD 120 3 1.684+0.015 1.73
Hispeed Dual 120 1 1.554 NA
Hispeed DX/I 120 2 1.574+0.018 NA
Hispeed FXI 120 1 1.53 1.692
LightSpeed 16 120 3 1.654+0.021 1.611
LightSpeed Pro 16 120 1 1.648 1.652
LightSpeed QS/I 120 1 1.667 NA
LightSpeed Ultra 120 2 1.653+0.026 1.656
LightSpeed VCT 120 27 1.687+0.012 1.684
Optima CT520 120 1 1.675 NA
Optima CT660 120 23 1.668+0.014 1.643
Revolution CT 120 8 1.712+0.028 NA
Revolution Discovery CT 120 5 1.677£0.014 NA

Revolution EVO 120 10 1.668+0.009 NA




# 3~ 106~108 # 4z & Toshiba 2 k-factor #y

TOSHIBA
A5 kV  #&E £RlE  RTI
TCT-300 120 1 1.393 NA
TSX-021B 120 13 1.720+0.078 NA
TSX-031A 120 2 1.693+0.048 NA
TSX-031B 120 1 1.662 NA
TSX-032A 120 7 1.676+0.038 NA
TSX-033A 120 3 1.554+0.001 NA
TSX-034A 120 6 1.690+0.087 NA
TSX-035A 120 4 1.753+0.058 NA
TSX-101A/HC 120 5 1.728+0.221 NA
TSX-101A/HK 120 1 1.730  NA
TSX-101A 120 31 1.752+0.089 NA
TSX-101A/CX 120 1 1.842 NA
TSX-201A 120 2 1.879£0.006  NA
TSX-301A 120 8 1.692+0.069 NA
TSX-301C 120 10 1.693+0.029 NA
TSX-302A 120 1 1.691 NA
TSX-303A 120 21 1.667+0.037 NA
TSX-303B 120 3 1.476+0.117 NA
TSX-305A 120 1 1.613 NA




# 4~ 106~108 # 4z & Philips& Hitachi 2. k-factor #ic¥z

PHILIPS
350 QS ERE RTI
Brilliance CT 120 37 1.671+0.073 NA
Brilliance iCT 120 14 1.665+0.119 NA
Brilliance 64 120 1 1.628 NA
Brilliance CT 64 120 1 1.689 NA
Ingenuity Core 128 120 1 1.626 NA
Ingenuity CT 120 3 1.651+0.013 NA

HITACHI
350 kv ki 2 RE RTI
SCENARIA 120 6 1.737+0.022 NA
SUPRIA 120 2 1.721+0.031 NA
CT-W450 120 1 1.282 NA
CT-WGP-10 120 1 1.531 NA
ECLOS 120 3 1.644+0.081 NA

(= ) CTDly £ i8] 5 %

106~108 & — # fc # 290 ;+ § >l #2%% BRI L B i % 2 fehy o i 70
dode 5ot A IR B iE T > 3R] i? CTDLg X 5 12.76+4.00 mGy » #
i W 4 BRI CTDLg 9 5 12.60+3.98mGy » F ik Wt B & 253 FEWp £ #7F
E B L 3.6622.96% > Bk B A NXT <20 mm & » #5352 ¥ CTDLy 4 %
12.54+4.55 mGy » B4  # B P CTDl,y 4 5 12.2844.43 mGy ; % & & & NxT
>20 mm P+ P53V 17 CTDLo 4 5 12.84+3.81 mGy » F i i # %817 CTDI,q
%5 1271382 mGy » & #a# £ A2 L B3| 3 5% o
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%05~ B Ot B 5§ PFUECTD Ly 0 B 0

CTDlI,, (mGy/100 mAs)
P R RIS % 2 (%)
b"r”ﬁ KA 12.76+4.00 12.60+3.98 3.66+2.96
NxT<20 mm 12.54+4.55 12.28+4.43 4.4442 94
NXxT>20 mm 12.84+3.81 12.71+£3.82 3.39+£2.93
35 -
30 - *
Z 25 - @
r 4
g 20 -
T 15 -
E 1
= ®
S 5 7
0 T T T T T T 1
0 5 10 15 20 25 30 35

CTDI,,,;, solid state (mGy/mAs)

B4 PRALYES B O 1o B0 BT L S i

11



F AT A SR IT A e 8-60 F —Jé 2 R R AR b AL %’5 %
EREE R A
% 6~ 7 I R B CTDI,p 0 & V. 2

7 I Fi% B CTDI v+ #(mGy/100 mAs)

I 3 PEYLYE R £ 2 (%)
GE 87 12.81+3.65 12.72+3.61 2.47+2.64
SIEMENS 62 11.75+3.14 11.48+3.04 3.7342.84
TOSHIBA 93 13.01+4.72 12.91+4.78 4.05+2.82
PHILIPS 39 12.72+3.00 12.36+2.86 5.00+3.13
HITACHI 9 17.01+5.71 16.90+5.25 4.64+3.83
Bo¥k 290 3.98+3.05

CHRHETR LRSS

106~108 # — = e f 271 ¢ 5 sedfcdy > 7 £ ;‘E'Jﬁ”zé%%;;ﬂli@ﬂ’ ECACRLS St
Fo70 A AEIMFE A EET 0 KPS 36.90£15.68 mm 0 F i 1§ e B E 45 5
BRK G 37.90+16.14 mmo F A e B R T EMBIE T L R L 3.60£3.44% >
bR R NxT<20mm pF > & 2 RIE A 9 5 20.20+5.07 mm > F i &
Wigs TR 95 21.00£5.50 mm ; 54 F & NxT >20 mm ¥ > & 5P (7 §p &4
E’ﬂ}:] % 41.20+14.55 mm > B A 0 BRI E RS TR 9 S 42.30£15.10 mm 0 &
FAHE A2 LR35 5% .

27 FHEAREEATRER
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55 % & (mm)

AR e R A2 (%)
TE KA 36.90+15.68 37.90+16.14 3.60+3.44
NxT<20 mm 20.20+ 5.07 21.00+ 5.50 5.60+4.29
NxT>20 mm 41.20+14.55 42.30+£15.10 3.10+2.99

FRRA SIS Red 8 T A A A RN R GBS A Y BRI

R E R

28 2P FRMFGHETRAME R

e Bl R SRR 9 (mm)

R - ¥ B 5 iR £ 2 (%)
GE 86 37.90+15.74 38.20+15.84 1.80+1.28
SIEMENS 59 29.00£10.30 29.90+10.05 4.50+4.19
TOSHIBA 83  35.20+10.25 36.90+11.32 5.40+3.94
PHILIPS 35 52.9421.66 54.20+22.79 2.80+1.84
HITACHI 8 31.40+14.18 32.20+14.53  2.70£1.26
Bo¥k 271 3.44+2.50

(2) T RETEHd R B T
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106~108 & — % 4§ 242 = 3 »c¥cdy 4 (PHILIPS 4] & 72 4v ]2 106 £ X >

Hodeipl) o BIZAE RO AIEL2 T E &

9 ~ 106~108 & Jx & Siemens 2. L {8 & #icdy

SIEMENS

A5 kV HcE 2 8 & (mm Al)
Somatom Definition 120 2 8.12
Somatom Definition AS 100 1 7.16

120 28 8.00+0.46
Somatom Definition Flash 120 11 8.12+0.06
Somatom Emotion 130 1 7.27
Somatom Emotion 16 110 1 6.62

130 9 7.36+0.32
Somatom Emotion 6 130 1 7.71
Somatom Perspective 130 3 7.26+£0.46
Somatom Sensation 120 1 8.45
Somatom Sensation 16 120 1 8.43
Somatom Sensation 64 120 4 8.58+0.08

14



% 10 ~ 106~108 = Jc & GE 2z X (& & #icdy

GE

)48, kv %P L g f (mm Al)
BrightSpeed 16 120 1 7.69
BrightSpeed Edge Select 120 3 7.35+0.36
BrightSpeed Elite 120 5 7.66+0.08
BrightSpeed Elite Select 120 5 7.42+0.12
Brivo CT385 120 5 7.28+0.11
Discovery CT750 HD 120 1 7.48
LightSpeed 16 120 1 7.33
LightSpeed pro 16 120 1 7.78
LightSpeed VCT 120 19 7.43+0.08
Optima CT520 120 1 6.32
Optima CT660 120 21 7.66+0.07
Revolution CT 100 1 6.31

120 6 7.31+£0.06
Revolution Discovery CT 120 5 7.53+0.07
Revolution EVO 120 10 7.56+0.03

15



% 11 ~ 106~108 # = & Toshiba 2. X & & #icdy

TOSHIBA

A5

TSX-021B
TSX-031A
TSX-032A
TSX-033A
TSX-034A

TSX-035A

TSX-101A/HC

TSX-101A/HK

TSX-101A

TSX-201A

TSX-301A

TSX-301C

TSX-303A

TSX-303B

TSX-305A

kV

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

10

14

L g & (mm Al)

5.36+0.39

5.1240.12

5.1410.16

5.02+0.13

5.09+0.10

5.00+0.17

5.19+0.33

4.94

5.05+0.08

4.95

6.70+0.13

6.77+£0.04

6.93+0.05

9.24+0.03

9.22
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oAy IOV (T oM LR RRES R B B S ek 0 A ik
BIE o B RF R A FE%K%%ﬁ@%a‘ﬁ%ﬂﬁ% P IR B UERS i R AR A
FIL Gt BHei B Y QR Rk B 0 5 7 F L o 2 B R
FoN T FAR R A’ * i 5 i (Mover, RTL Sweden) ¥ » it 43 iy 3 45 P&
BEFE R E ek ik OB E 4 R E N ES R hCTDl,, -

56
g

EEFREDERY ALGRFEFT I REE N EMHD? L7 27

- S HFROBLAMREET AT BB~ B AR - AR 0 SR R

AL HERROFER c» FIZ AL R TR EFIEER ] HWEE > R
23

AL BRI §RIE S TS B & kfactor B0 R
O A 2 L L B R AEE R o T B RURK R # kefactor
s Al Y o Z R AR LA R R ip TR R BN
B FRE o Flpt 2 2w b kfactor P AA KR %7"@ e e @ od 4 8-1
3840t AL BT G AR R L0 2 R -2 k-factor

AP £ K 7% 2 5%MIT o AT iR P w e 5N VI'J:& k-factor ¥ {7 e e

PSR ALTRET Y KT R REEFR RS FITEZAE
- BRESET AL R BEMREVEE PG E2 LRI 5% - TRk
R R R 7 R A TR R E R e A R iR BT ORE
1 B O TRA R B T R R R T RETE

a1k

N S

AP UTREE TR RET PR RE 2+ 200 o A IR F iR
CTDI £ip]22 271 & = A L3046 4 5 4584 5 & fr 242 5 HVL 2. ¥ (74326 >
gﬁgﬁggﬂﬁﬁ#w*f’ﬂ%ﬂ§WCHn@ﬁ&ﬁﬁ%ﬁTﬁﬁ%wi

ARG R P SRR AR ES PR RIEELEID] N 5%
FrerBrALiRET T 0%k Fh REFTELREERLE Y
Zo— e PWmT MR FEBSRBRESIE > RPFFF RTL .5 F > Q@
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RET U Al RSP EA (B8 A E
S SEEET R BRAE R BT T 5 AR R

\"“\ﬂ
e
N

ﬁ@%
B2l

I ~3RH
AFTRMRSF LR €4/ EMT 5% (GMRPDIF0011, GMRPD1F0012,
GMRPD1F0013)

1' %E'%;i N Fﬁg}: ‘%’“"r ?J?q& X JD?_'H@L&'?‘}%] 5 ,U\;}'ﬂ /P ’éﬁﬁi’h
R FARFFL DL €T GETA 1 (TE 4R L F20 4 F 2% Chin J Radiol
2009; 34: 173-184.

