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[ Abstract] Objective To investigated the dose of eye lens of some interventional-radiology

workers in three hospitals in Chongqing, as well as to analyze the related factors and to put forward the
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countermeasures to reduce the equivalent dose. Methods A total of 99 interventional radiology
workers (92 males and 7 females; aged 20-40(30.0+£6.2) years) from three hospitals (two general
hospitals and one cancer hospital) in Chongqing were included. They were monitored by
thermoluminescence dosimetry for one month, and the annual equivalent dose of eye lens was
estimated according to the number of surgeries. Wilcoxon rank sum test was used to compare the
difference in lens equivalent dose between the left and right eyes of interventional radiology workers.
Multiple linear regression was used to analyze the factors influencing lens equivalent dose in the left
and right eyes of interventional-radiology workers. Kruskal-Wallis H test was used to analyze the
difference in the overall distribution of lens equivalent dose of the left or right eyes of interventional-
radiology workers in three hospitals with different operation types. Bonferroni method was used to
For the
99 interventional radiologists in the three hospitals, the median estimated annual equivalent dose was
5.38(2.46, 13.10) mSyv for the left eyes and 3.54(1.55, 8.48) mSv for the right eyes. The estimated

annual equivalent dose of the lens in the left and right eyes of two radiation workers were 42.72 mSv

compare the lens equivalent dose of left or right eyes with different operation types. Results

and 48.00 mSv respectively, which were close to the International Commission on Radiological
Protection's single annual dose limit of 50 mSv. They did not exceed the annual equivalent dose limit
of 150 mSv for eye lens in China. A significant difference existed in the equivalent dose of lens in the
left and right eyes of interventional-radiology workers in three hospitals (Z=-5.599, P<0.001). Among
the influencing factors, gender, smoking habit, operation exposure time, and instrument output dose
had no significant effect on the equivalent dose of left and right eyes (f=—2.007-7.694; all P>0.05). A
significant difference existed in the equivalent dose of lens in the left eye between the lower extremity
venography and coronary angiography or other operations (H=24.115, 39.569; both P<0.05). A
significant difference existed in the equivalent dose of lens in the right eye between lower extremity
venography and hepatic artery chemoembolization or other operations (H=23.719, 39.347; both
P<0.05). Conclusions

workers in three hospitals in Chongqing did not exceed the existing national standard. Attention should

The estimated annual equivalent dose of some interventional-radiology

be paid to the shift arrangement, protective measures, and health monitoring of medical workers in
lower extremity venography operation.
[ Key words ] Radiology, interventional; Lens, crystalline; Equivalent dose; Radiation workers
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1 2020 FHIK 3 FEB AU TAEN AR SR IE
AGSAR 24 R R (9 4 A 15 5 (n=99)
Table 1 Distribution of estimated annual equivalent dose of
eye lens of interventional radiology staff of three hospitals in
Chonggqing in 2020 (n=99)

AR 2555 (mSv) Vil N EACH) R[4 (%)]
0~10 66(66.67) 81(81.82)
10~20 21(21.21) 13(13.13)
20~30 8(8.08) 2(2.02)
30~40 2(2.02) 2(2.02)
40~50 2(2.02) 1(1.01)

15, FORBRIEmE] | SR XA L AR AR
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2.3 AN[E TR AL XS MR IR AR 2 o 5 5 R e Y
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Table 2 Left eye lens and right eye lens equivalent dose of interventional radiology workers of three hospitals in Chongging in 2020

I B WA B (4) LMR[M(O,, 03), mSv] FHIRM(Q,, 03), mSv] ZfH Pl
A 34 0.22(0.11, 0.36) 0.14(0.07, 0.23) —-4.236 <0.001
B 49 0.95(0.43, 1.69) 0.63(0.29, 1.03) -3.545 <0.001
C 16 0.24(0.12, 0.86) 0.19(0.11, 0.34) -2.551 0.011

it 99 0.45(0.21, 1.09) 0.30(0.13, 0.71) -5.599 <0.001

|3 2020 4FIKTT 3 HKEEBEN AR E TAE AR ZE . A7 AR AR R 52 M PR 2R ) 22 T2 P MU 0 4528 (n=99)

Table 3 Multiple linear regression analysis of influencing factors of equivalent dose in left and right eyes lens of interventional radiology staff

of three hospitals in Chongqing in 2020 ( #=99 )

ZEHR SRR Y

A HR AR AR 22 1 5

SRS . - "
PlH PfH i EY BIE Pl T EMWIK 75

el 0.176 0.461 1.022 —0.140 0.478 1.022
W2 > 5% -0.038 0.878 1.126 0.004 0.983 1.126
FAR BRG] -2.007 0.833 3.594 2.207 0.778 3.594
A2 A 1.507 0.082 3.663 7.694 0.279 3.663

