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Signal-to-noise ratio improvements using anti-scatter grids with different object
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Abstract

Purpose: The anti-scatter grid is a useful tool for improving image quality of general
radiography to reduce influence of the scatter radiation. However, the appropriate object
thickness to start using anti-scatter grids (grids) has not sufficiently investigated in
previous studies, and thus we rigorously investigated the effectiveness of two generally
used grids with grid ratios of 6 and 10 (G6 and G10) for different 50200 mm thicknesses
at tube voltages of 60—100 kV.

Methods: Acrylic phantoms with 30 x 30 cm? and different thicknesses were used to
measure the signal-to-noise ratio improvement factors (SIFs) of grids. To evaluate the
infants’ conditions, field sizes of 225, 400, and 625 cm? were also evaluated at 60—80 kV.
In addition, the signal difference-to-noise ratio (SDNR) was used to evaluate tube voltage
dependencies of grids for each thickness.

Results: SIF values exceeded 1.0 for >70 mm thicknesses and mostly exceeded 1.07 for
the 100 mm thickness with 400 cm? field size corresponding to a 1-year-old infant
abdomen. The estimated dose reduction capabilities for a 1-year-old infant were
approximately 15% using G10 at 70 and 80 kV. The tube voltage dependencies for grid

use was almost not prominent for all conditions tested, except for some conditions that



are not clinically realistic.

Conclusions: G6 and G10 can improve SNR for >100mm thickness. The results from

this work demonstrate approximately 15% dose reduction or image quality improvements

at the same dose level for the use of G6 and G10 grids for 100mm thickness, traditionally

excluded from the recommended grid use conditions.
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Chapter 1

Introduction

In general radiography, a beam of x-rays is produced by a combination of x-ray
generator and x-ray tube is projected toward the object. When a patient is irradiated with
the x-rays, incident x-rays are attenuated by removing x-ray photons due to absorption
and scattering caused by different interactions with the tissue. In the digital radiography
(DR) formed with attenuated x-rays, the diagnostic performance is known to be decreased
by the scatter radiation that significantly reduces object contrast. Thus, to improve the
contrast degradation by the scatter radiation, anti-scatter grids (hereinafter, referred to as
the “grid”) are generally used.

The scatter fraction (SF) has been known to increase with subject’s thickness and
irradiated field size. Thus, in a clinical examination, the necessity of grid is determined
predominantly by the subject’s thickness; generally, it is not used for extremities such as
the hand and knee and pediatrics with small body sizes. According to several guidelines
including pediatric-related ones and a review article, the grid should not be used for body

parts with <100-120 mm thicknesses [1-4]. Results from previous studies were used as



references for the statements in the guidelines and review.

Dick et al. and Kalender et al. reported various scatter fraction data for different

subject thicknesses, and the results were referred as one of the statements that subject

contrast is markedly degraded when the body part is at least 100—120 mm [5, 6]. This

condition is directly relevant to screen-film systems in which the image contrast cannot

be manipulated without changing the film gamma. Conversely, since the DR system

changes the image contrast characteristics by data manipulation in its image processing

stage (e.g., use of look-up table), the signal-to-noise ratio (SNR) becomes an effective

index for assessing the image quality; thus, the SNR improvement factor (SIF) has been

used to evaluate grid performances. Chen et al. investigated SIFs for 50 and 170 mm

thicknesses at 70 kV; grids tested were not effective for the 50 mm thickness [7]. Fetterly

et al. provided SIF (K SNR in the paper) results for 100 to 500 mm thicknesses at 104

kV; SIF was improved by grids even from the 100 mm thickness [8]. SIF results for 200

mm thickness at 50, 70, and 100 kV were reported by Sandborg et al, showing that all

types of grids used improved the SIF, while the SIF value varied depending on the cover

and inter-space materials [9]. Thus, to our knowledge, detailed threshold thicknesses

where the grid becomes recommendable for different tube voltages are yet unclear. If

these are demonstrated through quantitative measurements, the information would



contribute to proper grid selection for infants and subjects with low thicknesses. Moreover,

the effect of tube voltage on image quality under a grid use, which cannot be evaluated

by SIF, has not been sufficiently evaluated to date.

This study aimed to measure SIFs for 50, 70, 100, 150, and 200 mm thicknesses

with generally used grids, at 60, 70, 80, 90, and 100 kV, and to verify the threshold

thickness to select the use of grids. In addition, the signal difference-to-noise ratio

(SDNR), an image quality measure for DR system in the presence of a contrast object,

was measured to assess tube voltage dependencies of the image quality with the grid for

each thickness.