2. RERETR FILE M ER Y R

http://rtigroup.com/accessories/detail/ct-dose-profiler
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- ~

3

Fuie € p 101 & 3 2 8- *5%7k (computed tomography, 12T f§ # CT) 4
N P”f’%‘ﬁl%w?lg—ilfi #?’“5’ FORFEGRASTOEEETERLEER
R R B APLE AT AET R AT mw%ﬁﬁ@’EIMﬂi
122§ #  FEaxL 2R P 2 THWEFHRRSTRRETLELH%E -

PR AR R 1S > 103~105 & Blecgr® ER 4k 120 5 ch= 30 > R ¥
%%%~%i£ﬁ# TRE 2 b NEFFERH L A% b FRERP 2
TR R RECE < W4 0 106 1 108 #x 113 EH R L 2ETF R F P T
RETR HR KRR 540 B2 h o B CRERERARBFTLIRLETELR
TR R RK K ST R R SRR AT 0 TR 2 AR
G2 R ST EPAEF R - PE- HiAs 2R EL 27 o

\IH;Z—%;;
(=)~ Tk FE &

TEETR R RFH PR AR BT S 98-108 £ - ¥ 198 3 100 & £
HIEHRI2EF R P DA RL 7 E 0 983 100 et b B
At i-o 2 AW AES SAER AT L5 983 100 5 3E #(R1D:
101 # 3 % 4% (7 3 " %74 Frde k2> 101~102 3 2 &3 (R2)~103~105 5 3
3 (R3) 2 106-108 5 3 ## (R4 2T etk k2 thd HaDF
Joefh 2 icdp-p r TR DA LT SR L DRSS AT BB E 47 p 98
AP A2 2RAVRARS-TE L 452 2APKRAT O B ik

B2 R A m oo



% 1+98-108 # 4k 2Rt a2z H2r B8 527 2 2 7 gk é]lhﬁ'%“’li‘ggf;\

AT

THRBHBAES R1® R2 R3 R4

& > 98-100 101-102 103-105 106-108

T etk o ko B 420(146/283)@  475(60/415)@ 375(25/350)2  540(12/528)@
(o v/ 55 8)

GE 181(63/118) 183(18/165) 135(13/122) 198(5/193)
PHILIPS 50(3/47) 85(1/84) 69(1/68) 88(0/88)
SIEMENS 79(23/56) 91(10/81) 70(1/69) 112(0/112)
TOSHIBA 87(28/59) 95(16/79) 90(7/93) 125(4/121)
HITACHI 21(19/2) 14(10/4) 9(217) 14(3/11)
NEUROLOGICA 1(01) 1(011) 1(0/1) 3(0/3)
MARCONI 1(1/0) 1(1/0) 0(0/0) 0(0/0)
PICKER 8(8/0) 4(4/0) 1(1/0) 0(0/0)
SHIMADZU 1(1/0) 0(0/0) 0(0/0) 0(0/0)
CTI 0(0/0) 1(011) 0(0/0) 0(0/0)

(DRl 3 Adkdp #3867 p 100& 77 29 p B R2X R3 57240F 7154 & 8y
(2) 4250 5 H2r B g1 55 B igurk i ds i ® -

(=)~ &R

RIS EFZRARE DL 2 R PARF L AT E VRO TR R R AR
WALV ¢ FEREGST CBHTATE BT R TR
WHE 2EEE B N BB SET e PR Rl P ER BN 3 H
WEdT R s Mgt R R SCT BB mR EMERE R BB GTE 2 638 - d5 508 £
FIERIARBAE S AR R AL TR MRS TR BN RS TR
HEEPGSTHRAEED L &2 % B8 CT % B4 (American College of
Radiology CT Accreditation Phantom » 4 = i§ £ ACR CT A8 )& (7 RI3& 5 12 p B R0 45 5

e
i ie

218
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%4 K5 (XR-CT, Gafchromic film, USA) =i PR 8 R T DR
w7 LA Egr (T AR R SRR MR R E G T2 ¥ F
Boffigak aorg 2 o) B R ERERAE ¥ AT NERFR RSTFE T E
e EIRETIFEFHRE RS RL o
%%?%%%ﬁﬁ%ﬁﬁaé%ﬁﬁ’*%Aiwﬁgsygﬁ%ég#%$4
Fateh KA AR A H AR Tk A (445 AR 18 2 T
) plsFFZRME S AL BIGFHF T RUTE HE R E
LRI REE ST SRS S a$w?v|%ﬁwxhﬂﬁhéw<)+saif %
ER IR e Rl Hcp 1 7 TR R RS R
ﬁﬁéiéﬁ%1fw%féléﬁﬂkiﬁ%a;4gbw¢1;zg,L,pfx«rﬁph¥u>ﬁa
ER RO M RIRIED P PR TS 2 BB TR E PR BT E
AT ﬁﬁéci”"**ﬂﬂi&%@?ﬁ T2 HFRRE ST RERELF AT
ACR*+ 2012 & 2 2017 & $54& N1 3 /s 87k s hon WAeh £ { #72%  E T H 2 0 #
Sl ATRAE T EREFIMEIEIED 2 X kA4 o

Rt

\31

JER SR

CJ

ZRERBETRE R AL PAET RS 1TSS R %
()~ ZEASEDPEPRAZEFVR
A, T rsErE AR 4

7 R1(98 # % 100 #£)3 R2(101 & T 102 & )end| £ A 475 % 57 o M4 T et
K | £ 45 #(Volumetric CT dose index, ™ = f§ i CTDIyo)2. & 32 {8 P B ¥ 4 » 3 & 2
15 % R3(103 # 1 105 £)27 R4(106 # 1 108 £)4 m M AL B(F 1) o 2% 5
oo 2 101 # T PeUTR gWR}%‘W.E-.E- CNDN P&}%r/ﬁl%rﬁ;‘rﬂgw TSR T
BT A EAp R BRI o



Bl 1 ~RI-R4 & 3%i=T 32 CTDIva

60
52.41
J 48.18 50.39
50 1 54.72
540
= 27.54 Adult Abdomen
S 30 | 2328 2659 2589
q : ——eo— o Adult Head
4 20 114.87 11.85 12.24 11.57 Pediatric Abdomen
i X —o— Pediatric Head
10 r 12.56
10.89 10.69
0 \
1 2 3 4
N
Fe 2 AR A FEIMBEINT IRUTR Frh Rk A2 M RZ ¥4+ kT (national diagnostic
reference level, NDRL)#E:ik & o
T Ha ¥k A £ 45 ¥ (CTDlyol, mGy) A& £ & % # (DLP, mGy cm)
5k 4 2017-2018 2019 2017-2018 2019
s = v _ N N ¥z v _ ., N -
TEE e PR e | pege 8 P
Ik B 55.9+8.9 61.3 56.3+9.3 61.5 1032.5 £763.5 1115.7 988.9+214.0 1127.3
ik A 14.2410.7 153 14.7£13.8 152 573.0 £275.1 7115 604.1+3948  712.1




B S

I WMABAEHBEELIAEPSBEAFTERA. AFL AT P 2R
Brdeted e ey DRERFHE &R (24 PF* LREEFH & (%
5) 2 R TR B T FRH R (2 06) R %7p 10077 29 p B4 &
RI & FHA7  R2-RAPIF* Tk fFidy 2 0904 B L & st
PR 2t (£5-46) @ R Trstk iy RE SR FHn
(#4) RF2Z - ZEHATRIB AP LD > mERSEEA R RIHAGE -

PR ERSEAR Tl AT 0 &P F By



% 3~RI-R4*» 7 =% B &

i g PER R & (%) & 51 (%)
R1 2w 2 F S A (mm) NA NA NA NA
t &k F A A (nm) NA NA NA NA
th & B A S #FEE (nm) NA NA NA NA
TP F G P =52 E (mn) NA NA NA NA
B NA NA NA NA
R2 s g HeEA (mm) 460 2 0.4 99.6
t &k F A4 (nm) 460 1 0.2 99.8
¥ b A A HE L () 400 1 0.3 99.8
AR B % 3 E (mn) 457 3 0.7 99.3
B 460 4 0.9 99.1
R3 s i HEA (mm) 364 0 0.0 100.0
¥ h A M EL () 71 0 0.0 100.0
A KA ZHH L () 69 0 0.0 100.0
TP S P 8 %4 (mm) 364 0 0.0 100.0
BEE 364 0 0.0 100.0
R4 5 F s A (mm) 538 1 0.2 99.8
& F S FEHEEL () 130 0 0.0 100.0
thh B A S #HF L () 123 0 0.0 100.0
TP F G P =52 E (mm) 538 0 0.0 100.0
B g 538 1 0.2 99.8




% A~RI-RAZEr* Tk s R 2 o8 Bmp i
i g3 L * &R 5] (%) & v1(%)
R1  *» % &= &34 (mm) NA NA NA NA
% AhdFHEEL () NA NA NA NA
& & A=A F £ (mm) NA NA NA NA
TR PR G e B g4 (mm) NA NA NA NA
N NA NA NA NA
R2 % %= &34 (mm) 348 2 0.6 99.4
%A FEFH L (mm) 347 1 0.3 99.7
¥ h R A #HEEL () 346 1 0.3 99.7
TR PR G P g L (mm) 347 3 0.9 99.1
R S 347 4 1.2 98.8
R3 ¥ %= &35 4 (mm) 284 0 0.0 100.0
hh ARG FEHFEL () 58 0 0.0 100.0
B A A E AL (mn) 58 0 0.0 100.0
TR PR G P g L (mm) 284 0 0.0 100.0
R 284 0 0.0 100.0
R4 = % % =3 &34 (mm) 387 1 0.3 99.7
% hGFEHEEL () 94 0 0.0 100.0
kA=A F L (mm) 94 0 0.0 100.0
TR PR G P g L (i) 387 0 0.0 100.0
RS 387 1 0.3 99.7




# 5 ~RI-RAPF* Trodrk i R 2 o8 Bt &5

i g3 ek 2 ERMHD & v1(%)
R1 o8 F SEA (mm) NA NA NA NA
% AhdFHEEL () NA NA NA NA
&K AL (mm) NA NA NA NA
TR PR G e B g4 (mm) NA NA NA NA
E NA NA NA NA
R2 o8 g SEA (mm) 53 0 0.0 100.0
%A FEFH L (mm) 54 0 0.0 100.0
A A A F L (mn) 54 0 0.0 100.0
LR G B L (mm) 52 0 0.0 100.0
REE 54 0 0.0 100.0
R3 8 = F SEA (mm) 46 0 0.0 100.0
hh ARG FEHFEL () 8 0 0.0 100.0
B A A E AL (mn) 0 0.0 100.0
LR G B L (mm) 46 0 0.0 100.0
S 46 0 0.0 100.0
R4 o HF£ () 83 0 0.0 100.0
% hGFEHEEL () 24 0 0.0 100.0
& A E A F L (i) 24 0 0.0 100.0
TR B L () 83 0 0.0 100.0
RS 83 0 0.0 100.0




206~ RI-RA T 80 Bl e o dbde thr o % BAEIE & 1.5

7P g3 PEfck 2 ERH) & v1(%)
P g HEEA (mm) NA NA NA NA
t &k F A A (nm) NA NA NA NA
&A= E A (mm) NA NA NA NA
TP e B =k 4 (mm) NA NA NA NA
B g NA NA NA NA
2 HEEA (mm) 59 0 0.0 100.0
& A EL (mm) 59 0 0.0 100.0
%ﬁ%actﬁﬁgé(mo NA NA NA NA
TR PR B =k 4 (mm) 58 0 0.0 100.0
RS 59 0 0.0 100.0
2 g s £ (mm) 46 0 0.0 100.0
% A F A H A (nm) 5 0 0.0 100.0
e & B A=A $A (mm) 0 0.0 100.0
CRME -3~ T8 & S i B i = 2 4 Q))1\)) 46 0 0.0 100.0
B 5 46 0 0.0 100.0
8 F sEA (nm) 68 0 0.0 100.0
W & ki A A (mm) 12 0 0.0 100.0
e & B A = A #A (nm) 5 0 0.0 100.0
LB B =8 F L (i) 68 0 0.0 100.0
B g 68 0 0.0 100.0

2. 7 B R RN

SRR AL R R A IR R R ST R R T
B S AEERR S P STHRNE P STERNG AP LI TR AR A o RIRETA
RPEZ IR AFBD S FPEONE S - KA AR B FBD SRR A A
P PR RIS f S 2 R TR AR & (F 8) PiF T TR
Fde ik (% 9) 2 Tre80 s k (& 10) o Rl & & £ 5528 ~ o] 529030
| SRR FALRE T 0 20 101 # TR AR RF R S FREN > FRRE S TRE

, R2-RA & A mems B B B MM 2L (£ 7)



Z T~RI-RA*» 7 B R Bt &

3‘_"?:

Adult Abdomen 3 3 PERok & 51 (%) & frt o (%)
R1 416 7 1.68 98.32

R2 458 0 0.00 100.00

R3 370 0 0.00 100.00

R4 538 0 0.00 100.00
Adult Head e P eRok -2 -2l [¢)) & fert 51(%)
R1 NA NA NA NA

R2 434 9 2.07 97.93

R3 345 9 2.61 97.39

R4 509 4 0.79 99.21
Pediatric Abdomen & ¥ P ER oK * &R (%) & 51 (%)
R1 NA NA NA NA

R2 82 2 2.44 97.56

R3 66 5 7.58 92.42

R4 149 0 0.00 100.00
Pediatric Head g 3 P Ef ok * &R (%) & w1 (%)
R1 NA NA NA NA

R2 88 0 0.00 100.00

R3 65 3.08 96.92

R4 147 3 2.04 97.96
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% 8 RI-RA %1% T *u%Tk Fh k> &

