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Abstract 
 
The aim for this work was to calculate distributions of scatter-to-primary ratios (εs/εp) and 

signal-to-noise ratios per pixel (SNRp) for a large set of imaging systems with either grid or air 

gap for scatter rejection. Grids with ratio 8-16 and air gap length 20 and 40 cm were used. 

The tube voltage was varied between 90-150 kV and three patient thickness between 20-28 

cm were tested in order to compare scatter-rejections techniques for different conditions. 

Distributions of this sort may provide useful information on how physical image quality 

(contrast, SNR) is distributed over the chest PA image. A Monte Carlo computer program was 

used for the calculations, including a model of both the patient (voxel phantom) and the 

imaging system. The mean value of the εs/εp is 0.39 in the hilar region and 1.72 in the lower 

mediastinal region. For a 28 cm patient, the corresponding values are 0.42 in the hilar region 

and 2.58 in the lower mediastinal region. The grid with ratio 16 is the most efficient scatter 

rejection technique in all regions except the hilar region. In the hilar region, the most efficient 

technique is the 40 cm air gap. 
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INTRODUCTION 
Diagnostic x-ray images of the chest can provide useful diagnostic information but add a 
small risk for cancer induction due to the negative effects of ionising radiation. Monte Carlo 
methods are used for modelling the x-ray diagnostic system by means of calculating patient 
absorbed dose as well as estimating physical image quality. This may be used for optimisation 
of the system, which strives to minimise the dose to the patient while maintaining sufficient 
image quality for a specific diagnostic task. 
 
Using a model for the optimisation, it is important to verify the validity of the model by 
studying the relation between physical image quality (contrast, signal-to-noise ratio, etc.) and 
clinical image quality (the radiologist’s assessment). In order to compare the model with 
clinical image quality, it may be useful to calculate distributions of physical image quality 
related quantities over the whole image and to study how these vary with position, patient size 
and imaging system configuration. 
 
In previous work, Niklason et al. (1) have measured scatter fractions for patients without an 
anti-scatter grid, and for a polystyrene chest phantom (with and without a grid). Another study 
made by Jordan et al. (2) uses an anti-scatter grid and a special technique (posterior beam stop) 
to measure scatter fractions for patients in chest PA radiography. Both these studies rely on 
experimental data. Monte Carlo simulations are more flexible and allow data for a range of 
imaging systems to be produced. 
 
The aim of this work is to calculate distributions of quantities describing physical image 
quality for chest PA imaging when patient size, imaging system configuration and exposure 
conditions are varied. The quantities used in this work are the signal to noise ratio per pixel, 
SNRp and the scatter to primary ratio, εs/εp in terms of energy imparted per unit area to the 
image detector. 
 

MATERIALS AND METHOD 
Monte Carlo simulation method 
A Monte Carlo computer program developed by our group, which simulates the patient using 
a voxel phantom (3-4), was used for the calculations. The program simulates photon transport 
from the X-ray tube through tissue in a human voxel phantom (5), through anti-scatter grid and 
into the image detector. In the photon transport, the program uses three interaction processes 
namely: incoherent scattering, coherent scattering and photoelectric absorption. It computes 
quantities of two main types: quantities associated with image quality and patient effective 
dose.  
 
Model of imaging system 
The systems simulated in this study were CR (computed radiography) systems. Tube voltages 
between 90 and 150 kV were used, as well as two different scatter-rejection techniques. The 
first scatter-rejection technique was grids with ratio 8-16 with Al interspace. The second 
scatter rejection technique was an air gap with lengths 20 and 40 cm. The geometries are 
displayed in Table 1. 
The patient doses were normalised to a fixed value of air kerma at the automatic exposure 
control (AEC) chambers. The AEC air kerma value was 5.5 µGy, corresponding to a speed 
class of approximately 200. This air kerma was obtained by measuring the entrance air kerma 
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for homogeneous Plexiglas slab phantoms. The air kerma at the AEC chambers was 
subsequently calculated using Monte Carlo simulations. 
 
Table 1. The parameters used for the modelled systems in the study.  
 
