[E BRis S BE 2 A% B2 i 2020 4F 6 H 45 44 %55 6 ] Int J Radiat Med Nucl Med, June 2020, Vol.44, No.6 365

- Feat e oT .

= AT X S S L Ui il 245 R 70 A

EREF @ik 45 XFE #FT#H X237 KLEL AR
TEHEFHFRAHESHFRABHENEFH P, RETAHESS »
THEFEEFET 300192

@EE4: XA, Email: wuquan@irm-cams.ac.cn

[FE] BHE 40 19 6 E AT X FLEE (DR PUR RSSO f 258, PR0H
R E R, IR St s % ., ik EE 2018 4F 1 A E 2019 4F 6 H RN
VA KR EFF WU BT 23 17 FiAIE (3L 19 4)DR, MR4E CEH B X SRS Ws &
IR IRLTE ) (WS 76-2017) Fl € B A7 X 16852 (DR) R 4 B il L ) (WS
521-2017) Xof Hod HTRS 0 5 Canag el FE A8 s i i . i Hh e o 02 R 5 ) AR ARG DN T (e e
P AR RRES ) 4 R L BE AT ) A TR 540 HT . SR 24K DR ALEY L RIS PRk
MRS | PR ER R AR R . AR BRZS RISy . RN L EEAE Y . B SRR I (AEC) R U FI
AEC & M AR b — Bt g ar JEZE41,  Har iy s Sornm 25 SR 4476 2 WS 76-2017 HiT WS 521-2017
RYEEK F R H 455 . 60 kv Fl 80 kV HE HL 487~ IR 25 9-3.61%~2.71%, 100, 117,
120 A1 121 KV B o R 38 78 B0 D B85 —2.9~4.9 kV; Hiy i B B 2 MEVE F D 0.0290%~1.4700%:
80 kV 1 81 kV X i YA LA 1EE N 2.5~5.9 mm Al, 7EBE M =100 ms <100 m i, B
G )4 7% B A B8 0 31 9 —5.19%~2.40% F1—7.15%~2.80%, & FHA NI 0455 . i b AR 7F
TERRFE AN, ;. WG MR P A i S7 A REER A 14.2~5262.0; 4RI 28548 R 27 (LR ARy 188~
60 280; AEC 7 f{FF i 34k (6 H 0.67~6.90 mAs; AEC 4 H 6 A5 fb— Bk i 528 1y 2.20~
6.69 uGy; MR A5IPEH 0.11%~4.70%; UEEIR2E H—0.40%~1.45%; AEC HL B % 2 W] 1) — 2tk
H—8.70%~5.15%; FE/KF-FNE 7 1) AR B 23 8] 4398 73 43 511K 2.2~3.7 Ip/mm i1 2.2~3.4 Ip/mm;
LRI A A T E R EE>0.98. £ DR ML R il ORI 9 45 SR AT A WS
76-2017 F1 WS 521-2017 M ZEsR; YEHE . TERL AR IN A% (AN SR I 2485 SR T Ay J Sl $2 it 52
Mk

[REiA] BB X FEIEEHL; Bl ; il

BEETR: UWAHFHERMT RS (3332015101)

DOI: 10.3760/cma.j.cn121381-202002028—00032

Analysis for acceptance test results of quality control in medical digital radiography equipment
Zhai Hezheng, Gao Jie, Wang Xin, Wu Xiangjun, Huang Ziqi, Wang Manyao, Zhang Wenyi, Wu Quan
Tianjin Key Laboratory of Radiation Medicine and Molecular Nuclear Medicine, Center of Radiation
Detection and Evaluation, Institute of Radiation Medicine, Chinese Academy of Medical Sciences,
Tianjin 300192, China
Corresponding author: Wu Quan, Email: wuquan@irm-cams.ac.cn