3r 3r
> >
wn [72]
E 2 £ 2!

a

g e
i a i
st br a1
fosa = a
IE o} EE 0 i
= e
H &

TR AEShIKAL SRS LA TA
EHA  STRER MEEER (n=12)

(n=18) (n=25) (n=44)
Bl 1 2020 4FFEKTT 3 KEEBE 4 K AMUATAR TAEA R
ZEMR SR A R A O R8T T R I AR
g, ERWAGI#E L (H=24.115, 39.569, P=0.016,
0.001)
Figure 1 Distribution of left eye lens equivalent dose of
radiation workers in four types of interventional surgery of three

hospitals in Chongqing in 2020
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Figure 2 Distribution of right eye lens equivalent dose of
radiation workers in four types of interventional surgery of three
hospitals in Chongqing in 2020



150 [E bR B2 A 2 ek 2022 4F 3 H45 46 %45 3 5] Int J Radiat Med Nucl Med, March 2022, Vol.46, No.3

RN, TGRS SR 5 R g bk i A i 5
AR HABFARZER SR 0 1 25 R I A St
o L(H P<0.05), B EERIKE SR 5 B ke
JPRRZEAR | HABTARATHR S RAR S 50 0 22 57 44
A Gt (¥ P<0.05),

3 g

ABEFEH 3 ZKEERE 99 #45 AT TAEA R
AZe . ARG BRI B A 2R, Fl—TARE
A AR B2 7 O HE AR ANAE , AR S IR B B AR A
AR, PR A AT A AR N 5 TR — ol 3 %
7e . HAIRATRIRIREAR ], SRS IR AR AR
f SRR A B 225 . TEN AT AR
FErf, UM IREE R ZEHR BT, SR M DN R S R
O R ER RSP DU AEBEA T AT R
INF, REISRAA AJBOR 27 TAE N 5L ZE MR bR AR 2
R, B A rE, TR R R
BETHRME A o AT P A SR 2 7R P A
i E A ERRRAE, (i TERETFARELEAL,
[l — R FAR ] — A B3P N A 2 L HEAEAN R Y
FAREIFRAATFAR, FAEDHIFARET AR ZIR
ICSRBRIIROL, PR B S PR TAR A (5 52
MR ] BE 2 T I e

ENGLBINE 358 S IR i Np i & NN BN 5/
LA —2, FEERFIEA A 2ZER . 3K
e ) AR [ | S5 5 R S R T A A
FASCHE, EASCHIEAR, SEFARLRER, F
ARBEEI I AT 22 AR 5 52
AR B 22, SRR i I A 24 500 52 TR B O I
] ARG R PP . X ST N R Rt
I, DX T S SR T A BT HOIMEA
HEPEAN A AR TAE N RSP TAR & 52 IR
IIPSEAS

IR R DR AR 04T 21 R e 0 [ P B — A 2
FRAEL(50 mSv) B9 S ATEUR 2 T AN B30 T RSN
MIAEE P AT BRARE EEAR R BEADL, BEP A B
TE T AR ZF A AR Y, AR EE R
FCA A ETIR A IR . A RFRE SRR, B E bR
i i) FRAEO T A ATRTT TARRI AR N SR
KR, BN B AT TR A I B] 22 55 T X
2, RPN, RSy 2 R R AE
T T A HR 28 %o L AR AR 8 22 U IR A A AT

SPoE TAE N GY AT AR MR I, & B4 HEHE AR,
s AR P i A BN NP A AR
HEFENZFAGITAE, XUARTAS
PRSI RT HR AfbR AR 24 858 50 B O S AT 25 5

OB TAE b s 24, #ah=XA B34 |
BYWE . AR AT RREAE BIAR FH it nT LBHA R 2y
X Sk, (B A TAE S Z AR, AR5
HIRATIE B, MRS ALY BE PN G B 1 B (i
HATIRGE, MRRIRAE AR A UG AL, R
AR AT RES AR SRR AL, BT LA A
o, GHZHARTARHPIIN, #aEP A
RUARRRIE, IS AR A, S R A R
A IR PRI, AT R AR SR i, AR
JERE . F3Ak, EAUETRBERHE S R AR
A, ARSI C B AT, (AT N
JRCH T AR B4 N B B4 et ) 0 1S D0 24T 7 A%
FIRFEEA B -5 I, DGR HR Y 50 A IR 3
FEI A o 0 7 i v 4 B R 244 8 51 A g ) 9
NG, RIS A SR, 18 > TAR R
S, b, FATEMTTE R LB, W TG
(AR PR AT T OO, REAE T AR
W e IR AR AR B I R 50k o AR S i
WA RBERA L, HE R R T MR
vF, B A HERR PR F PR 5 2 — P IR

FIEEMST  TATEE A AR R
EERBAR KERNTHEXHIRE ; REZNTHRINIITIRLE
AHERFNT T 5 TRBEATTATTE RS0 BRI FSTEIRE T
SRS T R AT T A BT

z % x #

(1] XAy, T4 5. A A TAE A SRR AL & 430 (1]
=] 48 5t T2, 2020, 29(3): 218—220. DOT: 10.13491/j.issn.1004-
714X.2020.03.004.