 Grid Air gap  
Tube voltage, U 90-150 kV 90-150 kV 
Filtration (mm) 5.9 Al + 0.1 Cu 5.9 Al + 0.1 Cu 
Patient thicknesses 20-28 cm 20-28 cm 
FFD  180 cm 300 cm 
Air gap  3 cm 20, 40 cm 
Grid ratio/air gap 8, 12, 16 - 
Grid strip frequency 40 - 
Interspace material Aluminium - 
Detector material BaFCL BaFCl 
Surface density 100 mg/cm2 100 mg/cm2

 
Voxel phantom 
The model uses a voxel phantom (5) as a model of the patient. The voxel phantom is 
segmented into several organs with different material composition. Five tissue types are used: 
soft tissue, hard bone, bone marrow, lung tissue and air. The simulations were made for three 
patient posterior-anterior (PA) thicknesses: 20, 24 and 28 cm. The voxel size is approximately 
3x3x4 mm3. The distributions were calculated for 40x40 points over the chest image and also 
separated in six different regions of interest showed in figure 1: the apical pulmonary region 
(A), the lateral pulmonary region (B), the retrocardial region (C), the lower mediastinal region 
(F) The regions of interest are used for calculating average of a quantity of interest in a 
specific region and for calculating histograms and percentiles to display how these quantities 
vary in a specific region. Regions were also made to match the regions in the article by Jordan 
et al. In this article, the chest PA image is divided into four different regions of interest: lung, 
heart, mediastinum and sub diaphragmatic area. The heart region includes the whole heart 
including the part where the heart intersects with the spine. The lung region excludes the part 
where the lung intersects with the heart. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The regions used in this work, corresponding to the regions in Håkansson et al (2004). The 
regions are A: Apical pulmonary region, B: Lateral pulmonary region, C: Retrocardial region, D: 
Lower mediastinal region, E: Hilar region, F: Upper mediastinal region. 
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Image quality 
Two quantities that are often used as a measure of physical image quality are the contrast and 
the signal-to-noise ratio. The Monte Carlo program calculates both the contrast and signal-to-
noise ratio for simulated pathological details at different positions in the chest image. The 
program also calculates the signal-to-noise ratio per pixel, SNRp as 
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where N is the number of photons incident on a pixel. The indices p and s stands for 
contributions from primary and scattered photons respectively. The quantities ε´ and ε´2 are 
the mean and mean squared values of the energy imparted per incident photon for the specific 
pixel. The operator <…> denotes the statistical expectation (mean) value of the specified 
quantity.  The pixel area used in the calculations is 0.25 mm2.  
 
Distributions of the scatter-to-primary ratio, εs/εp were also calculated. The scatter-to-primary 
ratio is relevant since scattered photons degrade the image contrast. The contrast is calculated 
in the program as 
 

ps
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where Cp is the primary contrast. The quantities εs and εp are the energy imparted to the image 
detector per unit area by primary (p) and scattered (s) photons, respectively. The primary 
contrast is the contrast without scatter, which only depends on the difference in attenuation 
between the pathology and the surrounding tissue. 
 

RESULTS AND DISCUSSION 
Figures 2-10 show the mean value of the scatter to primary ratio, εs/εp, in each region as a 
function of tube voltage, scatter rejection technique and patient thickness. Tables 1-6 show the 
same data in numerical form. Figures 11-18 show distributions of εs/εp and SNRp over the 
whole lung image, and a profile through the lungs and lower mediastinum. Data for a 
selection of the results are given here; 20 and 28 cm thick patient and for a grid with ratio 16 
and an air gap of 40 cm at 90 and 150 kV. Figures 19-26 show the distribution of εs/εp and 
SNRp for the same selection of the data.  
 
There is a large variation of the εs/εp in the whole chest image; a large peak can be seen 
behind the spine, while smaller peaks are seen behind the heart and ribs. Using 150 kV and a 
grid with ratio 12 for a 24 cm, averaged-sized thick patient, the mean value of the εs/εp is 0.39 
in the hilar region and 1.72 in the lower mediastinal region. For a 28 cm patient, the 
corresponding values are 0.42 in the hilar region and 2.58 in the lower mediastinal region. 
Using the 40 cm air gap technique will result in higher values of the εs/εp in the denser regions 
compared with using the grid with ratio 16, but at the same time it will yield lower values of 
the εs/εp in the hilar region. As expected the εs/εp decreases significantly with increasing grid 
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ratio. For example in the lateral pulmonary region it decreases by approximately 40% from 
0.67 to 0.39 for an medium sized patient at 150 kV. The εs/εp will in general increase by 30-
40% with increasing tube voltage when using a grid. In the lateral pulmonary region using a 
grid with ratio 8 (24 cm patient), the εs/εp is 0.51 at 90 kV and 0.67 at 150 kV. With the air 
gap the εs/εp is approximately constant with tube voltage. 
 