[ Abstract] Objective To analyze the quality control acceptance test results of partial types of
medical digital radiography equipment, evaluate their application quality and provide references for the
subsequent detection. Methods According to the Specifications of the quality control testing of
medical X-ray diagnostic equipment (WS 76-2017) and the Specifications of quality control testing in
medical digital radiography (DR) systems (WS 521-2017), 17 types (19 sets in total) of newly installed
medical digital radiography equipment in Tianjin and Inner Mongolia from January 2018 to June 2019
were selected as the research objects. General and special test items, such as the deviation of tube

voltage indication, output repeatability, dark noise, limited spatial resolution and low contrast details,
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and so on, were tested. Finally, the test results were recorded and analyzed. Results In
addition to dark noise, detector dose indication, limited spatial resolution, low contrast detail detection,
automatic exposure control (AEC) sensitivity, and AEC tube voltage change consistency to establish
the baseline value, the detection results of other medical digital radiography equipment met the
requirements of WS 76-2017 and WS 521-2017. The deviations of 60 and 80 kV tube voltage
indication ranged from —3.61% to 2.71%, whereas the deviations of 100, 117, 120 and 121 kV tube
voltage indication ranged from —2.9 to 4.9 kV. Meanwhile, the repeatability of output ranged from
0.0290% to 1.4700%, and the useful harness half value layers corresponding to 80 and 81 kV were
between 2.5 and 5.9 mmAl. The deviations of exposure time indication in the range of =100 ms and <
100 ms were —5.19% to 2.40% and —7.15% to 2.80%, respectively. There were no residuals and
artifacts found in the imaging. The baseline values established by dark noise detection ranged from
14.2 to 5262.0, whereas the baseline values established by the detector dose indication were between
188 and 60,280. The baseline values of AEC sensitivity and those of the AEC tube voltage change
consistency ranged from 0.67 to 6.90 mAs and from 2.20 to 6.69 pGy, respectively. The measurement
results of response uniformity were between 0.11% and 4.70%. The ranging error were
—0.40%—1.45%. The consistency between AEC ionization chambers were —8.70%—5.15%. The results
of the limit spatial resolution in the horizontal and vertical directions ranged from 2.2 to 3.7 Ip/mm and
2.2 to 3.4 lp/mm, respectively. Finally, the determination coefficients of the fitting formulas of signal
transmission characteristics were all greater than 0.98. Conclusions The quality control acceptance
test results of the medical digital radiography equipment met the requirements of the WS 76-2017 and
WS 521-2017 standards. Clear and complete test conditions and acceptance test results can provide
reference for the subsequent tests.
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Table 1 Basic information of 19 medical digital radiography equipments

s R PR FR HuE(F) RS (A 8 S8R (kV) /U (mA) ]
1 FUIIFILM DR CALNEO HAFUIIFILMA H] [ E AL 3 2 150/630
2 Discovery XR656 EFEGEAH [ EHL 1 2 150/800
3 Definium 6000 JeatE RS AERETTIRAA AR BEL 1 2 150/630
4 Ysio Max 1 E|SIEMENS/A 7] EeiiN 1 2 150/1000
5 VX3733-SYS 3 [E Carestream Health/\ 7] EeiiN 1 2 150/1000
6  FAIH1000MD AEs T AR Y PR RO A B ) EipeiiN 1 2 150/630
7 Digital Diagnost Power i = PHILIPS/\ ] & E AL 1 1 150/1000
8§  SONTU100-RAD-1II TYITRE B2 BB AR AT e 1 1 125/500
9  HAIT1000MC EHT R ST R BAR AT B & E AL 1 1 150/630

10 H50-RA UHT 7R ST R BAR AT BRA [ EHL 1 1 150/500

11 FDRGO f-g HAXFUJIFILMZ H] L 1 1 130/400

12 Optima XR220amx % E GEA ] Bl 1 1 125/500

13 MUX-100DJ AU B R BT AR B ) Bl 1 1 125/400

14 DRXR-1 JE[E Carestream Health/\ 7] 227N 1 1 150/400

15 HM-200 U T IR S YT A BRA T L 1 1 125/200

16  MUX-200D bt B LT A TR ) L 1 1 133/400

17 6000A VN TET B 2E AT BR A | L 1 1 150/400
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Table 2 Test items and conditions of medical digital radiography equipments
e i 5 BRI B SRR SF F bRt