Liu YQ, Yu XR. Investigation and analysis of health status of
interventional radiology workers[J]. Chin J Radiol Health, 2020,
29(3): 218—220. DOI: 10.13491/j.issn.1004-714X.2020.03.004.

[2] Uwineza A, Kalligeraki AA, Hamada N, et al. Cataractogenic
load-a concept to study the contribution of ionizing radiation to
accelerated aging in the eye lens[J]. Mutat Res Rev Mutat Res,
2019, 779: 68—81. DOI: 10.1016/j.mrrev.2019.02.004.

[3] Kato M, Chida K, Ishida T, et al. Occupational radiation
exposure of the eye in neurovascular interventional physician
[J]. Radiat Prot Dosimetry, 2019, 185(2): 151-156. DOL: 10.
1093/rpd/ncy285.


http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.03.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1016/j.mrrev.2019.02.004
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285
http://dx.doi.org/10.1093/rpd/ncy285

P Bl S I 2 o 2R

2022 4F- 3 H 5 46 B 3 )

Int J Radiat Med Nucl Med, March 2022, Vol.46, No.3 151

[4]

[5]

[6]

[71]

[8]

[91]

[10]

[11]

Udroiu I, Sgura A, Chendi A, et al. DNA damage in lens
epithelial cells exposed to occupationally-relevant X-ray doses
and role in cataract formation[J/OL]. Sci Rep, 2020, 10(1):
21693[2021-11-02]. https://www.nature.com/articles/s41598-
020-7838-3-2. DOI: 10.1038/s41598-020-78383-2.

BT, LT, IV IR B R BUR AR AR i AL
Feigifle Sy T SR 1) b AR ST T4, 2022, 31(1): 124
128. DOI: 10.13491/1.issn.1004-714X.2022.01.022.

Gao Y, Su YP, Sun QF. A research review of mechanism and
genetic susceptibility of lens opacity induced by low-dose
ionizing radiation[J]. Chin J Radiol Health, 2022,31(1): 124—-128.
DOI: 10.13491/j.issn.1004-714X.2022.01.022.

International Commission on Radiological Protection. ICRP
Publication 118: ICRP statement on tissue reactions, early and
late effects of radiation in normal tissues and organs-threshold
doses for tissue reactions in a radiation protection context[J].
Ann ICRP, 2012, 41(1/2): 1-304. DOI: 10.1016/j.icrp.2012.02.
001.

Vano E, Kleiman NJ, Duran A, et al. Radiation cataract risk in
interventional cardiology personnel[J]. Radiat Res, 2010,
174(4): 490—-495. DOI: 10.1667/RR2207.1.

rhe N RN [ 5 o W AL B K 95 B3JR). GB 188712002
P BRI B 7 S R R IR A AN AR [S]. bt AR
JiAL, 2004,

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China. GB 18871-2002
Basic standards for protection against ionizing radiation and for
the safety of radiation sources[S]. Beijing: Standards Press of
China, 2004.

TR A AT RS Z MG RYATSY [D]. KA HMOR,
2021. DOIL: 10.27162/d.cnki.gjlin.2021.007042.

Li C. The study for the exposure dose of surgeon in
interventional diagnosis and treatment[D]. Changchun: Jilin
University, 2021. DOI: 10.27162/d.cnki.gjlin.2021.007042.
THIRK, FROC, BB, A MRAA L SRR AR S 2
P il S 3 WA SR 000, b [ R AR AR, 2021, 30(1): 1-4, 9.
DOI: 10.13491/j.issn.1004-714X.2021.01.001.

Ding YQ, Guo W, Hu AY, et al. Experimental research on
partial dosimetric performance for eye lens dosimeter and ring
dosimeter[J]. Chin J Radiol Health, 2021, 30(1): 1-4, 9. DOIL:
10.13491/j.i3sn.1004-714X.2021.01.001.

HEAEAE SRR, 2R, 45, "F-FDG AR 53407 U T HREA
737 RS EL R D). v R A AR, 2020, 29(5): 543—-546.
DOI: 10.13491/j.issn.1004-714X.2020.05.024.