The histograms in figures 18-25 show the distribution of the εs/εp and SNRp in the hilar region 
(a-b) for a 20 and 28 cm thick patient (grid and air gap); the figures 18-25 c-d show the 
corresponding histograms for the lower mediastinal region. A comparison between figure a 
and c shows a much greater variation of the εs/εp in the lower mediastinal region compared 
with the hilar region. The corresponding histograms for the SNRp show a significant variation 
in mean values between the lower mediastinal and hilar regions. 
 
The results in this work can be compared with Jordan et al. (2). The article by Jordan et al. (2) 
is a study of 20 patients which uses the posterior beam stop technique to measure scatter 
fractions in chest PA imaging. The system used in the study uses a tube voltage 125 kV, a 
12:1 grid and a Gd2O2S screen. The mean thickness of the patients was 28 cm. It is always 
difficult to compare clinical images, since all patient look different. However, the results by 
Jordan et al. are compared with our results with grid ratio 12, tube voltage 125 kV and patient 
thickness 28 cm. The results in Jordan et al.(2) are given in scatter fractions and must be 
converted to scatter-to-primary ratios.  
 
The scatter-to-primary ratio of 0.37 in the lung region in their study is close to our results 
0.42. The heart region in Jordan et al. includes the part of the heart behind the spine, and the 
scatter-to-primary ratio in this region 1.94 could be compared with the retrocardial region 
(0.79) and the lower mediastinal region (2.35). When an average is taken over both regions, 
we get a scatter-to-primary ratio of 1.33, which is significantly lower compared with the 
Jordan et al. article. Also our results for the central mediastinum (1.39) are lower compared 
with Jordan et al. (2.13). In comparing the results, one has to take in to account that the values 
in Jordan et al. is taken as an average for patients of size 26-32 cm (average 28 cm). Here, 
they are calculated only for a 28 cm patient, which would make some difference in the results. 
An extrapolation was also made from the values of εs/εp for 20-28 cm thick patients to 30-32 
cm thick patients. Assuming a normal distribution of patient-thicknesses in the range of 24-32 
with a mean of 28 cm would yield slightly higher mean values of the εs/εp, especially behind 
the spine and the heart. However, it could not explain the whole difference. 
 
Another study concerning scattered radiation is Niklason et al. The results for the scatter-to-
primary ratios in Niklason et al. using a grid with ratio 12 are as follows: 0.35 in the lung, 
0.85 behind the heart and 1.33 in the central mediastinum. This could be compared with our 
corresponding results for the grid with ratio 12 (20 cm patient, tube voltage 125 kV using the 
regions matched with Jordan et al.):  0.40 in the lung region, 0.71 in the heart region and 0.69 
in the central mediastinal region. The comparison with both Jordan et al. and Niklason et al. 
are summarised in Table 2. Besides the grid, the Niklason et al. study also uses an air gap of 
30 cm. The scatter-to-primary ratios were measured as: 0.53 in the lungs, 1.78 behind heart 
and 4.56 in the central mediastinum. These results can be compared with our results with 20 
cm air gap at the tube voltage 125 kV (20 cm patient). Here we get (mean) scatter-to-primary 
ratios 0.49 in the lung region, 1.23 in the heart region and 1.15 in the lower mediastinal 
region. Our values are significantly lower in the densest regions also compared with Niklason 
et al., but it should also be stressed that our values are taken as an average over a larger 
region, while the measurements in Niklason et al. are performed in a single point.  
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Table 1. The table gives the mean values of the εs/εp in four different regions in the chest images. For this 
work the values correspond to the mean and the 5% and 95% percentiles of the distributions in the 
regions. They are here compared to the mean and the range of values published by Jordan et al and 
Niklason et al. The PA-thickness is also given. They correspond to the average thickness used by these 
authors. 