5 R FREELS $ 3

Adult Abdomen 3 3 PER ok & 51 (%) & 51 (%)
R1 341 6 1.76 98.24

R2 347 0 0.00 100.00

R3 291 0 0.00 100.00

R4 387 0 0.00 100.00
Adult Head e PER ek -2 -2l [¢)) & e 51 (%)
R1 NA NA NA NA

R2 344 6 1.74 98.26

R3 279 2.87 97.13

R4 384 0.78 99.22
Pediatric Abdomen g 3 PER K * &R (%) &R B0
R1 NA NA NA NA

R2 78 2 2.56 97.44

R3 64 4 6.25 93.75

R4 145 0.00 100.00
Pediatric Head g 3 *ER oKk * &R (%) &R B0
R1 NA NA NA NA

R2 86 0 0.00 100.00

R3 65 3.08 96.92

R4 147 3 2.04 97.96

11



O RI-RAPF* %A TR R P ERERPERT

Adult Abdomen g 3 PER ok &R 80D
R1 37 1 2.70 97.30

R2 52 0 0.00 100.00

R3 30 0 0.00 100.00

R4 83 0 0.00 100.00
Adult Head - P eRok P ERHIG) &R 1D
R1 NA NA NA NA

R2 31 2 6.45 93.55

R3 20 0 0.00 100.00

R4 56 1 1.79 98.21
Pediatric Abdomen g 3 P ER oK ERHGD ERHD
R1 NA NA NA NA

R2 4 0 0.00 100.00

R3 1 100.00 0.00

R4 2 0 0.00 100.00
Pediatric Head v B P ER oK ERHGD ERHD
R1 NA NA NA NA

R2 1 0 0.00 100.00

R3 NA NA NA NA

R4 NA NA NA NA

12



Ju s

% 10 ~R1-R4 TRETR R T %7

BB FEit &R 5

Adult Abdomen g S PERoKk *ERE) AR HO)
R1 38 0 0.00 100.00

R2 59 0 0.00 100.00

R3 49 0 0.00 100.00

R4 68 0 0.00 100.00
Adult Head - & PER ek P ERHIGD &R )
R1 NA NA NA NA

R2 59 1 1.69 98.31

R3 46 2.17 97.83

R4 69 0.00 100.00
Pediatric Abdomen g 3 PER K *ERYH) &R0
R1 NA NA NA NA

R2 NA NA NA NA

R3 1 0 0.00 100.00

R4 2 0.00 100.00
Pediatric Head g3 PER K *ERYH) &R0
R1 NA NA NA NA

R2 1 0 0.00 100.00

R3 NA NA NA NA

R4 NA NA NA NA

3.% ¥ (Z F)i#iT &

BEHI(ZF)ETREPRIIRY 2RPHRAZ ERFACR 2 B 3 %7

TR0 EZRANGFE T 2 ER CFRVAP I FEAAFLIAT A

ERSEFRFIESEFL o

¥ %< ACR2012 # £ 2017 # 2. T "%k Fh R FA2 5 2 & 2 22

BITiER O BV AT o Aok 1]
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# 11 ~R4 & * ACR2012 &2 ACR2017 B ¥ 2|4 & $2.5

T

= # ACR2012 £ # % (%) ACR2017 & % (%)
Adult
Abdomen ALL 420 99.76 99.76
2 385 99.74 99.74
e R 35 100.00 100.00
pr—— o
frs fEr A ALL 337 43.62 43.62
2 335 43.58 43.58
TR 2 50.00 50.00
4. E W ORIE

PRI BRI R A R ¥ 4% ACR2012 £ 2 2017 # 2
TERTE ol RS IRARS 3 8 N g R 2 B3R > JUED A2 (contrast-
to-noise ratio, CNR) i 5 £ 47> /2 » 4r& 12 - ACR 222 AR 2 B A2t 7 %
Bf7i2 38 CNR & B 24 o 4od 14~ & 15 M @R R g p > R1(98 #
3 100 )3 R4(106 # 3 108 #) 2 Ftk b2 SHF4cR 4 B S #rn »
TEP 101 EiERR TS 0 XA A R MEDL BRIRIERF TSN -
ZHARD)Z LB FMAEHR D T 8883% K BT Es A3k § - XK
HRIEEARLERF L 84.02%  izr T RIF - XA F P2k Fla
PEERMERS -~ AN WRIRDE RS ﬂ'J{RZ FR1 297.49%
T 51 93.53% 0 RIBIE_T 'R T 84.23% o T MR e F]F A A F] A ?ﬁl‘mn«rﬂJ
RSl R AFFN S8 &0 PR ERIR SRS -
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%12~ 2 W a=x (NR L3>

T = CNR

Adult Abdomen Adult Head

(T3 £)

(Z B+ L)

Pediatric Abdomen
(T3oE+iE 1)

Pediatric Head
(LBt L)

R1 ALL 1.33+0.41 1.69+0.50 1.76 0
vt 1.35+0.42 1.69+0.50 0 0
e 1.18+0.33 1.84+0.67 1.76 0

R2 ALL 1.29+0.37 1.62+0.51 0.70£0.57 1.120.36
vt 1.3+0.38 1.69+0.49 0.70+0.57 1.10.36
e 1.24+0.31 1.17+0.39 0 0.94

R3 ALL 1.28+0.29 1.61£0.44 0.75+0.28 1.06+0.35
=23 1.28+0.29 1.64+0.44 0.75+0.28 1.06+0.35
e 1.31+0.30 1.31£0.34 0.48 0

R4 ALL 1.30+0.28 1.61£0.45 0.72+0.29 1.09+0.42
# 1.30£0.28 1.63£0.43 0.73£0.29 1.09+0.42
e 1.31+0.24 1.40+0.57 0.64+0.02 0

% 13~R4 i# * ACR2012 #2 ACR2017CNR *| & & & &

CNR 2 .
g FICNR  CNR & f2.% CNR & %
(ToE+iE% 2 ) (ACR2012)(%) (ACR2017)(%)

= A3 ALL 392 1.30+0.28 98.06 98.06
# 354 1.30+0.28 98.13 98.13
e 38 1.31+0.24 97.37 97.37

= 4 EEP% ALL 392 1.61+0.45 98.79 98.79
vt 353 1.63+0.43 99.46 99.46
e 39 1.40+0.57 92.31 92.31

] ¥27Ees ALL 127 0.72+0.29 80.95 92.52
vt 125 0.73%0.29 80.69 92.41
e 2 0.64£0.02 100 100

| S2EE3% ALL 128 1.09+0.42 56.76 86.52
# e 128 1.09+0.42 56.76 86.52
e R 0 0 0 0
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£ 14~ F R A L5
ER S & tea(h) * &tk (%) f & (1)
ACR 1™ &4l ACR % B4l ACR ERg L
A 499 41 115(27.8%)  29(70.7%)  299(72.2%) 12(29.3%) 85
LErr 377 10 102 7 275 3 0
i 85 0 85
=y 37 31 13 22 24 9 0
# 15~ CNR 2|~ & .5
ER S & tea(h) * & et (h) f & (1)
ACR == B4 ACR Rl | ACR [ERS T i
Ay 414 41 379(91.5%)  29(70.7%)  35(8.5%) 12(29.3%) 85
LErr 377 10 345 7 32 3 0
i 85 0 85
= 37 31 34 22 3 9 0
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5. (TRl R/HFht+ 2 B2 CT Edmit

PR A LR A RS A AR RS S ML ERET S
Tl o S A EEIR S ] WQEIRA L IR AT L R L AN o £ 16 2
£ 19 R AR BT ¥ hiEAl 5 F R F I O 3u BALE 7 R iRl ehi
o R RS RALE ACRIRER > gL &- HREPFY RAHT(RIEARSIT) 0 8
dowEY RATIER ERIFEFTE o AP A1 (T BRI R
FeRgErr LB EFH R (2 1) PFr TewhFn & (£ 18) 2 L%
AR L R R (£ 19) o R1 g & % nen T @#awib s SR FALE
o EA T T 101 E T REEFS RFRSFFLFRREBSTR
15 R2-R4 b R Ap T Rl PR HR R 8% (£ 16) - 57 7 ERPR

C AR RS FRERAT B G P RSTE P ERERE -

220 ER\FERATRF HEMI RFMPFREZZIATF FRATEE
HAE (T H AP % < RI-R2 & TALAET « R4 e0& #3040t R3 PP AR B 0 #43F
20% (% 20)°R3 & ¥ Fheni & R T2 - 5™ FRlE % ARG &2 E 4R PR
i Ie AIELOT 3 % R B
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%16~ RI-R4 CT mErefr s i i & 42 5%

Adult Abdomen & B g 3 ek FEEHOD  EREHD
R1 CT & M FEfd g U 420 151 36.0 64.0
SR A NA NA NA NA
R2 CT & AT & S4B 472 97 20.6 79.4
BB A 334 9 2.7 97.3
R3 CT & M FEfd g U 371 64 17.3 82.7
BB A 7 155 3 1.9 08.1
R4 CT i 3 F 2 S R 540 55 10.2 89.8
SR A 47 375 1.3 98.7
Adult Head ol g 3 etk FEREHG) AR HO)
R1 CT 38 FE 1 S R NA NA NA NA
SR A NA NA NA NA
R2 CT 38 Fa b 27 44 435 215 49.4 50.6
SR A 47 435 256 58.9 41.1
R3 CT & M rE i & 54 355 181 51.0 49.0
RILR A 7 355 70 19.7 80.3
R4 CT 38 Fa b 27 44 512 241 47.1 52.9
SR A 47 512 88 17.2 82.8
pedatric 5P 3 A N (O TR(C))
R1 CT & AT & S4B NA NA NA NA
SR A NA NA NA NA
R2 CT i Fa 22 44 82 40 488 51.2
SR A 7 82 45 54.9 45.1
R3 CT & AT & S4B 67 27 403 5.7
SR A 67 7 10.4 89.6
R4 CT 3 Fa 22 4 151 68 45.0 55.0
SR A 151 26 17.2 82.8
Pediatric Head & P e ek FEEHOD  ERH)
R1 CT & M rE i & S NA NA NA NA
SR A NA NA NA NA
R2 CT 38 Fa 22 44 89 57 64.0 36.0
BB A 89 57 64.0 36.0
R3 CT & M rE i & 544 67 47 70.1 29.9
SR A 7 67 23 34.3 65.7
R4 CT 3 Fa 22 S 44 & 148 98 66.2 338
BB A 148 56 37.8 62.2
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£ 1T~RI-RA 277 T %7k s R CT B mP R E & F

Adult Abdomen & B g 3 P ER ok *ERH(%) &R BI(%)
R1 CT & rafdgr S0 340 119 35.0 65.0
SR A NA NA NA NA
R2 CT i 2 F 2 S R 345 64 18.6 81.4
BB A 245 4 1.6 98.4
R3 CT & rafdgr S0 291 42 14.4 85.6
RLR A 7 118 1 0.8 99.2
R4 CT i 2 F 2 S R 386 39 10.1 89.9
SR A 47 255 1.6 98.4
Adult Head ol g 3 etk 2 EREYHO) & (%)
R1 CT 38 FE 1 S R NA NA NA NA
BB A NA NA NA NA
R2 CT 3 Fa b 27 44 344 177 51.5 48.5
SR A 47 344 197 57.3 427
R3 CT & AT & S4B 287 149 51.9 48.1
RILR A 287 49 17.1 82.9
R4 CT 3 Fa b 27 44 385 200 51.9 48.1
SR A 385 62 16.1 83.9
pedatric 5P 3 B etk B ERNHG)  ERWH®
R1 CT & AT & 54 B NA NA NA NA
BB A NA NA NA NA
R2 CT 3 Fa b 27 4 78 38 487 51.3
SR A 7 78 42 53.8 46.2
R3 CT & M rE i & 544 65 26 40.0 60.0
BB A 65 6 9.2 90.8
R4 CT 3 Fa 22 4 145 65 44.8 55.2
SR A 7 145 24 16.6 83.4
Pediatric Head & P e *EE &K 3 & 5(%) & 51(%)
R1 CT & M rE i & 54 NA NA NA NA
SR A NA NA NA NA
R2 CT 38 Fa 22 S fe & 87 57 65.5 345
BB A 87 56 64.4 35.6
R3 CT & M FE i & 54 67 47 70.1 29.9
SR A 7 67 23 34.3 65.7
R4 CT 38 Fa 27 44 & 148 98 66.2 338
BB A 148 56 37.8 62.2
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# I8 ~RI-RA P F* T oo%rh#rh RCT EEmPt MR &5

Adult

AR 3 S FERSE FERMH®) AR
R1 CT e FEmite @it r 42 14 33.3 66.7

SRR A AT NA NA NA NA
R2 CT & Brald & st & 68 22 32.4 67.6

SR A AT 50 5 10.0 90.0
R3 (T e it it i 33 9 27.3 2.7

LR A AT 16 2 125 87.5
R4 CT & Brald & st & 85 2 2.4 97.6

B R A AT 66 0 0.0 100.0
AdultHead # P el Fefodk  FEHvHG) FHvEH0D
R1 (T e mirer iR NA NA NA NA