Chapter 2

Materials and methods

2.1. Anti-scatter grids and imaging system

We used two grids with grid ratios of 6:1 (G6) and 10:1 (G10), manufactured by
Mitaya Co. (Tokyo, Japan). Both have a grid density of 40 lines/cm, an aluminum inter-
spacer, and a focal distance of 1250 mm. The DR detector used was the AeroDR (Konica
Minolta Co., Tokyo, Japan) indirect conversion flat panel detector (FPD), coupled to a
caesium iodide (Csl) scintillator, with a 0.175 mm pixel pitch. The x-ray system used was
RADspeed Pro, (Shimadzu Co., Kyoto, Japan) consisting of an inverter-type generator
and a tube with a total filtration of 2.8 mm of aluminium (Al). Raw images, following
gain correction were used for all measurements. The linearity of the raw images was
verified by comparing free-in-air dose measured using a calibrated ionization chamber

(Model 9015, 10X5-6 ionization chamber, Radcal, Monrovia, CA) and pixel values.

2.2. SIF measurement



SIF is estimated with

SIF = T,VB (1)

where Tp and B denote primary X-ray transmission and Bucky factor, respectively

[7,8,10-12], and the Bucky factor can be calculated by

_ P+S
Pg+Sg

2)

where P and P, are primary X-ray intensities without and with the grid, respectively, and

S and S, are scattered X-ray intensities. The scatter fraction (SF) is defined as

SF = €)

Thus, SIF can be expressed as

__Pg(P+S) _1-SF; 1
SIF = P(Pg+SoVB  1-SF VB “)




using SF" and SF, without and with the grid, respectively. SF is typically measured by
means of the beam stop method, and B can be calculated based on background signal
levels in the image data for the beam stop method (SF measurement) with and without
grid.

Fig. 1a shows the acquisition geometry for SF measurement. Acrylic
(polymethylmethacrylate: PMMA) slabs with 300 x 300 mm? (900 cm?) and 50 and 20
mm thicknesses were used to construct phantoms with 50, 70, 100, 150, and 200 mm
thicknesses. The beam stop array device was composed of 5 x 5 Pb cylinders spaced 25
mm apart; each 6 mm in thickness and 3 mm in diameter were placed on the PMMA
phantom [13-17]. Mean pixel values were measured within the region of interest (ROI)
with a 10 pixel diameter positioned over each beam stop and ROIs on either side of the
beam stop. The SF was then calculated from the ratio of ROI value within each beam stop
to the average ROI value of the background, and the 25 SIF values were averaged. SF
was measured at each thickness for different tube voltages of 60, 70, 80, 90, and 100 kV.
The graduated lead beam stop method using different sizes of lead disk was not used
because the 3 mm-diameter disk reported by Floyd et al. was used instead of the method

within a 3% error [13]. The Bucky factor B was obtained by calculating a ratio of the



background ROI values with and without each grid. The exposure condition (mAs) for
each thickness was determined by exposing the phantom without the grid and beam stop
array, turning on the automatic exposure control system with a normal setting used
clinically. The free-in-air dose was measured using the same ionization chamber
described in Section 2.1, located at a 1200 mm distance from the X-ray focal spot. Then,
the dose value was corrected to one corresponding at the phantom surface based on the
inverse square law. Table 1 shows the measured entrance surface air kerma (ESAK)
values for respective conditions without backscatter, which were used in the experiments
irrespective of the grid used.

For the 70 and 100 mm thickness, 150 X 150 mm? (225 cm?), 200 X 200 mm? (400
cm?), and 250X250 mm? (625 cm?) field sizes were examined to investigate the SIF
corresponding to field sizes of pediatric abdomen. Tube voltages were limited to 60, 70,

and 80 kV.

2.3. Signal difference-to-noise ratio (SDNR)

Since an object contrast is no longer the dominant factor for image quality in DR,

SDNR is a more relevant measure of the image quality, which is effective for cases with



different contrasts depending on radiation qualities and SFs [18-20]. As mentioned

earlier, SIF is a useful method to evaluate the effectiveness of grid for different

thicknesses; however, it cannot be used to evaluate the optimum tube voltage because

SIF is a relative value and any contrast objects are not imaged in the SIF measurement.