 

            

Lung Heart Mediastinum
This work (PA=28 cm) 0.42 (0.27 - 0.51) 1.33 (0.47 - 2.90) 1.39 (0.70 - 2.45)
Jordan et al 0.37 (0.23 - 0.56) 1.94 (1.38 - 4.00) 2.13 (0.96 - 4.56)
This work (PA=20 cm) 0.36 (0.27 - 0.57) 0.71 (0.34 - 1.22) 0.69 (0.44 -1.05)
Niklason et al 0.35 0.85 1.33  

 

CONCLUSIONS 
We conclude that the εs/εp and SNRp vary greatly between the different regions as well as with 
the different parameters such as tube voltage, scatter rejection technique and patient thickness. 
The mean value of the εs/εp is 0.39 in the hilar region and 1.72 in the lower mediastinal 
region. The grid with ratio 16 is the most efficient scatter rejection technique in all regions 
except the hilar region. In the hilar region, the most efficient technique is the 40 cm air gap. 
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Region A: Apical pulmonary region

PA Thickness 20 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.44 0.30 0.21 0.54 0.29
100 0.47 0.33 0.24 0.54 0.30
110 0.51 0.36 0.26 0.52 0.29
125 0.56 0.39 0.29 0.55 0.32
140 0.60 0.42 0.32 0.52 0.29
150 0.61 0.45 0.34 0.55 0.32

PA Thickness 24 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.48 0.32 0.23 0.65 0.38
100 0.54 0.36 0.26 0.67 0.39
110 0.58 0.39 0.29 0.64 0.38
125 0.62 0.44 0.32 0.68 0.38
140 0.68 0.47 0.35 0.69 0.38
150 0.69 0.50 0.38 0.67 0.38

PA Thickness 28 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.56 0.37 0.27 0.77 0.44
100 0.61 0.42 0.30 0.80 0.45
110 0.66 0.45 0.33 0.77 0.44
125 0.71 0.50 0.37 0.79 0.44
140 0.75 0.54 0.40 0.81 0.46
150 0.79 0.56 0.43 0.81 0.46

Table 3. Scatter-to-primary ratios in the apical pulmonary region for different 
tube voltages, scatter rejection techniques and patient thicknesses.
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Region B: Lateral pulmonary region

PA Thickness 20 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.47 0.33 0.26 0.69 0.37
100 0.51 0.36 0.28 0.69 0.36
110 0.53 0.38 0.30 0.67 0.36
125 0.57 0.40 0.32 0.69 0.37
140 0.59 0.43 0.34 0.66 0.35
150 0.62 0.45 0.35 0.69 0.37

PA Thickness 24 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.51 0.35 0.27 0.81 0.43
100 0.55 0.39 0.30 0.82 0.43
110 0.58 0.41 0.32 0.79 0.41
125 0.61 0.43 0.34 0.81 0.42
140 0.65 0.47 0.37 0.80 0.41
150 0.67 0.49 0.39 0.80 0.43

PA Thickness 28 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.53 0.36 0.28 0.91 0.53
100 0.57 0.40 0.32 0.89 0.50
110 0.60 0.43 0.34 0.88 0.50
125 0.64 0.46 0.36 0.86 0.50
140 0.70 0.50 0.39 0.89 0.52
150 0.72 0.52 0.41 0.88 0.51

Table 4. Scatter-to-primary ratios in the lateral pulmonary region for different tube 
voltages, scatter rejection techniques and patient thicknesses.
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Region C: Retrocardial region

PA Thickness 20 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.61 0.41 0.32 0.78 0.43
100 0.67 0.45 0.35 0.79 0.42
110 0.71 0.47 0.37 0.79 0.41
125 0.79 0.52 0.40 0.82 0.45
140 0.82 0.56 0.44 0.80 0.42
150 0.83 0.58 0.45 0.83 0.44

PA Thickness 24 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.75 0.51 0.38 1.00 0.56
100 0.83 0.56 0.43 1.01 0.56
110 0.88 0.60 0.45 0.98 0.55
125 0.95 0.65 0.48 1.01 0.55
140 1.02 0.69 0.54 1.02 0.55
150 1.05 0.70 0.53 1.03 0.58