1 EHERR R B AR AV/NMES: 60, 80 . 100 . 120 kV 450 F it +5.0%8£5.0 kVIN, LBRF R

2 HnhiEryEE N 80 kV. WIS <10.0%

3 HHZREER 80 kV =23 mm Al

4 BEGHEHE R AR BT 80 kV . BEEHT{A] =100 ms +10.0%4

80 kV. BEJEHT[H <100 ms +2 msPali£15.0%

5 A T BN T, SID=100 cm, WX FREERS E&m <3°

6 IS NS O 1 0 O 0328 27 2 T RAR O fE—31£1 cmPy

7 MR ML 2 mmEHR . FfmABmASTIKVIRE, iICRER  BERWSTLHhE

8 DDI 1 mm 4d#7. SID=180 cm, 70 kV FIi& 4 mAs(ZJ 10 uGy) F DDIEE 15 28 7 kAl
HEBOE 3K

9 fr'sthidrrk 1 mm 4i#2. SID=180cm, 70kV, &Y mAs(#1 1, 5, R>=0.98
10, 20, 30 uGy) Bt

10 WAREA)HE T JF R DDIfY B AR5 RB<5.0%

11 e R 2 SID=180 cm, 50kV, 10 mAs Mg, MR KF-A1 £2.0%H
EIE R AL iy

12 5k KUELERS . 2 mmAT AR A4 mmATTHe, PIRP PRG3R ANFEAETRS A B TR R(E

RE<5.0%
13 thie SID=180 cm, 60kV. 10 mAs, X5t/ m#ERMBULEEDE  TIh5E
14 HFRZsR53E) SID=180 cm. | ZA&AMTK 60 kV. 3 mAs, A FFEE T OAMNE =90.0% | FMEE, =
80.0% nyquist» T FELR(E

15 ARXFELREARY AR B 20, 2FE1. 5. 10 pGy 3REDE AT IR

16 AECHRHE I mmifiti . 70kV. HAZimAsEY, idskmAs BT LR

17  AECHLE = 2 [ i — 3tk I mm4itk. 70kV., EEADEBEEHL. A mAs B, +10.0%MH
3% mAs 5 DDI

18 AECHH ARk —3ik 1 mm . 70 . 80 . 90 . 100kV, [ 3 mAs I, AT IR

LRSI EL DDI {6

T &, 5T 1~ EAGINSE , 7~18 R IS (SprRild B it R A R ) .

(RTINS AEC: HEMDEER; foyqun: JEEIAFHIR

M BENES AT N BRI . R E
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AL MH (1R X (H) M 188~60 280; AEC R MUK
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Table 3 Partial test results of general items of 19 medical digital radiography equipments