SDNR is calculated using signal intensities of signal So and background Sz and the

standard deviation (SD) of the background as

|Sa_SB|
SDp

SDNR = )

Fig. 1b shows the acquisition geometry for bone and soft tissue contrasts and
SDNR measurement. A PMMA plate and a plate made of a bone equivalent material
(4120-220 BE-H-10, Kyoto Kagaku, Kyoto, Japan) both with a 10 mm thickness and 2 x
2 cm? area were placed on the phantom with each thickness. The PMMA plate was used
to evaluate SDNR for soft-tissue. Mean pixel values were measured within ROIs with 55
x 55 pixels (approximately 100 mm?), located on objects and backgrounds between the
two objects. The background SD was also obtained from the background ROI. To
essentially evaluate the tube voltage dependency of SDNR, a figure of merit (FOM) was

calculated and expressed as



SDNR?
ESAK (6)

FOM =

which is independent of the ESAK difference among the phantom thickness (see Table

).



Table 1. Entrance surface air kerma (ESAK) obtained using a clinical setting of

automatic exposure control system for each combination of PMMA thickness and tube

voltage.
PMMA Thickness (mm)
kV
50 70 100 150 200
60 0.27 0.34 0.64 1.62 4.06
70 0.30 0.39 0.64 1.57 4.00
80 0.27 0.41 0.68 1.48 3.35
90 0.29 0.38 0.70 1.50 3.37
100 0.28 0.38 0.69 1.47 3.26

(mGy)
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Fig. 1. Schematics of acquiring geometries for measurements of (a) scatter fraction (SF)

and (b) signal-difference-to-noise ratio (SDNR).
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Chapter 3

Results

3.1. Scatter fraction

Table 2 shows measured SFs. SF without grid (G—) ranged from 0.444 (50 mm
thickness, 60 kV) to 0.841 (200 mm thickness, 100 kV). With G6, SF ranged from 0.163
(50 mm thickness, 60 kV) to 0.628 (200 mm thickness, 100 kV), and SF with G10 ranged
from 0.118 (50 mm thickness, 60 kV) to 0.501 (200 mm thickness, 100 kV). The
difference among tube voltages without the grid was negligible for all thicknesses,
indicating variations from the average of <5% (from 2.5% for 200 mm thickness to 5.0%
for 50 mm thickness). In contrast, SF with grid increased with elevated tube voltage. SF
improvements by G6/G10 ranged from 25%/40% for the 200 mm thickness at 100 kV to
63%/74% for the 50 mm thickness at 60 kV. SFs in the field sizes of 225 cm?, 400 cm?,
and 625 cm? are decreased by approximately 13%, 6%, and 3% for the 70 mm thickness
and 14%, 6%, and 2% for the 100 mm thickness, respectively, compared with

corresponding values of 900 cm?.

12



Table 2. Scatter fraction (SF) results with and without grids with grid ratios of 6:1 (G6)

and 10:1 (G10).

PMMA

thickness (mm) kv G- G 10
60 0.444 0.163 0.118

70 0.451 0.180 0.129

50 80 0.457 0.200 0.143
90 0.460 0.219 0.161

100 0.466 0.235 0.172

60 0.542 0.210 0.147

70 0.546 0.235 0.163

70 80 0.553 0.260 0.181
90 0.561 0.283 0.202

100 0.567 0.304 0.221

60 0.644 0.283 0.192

70 0.653 0.311 0.213

100 80 0.662 0.344 0.242
90 0.664 0.373 0.266

100 0.670 0.398 0.289

60 0.750 0.393 0.272

70 0.756 0.431 0.304

150 80 0.766 0.472 0.338
90 0.773 0.502 0.374

100 0.778 0.526 0.401

60 0.820 0.494 0.354

70 0.826 0.533 0.390

200 80 0.832 0.570 0.431
90 0.836 0.603 0.468

100 0.841 0.628 0.501

13



3.2. SNR improvement factor

Table 3 shows measured bone and soft tissue contrasts. As the tube voltage
increases, the contrast of both substances decreases. Contrast ratios of 100 kV to 60 kV
were more decreased with thicker thicknesses. For example, the contrast ratio of 0.734
for 5-cm PMMA with G10 decreased to 0.605 for 20-cm PMMA with G10.

