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Investigation of Surgeon Exposure Dose Using a low energy X-ray removal filter in Surgical
X-Ray Imaging System
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[Abstract]

In this study, we investigated the effect of a retrofitted low energy X-ray removal filter on patient and surgeon radiation
doses in a surgical X-Ray imaging system used in minimally invasive spine surgery for the treatment of spinal diseases.
Fluoroscopy was performed with and without a low energy X-ray removal filter (8 mm and 11 mm), and the operator
and patient surface doses were measured at heights of 1500 mm, 1300 mm, and 500 mm from the floor. The use of a low
energy X-ray removal filter reduced the patient surface dose by up to 40%, while the surgeon’s dose decreased by 12.4%
on the tube side and increased by 91.6% on the detector side. The estimated annual surgeon’s dose with the increased
dose was within the occupational dose limit.
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Fig.1 Geometric placement of a surgical X-Ray

imaging systems and phantom and
dosimeter
(a) Frontal fluoroscopy (b) Lateral fluoroscopy

b 2D S IXIEW 150 mm, flHi200mméE L, 77
YA E X B X O L OMilER 2 7
400 mmize s & 9 cFEE L 7 (Fig.1).
XMEBEM BRI - EEBILC Auto®— N2
e L, METRFRICREIL T, 20214E1H1H» 6
2022412 A 31 H % T2 AR XM 2 1 2 15
LT, MBeTHNS A HHERTT el 13961 57 Hk
R b THERYG 72 Y ORI O 2 L, &
L7 (Table 1). Auto®— FOEHSME, BH
OJ5I LR 7 4 v 2 8 mm (MJP 95-1, A7 4

#) FRELI. EROBEORELEEL, 77V ANA TR AR B & OBBRERE 7 4 v 2 11 mm
Table 1 Exposure conditions
Frontal
Without Filter Filter 8 mm Filter 11 mm
Tube voltage (kV) 80 85 87
Tube current (mA) 2.97 3.46 3.70
Exposure time (sec) 73 73 73
Lateral
Without Filter Filter 8 mm Filter 11 mm
Tube voltage (kV) 92 99 103
Tube current (mA) 4.09 4.43 4.63
Exposure time (sec) 293 293 293
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Fig.2 Location of the surgeon in dosimetry
(a) Frontal fluoroscopy (b) Lateral fluoroscopy
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281-A).
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Fig.3 Measurement points of real-time dosimeter

(a) 1500 mm high point for the neck  (b) 1300 mm

high point for the chest (inside the protective apron

(c) a point 1300 mm high for the chest (outside of the
protective apron) (d) a point 500 mm high for the knees
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ATAT- 1.
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FENTIXHFEEHENT > 7 b (JMP Pro 16, SAS Institute,
Cary, NC, USA) #Hw 7. Bonferroni#i® v
FeL MILBHME & - TIREMI AN D S 2 & 2R
LIctk, 2 Z2ho 28R 30 T Wilcoxon ME %
TV, BREHIRAT OJEHNTIL 5% & L 72,
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2-1 BERERE

BEROTODEN L 5, WibrEE 7 4 v 2 KAlH
f L AR BF KR E 2 Table 2(R7. e
HAXSHEDEIM E Lrc. bR 7 4 v & K fi
FlE LR 2 T 2 L, £ TOBEHOHINTHE
SENID 6 I (p<0.05). 7 4 /v & FHFHRE b ek L

T, 74v28mm, 11 mm TIZETOBEHDFIC
FOTHBERIHEEL Loz, 74 v & 11 mm
VTR 40% K% L 12,

2-2 MERIIIRE
BROBMOENZ X 5, FERIE 7 1 v 2 RAGH]
e LD MBI e 2R d (Fig.4, 5, 6).
Fig.d. 5, 6D (a), (b), (o), (d) &, Zzhzh
Fig.3?d (a), (b), (o), (d) sl T, IEM
BT, BE 1500 mm, 1300 mm (Fii#x 7 m >~
ST, 500 mmizFCT 7 4 v Z ORI & Y AiFE
L REAHIIL, 1300 mm (Bii= 7" v v 4Hl)
2BV T 7 4 v & 11T mm AR K 65200300 L
1o (Fig.4). MEEHO XHEM T, %3 1300 mm

Table 2 Comparison of patient surface dose with and without filter

Without Filter (mGy)

Filter 8 mm (mGy)

Filter 11 mm (mGy) p-value

20.8£0.1
219.0t25
221823

Anterior-posterior
Lateral (X-ray tube)
Lateral (Imageintensifier)

13.9+0.3
145.9+£1.9
146.8 £0.8

12.5+0.1 <0.05
132.1£1.9 <0.05
135.4+£0.2 <0.05

Value are Mean + SD, SD: standard deviation.
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Fig.4 Comparison of Operator Exposure Doses in Front Fluoroscopy

(a) 1500 mm high point for the neck (b) 1300 mm high point for the chest (inside the protective apron)
(c) a point 1300 mm high for the chest (outside of the protective apron) (d) a point 500 mm high for the knees
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Fig.5 Comparison of Operator Exposure Doses in Lateral Fluoroscopy (X-ray tube side)
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Fig.6 Comparison of Operator Exposure Doses in Lateral Fluoroscopy (detector side)

2

iti & 33 (1185)

06



$ ﬂﬁ' Arts and Sciences

(BhiEz 72 D, 500 mmizF©T7 4 v X Ol
FC X OB BL S BESHEML, 1300 mm (B
7 WD 2B T 7 4 v 2 11 mm R 5%
KO.S%HIML 72 (Fig.5). MBI OMHEI T,
LTOMEEIZ I T 7 4 v ZOMAIC L Y g
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