o B FE V)] @iﬁ}ﬂ%ﬁ[bﬁ&(kv)/ @iﬂﬂ%m@&(kv)/
LI I (mAs) | BRI (5)]
IE=] b b T
e TR R S T{j; O;ﬁf{};;ﬂ Ofﬁfﬁig
(KR UMERD EEM(%)
(mm Al) (%) (%)
FUJIFILM DR 60 80 100 120 60 80 100 120 80/32 80/0.1 80/0.08
CALNEO 1.00% -1.80% 0.81kV 0.78kV 096% 034% 2.1kV 1.0kV 0.0582 25 -0.30 -0.33
FUJIFLLM DR 60 80 100 120 60 80 100 120 80/32 80/0.1 80/0.08
CALNEO -1.10% —0.55% 0.74kV 41kV -1.10% 027% 1.6kV —050kV  0.0643 2.9 -0.20 -0.33
FUIIFLLM DR 60 80 100 120 60 80 100 120 80/32 80/0.1 80/0.08
CALNEO 0.52% -1.90% —-1.9kV —2.1kV 0.077% -120% -1.8kV -24kV  0.0700 32 -5.19 -6.50
Discovery XR656 60 80 100 120 60 80 100 120 80/25 80/0.1 80/0.08
-0.70% —0.70% 020% 0.6kV -0.70% —0.70% 020% 09kV 0.0800 34 0.03 0
Definium 6000 60 80 100 120 60 80 100 120 80/32 80/0.1 80/0.08
-1.90% -230% -1.70% -0.81% -2.10% -2.50% -1.70% —0.55% 0.0400 3.1 0.03 -2.33
Ysio Max 60 81 100 121 60 81 100 121 81/40 81/0.1 81/0.08
“1.15% -1.22% 0.02kV 037kV —0.980% —131% —0.50kV 0.57kV  0.4900 3.1 -0.03 0.17
VX 3733-SYS 60 80 100 120 60 80 100 120 80/50 80/0.1 80/0.04
0.54% —0.62% 0.66kV 3.15kV 0.59% —0.78% 040kV 3.10kV  0.0358 5.9 -0.50 -1.17
¥4 771000MD 60 80 100 120 60 80 100 120 80/32 80/0.1 80/0.08
0.92kV —0.40kV—0.70kV —0.64 % 0.75kV —0.60kV—-0.98kV —0.58 %  0.2500 3 1.80 1.90
Digital Diagnost 60 81 102 117 60 81 102 117 81/40 81/0.1 81/0.08
Power 034% 1.10% 23kV 28kV 0.17% 1.50% 2.1kV 18kV 0.0800 49 -0.17 -0.17
SONTU100-RAD-TT 60 80 100 120 60 80 100 120 80/25 80/0.1 80/0.08
-1.53% —1.48% 0.17kV 24kV -1.74% -1.86% —026kV 2.5kV 1.1700 2.92 -4.93 -6.25
47 1000MCH 60 80 100 120 60 80 100 120 80/32 80/0.1 80/0.08
250% 098% -1.08% -1.6kV 12% 055% -15% —-12kV  0.0970 28 2.40 2.80
H50-RA 60 80 100 120 60 80 100 120 80/25 80/0.1 80/0.08
271% 240% 32kV 37kV  172% 1.73% 33kV 49kV 1.4700 36 1.97 2.30
FDR GO f-g 60 80 100 120 — — — — 80/20 — —
130% 2.50% 32kV 44kV  — — — — 0.1070 33 — —
Optima XR220amx 60 80 100 120 60 80 100 120 80/16 — —
-0.60% 040% 2.60% 35kV —0.70% 040% 2.70% 3.6kV 0.0300 32 — —
MUX-100DJ 60 80 100 120 — — — — 80/80 — —
-0.02kV-045kV-0.04kV 037%  — — — — 0.0290 3.1 — —
DRXR-1 60 80 100 120 60 80 100 120 80/4 — —
-2.60% -3.50% -2.5kV -13kV -2.60% -3.00% -23kV -0.98kV  0.0330 2.9 — —
HM-200 60 80 100 120 60 80 100 120 80/12.5 80/0.1 80/0.08
2.67% -332% -2.9kV -18kV -223% -3.61% —24kV -2.1kV  0.1000 28 -4.34 -7.15
6000 A 60 80 100 120 60 80 100 120 80/20 80/0.1 80/0.08
-1.00% -1.50% -1.6kV —-18kV -0.94% -15% -19kv -18kV  0.1600 26 -1.50 -2.10
MUX-200D 60 80 100 120 60 80 100 120 80/20 — —
130% 0.079% —042kV-0.16kV 035% 0.50% 0.11kV 0.040kV  0.0826 33 — —

TE: &, R 2RI mihE
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Table 4 Test results of partial special test items of 19 medical digital radiography equipments

Kl S5 PFOEUE (V) /AL R B (mAs) ] KA R[S SRR SIRE (uGy) ] (CReZ iz s

=N 221 EAre 221 i =

FUJIFILM DR CALNEO 70/3.2 5.63 2523 49.09  y=36.2201x+2639.0116 0.9853
(ZHIR) 2.8 2.8 4(2.0%) 6(1.2%) 7(0.8%)

FUIJIFILM DR CALNEO 70/3.2 5.63 2523 49.09  y=26.7748x+2747.8897 0.9883
(ML) 3.1 2.8 4(2.0%) 6(1.2%) 7(0.8%)

FUJIFLLM DR CALNEO 60/3.2 5.56 2474 49.16  y=0.4259x+3439.5103 0.9896
(ZWIR) 2.8 2.8 4(2.0%) 6(1.2%) 7(0.8%)

FUJIFLLM DR CALNEO 60/3.2 5.87 2487 4922 y=0.2075x+3669.5999 0.9841
(ML) 3.1 3.1 4(2.0%) 6(1.2%) 7(0.8%)

FUJIFLLM DR CALNEO 70/10 6.07 1321 5085  y=2.3252x+3625.7 0.9966
(ZHR) 3.1 3.1 1(5.6%) 2(4.0%) 6(1.2%)