LR A AT NA NA NA NA
R2 CT & paft & UL R 33 11 33.3 66.7

SR AT 33 19 57.6 42.4
R3 (T e mit R 21 10 47.6 52.4

PR A AT 21 7 33.3 66.7
R4 CT B paft e it & 58 12 20.7 79.3

BB AT 58 7 121 87.9
pedatric g Sl B ERAE BERMNG)  EH )
R1 CT & W Faft & 4 B NA NA NA NA

L WA NA NA NA NA
R2 CT e it sl i 4 2 50.0 50.0

B R A AT 4 3 75.0 25.0
R3 CT B rafr e st & 1 1 100.0 0.0

SR A AT 1 1 100.0 0.0
R4 (T e mire R 4 2 50.0 50.0

LR A AT 4 1 25.0 75.0
pediatric sz 2 RS T R TR IO S 05
R1 CT BB FEl & 1 R NA NA NA NA

SR A AT NA NA NA NA
R2 CT & Freid &2 SR 1 0 0.0 100.0

LR A AT 1 100.0 0.0
R3 CT ¥ rrfrr st & NA NA NA NA

SR A AT NA NA NA NA
R4 CT & reid e sUE & NA NA NA NA

LR A AT NA NA NA NA
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# 19~ RI-R4 2 "%k g 2 ndFh & CT ERmi a2 s & 5

Adult

Abdomen BB ¥ FéEfoik A ERHD & vt 51 (%)
R1 CT i3 FiE 2 S fE R 38 18 47.4 52.6

RPR A1 NA  NA NA NA
R2 CT i FE 2 s B 59 11 18.6 81.4

RILR A 47 39 0 0.0 100.0
R3 CT i3 FE 2 S fE R 47 13 27.7 72.3

RPR A1 21 0 0.0 100.0
R4 CT i FE 2 s B 69 14 20.3 79.7

R A 47 54 1 1.9 98.1
AdultHead P rlikc FERcEk A ERvH) & (%)
R1 CT i i F & S NA  NA NA NA

RPR A NA  NA NA NA
R2 CT i FE 2 s B 58 27 46.6 53.4

RR A1 58 40 6.0 31.0
R3 CT i i F & S 47 22 46.8 53.2

RPR A 47 14 29.8 70.2
R4 CT i 2 F 2 S4B 69 29 42.0 58.0

RPR A 69 19 275 72.5
pedatric g 5 etk AERNHM)  ERWH®
R1 CT i 2 F 2 S4B NA  NA NA NA

R A 47 NA  NA NA NA
R2 CT & FEl 2 S fs B NA  NA NA NA

RR A1 NA  NA NA NA
R3 CT i 2 F 2 S fe R 1 0 0.0 100.0

R A 47 1 0 0.0 100.0
R4 CT i i F 2 S fd 2 1 50.0 50.0

BB A7 2 1 50.0 50.0
Pediatric Head & P clc FEfcodk A ERH) & v 51 (%)
R1 CT i 2 FiE 2 S fE B NA  NA NA NA

BB A 5 NA  NA NA NA
R2 CT i i F 2 S 4 1 0 0.0 100.0

RR A1 1 0 0.0 100.0
R3 CT i 2 FE 2 S 42 B NA  NA NA NA

BB A 5 NA  NA NA NA
R4 CT i i F 2 S 4 NA  NA NA NA

RPR A1 NA  NA NA NA




% 20 RI-R4 & T+ R B2 CT B8 st

Adult Abdomen - & PERCEK & 5 (%) & 51 (%)
R1 NA NA NA NA

R2 NA NA NA NA

R3 49 13 26.53 73.47

R4 68 5 7.35 92.65
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KB eER A ¢ 45 (1) keh CT &/ 4 *0-7THU 2+7HU 2 fF 5 (2) 1§
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C. iEiER

PR E R RARSFERER LG T RS SR AR E R R @
20% o # lmme *FTGAFTEGH TR S S HEAEBHTR (£21) 2
W T RETA R R (£ 22) PF T TR R R (£ 23) 2 T RER R
Cidids k(£ 24) 20 101 & TH8EFh RFRSFED > FRBESTH
B KB AAPTT SRR TR 10l #2R05F s hFPHEL 2 X
ARHH A2 EWARRRE T SR FMETRD L F e X 106 £ 5 108 E 2 R
£ RS FRALE 97% °

4 21 ~RI-R4§gHH T R 2 &1 F

Adult Abdomen - i LIRS S S S-S - ST IICD) &t (%)
R1 421 35 8.31 91.69

R2 455 37 8.13 91.87

R3 365 6 1.64 98.36

R4 538 9 1.67 98.33

Adult Head o ¥ EIES RS 2 & A(%) &R (%)
R1 419 91 21.72 78.28

R2 448 31 6.92 93.08

R3 362 11 3.04 96.96

R4 535 12 2.24 97.76
Pediatric Abdomen 5 #& et o A e A% &t (%)
R1 229 71 31.00 69.00

R2 84 10 11.90 88.10

R3 66 3 4.55 95.45

R4 151 2 1.32 98.68
Pediatric Head o ER o 2 AR &t B (%)
R1 1 0 0.00 100.00

R2 90 11 12.22 87.78

R3 62 2 3.23 96.77

R4 144 3 2.08 97.92
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# 22 ~R1-R4 2 %7

G AR REH TR L ERF

Adult Abdomen =5 S IR g 3 2 ERVIOD R B
R1 341 22 6.45 93.55

R2 342 26 7.60 92.40

R3 290 1.38 98.62

R4 385 2.08 97.92

Adult Head g *ER S &A% & 1t 5 (%)
R1 341 75 21.99 78.01

R2 343 20 5.83 94.17

R3 288 7 2.43 97.57

R4 385 10 2.60 97.40
Pediatric Abdomen 5 #& LI A FERA%) AR 5%
R1 202 63 31.19 68.81

R2 80 10.00 90.00

R3 62 4.84 95.16

R4 146 1.37 98.63
Pediatric Head ) LIRS 3 A& RGN s (%)
R1 1 0 0.00 100.00

R2 88 10 11.36 88.64

R3 61 2 3.28 96.72

R4 144 3 2.08 97.92
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# 23 ~RI-RA P F % ToRuTh fdy RIBH TR 2 & 15

Adult Abdomen o ¥k IR gk S 3 E (%) &t 1 (%)
R1 42 10 23.81 76.19

R2 54 7 12.96 87.04

R3 28 1 3.57 96.43

R4 83 0 0.00 100.00

Adult Head =g 3 LR E S 3 E (%) &t 1 (%)
R1 41 10 24.39 75.61

R2 46 6 13.04 86.96

R3 27 1 3.70 96.30

R4 80 1 1.25 98.75
Pediatric Abdomen 5 #& IR A S * A A(%) &R (%)
R1 13 6 46.15 53.85

R2 4 2 50.00 50.00

R3 0 0.00 100.00

R4 3 0 0.00 100.00
Pediatric Head oy EIER A * & A(%) &t B (%)
R1 NA NA NA NA

R2 1 1 100.00 0.00

R3 NA NA NA NA

R4 NA NA NA NA
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% 24 ~RI-R4 T *o¥7k 2 fFh RGBT R Z & 15

Adult Abdomen g S PER o 2 ERI)  EREI)
R1 38 3 7.89 92.11

R2 59 4 6.78 93.22

R3 47 1 2.13 97.87

R4 70 1 1.43 98.57

Adult Head o e *EFLSE A E RSN & 1t 5 (%)
R1 37 6 16.22 83.78

R2 59 5 8.47 91.53

R3 47 3 6.38 93.62

R4 70 1 1.43 98.57
Pediatric Abdomen 5 #& AR LH A ERY(%) &R (%)
R1 14 2 14.29 85.71

R2 NA NA NA NA

R3 0.00 100.00

R4 2 0 0.00 100.00
Pediatric Head oy AR LH A ERYI(%) &t B (%)
R1 NA NA NA NA

R2 1 0 0.00 100.00

R3 1 0 0.00 100.00

R4 NA NA NA NA

D. jaxrPEFradsdais

CALE PMIER P L FRIRATT R R 8 e 1 2 RN

IR I AR ol 1 ff'ﬁ“’”@*‘r%%ﬂ*@m—%ﬁ1ma Tih
SR LT R S EP ST
I S
PR AMAEWESIED 0 N F CHE TR AR SR
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B R A FEIRE I CNR > 1.0 ) $ZEER CNR > 0.7 5 12 % | 52PE3N ¢
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Fig. 3—Sensitometric curves analysis in 2008 (A ), 2009 (x), and 2010 (m).
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# b~ 50% BR-12 2 ACR

w2
PO B

e ie 5 H R A <0 g - cfactor

L% A HVL (mmAl)
B R
Com) 0.3 0.35 0.4 0.45 0.5 0.55 0.6
2 0.3900 0.4330 0.4730 0.5090 0.5430 0.5730 0.5870
4 0.2070 0.2350 0.2610 0.2890 0.3180 0.3460 0.3740
4.2 0.1974 0.2242 0.2494 0.2766 0.3048 0.3320 0.3600
6 0.1350 0.1540 0.1720 0.1920 0.2140 0.2360 0.2610
8 0.0980 0.1120 0.1260 0.1400 0.1540 0.1750 0.1950

LA A R E RO S Rl S RS RS P R g [2]
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# c-1~ 2 fkedR g & 2 & 2 s factor

¥o ik D s B R s factor
(um)

48 (Mo) 48 (Mo) 30 1.000
48 (Mo) # (Rh) 25 1.017
# (Rh) # (Rh) 25 1.061
# (Rh) £ (Ag) 30 1.087
& (W) # (Rh) 50—-60 1.042
8 (W) £ (Ag) 50-75 1.042

Fc24 (W) /4 (Al) 22 i 5 ERZ g5 &R 2 &2 sfactor

B A ER  ExtsER s factor

(em) (em) mEER R EA:
0.5mmAl  0.7mm Al

5 51 1.075 1.052

3 3.2 1.104 1.064

4 4.5 1.134 1.082

5 6 1.160 1.105

6 7.5 1.181 1.123

7 9.0 1.198 1.136

8 10.3 1.208 1.142

TiACl R 2 EFAREIRFBRLDEL I I HPE A2 AL 22 2017 & AT

F[4.5.12] ¢
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B L v L
acceptable level i
accuracy B rrls
achievable level *¥ B
acquisition workstation (AW) ik iFb

American College of Radiology (ACR) % Rt &+ % [

American College of Radiology digital ~— # B x5 fuinzE 2 Heix 5t 5 BAl

mammography phantom

anode-cathode axis £ 4% — 5 & dih
angular indication L Rdpm KE
automatic decompression p ¥ f% ",% JR 18
automatic exposure control (AEC) poegR &
automatic exposure control cell 2k S kRS-
average glandular dose (AGD) R b
backscatter IR T o
background density (BD) FRERRE
breast support EUN 5 O ¢ S
cassette 5w

cassette holder & 50
coefficient of variation (CV) 8 ik
collimator b JF
compression paddle JR 8 4E
Computed Radiography (CR) T e SRR
contrast-to-noise ratio (CNR) SR
cushion i ks

DC offset B A E
densitometer x BRI
detector W e B
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Digital Imaging and Communications in
Medicine (DICOM)

Digital Radiography (DR)
dosimeter

energy correction factor

erase

exposure indicator

exposure control function

exposure compensation step
exposure technique

exposure time

external assessment of quality
fading

film

film-screen cassette

filter

fine adjustment compression

focal spot

full-field image receptors

Full-field digital mammography
U.S. Food and Drug Administration ist!
(U.S. FDA)

ghost

ghosting index

gray scale display function (GSDF)
half value layer (HVL)

illuminance

Illuminance meter
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3
International Atomic Energy Agency B R+ A iy
(IAEA)

image receptor holder KR L
image plate (IP) S

indicator ipT &

initial power-driven compression T B TR 2 A AR
kVp FRRE

lag wEF R

limiting spatial resolution &7 R4 R

line pair pattern iske f247 B R

lock + i

luminance meter KR

lux B

mA BRI

magnification AT FER
magnification stand s ET L
mammography Equipment checklist PSR Py
Mammography Equipment Evaluation PR BEBRG TR

(MEE)
Mammography Quality Standard Act FRNSJERSTIREZ X
(MQSA)

manual fine-adjustment = B e

mAs TP R AR

masking device R XY

mean pixel value Tt E

National Health Service Breast B RIEBPRIAS 5 k- &

Screening Programme (NHSBSP)

non-flex compression paddle S R 38 4R
optical density %R E
1EE Sl BXW - B5E - BINE - B Z2E5F -
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radiologist workstation (RW)
region of interest (ROI)
reproducibility

screen-film

signal-to-noise ratio (SNR)
solid-state detector
source-to-image distance (SID)
spatial resolution

spot compression paddle
standard deviation (SD)
target

test exposure
troubleshooting

viewbox

window level (WL)

window width (WW)

8% . S8l - BXE - B&E
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Abstract

This study aims to survey the incident dose rates for four types of fluoroscopic
procedures/equipment, which are fluoroscopically-guided interventional procedures
for cardiology and angiography, mobile fluoroscopic machines, diagnostic
fluoroscopic procedures and fluoroscopic procedures for extracorporeal shock wave
lithotripsy (ESWL). The dose measurements were conducted by using an ionization
chamber with a meter to measure incident dose rates and a set of phantoms to
represent patients with various sizes. Forty-two percent of fluoroscopic facilities in
Taiwan, i.e., 700 units, were included in this survey from 2015 to 2018. This study
shows the distribution of incident dose rates for four types of procedures under three
clinical protocols. Corresponding values of national diagnostic reference levels were
also suggested and were compared with the values provided by international
publications. The national diagnostic reference level for fluoroscopic procedures in
Taiwan is not higher than in other counties. If the concept of “as low as reasonably
achievable” can be implemented through the strategy of diagnostic reference level ,
it will help to improve the radiation protection of fluoroscopic or interventional

procedures.

