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Study of methods to reduce X-ray exposure dose during
infant hip joint examinations

TOMISATO Kenichi, INUMA Kazuhiro and MARUYAMA Tomoyuki
Abstract

The purpose of this study is to reduce the exposure dose as low as possible during examinations of infant hip joints that
employ computed radiography, while maintaining the required level of image quality. The effects of reduced exposures were
examined by changing X-ray exposure conditions and image processing parameters configured by radiological technologists
in a clinical laboratory setting. As a result, the standard surface dose of 187 UGy used at our hospital (the guideline set by the
Japan Association of Radiological Technologists is 200 LGy) was reduced significantly to 9 uGy, representing a reduction to
1/20th of the total by improving exposure conditions and image processing. Flexible noise control (FNC), a non-linear filter,
contributed the most to this reduction in dose out image processing parameters. Visual assessments of images indicated a
level of quality that was adequate for examining infant hip joints. This proposed technique is anticipated to be able to achieve
a similar reduction in exposure dose for examining other body parts and patient types by clarifying the conditions required
for image quality.

Keywords : infant hip joint, low-dose X-ray, noise reduction, flexible noise control (FNC), computed rediograpy (CR)
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Table 1. X-ray exposure conditions and the image processing parameters configured by the radiological technologist.
The standard values and parameters that are conventionally used in our hospital (image processing parameters:
recommended by the manufacturer) and those that were configured for this study are shown in the two right side

columns.
Parameters Conventional This study
X-ray tube voltage 60kV 60kV
X-ray tube current 500 mA 125 mA
Exposure time 8 ms 4 ms
Source image receptor distance 100 cm 150 cm
Exposure Tube current time product (mAs) 4 mAs 0.5mAs
conditions  Focal spot size 0.8 mm 0.3 mm
. Reading method Single side Dual side
Imaging plate ) ) ] ]
Pixel size 100 um (1pixel) 100 um (4pixels)
) . Interspace material Al CF
Anti-scatter grid . .
Grid ratio 3:1 3:1
Sensitivity (S) Auto Auto
Latitude (L) Auto Auto
) . Gradation type (GT) D G
Gradation processing .
Rotation center (GC) 0.6 0.8
Rotation amount (GA) 1.3 0.7
Image Gradation shift (GS) 0.05 0.3
processing o Multi-frequency balance type (MRB) C C
Multi-objective . .
parameters . Multi-frequency enhancing type (MRT) R P
frequency processing ’
Degree of multi-frequency enhancement (MRE) 0.4 5
Filter control type of FNC (FFC) - A
Flexible Balance type of FNC (FNB) - A
noise control Type of FNC (FNT) - A
Enhancement of FNC (FNE) - 1.0
Surface dose™ 187 uGy 9 uGy

) The guideline of the Japan Association of Radiological Technologists : 200 uGy
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Fig. 1. Comparison of characteristics for focusing
anti-scatter grid in which interspace material
is made of aluminum (Al) or carbon fiber (CF).
(a) Contrast improvement factor.

(b) Bucky factor.
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Fig. 2. Comparison of gradation characteristic curves for

parameters conventionally used in our hospital
(1) (GA=1.3, GC=0.6) and parameters selected
in this study (2) (GA=0.7, GC=0.8). Curve (3) is
the wide latitude standard gradation curve. Curve
(1) is given by rotating curve (3) anti-clockwise
at the center of GC=0.6. To enhance the low
dose region, curve (2) is given by rotating curve
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the average density of an infant hip joint. This
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Fig. 4. X-ray surface dose (D) dependence of standard

deviation (SD) for without FNC and with FNC.
The horizontal axis is represented by the inverse
of the square root of D. Poisson distribution is
expressed as the positive slope straight-line.
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(a) Line image response.

(b) Frequency response.
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Fig. 6. Comparison of profile curves of wrist phantom
images for 187 uGy surface dose without FNC
and 9 uGy with FNC.

(a) Wrist phantom image and the line to obtain the
density profile curve.

(b) Density profile curve. The curve without FNC
is drawn lower than the original position by a
digital value of 250 to prevent the two curves
from overlapping.
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Comparison of wrist phantom images.
(a) Surface dose D=187 uGy without FNC.
(b) Surface dose D=9 uGy with FNC (AAA1.0).
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Fig. 8. Comparison of clinical images of infant hip

joints.

(a) Lateral image of infant hip joint. D=187 uGy
without FNC.

(b) Frontal image of infant hip joint. D=23 uGy

with FNC (AAA1.0).

Table 2. Result of visual assessments of wrist phantom images [Fig.7 (a) and (b)] and infant hip joint clinical images [Fig.8

(a) and (b)].
Evaluation scores by 10 observers (a ~ j) Test(1) Test(2)
Wrist phantom a b ¢ d e f g h i j Ave P o T
Bone Conventional 4 4 4 4 4 4 4 4 4 4 4 0 0.500
histomorphometry This study 4 3 4 4 3 4 4 4 4 4 38 ' 3 6.000
Form (shape of Conventional 4 4 4 4 4 4 4 4 4 4 4
s . 0 0.031
wrist joint ) This study 3 4 4 4 3 3 3 4 3 3 34 3 2.449
i 4 4 4 4 3 4 4 4 4 4 39
Trabecula Conventional 0 0002
This study 2 1 1 1 2 2 2 2 1 2 16 2 —2.449
Infant hip joint
Bone Conventional 4 4 4 4 4 4 4 4 4 4 4 0 1.000
histomorphometry This study 4 4 4 4 4 4 4 4 4 4 4 ' 3 6.325
Form (shape of hip ~ Conventional 4 4 4 4 4 4 4 4 4 4 4
.. . . . 0 1.000
joint, dislocation, etc.,) This study 4 4 4 4 4 4 4 4 4 4 4 3 6.325
i 4 4 4 4 4 4 4 4 4 4 4
Trabecula Conventional 0 0.008
This study 3 4 3 2 4 3 3 3 3 3 31 3 0.557

Completely no problem : 4, Practically no problem : 3, A little bit problem: 2, Not acceptable: 1
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