FUJIFLLM DR CALNEO 70/10 6.07 13.21 50.85  y=1.6705x+2335.8 0.9907
(M 5e) 3.1 3.1 1(5.6%) 3(2.8%) 5(1.6%)

Discovery XR656 60/3.2 1005 50.11 10060  y=292.62x—187.07 0.9923
(ZHR) 2.2 22 3(2.8%) 7(0.8%) 7(0.8%)

Discovery XR656 60/3.2 10.05  50.11  100.60  y=283.78x—177.69 0.9923
(M 4e) 22 22 6(1.2%) 7(0.8%) 7(0.8%)

Definium 6000 60/3 0.99 5.04 10.07  y=245.87x+6.0058 0.9998
(iZWR) 2.5 2.5 5(1.6%) 6(12%) 7(0.8%)

Definium 6000 60/3 0.99 5.04 1007 y=223.42x-12.242 0.9999
(M 4e) 2.5 2.5 5(1.6%) 6(1.2%) 6(1.2%)

Ysio Max (iZHK) 69.8/0.6 — 6.23 1048 y=1.3946x-37.484x+3023.9  0.9843
3.1 3.1 —  2(4.0%) 3(2.8%)

Ysio Max (JigFr34) 69.8/0.6 — 5.85 11.31 y=3203.1¢ *** 0.9928
3.1 3.1 —  2(4.0%) 4(2.0%)

VX 3733-SYS 100/1 0.93 4.84 1033 y=31.3035x+1742.2107 0.9817
(ZWIR) 34 34 —  3(2.8%) 4(2.0%)

VX 3733-SYS 100/1 0.93 4.84 1033 y=33.9846x+1721.9055 0.9822
(M%) 3.7 3.4 —  3(2.8%) 4(2.0%)

4 771000MD 60/3.2 11.96 6233 1236  »=73.386x—28.374 0.9992
(iZWR) 3.1 3.1 3(2.8%) 4(2.0%) 5(1.6%)

477 1000MD 60/3.2 5.03 2558 5114 y=130.65x+90.574 0.9999
(MR 42) 3.1 3.1 1(5.6%) 4(2.0%) 5(1.6%)

Digital Diagnost Power 60/3.1 5.68 1197 5002  y=2598.5Inx+14366 0.9999
34 34 4(2.0%) 5(1.6%) 5(1.6%)

SONTU100-RAD-II 70/1.6 1023 4749 9295  »=23.81x-33218 0.9813
3.1 3.1 7(0.8%) 7(0.8%) 7(0.8%)

477 1000MCH 60/3.2 935 4711 93.09  y=159.05x+136.50 0.9993
2.6 22 2(4.0%) 6(1.2%) 7(0.8%)

H50-RA 48/16 1037 4288 9410  y=142.12x+96.56 0.9922
34 34 3(2.8%) 5(1.6%) 6(1.2%)

FDR GO f-g 60/3.2 5.53 2850 4564  y=0.6136x+3692.2431 0.9829

3.1 3.1 3(2.8%) 4(2.0%) 5(1.6%)
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Table 4 Test results of partial special test items of 19 medical digital radiography equipments
R A& R (K V) B A (mAs) ] RN S R Sh B (uGy) ] {5 ek
L (f2r 231 e 230 e Yooz

Optima XR220amx 60/3.2 11.30 45.88 92.88  y=354.11x+17.76 0.9895
25 2.5 4(2.0%) 5(1.6%) 5(1.6%)

MUX-100DJ 40/20 2.96 16.08 3015 »=5958.2240x+18.9556 0.9999
3.1 3.1 5.60%  3(2.8%) 4(2.0%)

DRXR-1 100/1 1.09 4.95 9.66 y=31.9723x+1759.0326 0.9828
34 34 — 2(4.0%)  4(2.0%)

HM-200 60/3 13.96 4829 96.78  y=1009.6lnx+ 302.98 0.9881
2.5 2.5 2(4.0%)  4(2.0%) 6(1.2%)

6000 A 60/3.2 14.20 79.20 162 1=137.86x+122.81 0.9996
3.1 3.1 1(5.6%) 4(2.0%) 5(1.6%)

MUX-200D 60/2 5.04 10.25 20.86  y=1.9844x+86.126 0.992
3.1 3.1 2(4.0%) 3(2.8%) 3(2.8%)
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