Keywords: fluoroscopy, diagnostic reference level, incident dose rate
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Introduction: Radiation dose of computed tomography (CT) examinations in diagnostic
radiology contributes primarily to medical exposure. There are four times of the survey since
2009 to 2018 (round 1: 2009-2011; round 2: 2012-2013; round 3: 2014-2016; round 4: 2017-
2018). The dose distribution of single-detector row CT (SDCT) and multi-detector row CT
(MDCT) can be investigated continuously with a national survey. The purpose of our study is to
investigate the long-term distribution of radiation dose for diagnostic CT scanners in Taiwan.
Methods: The CT radiation dose were conducted with an on-site measurement for each CT
scanner in diagnostic radiology for all the hospital. Typical practices, i.e. adult head and
abdomen protocols, for the four surveys have been characterized by mean values of the standard
dose indices volume CT dose index (CTDI,)).

Results: There was 35.2% of SDCT and 67.5% of MDCT of the round 1 survey. The CTDI,
was 57.3+22.1 mGy of adult head protocol and 15.5+7.0 mGy of adult abdomen protocol. An
increase of MDCT scanners was observed from round 2 to round 4. MDCT scanners are about
98% of round 4. The mean CTDI,, values of adult head protocol are 57.3+£22.1, 52.4+13.9,
56.2+11.2, and 57.9+£10.3 mGy for round 1 to round 4, respectively. The mean CTDI,, values
of adult abdomen protocol are 15.5£7.0, 13.145.2, 12.9+4.2, and 13.1£4.1 mGy for round 1 to
round 4 survey, respectively. The fail rate of the CT dose for those two protocols was reduced
since the regulation of the CT dose limit (adult head: 80 mGy; adult abdomen: 30 mGy) has
been launched in 2011.

Conclusions: A longitudinal analysis of radiation dose of CT scan for adult head and abdomen
examinations was conducted during the four times national surveys in Taiwan. MDCT scanners
are the majority in Taiwan. The effect of the legislation in quality assurance for diagnostic CT
scanners is significant because the fail rate of CT dose for those protocols was reduced.
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ARTICLE INFO ABSTRACT

Objective: The purpose of this study was to investigate the impact of the new American College of Radiology
(ACR) digital mammography (DM) phantom in evaluating phantom image quality (IQ) and average glandular
dose (AGD) in a nationwide survey on DM systems.

Methods: On-site surveys of 239 DM units were conducted in 2017 and 2018, and comparisons were made
between ACR screen-film mammography (SFM) phantom and DM phantom for accessing phantom IQ and AGD.
The phantom IQ was assessed using the weighted phantom score, considering the size of each detail.

Results: When switching from SFM phantom to DM phantom, no significant difference was found in AGD
(p = 0.06). The mean weighted phantom score was significantly higher for DM phantom than for SFM phantom
in terms of fibers and specks, and so was the total weighted phantom score (DM phantom vs. SFM phantom:
8.61 + 1.04 vs. 8.23 = 0.77, p < 0.0001). The phantom IQ is thus more precise and can detect small dif-
ferences when using DM phantom and investigating DM systems, especially for specks and fibers. However, the
overall passing rate was lower for DM phantom (84.1%) than for SFM phantom (91.2%). This can be explained
by the lower passing rate for mass (84.5%) with the DM phantom.

Conclusion: The ACR DM phantom provides better discernment to assess specks and fibers in DM systems. This
study may serve as a reference for implementing a DM quality control program and when conducting large-scale
surveys with the new DM phantom in the digital era.

Keywords:

Digital mammography
Image quality

Average glandular dose
Phantom

Quality control

1. Introduction

The American College of Radiology (ACR) screen-film mammo-
graphy (SFM) phantom was designed earlier as a part of the ACR ac-
creditation program for SFM units in North America and has been used
for evaluating image quality (IQ) even after digital mammography
(DM) systems were implemented. However, several studies have stated
that the ACR SFM phantom is unsatisfactory for assessing the quality of
images obtained using DM systems [1-5]. This may be related to DM
systems’ abilities for superior detection and morphologic characteriza-
tion of microcalcifications larger than 200 um in diameter [5,6] and

superior detection of masses in the low-contrast range [7]. As stated by
Gennaro et al., the ACR SFM phantom enables 68% dose reduction and
99% achievement in readings of the phantom scoring threshold for DM
systems [2]. In the survey results of the quality control (QC) program in
the American College of Radiology Imaging Network (ACRIN) Digital
Mammographic Imaging Screening Trial (DMIST), the total failure rate
was less than 1% for IQ evaluated using the SFM phantom when sur-
veying DM systems [8]. Therefore, the ACR introduced a new DM
phantom that can be used to test objects with finer gradients and
smaller sizes than the SFM phantom. The new phantom has been im-
plemented in the ACR accreditation for two-dimensional (2D) DM and

Abbreviations: ACR, American College of Radiology; ACRIN, American College of Radiology Imaging Network; AGD, average glandular dose; CR, computed
radiography; DBT, digital breast tomosynthesis; DM, digital mammography; DR, digital radiography; DMIST, Digital Mammographic Imaging Screening Trial; FFDM,
full-field digital mammography; IQ, image quality; QC, quality control; SFM, screen-film mammography; 2D, two-dimensional
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digital breast tomosynthesis (DBT) systems [9,10].

In Taiwan, mammography systems have been included in the scope
of the Medical Exposure Quality Assurance standards by the Atomic
Energy Council since July 1, 2008, and all clinical facilities are required
by law to perform QC procedures for mammography systems [11]. To
continuously monitor the effectiveness of QC practices and the perfor-
mance of mammography systems, large-scale surveys with on-site
measurements have been annually conducted in Taiwan since 2008. In
surveys in this decade, the ACR SFM phantom played a major role in the
evaluation of phantom IQ and average glandular dose (AGD). However,
all mammography systems were transited to digital systems in 2015 in
Taiwan; nonetheless, using the SFM phantom to evaluate phantom IQ in
a nationwide QC survey should not cause further discrimination. After
the DM phantom was introduced in 2017, the ACR DM phantom was
implemented together with the ACR SFM phantom in our survey. To the
best of our knowledge, although the newly developed ACR DM
phantom is expected to have different discrimination in phantom IQ
from the ACR SFM phantom, no study has conducted IQ performance
evaluation using the ACR DM phantom for DM systems in a large-scale
survey to date. This study compared the performance of the mammo-
graphy systems for phantom IQ and AGD evaluated using the ACR SFM
phantom and ACR DM phantom based on the data of a large-scale
survey and investigated the impact of using the new DM phantom in a
nationwide survey for DM systems. The results of this study may serve
as a reference for the future implementation of a DM QC program by
using the ACR DM phantom in the digital era.

2. Materials and methods

In total, 239 DM units, representing more than 70% of the total
units in Taiwan, were evaluated on-site between January 2017 and
June 2018. Among the 239 systems surveyed, 186 were digital radio-
graphy (DR) systems and 53 were computed radiography (CR) systems,
and the numbers and distributions of the DM systems for each manu-
facturer and model are listed in Table 1. Phantom IQ and AGD of DM
systems with 2D acquisitions were tested using both an ACR SFM
phantom and ACR DM phantom. Fig. 1 presents images of both phan-
toms.

Table 1
Numbers of the digital mammographic systems and the distribution of each
manufacturer and model in the survey between 2017 and 2018 in Taiwan.

Manufacturer/Model Number
DR systems 186
GE Senographe 2000D 26
GE Senographe DS 14
GE Senographe Essential 20
GE Senographe Pristina 1
Hologic Selenia (with Molybdenum target) 13
Hologic Selenia (with Tungsten target) 46
Hologic Selenia Dimensions 23
Siemens Mammomat Novation 2
Siemens Mammomat Inspiration 23
IMS Giotto Image 3D 11
IMS Giotto Class 1
IMS Giotto Tomo 1
FDR Amulet Innovality 2
Philips MicroDose SI L50 3
CR systems 53
Fuji 31
Carestream 14
Konica 7
Agfa 1
Total 239
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Fig. 1. Appearance (a) and the image (b) of the ACR SFM phantom (right) and
ACR DM phantom (left) used in the nationwide survey.

2.1. ACR SFM phantom and ACR DM phantom

The ACR SFM phantom was designed for the ACR accreditation
program of SFM systems, and it measures 10.2 X 10.8 cm?, simulates a
4.2-cm compressed 50-50 breast, and contains six fibers, five speck
groups, and five masses. The ACR DM phantom was designed to test the
performance of DM systems based on the ACR DM QC manual [9,10]. It
also simulates a 4.2-cm compressed 50-50 breast but has a larger di-
mension of 19 x 31 cm® The test objects in the phantom have finer
gradations and smaller sizes and contain six fibers, six speck groups,
and six masses.

2.2. AGD

AGD estimation in DM systems is different when using an ACR SFM
phantom (based on each manufacturer’s QC manual) and an ACR DM
phantom (based on the ACR DM QC manual). In the QC protocols of
most DM manufacturers, the SFM phantom is placed on the breast
support together with the dosimeter, centered 4 cm from the chest wall
edge of the image receptor, and with the sensitive level of the dosimeter
at the surface of the phantom. In this study, the SFM phantom was
exposed using various clinical technical factors for the averaged breast
at each surveyed site. According to the protocol described in the ACR
DM QC manual, breast entrance exposures were measured without the
phantom, and the dosimeter was centered 4 cm from the chest wall
edge of the image receptor and positioned at a height of 4.2 cm above
the breast support. The exposure techniques were then manually se-
lected for the phantom IQ evaluation of the DM phantom [9,10]. AGDs
for both phantoms were calculated using the measured breast entrance
exposures, and the corresponding conversion factors were calculated by
Dance [9,10,12-14]. The breast entrance exposures were all measured
using a 1-cc ionization chamber (Exradin A600 REF 92600, Standard
Imaging Inc., Middleton, WI, USA) and an associated multimeter (Pir-
anha model 355, RTI Electronics AB, Sweden) calibrated on mammo-
graphic X-ray beam energies. The upper limit of AGD was 3 mGy, as set
by the ACR, regardless of the phantom used for estimation.
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Table 2
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Phantom scoring based on the ACR QC manual scoring method for the SFM phantom and the DM phantom. Specific rule for scoring mass of 0.5 point is improved for

the DM phantom.

Details 1 point 0.5 point
SFM phantom DM phantom SFM phantom DM phantom

Fiber ® full length visible (=8 mm long) ® at least half of length visible (=5 and < 8 mm long)

® 1 break allowed (=width of fiber) ® 1 break allowed (= width of fiber)

® correct location and orientation ® correct location and orientation
Specks ® 4-6 specks visible ® 2-3 specks visible

® correct locations ® correct locations
Mass ® density difference visible ® density difference visible ® density difference visible

® border is continuous and generally circular (= 3/4 border)
® correct location

® border is not generally circular
® correct location

® border is not continuous or generally circular (=1/2 and < 3/4
border)
® correct location

2.3. Phantom IQ

Both the ACR SFM (CIRS model 015, CIRS, Norfolk, VA, USA) and
ACR DM phantoms (Gammex model 145FFDM, Gammex Inc.,
Middleton, WI, USA) were applied for phantom IQ evaluations with 2D
acquisitions using the clinical technique for an averaged breast at each
surveyed site. Each phantom image was scored by two qualified med-
ical physicists who attributed a score of 1, 0.5, or 0 according to their
visibility for each type of detail (fiber, specks, and mass) based on the
ACR scoring protocol of each phantom under optimal viewing condi-
tions [9,10,15]. The standard phantom scores were thus obtained, and
according to ACR criteria, the passing scores were the scores of four
fibers, three specks, and three masses for the SFM phantom [15] and
two fibers, three specks, and two masses for the DM phantom [9,10].
The scoring methods were slightly different between the ACR SFM
phantom and the ACR DM phantom regarding the score of 0.5 for
masses. The scoring keys for each detail for both phantoms required by
the ACR are listed in Table 2. The standard phantom total score was
calculated by adding the standard phantom scores of fibers, specks, and
masses.