Fig. 2a and 2b show SIF variations as a function of the phantom thickness for G6
and G10, respectively. SIF increased with thickness at all tube voltages, and SIF of G10
was mostly superior to that of G6, except for 50mm thickness at all tube voltages and 70
mm thickness at 60 kV. With the minimum 50 mm thickness, all SIF values were <1.0;
the worst value was 0.92 for G10 at 60 kV. SIFs exceeding 1.0 were given with >70 mm
thicknesses, except for G10 at 60 kV that is not practical in clinical use due to its low
dose efficiency (high Bucky factor). Fig. 3a and 3b show SIF variations as a function of
the field size for 70 and 100 mm thicknesses, respectively. For the 70 mm thickness with
field sizes of 400 cm?, SIFs exceeding 1.0 were given only for G10 at 80 kV, whereas
most conditions with the field size of 625 cm? presented SIFs exceeding 1.0, except for
G10 at 60 kV. Thus, the grid use for the 70 mm thickness was not more advantageous

with these smaller field sizes. For the 100 mm thicknesses, G6 and G10 at 70 kV and 80

14



kV indicated SIFs more than 1.07 with the 400 cm? field size and more than 1.10 with the

600 cm? field size.
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Table 3 The result of signal intensities by PMMA phantom and bone phantom

PMMA Bone PMMA
(cm) G- G6 G10 G- G6 G10
60 0396 0596 0628  0.148 0222 0234

70 0364 0543 0577  0.140 0209  0.222

5 80 0337 0496 0531  0.133  0.196 0210
90 0316 0458 0491  0.128  0.186  0.200

100 0297 0426 0461  0.124  0.177  0.192

60 0326 0562 0607  0.122 0210  0.227

70 0301 0506 0554  0.115  0.194 0213

7 80 0277 0459 0508  0.110  0.182 0.0l
90 0257 0420 0467  0.104  0.171  0.190

100 0241 0388 0434  0.100  0.161  0.181

60 0253 0511 0575 0095  0.191 0215

70 0230 0456 0521  0.088  0.175  0.200

10 80 0210 0407 0470  0.083  0.161  0.186
90 0.197 0367 0430 0080  0.149  0.175

100 0.184 0335 039 0076  0.140  0.165

60 0.178 0433 0518 0066  0.161  0.193

70 0.161 0377 0461 0062  0.145  0.177

15 80 0.145 0327 0410  0.058  0.130  0.162
90 0.133 0291 0366 0054  0.118  0.149

100 0.124 0264 0334 0051  0.110  0.139

60 0.128 0360 0460 0048  0.134  0.172

70 0.115 0309 0404 0044  0.119  0.155

20 80 0.104 0267 0353  0.041  0.106  0.140
90 0.096 0232 0311 0039  0.094  0.127

100 0.089 0207 0278  0.037  0.08  0.116

16
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Fig. 2. SIF variations as a function of PMMA thickness using (a) G6 and (b) G10.
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3.3. Tube voltage dependency of FOM

Fig. 4 and 5 represent tube voltage dependencies of FOM for the bone and PMMA

contrasts, respectively. With the bone contrast, the 50 mm thickness presented a weak

tube voltage dependency where FOM decreased as the tube voltage increased. The 70—

200 mm thicknesses indicated almost no tube voltage dependencies, but a little lower

FOM at 60 kV with the 150 and 200 mm thicknesses was indicated. With the PMMA

contrast, G6 with 50 and 70 mm thicknesses exhibited almost no dependencies, and for

other conditions, FOM tended to increase from 60 kV to 80 kV and then to be almost

constant.
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Chapter 4

Discussion

This study evaluated SIF variations as a function of thickness for different tube
voltages and tube voltage dependencies of SDNR with and without grid. SIFs for smaller
field sizes corresponding to infants and subjects with low thicknesses were also evaluated.

In addition to the results of previous studies using SIF, our investigation revealed
detailed SIF properties for thicknesses of 50—-100 mm that are around a threshold
thickness of the selection of grid use. Furthermore, the tube voltage dependency of SDNR
for 60—100 kV was analyzed to determine the best tube voltage for bone and soft tissues
in the grid use. Since the G10 use for 70 mm thickness at 60 kV is not clinically realistic,
our results demonstrated that SIF exceeded 1.0 with >70 mm thickness for the 900 cm?
field size. For the smaller field sizes (225, 400, and 625 cm?), the 70 mm thickness could
mostly not exceed 1.0 with 225 cm? and 400 cm?, and most SIFs with the 100 mm
thickness exceeded 1.0. The SDNR investigation revealed that there is no notable tube
voltage dependency for grid use.

Two American guidelines [21, 22] indicated that grids should be used sparingly in

22



pediatrics and should not be routinely used for extremity imaging or body parts with
<100-120 mm thicknesses. Also, a European guideline indicated that grid is often
unnecessary for infants and younger children and does not mention the thickness
threshold for the grid use [23]. According to a study on patient size measured on
computed tomography images [24], the abdominal anteroposterior dimension for 1-year-
olds is approximately 110 mm. In addition, a typical radiography field size in a previous
report is approximately 400 cm? for 1-year-olds [3]. The field sizes of body parts with
thicknesses around 100 mm, such as extremities and shoulder, approximately correspond
to the field sizes of 400 and 625 cm? we used because their typical cassette sizes are 18 x
24 cm? and 24 x 30 cm®. Therefore, we considered that 70 and 100 mm thicknesses should
be evaluated, focusing on the field sizes of 400 cm? for infants and 400 and 600 cm? for
the extremities and shoulder.