PA Thickness 28 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.94 0.61 0.45 1.21 0.72
100 1.02 0.66 0.51 1.25 0.71
110 1.08 0.73 0.53 1.23 0.69
125 1.20 0.79 0.59 1.22 0.70
140 1.25 0.85 0.63 1.27 0.74
150 1.28 0.88 0.65 1.29 0.73

Table 5. Scatter-to-primary ratios in the retrocardial region for different 
tube voltages, scatter rejection techniques and patient thicknesses.
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Region D: Lower mediastinal region

PA Thickness 20 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 1.41 0.85 0.64 2.15 1.18
100 1.50 0.96 0.71 2.14 1.14
110 1.58 1.02 0.73 2.06 1.09
125 1.70 1.07 0.77 2.06 1.16
140 1.77 1.18 0.82 1.97 1.07
150 1.80 1.17 0.88 2.06 1.10

PA Thickness 24 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 2.05 1.29 0.91 3.27 1.86
100 2.27 1.44 0.99 3.18 1.79
110 2.35 1.53 1.03 3.10 1.72
125 2.42 1.59 1.11 3.01 1.67
140 2.55 1.64 1.22 3.00 1.61
150 2.61 1.72 1.23 2.96 1.63

PA Thickness 28 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 3.30 2.04 1.37 4.72 2.78
100 3.54 2.16 1.52 4.64 2.62
110 3.65 2.37 1.62 4.49 2.49
125 3.66 2.35 1.64 4.30 2.41
140 3.88 2.45 1.71 4.31 2.44
150 3.98 2.58 1.78 4.18 2.44

Table 6. Scatter-to-primary ratios in the lower mediastinal  region for different tube 
voltages, scatter rejection techniques and patient thicknesses.
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Region E: Hilar region

PA Thickness 20 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.34 0.25 0.20 0.32 0.18
100 0.38 0.29 0.23 0.32 0.18
110 0.39 0.30 0.24 0.33 0.18
125 0.43 0.32 0.26 0.35 0.19
140 0.47 0.34 0.28 0.35 0.19
150 0.47 0.36 0.29 0.36 0.20

PA Thickness 24 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.37 0.28 0.22 0.36 0.20
100 0.41 0.30 0.25 0.37 0.21
110 0.43 0.33 0.26 0.36 0.21
125 0.47 0.35 0.28 0.39 0.21
140 0.51 0.38 0.30 0.40 0.22
150 0.52 0.39 0.31 0.40 0.22

PA Thickness 28 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.40 0.29 0.23 0.37 0.22
100 0.44 0.33 0.26 0.39 0.22
110 0.46 0.34 0.28 0.39 0.22
125 0.50 0.38 0.30 0.40 0.23
140 0.54 0.41 0.32 0.42 0.24
150 0.56 0.42 0.34 0.42 0.24

Table 7. Scatter-to-primary ratios in the hilar region for different tube 
voltages, scatter rejection techniques and patient thicknesses.
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Region F: Upper mediastinal region

PA Thickness 20 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 0.80 0.52 0.35 1.08 0.60
100 0.88 0.57 0.40 1.09 0.59
110 0.92 0.61 0.43 1.03 0.57
125 0.96 0.64 0.47 1.03 0.61
140 1.05 0.70 0.50 0.98 0.56
150 1.06 0.73 0.53 1.07 0.59

PA Thickness 24 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 1.11 0.70 0.48 1.52 0.90
100 1.18 0.79 0.53 1.55 0.86
110 1.30 0.81 0.57 1.44 0.85
125 1.35 0.88 0.63 1.49 0.82
140 1.41 0.95 0.65 1.48 0.82
150 1.43 0.95 0.71 1.42 0.80

PA Thickness 28 cm

kVp grid ratio 8 grid ratio 12 grid ratio 16 air gap 20 cm air gap 40 cm

90 1.63 1.00 0.72 2.07 1.19
100 1.72 1.09 0.77 2.10 1.21
110 1.83 1.13 0.83 1.96 1.13
125 1.87 1.24 0.86 1.93 1.09
140 1.94 1.29 0.93 1.94 1.12
150 1.97 1.32 0.94 1.94 1.11