To compare the phantom IQ evaluation using the SFM and DM
phantoms more directly, we transferred the standard phantom score of
each detail to the weighted phantom score from the second step by
using a weighted index. Weighted indexes were calculated using a
modified version of Gennaro et al.’s weighting method, which is in-
tended to increase the quantization levels of phantom scores by
weighting details by their size [2]. We used the largest size of each
detail of the SFM phantom as a reference size and divided the reference
size by the size of each detail for both the SFM and DM phantoms, as
shown in the tabulated weighted index in Table 3. The greatest

Table 3

Detailed sizes and the related weight indexes for the ACR SFM phantom and DM
phantom. Asterisk denotes the minimum visible details required by the ACR for
the SFM and DM phantoms.

Phantom Detail
1 2 3 4 5 6
SFM  Fiber Size (mm) 1.56 1.12 0.89 0.75* 0.54 04
Weighted index 1.00 1.39 1.75 2.08 289 3.90
Specks  Size (mm) 054 04 0.32*  0.24 0.16 -
Weighted index 1.00 1.35 1.69 2.25 3.38 -
Mass Size (mm) 2 1 0.75* 0.5 0.25 -
Weighted index 1.00 2.00 2.67 4.00 8.00 -
DM Fiber Size (mm) 0.89 0.75* 0.61 0.54 0.4 0.3
Weighted index 1.75 2.08 256  2.89 390 5.20
Specks  Size (mm) 0.33 0.28 0.23* 0.2 0.17 0.14
Weighted index 1.64 1.93 2.35 2.70 3.18 3.86
Mass Size (mm) 1 0.75* 0.5 0.38 0.25 0.2
Weighted index 2.00 2.67 4.00 526 8.00 10.00
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weighted index matched the smallest detail compared with the re-
ference size. After scoring each detail, a weighted phantom score of
each detail could thus be obtained as the weighted index of the corre-
sponding standard phantom score. For the standard phantom score of
0.5, the weighted phantom score was calculated as the average value
between the weighted index below and above the corresponding stan-
dard phantom score of the detail. The weighted phantom total score
was also calculated as the sum of the weighted phantom scores of fibers,
specks, and masses. Finally, the difference between the weighted
phantom score of each detail in SFM and DM phantom evaluations was
calculated. It was defined as the weighted phantom score evaluated
using the DM phantom subtracted by the weighted phantom score
evaluated using the SFM phantom.

2.4. Statistical analysis

All statistical analyses were performed using SPSS software (version
18.0, SPSS, Chicago, Illinois, USA). Differences in AGDs and weighted
phantom scores between the SFM and DM phantoms were analyzed
using the paired t-test and Wilcoxon-signed rank test, respectively.
Differences were considered significant at p < 0.05.

3. Results
3.1. AGD surveys using the ACR SFM and ACR DM phantoms

The mean AGD for all 239 systems surveyed was 1.57 + 0.51 mGy
(range, 0.28-3.36 mGy) and 1.55 * 0.51 mGy (range, 0.32-3.47 mGy)
for the ACR SFM and ACR DM phantoms, respectively. The 75th per-
centile was estimated as 1.87 mGy from the AGD distribution evaluated
using the SFM and DM phantoms. AGD distributions for the SFM and
DM phantoms are presented in Fig. 2a. Only one system had AGD above
the criterion of 3 mGy for both phantoms (passing rate = 99.6%).

For the comparison of exposure techniques when measuring AGD,
the same target, filter, and kV were used for 76.2% of the units (182 of
239) for the exposure of the SFM and DM phantoms by using clinical
automatic exposure control (AEC) techniques. However, no significant
difference was observed between AGD measured using the SFM or DM
phantom (p = 0.06).

3.2. Phantom IQ surveys using the ACR SFM and ACR DM phantoms

The mean standard phantom scores for the ACR SFM phantom were
4.4 = 0.5, 4.0 = 0.2, and 3.7 * 0.4 for fibers, specks, and masses,
respectively. For the ACR DM phantom, the mean scores were
3.3 = 0.8, 44 = 0.5, and 2.3 * 0.6 for fibers, specks, and masses,
respectively. The mean standard phantom total score was 12.0 = 0.8
(range, 7.5-13.5) and 10.0 = 1.5 (range, 5-13.5) for the SFM and DM
phantoms, respectively. The distributional range of the standard
phantom total score was larger for the DM phantom than for the SFM
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Fig. 2. Histogram of the AGD (a) and standard phantom total score (b) investigated using the ACR SFM and ACR DM phantoms in the nationwide survey. The red
dashed line and blue solid line indicate the upper limit and the 75th percentile value of AGD, respectively.

phantom (Fig. 2b). According to ACR scoring criteria, the passing rate
of the SFM phantom for the 239 systems was 95.4%, 100.0%, and
95.4% for fibers, specks, and masses, respectively. For the DM phantom,
the passing rate was 99.2%, 100.0%, and 84.5% for fibers, specks, and
masses, respectively. The overall passing rate for the standard phantom
score was 91.2% and 84.1% for the SFM and DM phantoms, respec-
tively. The passing rate reached 100% for the specks of both phantoms.
However, when switching from the SFM phantom to the DM phantom,
the passing rate slightly increased for the fiber scores and largely de-
creased from for the mass scores.

The distributions of weighted phantom scores of fibers, specks,
masses, and the weighted phantom total score for the SFM and DM
phantoms are presented in Fig. 3a—d. The mean weighted phantom
score for fibers and specks was significantly higher for the DM phantom
than for the SFM phantom (DM phantom vs. SFM phantom:
2.64 + 0.35vs.2.43 = 0.36 for fibers, p < 0.0001, and 2.91 = 0.25
vs. 2.24 * 0.10 for specks, p < 0.0001). The weighted phantom score
was also more discriminating for the DM phantom than for the SFM
phantom (2.08-2.89 and > 2.25 for fibers and specks, respectively;
Fig. 3a and b). By contrast, the overall distribution of the weighted
phantom score was significantly lower for the masses of the DM
phantom when compared with those of the SFM phantom
(p < 0.0001). The mean weighted phantom scores were 3.06 + 0.70
and 3.57 * 0.53 for the DM and SFM phantoms, respectively (Fig. 3c).
However, as demonstrated in Fig. 3d, the mean weighted phantom total
score was still higher for the DM phantom (8.61 *+ 1.04) than for the
SFM phantom (8.23 + 0.77) (p < 0.0001). The distributional range of
the weighted phantom total score was larger for the DM phantom
(4.43-11.42) than for the SFM phantom (4.94-10.73). Differences in
the weighted phantom scores between the DM and SFM phantoms are
provided in Fig. 4. The results revealed that the weighted phantom
score was higher or equal for 194, 238, and 88 units for fibers, specks,
and masses, respectively, when using the DM phantom rather than
using the SFM phantom.

4. Discussion

Both the SFM and DM phantoms simulate a 4.2-cm compressed
averaged breast but with different dimensions. This difference in di-
mensions may result in an uneven compressed thickness, which may
cause the surveyed systems to be exposed differently to these two
phantoms, according to the AEC algorithm employed. In addition, the
geometric setup for AGD estimations using these two phantoms was
different. As demonstrated by Ng et al., the measured exposure may
lead to an approximate 1.3% increase when setting the phantom next to
the ion chamber, and the exposure may lead to an 8% decrease when
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measuring off-central axis [16]. However, in our survey, no significant
difference was observed between the AGDs measured using the SFM
phantom and those measured using the DM phantom. Switching from
the SFM phantom to the DM phantom as well as using a different setup
for the AGD measurement did not cause a significant difference in dose
performance.

When comparing the passing rate for the standard phantom score
investigated using these two phantoms, the passing rate for fibers was
slightly increased when switching from the SFM phantom to the DM
phantom in our survey, even when using the same fiber size criterion of
0.75 mm. For specks, although the visualized size criterion decreased
from 0.32mm with the SFM phantom to 0.23mm with the DM
phantom, the passing rate still reached 100% for both phantoms. High
passing rates for specks may result from the higher detectability of DM
systems for microcalcifications [5,17]. For masses, the passing rate
largely decreased when switching from the SFM phantom to the DM
phantom. Although the mass visualized size criterion remained the
same (0.75 mm), the specific rules for scoring masses were improved by
investigating phantom IQ using the DM phantom. The well-defined
criteria for the score of 0.5 for masses when using the DM phantom
caused a decrease in the mass scores. Among the 37 systems with the
mass scores of < 2 using the DM phantom, 73.0% (27 of 37) were CR.
This may be attributed to image nonuniformity or significant artifacts in
CR images that cause the noncircular appearance of a low-contrast mass
in the DM phantom. The decrease in the overall passing rate for image
IQ was mainly due to the relative lower mass score obtained using the
DM phantom.

The weighted phantom scores were derived from the standard
phantom scores by considering the size of each detail. Because of the
finer gradient between the 0.54 and 0.75 mm for fiber sizes, more scales
of the weighted phantom scores between 2.08 and 2.89 exist for the DM
phantom than for the SFM phantom (Fig. 3a). The higher weighted
phantom score for the DM phantom may result from the smaller size
visualized or finer gradient of the details. Therefore, the DM phantom
provides better discrimination for digital systems with a small differ-
ence of IQ in fibers. The scoring criteria of specks were stricter when
using the DM phantom than when using the SFM phantom. However,
the weighted phantom scores showed higher distribution, more scales,
and higher mean value for the DM phantom. As illustrated in Fig. 3b,
the weighted phantom score indicated higher distribution for the specks
of DM phantom. Although the passing rate reached 100% for both
phantoms, the DM phantom still showed better discrimination for
specks among the digital systems because of its smaller size and finer
gradient design.

Fibers and specks are well-defined objects in phantoms; therefore,
different observers can easily agree on the visible number of fibers and
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Fig. 4. Differences of the weighted phantom score of fibers, specks, and masses
evaluated between the ACR DM phantom and ACR SFM phantom. The positive
value of the difference between the DM phantom and SFM phantom indicates
that the weighted score is higher when using the DM phantom. For the same
digital system, a higher weighted phantom score estimated by the DM phantom
implies that a smaller visualized size of the details was scored.

specks using the same scoring method. However, observers may have
different subjective criteria for the evaluation of the visibility of masses
[3]. In Taiwan, the weighted phantom scores of masses are usually
between 2 and 4. However, the scales between these corresponding

ranges are the same for both phantoms. This implies that in Taiwan,
both the DM and SFM phantoms show comparable discrimination for
masses (Fig. 3c). In addition, the well-defined criteria for the score of
0.5 for masses cause a lower mean weighted phantom mass score for the
DM phantom than for the SFM phantom. Even though the mean
weighted phantom score of masses is lower for the DM phantom, the
weighted phantom total score for the DM phantom still shows a larger
distribution and has a higher mean value than that for the SFM
phantom. In Fig. 4, the positive value for the difference indicated a
higher weighted phantom score for the DM phantom. For the same
digital system, a higher weighted phantom score for the DM phantom
implied that the smaller visualized size of the details was scored. When
considering the discrimination performance for the phantom scores,
compared with the SFM phantom, the DM phantom showed the highest
discrimination for specks, followed by fibers. Because of the various
specifications of the details and slightly different scoring methods uti-
lized between the two phantoms, the performance of the mammo-
graphy systems for phantom IQ was different when switching from the
SFM phantom to the DM phantom.

Technical evolution in recent years has led to the wide usage of DBT
systems, and studies have indicated that DBT improves the visibility of
lesions superposed by the overlying tissue [18,19] and architectural
distortions [20,21]. Meyblum et al. compared phantom scores obtained
using the ACR SFM phantom between 2D full-field DM (FFDM) and
DBT; they found no significant difference in the visibility of details
between the 2D and DBT modes; however, when the phantom with a
textured background was used, the visibility of fibers and masses was
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higher for DBT than for 2D images [22]. As described by Cockmartin
et al.,, test objects embedded in a homogeneous background are not
adequate for assessing IQ between 2D FFDM and DBT systems. In their
study using a designed structured phantom, Cockmartin et al. found
that microcalcification detection thresholds were similar for 2D FFDM
and DBT, but detection of spiculated and nonspiculated masses sig-
nificantly increased for DBT than for 2D FFDM [23].