To select grids for infants, a dose reduction capability with grid can be accounted
because the radiation dose can be reduced when the SIF of grid exceeds 1.0. Thus, we
estimated the dose reduction capability R that can be calculated as (1-1/SIF?) x 100%.
For the 70 mm thickness, SIF values were <1.03 as shown in Fig. 3a; thus, the grid
effectiveness is limited and R¢ is <6%. In contrast, the grid use for 100 mm thickness is

advantageous because SIFs of G10 at 70 kV and 80 kV with 400 cm? field size were 1.08

23



and 1.09, respectively, and Rgs are 14% and 16 %. With G6 at 70 kV and 80 kV, SIF was
1.07; thus, approximately 13% dose reduction is achieved. The PMMA (soft-tissue)
contrasts with G6 and G10 at 70 kV measured for the SDNR evaluation was 43% and
54% higher than that of G— at 60 kV, respectively, while even at 80 kV, corresponding
values were 29% and 40%, respectively. Thus, grids may contribute to not only dose
reduction but also object contrast improvements that facilitate digital image processing.
When the grid is used at the same dose of G—, the image quality (SNR) would be improved
according to the SIF value.

For the 100 mm thickness with 625 cm? field size assuming conditions of
extremities and shoulder, the SIFs at 70 kV and 80 kV ranged from 1.10 to 1.25. The bone
contrast with G6 and G10 at 70 kV (80 kV) were 49 % and 61 % (34 % and 46 %) higher
than that of G— at 60 kV, respectively. Thus, by using grids for the extremities and
shoulder, image quality and object contrast are improved.

The tube voltage dependency of FOM with grid was not prominent for conditions
corresponding to clinical use. G10 use at 60 kV for 50 and 70 mm thicknesses and 60 kV
use for 150 and 200 mm thicknesses are not empirically practical, and thus these
conditions should be excluded in the consideration. One indication in the results was that

FOM at 60 kV for the 100 mm thickness was smaller compared to that for other tube
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voltages, with the PMMA (soft-tissue) contrast, suggesting that 70 and 80 kV are
recommend for 100-mm thicknesses. These results support a statement in a review paper
that recommends the use grids at >70 kV [4]. Although FOMs of 90 kV and 100 kV were
almost similar to those of 70 kV and 80 kV, such high tube voltages are not clinically
applicable because the image contrast regularization in digital image processing may not
properly work for low object contrasts due to high tube voltages.

This study has the following limitations. Although SIF is an established index,
clinical studies used to validate our results are necessary. The phantoms used were
constructed with acrylic slabs and had flat surfaces and a uniform content, and thus
phantom thicknesses do not necessarily correspond to human body thicknesses. In
addition, we did not investigate recent fiber grids because our purpose was to test the
generally used grids with aluminum inter-spacers and covers, which are still prevalent in
many hospitals. SIFs of grids with fiber inter-spacers were reported to provide SIFs higher
than our results [8], and thus the grid used for 100 mm thickness may become definitely

effective with 400 cm? field size corresponding to those of 1-year-old infants.
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Chapter 5

Conclusion

We have investigated the appropriate object thickness to start using anti-scatter
grids (grids), using two generally used grids with grid ratios of 6 and 10 (G6 and G10)
for different 50-200 mm thicknesses at tube voltages of 60—-100 kV.

Our results showed that using G6 and G10 with aluminum inter-spacers and
aluminum covers, SIF exceeded 1.0 for >70 mm thickness with the 900 cm? field size.
SIFs of G10 at 70 kV and 80 kV were 1.08 and 1.09 with a small field size of 400 cm?
corresponding to abdomen of 1-year-old infants, for which the estimated dose reduction
capabilities were approximately 15%. The 100 mm thickness with 625 cm? field size
corresponding to examinations using a cassette size of 18 x 24 cm? showed 10% to 25%
SNR improvements. The tube voltage dependency of image quality evaluated with SDNR
for the grid use was not notable for tube voltages from 70 to 100 kV. Thus, our results
indicated that the grid-use for the 100 mm thickness, which has been excluded from
conditions recommendable of grid use, may reduce the radiation dose or improve the

image quality at the same dose for gridless.
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