Table 8. Scatter-to-primary ratios in the upper mediastinal  region for different 
tube voltages, scatter rejection techniques and patient thicknesses.
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Figure 2. The scatter-to-primary ratio for a 20 cm thick patient in the apical 
and lateral pulmonary regions as a function of tube voltage and scatter-
rejection technique.
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Figure 3. The scatter-to-primary ratio for a 20 cm thick patient in the hilar 
and lower mediastinal regions as a function of tube voltage and scatter-
rejection technique.
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Figure 4. The scatter-to-primary ratio for a 20 cm thick patient in the 
retrocardial and upper mediastinal regions as a function of tube voltage and 
scatter-rejection technique.
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Figure 5. The scatter-to-primary ratio for a 24 cm thick patient in the apical 
and lateral pulmonary regions as a function of tube voltage and scatter-
rejection technique.
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Figure 6. The scatter-to-primary ratio for a 24 cm thick patient in the hilar 
and lower mediastinal regions as a function of tube voltage and scatter-
rejection technique.
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Figure 7. The scatter-to-primary ratio for a 24 cm thick patient in the 
retrocardial and upper mediastinal regions as a function of tube voltage and 
scatter-rejection technique.
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Figure 8. The scatter-to-primary ratio for a 28 cm thick patient in the apical 
and lateral pulmonary regions as a function of tube voltage and scatter-
rejection technique.
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Figure 9. The scatter-to-primary ratio for a 28 cm thick patient in the hilar and 
lower mediastinal regions as a function of tube voltage and scatter-rejection 
technique.
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Figure 10. The scatter-to-primary ratio for a 24 cm thick patient in the 
retrocardial and upper mediastinal regions as a function of tube voltage and 
scatter-rejection technique.

23



Figure 10. A 20 cm thick patient at the tube voltage 90 kV
using an Al grid with ratio 16.24



Figure 11. A 20 cm thick patient at the tube voltage 90 kV
using an air gap of 40 cm.
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Figure 12. A 28 cm thick patient at the tube voltage 90 kV
using an Al grid with ratio 16.
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Figure 13. A 28 cm thick patient at the tube voltage 90 kV
using an air gap of 40 cm.
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Figure 14. A 20 cm thick patient at the tube voltage 150 kV
using an Al grid with ratio 16.
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Figure 15. A 20 cm thick patient at the tube voltage 150 kV
using an air gap of 40 cm.
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Figure 16. A 28 cm thick patient at the tube voltage 150 kV
using an Al grid with ratio 16.
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Figure 17. A 28 cm thick patient at the tube voltage 150 kV
using an air gap of 40 cm.
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Figure 18. A 20 cm thick patient at the tube voltage 90 kV using
an Al grid with ratio 16. Histograms of the lower mediastina 
region (a,b) and the hilar region (c,d).32



Figure 19. A 20 cm thick patient at the tube voltage 90 kV using
an air gap of 40 cm. Histograms of the lower mediastina region 
(a,b) and the hilar region (c,d).
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Figure 20. A 28 cm thick patient at the tube voltage 90 kV using an 
Al grid with ratio 16. Histograms of the lower mediastina region
(a,b) and the hilar region (c,d). 34



Figure 21. A 28 cm thick patient at the tube voltage 90 kV using an air 
gap of 40 cm. Histograms of the lower mediastina region (a,b) and the 
hilar region (c,d).
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Figure 22. A 20 cm thick patient at the tube voltage 150 kV using an 
Al grid with ratio 16. Histograms of the lower mediastina region
(a,b) and the hilar region (c,d). 36



Figure 23. A 20 cm thick patient at the tube voltage 150 kV using an air 
gap of 40 cm. Histograms of the lower mediastina region (a,b) and the 
hilar region (c,d).
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Figure 24. A 28 cm thick patient at the tube voltage 150 kV using an Al 
grid with ratio 16. Histograms of the lower mediastina region (a,b) and 
the hilar region (c,d). 38



Figure 25. A 28 cm thick patient at the tube voltage 150 kV using an air 
gap of 40 cm. Histograms of the lower mediastina region (a,b) and the 
hilar region (c,d).
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