Better discrimination for fibers and specks with the ACR DM
phantom investigated in this study validates better differentiation in IQ
between DM systems when implemented with DM phantom. In the
national quality survey in the digital era, a small quality difference in
detecting architectural distortions (fibers) and microcalcifications was
thus obtained for the DM phantom. Using the DM phantom, small IQ
variations could also be detected in periodical QC over time. Better
discrimination for smaller specks is important because DM systems are
intrinsically superior in detecting microcalcifications than SFM systems
[5,6]. In addition to applying the DM phantom for 2D DM systems [9],
the ACR also applied the DM phantom for DBT QC in 2018 [10]. DBT
should provide better visualization of architectural distortions (fibers)
and masses; although the homogeneous background design of the
phantom is suitable for periodic QC [24], a phantom with a uniform
background may not effectively represent these superior properties of
DBT systems when compared with 2D FFDM systems [22,24,25]. The
impact of utilizing the ACR DM phantom, rather than using the SFM
phantom, in DBT systems and 2D digital systems in evaluating phantom
IQ may be similar. For a comprehensive large-scale quality survey, DM
phantoms as well as phantoms with a nonhomogeneous textured
background should be applied to DBT systems in the future.

5. Conclusions

This study analyzed data from nationwide on-site surveys on DM
systems in Taiwan between 2017 and 2018. It is the first large-scale
survey using the new ACR DM phantom. When switching from the SFM
phantom to the DM phantom, no significant difference was discovered
in AGD estimations between these phantoms. Phantom IQ showed
better discrimination for small differences when using the DM phantom
than when using the SFM phantom for DM systems, especially for
specks and fibers. However, no improved discrimination was noted for
assessing small changes in the IQ of masses between the systems.
According to the survey results in Taiwan, the decreased passing rate
for masses caused the overall passing rate to be lower with the DM
phantom than with the SFM phantom. The results presented in this
study can serve as reference when extending the new ACR DM phantom
to the mammography QC program in the digital era.
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ARTICLE INFO ABSTRACT

Objective: The purpose of this study was to investigate the impact of the new American College of Radiology
(ACR) digital mammography (DM) phantom in evaluating phantom image quality (IQ) and average glandular
dose (AGD) in a nationwide survey on DM systems.

Methods: On-site surveys of 239 DM units were conducted in 2017 and 2018, and comparisons were made
between ACR screen-film mammography (SFM) phantom and DM phantom for accessing phantom IQ and AGD.
The phantom IQ was assessed using the weighted phantom score, considering the size of each detail.

Results: When switching from SFM phantom to DM phantom, no significant difference was found in AGD
(p = 0.06). The mean weighted phantom score was significantly higher for DM phantom than for SFM phantom
in terms of fibers and specks, and so was the total weighted phantom score (DM phantom vs. SFM phantom:
8.61 + 1.04 vs. 8.23 = 0.77, p < 0.0001). The phantom IQ is thus more precise and can detect small dif-
ferences when using DM phantom and investigating DM systems, especially for specks and fibers. However, the
overall passing rate was lower for DM phantom (84.1%) than for SFM phantom (91.2%). This can be explained
by the lower passing rate for mass (84.5%) with the DM phantom.

Conclusion: The ACR DM phantom provides better discernment to assess specks and fibers in DM systems. This
study may serve as a reference for implementing a DM quality control program and when conducting large-scale
surveys with the new DM phantom in the digital era.

Keywords:

Digital mammography
Image quality

Average glandular dose
Phantom

Quality control

1. Introduction

The American College of Radiology (ACR) screen-film mammo-
graphy (SFM) phantom was designed earlier as a part of the ACR ac-
creditation program for SFM units in North America and has been used
for evaluating image quality (IQ) even after digital mammography
(DM) systems were implemented. However, several studies have stated
that the ACR SFM phantom is unsatisfactory for assessing the quality of
images obtained using DM systems [1-5]. This may be related to DM
systems’ abilities for superior detection and morphologic characteriza-
tion of microcalcifications larger than 200 um in diameter [5,6] and

superior detection of masses in the low-contrast range [7]. As stated by
Gennaro et al., the ACR SFM phantom enables 68% dose reduction and
99% achievement in readings of the phantom scoring threshold for DM
systems [2]. In the survey results of the quality control (QC) program in
the American College of Radiology Imaging Network (ACRIN) Digital
Mammographic Imaging Screening Trial (DMIST), the total failure rate
was less than 1% for IQ evaluated using the SFM phantom when sur-
veying DM systems [8]. Therefore, the ACR introduced a new DM
phantom that can be used to test objects with finer gradients and
smaller sizes than the SFM phantom. The new phantom has been im-
plemented in the ACR accreditation for two-dimensional (2D) DM and

Abbreviations: ACR, American College of Radiology; ACRIN, American College of Radiology Imaging Network; AGD, average glandular dose; CR, computed
radiography; DBT, digital breast tomosynthesis; DM, digital mammography; DR, digital radiography; DMIST, Digital Mammographic Imaging Screening Trial; FFDM,
full-field digital mammography; IQ, image quality; QC, quality control; SFM, screen-film mammography; 2D, two-dimensional
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digital breast tomosynthesis (DBT) systems [9,10].

In Taiwan, mammography systems have been included in the scope
of the Medical Exposure Quality Assurance standards by the Atomic
Energy Council since July 1, 2008, and all clinical facilities are required
by law to perform QC procedures for mammography systems [11]. To
continuously monitor the effectiveness of QC practices and the perfor-
mance of mammography systems, large-scale surveys with on-site
measurements have been annually conducted in Taiwan since 2008. In
surveys in this decade, the ACR SFM phantom played a major role in the
evaluation of phantom IQ and average glandular dose (AGD). However,
all mammography systems were transited to digital systems in 2015 in
Taiwan; nonetheless, using the SFM phantom to evaluate phantom IQ in
a nationwide QC survey should not cause further discrimination. After
the DM phantom was introduced in 2017, the ACR DM phantom was
implemented together with the ACR SFM phantom in our survey. To the
best of our knowledge, although the newly developed ACR DM
phantom is expected to have different discrimination in phantom IQ
from the ACR SFM phantom, no study has conducted IQ performance
evaluation using the ACR DM phantom for DM systems in a large-scale
survey to date. This study compared the performance of the mammo-
graphy systems for phantom IQ and AGD evaluated using the ACR SFM
phantom and ACR DM phantom based on the data of a large-scale
survey and investigated the impact of using the new DM phantom in a
nationwide survey for DM systems. The results of this study may serve
as a reference for the future implementation of a DM QC program by
using the ACR DM phantom in the digital era.

2. Materials and methods

In total, 239 DM units, representing more than 70% of the total
units in Taiwan, were evaluated on-site between January 2017 and
June 2018. Among the 239 systems surveyed, 186 were digital radio-
graphy (DR) systems and 53 were computed radiography (CR) systems,
and the numbers and distributions of the DM systems for each manu-
facturer and model are listed in Table 1. Phantom IQ and AGD of DM
systems with 2D acquisitions were tested using both an ACR SFM
phantom and ACR DM phantom. Fig. 1 presents images of both phan-
toms.

Table 1
Numbers of the digital mammographic systems and the distribution of each
manufacturer and model in the survey between 2017 and 2018 in Taiwan.

Manufacturer/Model Number
DR systems 186
GE Senographe 2000D 26
GE Senographe DS 14
GE Senographe Essential 20
GE Senographe Pristina 1
Hologic Selenia (with Molybdenum target) 13
Hologic Selenia (with Tungsten target) 46
Hologic Selenia Dimensions 23
Siemens Mammomat Novation 2
Siemens Mammomat Inspiration 23
IMS Giotto Image 3D 11
IMS Giotto Class 1
IMS Giotto Tomo 1
FDR Amulet Innovality 2
Philips MicroDose SI L50 3
CR systems 53
Fuji 31
Carestream 14
Konica 7
Agfa 1
Total 239

European Journal of Radiology 117 (2019) 9-14

Fig. 1. Appearance (a) and the image (b) of the ACR SFM phantom (right) and
ACR DM phantom (left) used in the nationwide survey.

2.1. ACR SFM phantom and ACR DM phantom

The ACR SFM phantom was designed for the ACR accreditation
program of SFM systems, and it measures 10.2 X 10.8 cm?, simulates a
4.2-cm compressed 50-50 breast, and contains six fibers, five speck
groups, and five masses. The ACR DM phantom was designed to test the
performance of DM systems based on the ACR DM QC manual [9,10]. It
also simulates a 4.2-cm compressed 50-50 breast but has a larger di-
mension of 19 x 31 cm® The test objects in the phantom have finer
gradations and smaller sizes and contain six fibers, six speck groups,
and six masses.

2.2. AGD

AGD estimation in DM systems is different when using an ACR SFM
phantom (based on each manufacturer’s QC manual) and an ACR DM
phantom (based on the ACR DM QC manual). In the QC protocols of
most DM manufacturers, the SFM phantom is placed on the breast
support together with the dosimeter, centered 4 cm from the chest wall
edge of the image receptor, and with the sensitive level of the dosimeter
at the surface of the phantom. In this study, the SFM phantom was
exposed using various clinical technical factors for the averaged breast
at each surveyed site. According to the protocol described in the ACR
DM QC manual, breast entrance exposures were measured without the
phantom, and the dosimeter was centered 4 cm from the chest wall
edge of the image receptor and positioned at a height of 4.2 cm above
the breast support. The exposure techniques were then manually se-
lected for the phantom IQ evaluation of the DM phantom [9,10]. AGDs
for both phantoms were calculated using the measured breast entrance
exposures, and the corresponding conversion factors were calculated by
Dance [9,10,12-14]. The breast entrance exposures were all measured
using a 1-cc ionization chamber (Exradin A600 REF 92600, Standard
Imaging Inc., Middleton, WI, USA) and an associated multimeter (Pir-
anha model 355, RTI Electronics AB, Sweden) calibrated on mammo-
graphic X-ray beam energies. The upper limit of AGD was 3 mGy, as set
by the ACR, regardless of the phantom used for estimation.
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Table 2
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Phantom scoring based on the ACR QC manual scoring method for the SFM phantom and the DM phantom. Specific rule for scoring mass of 0.5 point is improved for

the DM phantom.

Details 1 point 0.5 point
SFM phantom DM phantom SFM phantom DM phantom

Fiber ® full length visible (=8 mm long) ® at least half of length visible (=5 and < 8 mm long)

® 1 break allowed (=width of fiber) ® 1 break allowed (= width of fiber)

® correct location and orientation ® correct location and orientation
Specks ® 4-6 specks visible ® 2-3 specks visible

® correct locations ® correct locations
Mass ® density difference visible ® density difference visible ® density difference visible

® border is continuous and generally circular (= 3/4 border)
® correct location

® border is not generally circular
® correct location

® border is not continuous or generally circular (=1/2 and < 3/4
border)
® correct location

2.3. Phantom IQ

Both the ACR SFM (CIRS model 015, CIRS, Norfolk, VA, USA) and
ACR DM phantoms (Gammex model 145FFDM, Gammex Inc.,
Middleton, WI, USA) were applied for phantom IQ evaluations with 2D
acquisitions using the clinical technique for an averaged breast at each
surveyed site. Each phantom image was scored by two qualified med-
ical physicists who attributed a score of 1, 0.5, or 0 according to their
visibility for each type of detail (fiber, specks, and mass) based on the
ACR scoring protocol of each phantom under optimal viewing condi-
tions [9,10,15]. The standard phantom scores were thus obtained, and
according to ACR criteria, the passing scores were the scores of four
fibers, three specks, and three masses for the SFM phantom [15] and
two fibers, three specks, and two masses for the DM phantom [9,10].
The scoring methods were slightly different between the ACR SFM
phantom and the ACR DM phantom regarding the score of 0.5 for
masses. The scoring keys for each detail for both phantoms required by
the ACR are listed in Table 2. The standard phantom total score was
calculated by adding the standard phantom scores of fibers, specks, and
masses.

To compare the phantom IQ evaluation using the SFM and DM
phantoms more directly, we transferred the standard phantom score of
each detail to the weighted phantom score from the second step by
using a weighted index. Weighted indexes were calculated using a
modified version of Gennaro et al.’s weighting method, which is in-
tended to increase the quantization levels of phantom scores by
weighting details by their size [2]. We used the largest size of each
detail of the SFM phantom as a reference size and divided the reference
size by the size of each detail for both the SFM and DM phantoms, as
shown in the tabulated weighted index in Table 3. The greatest

Table 3

Detailed sizes and the related weight indexes for the ACR SFM phantom and DM
phantom. Asterisk denotes the minimum visible details required by the ACR for
the SFM and DM phantoms.