[12]

[13]

[14]

[15]

[16]

[17]

Huang DH, Hu QM, Li CZ, et al. Comparison of extremity dose
for different dispensing methods of fluorine-18-fluorod-
eoxyglucose[J]. Chin J Radiol Health, 2020, 29(5): 543-546.
DOI: 10.13491/j.issn.1004-714X.2020.05.024.
Saeed MK. Assessment of the annual eye lens dose for
cardiologists during interventional procedures using anthro-
pomorphic phantoms and mEyeDose X tool[J]. Cardiovasc
Revasc Med, 2020, 21(4): 527-531. DOI: 10.1016/j.carrev.2019.
12.024.
A, JEIEAR, BB, SF. A AT ARAIPOIL G R SR AR 2
FRV I B 5 vk KGR KIS [T] . v AR R 2 5 B i 2R s,
2016, 36(4): 303—307. DOI: 10.3760/cma.j.issn.0254-5098.2016.
04.015.
Li WY, Fan YH, Huang Z, et al. The measurements of eye lens
dose for occupational staff in interventional procedures[J]. Chin
J Radiol Med Prot, 2016, 36(4): 303—307. DOI: 10.3760/cma.j.
issn.0254-5098.2016.04.015.
RFIF, Ik, TEIR, 4. DL A2y IR M U
PP RRE2 T 58 1 437 (0. =2 S il , 2020, 36(8): 792
794. DOLI: 10.7629/yxdwfz202008021.
Jiang XF, Qiao YL, Pang LJ, et al. Case analysis of occupational
radiation cataract of an interventional cardiologist[J]. J Med
Pest Control, 2020, 36(8): 792—794. DOI: 10.7629/yxdwfz
202008021.
Carinou E. IAEA tec doc-1731 'implications for occupational
radiation protection of the new dose limit for the lens of the
eye'[J]. Radiat Prot Dosimetry, 2016, 171(4): 554-556. DOI:
10.1093/rpd/ncw253.
XA, Eih, JEHES, 55, 2015 IR B FIUN TAE A S0
HMRAIAS AR KT 5481 1] vh E RS BAE, 2017, 26(4):
398-400. DOI: 10.3969/j.issn.1004-714X.2017.04.004.
Deng J, Wang T, Fan SN, et al. Results and analysis on
individual dose level of occupational external exposure to
radiation for medical radiation workers in China in 2015[J].
Chin J Radiol Health, 2017, 26(4): 398—400. DOI: 10.3969/].
issn.1004-714X.2017.04.004.
FEEAG, RNETE, BRE ML, S5 FEBEBEO R AR Z IR
W 347 (0] v [ 4R 4T T AR, 2020, 29(5): 484-488, 492. DOL:
10.13491/j.issn.1004-714X.2020.05.010.
Tang MJ, Wu YY, Chen ZF, et al. The monitoring and analysis
of occupational radiation doses in interventional radiology in a
hospital [J]. Chin J Radiol Health, 2020, 29(5): 484—488, 492.
DOL: 10.13491/j.issn.1004-714X.2020.05.010.

(Wi FIB: 2021-11-03 )


https://www.nature.com/articles/s41598-020-78383-2
https://www.nature.com/articles/s41598-020-78383-2
http://dx.doi.org/10.1038/s41598-020-78383-2
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
https://www.nature.com/articles/s41598-020-78383-2
https://www.nature.com/articles/s41598-020-78383-2
http://dx.doi.org/10.1038/s41598-020-78383-2
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
https://www.nature.com/articles/s41598-020-78383-2
https://www.nature.com/articles/s41598-020-78383-2
http://dx.doi.org/10.1038/s41598-020-78383-2
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
https://www.nature.com/articles/s41598-020-78383-2
https://www.nature.com/articles/s41598-020-78383-2
http://dx.doi.org/10.1038/s41598-020-78383-2
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
https://www.nature.com/articles/s41598-020-78383-2
https://www.nature.com/articles/s41598-020-78383-2
http://dx.doi.org/10.1038/s41598-020-78383-2
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
https://www.nature.com/articles/s41598-020-78383-2
https://www.nature.com/articles/s41598-020-78383-2
http://dx.doi.org/10.1038/s41598-020-78383-2
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.13491/j.issn.1004-714X.2022.01.022
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1016/j.icrp.2012.02.001
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.1667/RR2207.1
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.27162/d.cnki.gjlin.2021.007042
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2021.01.001
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.1016/j.carrev.2019.12.024
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.3760/cma.j.issn.0254-5098.2016.04.015
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.7629/yxdwfz202008021
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.1093/rpd/ncw253
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.3969/j.issn.1004-714X.2017.04.004
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010
http://dx.doi.org/10.13491/j.issn.1004-714X.2020.05.010

	1 资料与方法
	1.1 研究对象
	1.2 监测方法
	1.2.1 热释光剂量计的准备
	1.2.2 测量方法

	1.3 质量控制
	1.4 统计学方法

	2 结果
	2.1 眼晶状体当量剂量的监测结果
	2.2 不同因素对眼晶状体当量剂量的影响
	2.3 不同手术类型对眼晶状体当量剂量影响的比较

	3 讨论