Phantom Detail
1 2 3 4 5 6
SFM  Fiber Size (mm) 1.56 1.12 0.89 0.75* 0.54 04
Weighted index 1.00 1.39 1.75 2.08 289 3.90
Specks  Size (mm) 054 04 0.32*  0.24 0.16 -
Weighted index 1.00 1.35 1.69 2.25 3.38 -
Mass Size (mm) 2 1 0.75* 0.5 0.25 -
Weighted index 1.00 2.00 2.67 4.00 8.00 -
DM Fiber Size (mm) 0.89 0.75* 0.61 0.54 0.4 0.3
Weighted index 1.75 2.08 256  2.89 390 5.20
Specks  Size (mm) 0.33 0.28 0.23* 0.2 0.17 0.14
Weighted index 1.64 1.93 2.35 2.70 3.18 3.86
Mass Size (mm) 1 0.75* 0.5 0.38 0.25 0.2
Weighted index 2.00 2.67 4.00 526 8.00 10.00
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weighted index matched the smallest detail compared with the re-
ference size. After scoring each detail, a weighted phantom score of
each detail could thus be obtained as the weighted index of the corre-
sponding standard phantom score. For the standard phantom score of
0.5, the weighted phantom score was calculated as the average value
between the weighted index below and above the corresponding stan-
dard phantom score of the detail. The weighted phantom total score
was also calculated as the sum of the weighted phantom scores of fibers,
specks, and masses. Finally, the difference between the weighted
phantom score of each detail in SFM and DM phantom evaluations was
calculated. It was defined as the weighted phantom score evaluated
using the DM phantom subtracted by the weighted phantom score
evaluated using the SFM phantom.

2.4. Statistical analysis

All statistical analyses were performed using SPSS software (version
18.0, SPSS, Chicago, Illinois, USA). Differences in AGDs and weighted
phantom scores between the SFM and DM phantoms were analyzed
using the paired t-test and Wilcoxon-signed rank test, respectively.
Differences were considered significant at p < 0.05.

3. Results
3.1. AGD surveys using the ACR SFM and ACR DM phantoms

The mean AGD for all 239 systems surveyed was 1.57 + 0.51 mGy
(range, 0.28-3.36 mGy) and 1.55 * 0.51 mGy (range, 0.32-3.47 mGy)
for the ACR SFM and ACR DM phantoms, respectively. The 75th per-
centile was estimated as 1.87 mGy from the AGD distribution evaluated
using the SFM and DM phantoms. AGD distributions for the SFM and
DM phantoms are presented in Fig. 2a. Only one system had AGD above
the criterion of 3 mGy for both phantoms (passing rate = 99.6%).

For the comparison of exposure techniques when measuring AGD,
the same target, filter, and kV were used for 76.2% of the units (182 of
239) for the exposure of the SFM and DM phantoms by using clinical
automatic exposure control (AEC) techniques. However, no significant
difference was observed between AGD measured using the SFM or DM
phantom (p = 0.06).

3.2. Phantom IQ surveys using the ACR SFM and ACR DM phantoms

The mean standard phantom scores for the ACR SFM phantom were
4.4 = 0.5, 4.0 = 0.2, and 3.7 * 0.4 for fibers, specks, and masses,
respectively. For the ACR DM phantom, the mean scores were
3.3 = 0.8, 44 = 0.5, and 2.3 * 0.6 for fibers, specks, and masses,
respectively. The mean standard phantom total score was 12.0 = 0.8
(range, 7.5-13.5) and 10.0 = 1.5 (range, 5-13.5) for the SFM and DM
phantoms, respectively. The distributional range of the standard
phantom total score was larger for the DM phantom than for the SFM
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Fig. 2. Histogram of the AGD (a) and standard phantom total score (b) investigated using the ACR SFM and ACR DM phantoms in the nationwide survey. The red
dashed line and blue solid line indicate the upper limit and the 75th percentile value of AGD, respectively.

phantom (Fig. 2b). According to ACR scoring criteria, the passing rate
of the SFM phantom for the 239 systems was 95.4%, 100.0%, and
95.4% for fibers, specks, and masses, respectively. For the DM phantom,
the passing rate was 99.2%, 100.0%, and 84.5% for fibers, specks, and
masses, respectively. The overall passing rate for the standard phantom
score was 91.2% and 84.1% for the SFM and DM phantoms, respec-
tively. The passing rate reached 100% for the specks of both phantoms.
However, when switching from the SFM phantom to the DM phantom,
the passing rate slightly increased for the fiber scores and largely de-
creased from for the mass scores.

The distributions of weighted phantom scores of fibers, specks,
masses, and the weighted phantom total score for the SFM and DM
phantoms are presented in Fig. 3a—d. The mean weighted phantom
score for fibers and specks was significantly higher for the DM phantom
than for the SFM phantom (DM phantom vs. SFM phantom:
2.64 + 0.35vs.2.43 = 0.36 for fibers, p < 0.0001, and 2.91 = 0.25
vs. 2.24 * 0.10 for specks, p < 0.0001). The weighted phantom score
was also more discriminating for the DM phantom than for the SFM
phantom (2.08-2.89 and > 2.25 for fibers and specks, respectively;
Fig. 3a and b). By contrast, the overall distribution of the weighted
phantom score was significantly lower for the masses of the DM
phantom when compared with those of the SFM phantom
(p < 0.0001). The mean weighted phantom scores were 3.06 + 0.70
and 3.57 * 0.53 for the DM and SFM phantoms, respectively (Fig. 3c).
However, as demonstrated in Fig. 3d, the mean weighted phantom total
score was still higher for the DM phantom (8.61 *+ 1.04) than for the
SFM phantom (8.23 + 0.77) (p < 0.0001). The distributional range of
the weighted phantom total score was larger for the DM phantom
(4.43-11.42) than for the SFM phantom (4.94-10.73). Differences in
the weighted phantom scores between the DM and SFM phantoms are
provided in Fig. 4. The results revealed that the weighted phantom
score was higher or equal for 194, 238, and 88 units for fibers, specks,
and masses, respectively, when using the DM phantom rather than
using the SFM phantom.

4. Discussion

Both the SFM and DM phantoms simulate a 4.2-cm compressed
averaged breast but with different dimensions. This difference in di-
mensions may result in an uneven compressed thickness, which may
cause the surveyed systems to be exposed differently to these two
phantoms, according to the AEC algorithm employed. In addition, the
geometric setup for AGD estimations using these two phantoms was
different. As demonstrated by Ng et al., the measured exposure may
lead to an approximate 1.3% increase when setting the phantom next to
the ion chamber, and the exposure may lead to an 8% decrease when
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measuring off-central axis [16]. However, in our survey, no significant
difference was observed between the AGDs measured using the SFM
phantom and those measured using the DM phantom. Switching from
the SFM phantom to the DM phantom as well as using a different setup
for the AGD measurement did not cause a significant difference in dose
performance.

When comparing the passing rate for the standard phantom score
investigated using these two phantoms, the passing rate for fibers was
slightly increased when switching from the SFM phantom to the DM
phantom in our survey, even when using the same fiber size criterion of
0.75 mm. For specks, although the visualized size criterion decreased
from 0.32mm with the SFM phantom to 0.23mm with the DM
phantom, the passing rate still reached 100% for both phantoms. High
passing rates for specks may result from the higher detectability of DM
systems for microcalcifications [5,17]. For masses, the passing rate
largely decreased when switching from the SFM phantom to the DM
phantom. Although the mass visualized size criterion remained the
same (0.75 mm), the specific rules for scoring masses were improved by
investigating phantom IQ using the DM phantom. The well-defined
criteria for the score of 0.5 for masses when using the DM phantom
caused a decrease in the mass scores. Among the 37 systems with the
mass scores of < 2 using the DM phantom, 73.0% (27 of 37) were CR.
This may be attributed to image nonuniformity or significant artifacts in
CR images that cause the noncircular appearance of a low-contrast mass
in the DM phantom. The decrease in the overall passing rate for image
IQ was mainly due to the relative lower mass score obtained using the
DM phantom.

The weighted phantom scores were derived from the standard
phantom scores by considering the size of each detail. Because of the
finer gradient between the 0.54 and 0.75 mm for fiber sizes, more scales
of the weighted phantom scores between 2.08 and 2.89 exist for the DM
phantom than for the SFM phantom (Fig. 3a). The higher weighted
phantom score for the DM phantom may result from the smaller size
visualized or finer gradient of the details. Therefore, the DM phantom
provides better discrimination for digital systems with a small differ-
ence of IQ in fibers. The scoring criteria of specks were stricter when
using the DM phantom than when using the SFM phantom. However,
the weighted phantom scores showed higher distribution, more scales,
and higher mean value for the DM phantom. As illustrated in Fig. 3b,
the weighted phantom score indicated higher distribution for the specks
of DM phantom. Although the passing rate reached 100% for both
phantoms, the DM phantom still showed better discrimination for
specks among the digital systems because of its smaller size and finer
gradient design.

Fibers and specks are well-defined objects in phantoms; therefore,
different observers can easily agree on the visible number of fibers and
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Fig. 4. Differences of the weighted phantom score of fibers, specks, and masses
evaluated between the ACR DM phantom and ACR SFM phantom. The positive
value of the difference between the DM phantom and SFM phantom indicates
that the weighted score is higher when using the DM phantom. For the same
digital system, a higher weighted phantom score estimated by the DM phantom
implies that a smaller visualized size of the details was scored.

specks using the same scoring method. However, observers may have
different subjective criteria for the evaluation of the visibility of masses
[3]. In Taiwan, the weighted phantom scores of masses are usually
between 2 and 4. However, the scales between these corresponding

ranges are the same for both phantoms. This implies that in Taiwan,
both the DM and SFM phantoms show comparable discrimination for
masses (Fig. 3c). In addition, the well-defined criteria for the score of
0.5 for masses cause a lower mean weighted phantom mass score for the
DM phantom than for the SFM phantom. Even though the mean
weighted phantom score of masses is lower for the DM phantom, the
weighted phantom total score for the DM phantom still shows a larger
distribution and has a higher mean value than that for the SFM
phantom. In Fig. 4, the positive value for the difference indicated a
higher weighted phantom score for the DM phantom. For the same
digital system, a higher weighted phantom score for the DM phantom
implied that the smaller visualized size of the details was scored. When
considering the discrimination performance for the phantom scores,
compared with the SFM phantom, the DM phantom showed the highest
discrimination for specks, followed by fibers. Because of the various
specifications of the details and slightly different scoring methods uti-
lized between the two phantoms, the performance of the mammo-
graphy systems for phantom IQ was different when switching from the
SFM phantom to the DM phantom.

Technical evolution in recent years has led to the wide usage of DBT
systems, and studies have indicated that DBT improves the visibility of
lesions superposed by the overlying tissue [18,19] and architectural
distortions [20,21]. Meyblum et al. compared phantom scores obtained
using the ACR SFM phantom between 2D full-field DM (FFDM) and
DBT; they found no significant difference in the visibility of details
between the 2D and DBT modes; however, when the phantom with a
textured background was used, the visibility of fibers and masses was
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higher for DBT than for 2D images [22]. As described by Cockmartin
et al.,, test objects embedded in a homogeneous background are not
adequate for assessing IQ between 2D FFDM and DBT systems. In their
study using a designed structured phantom, Cockmartin et al. found
that microcalcification detection thresholds were similar for 2D FFDM
and DBT, but detection of spiculated and nonspiculated masses sig-
nificantly increased for DBT than for 2D FFDM [23].

Better discrimination for fibers and specks with the ACR DM
phantom investigated in this study validates better differentiation in IQ
between DM systems when implemented with DM phantom. In the
national quality survey in the digital era, a small quality difference in
detecting architectural distortions (fibers) and microcalcifications was
thus obtained for the DM phantom. Using the DM phantom, small IQ
variations could also be detected in periodical QC over time. Better
discrimination for smaller specks is important because DM systems are
intrinsically superior in detecting microcalcifications than SFM systems
[5,6]. In addition to applying the DM phantom for 2D DM systems [9],
the ACR also applied the DM phantom for DBT QC in 2018 [10]. DBT
should provide better visualization of architectural distortions (fibers)
and masses; although the homogeneous background design of the
phantom is suitable for periodic QC [24], a phantom with a uniform
background may not effectively represent these superior properties of
DBT systems when compared with 2D FFDM systems [22,24,25]. The
impact of utilizing the ACR DM phantom, rather than using the SFM
phantom, in DBT systems and 2D digital systems in evaluating phantom
IQ may be similar. For a comprehensive large-scale quality survey, DM
phantoms as well as phantoms with a nonhomogeneous textured
background should be applied to DBT systems in the future.

5. Conclusions

This study analyzed data from nationwide on-site surveys on DM
systems in Taiwan between 2017 and 2018. It is the first large-scale
survey using the new ACR DM phantom. When switching from the SFM
phantom to the DM phantom, no significant difference was discovered
in AGD estimations between these phantoms. Phantom IQ showed
better discrimination for small differences when using the DM phantom
than when using the SFM phantom for DM systems, especially for
specks and fibers. However, no improved discrimination was noted for
assessing small changes in the IQ of masses between the systems.
According to the survey results in Taiwan, the decreased passing rate
for masses caused the overall passing rate to be lower with the DM
phantom than with the SFM phantom. The results presented in this
study can serve as reference when extending the new ACR DM phantom
to the mammography QC program in the digital era.
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