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IMPACT OF BODY MASS INDEX AND SEX ON IMAGE QUALITY AND RADIATION DOSE IN ROUTINE CT SCAN.


Abstract
The purpose of this study is to investigate the relationship between radiation dose, signal-to-noise ratio (SNR), and image quality in routine CT scan. Emphasis is placed on the influence of anatomical regions and patient BMI on the metrics of image quality. A retrospective analysis was carried out on 136 patients (66 males and 70 females) who underwent routine CT examinations of the brain, thorax, and abdomen using a 16-slice CT scanner manufactured by GE Healthcare, USA. The Patients were categorized according to body mass index (BMI) as underweight (UW), normal weight (NW), overweight (OW), and obese classifications (OB). The image quality was assessed by measuring the signal intensity, noise (i.e. standard deviation S.D), and computing the signal-to-noise ratio (SNR) across the CT brain, CT thorax and CT abdomen. Statistical analysis, such as student’s t-tests, were conducted to evaluate differences in image quality metrics between both genders and BMI groups, with a significant p- value of < 0.05. The study recorded no significant differences in signal intensity, noise levels, and SNR between patients from both genders across the three anatomical regions (p > 0.05), suggesting that the imaging protocols ensured uniform image quality irrespective of gender. Nonetheless, as BMI increased, signal intensity and noise levels exhibited a significant increase (p < 0.05). Significantly, the SNR increased with increased BMI, indicating that larger patients had adequate radiation doses to improve image quality. Notwithstanding the increase in noise associated with increased BMI, the protocol effectively optimized the SNR to guarantee diagnostic image quality. Radiation dose tailoring according to anatomical region and BMI is important for image quality enhancement in CT scans, while reducing radiation exposure. These findings support the adoption of patient-specific dose optimization procedures in clinical practice to enhance diagnostic results.
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Introduction
Computed Tomography (CT) is an essential instrument in contemporary diagnostic imaging, providing well detailed cross-sectional images for precise diagnoses of various medical conditions[1]. As the utilization of CT scans becomes increasingly popular, it is important to optimize radiation dose while maintaining the image quality[2], [3]. An important element of this optimization process is the adjustment of radiation dose according to the designated region of interest (ROI). The imaging protocol differs with difference in the anatomical region, and a uniform radiation dose may either diminish image quality or subject patients to indiscriminate radiation exposure  [4], [5]. Clinicians can tailor the dose according to the ROI to balance minimizing radiation exposure with ensuring good image quality for a better diagnosis [6]
When analyzing a particular ROI, an essential metric for evaluating image quality in CT imaging is the Signal-to-Noise Ratio (SNR). The SNR denotes the correlation between the intended signal and extraneous noise in the image, where a higher SNR signifies a more quality and clearer image [7] For an optimal signal-to-noise ratio to be achieved, an increase in radiation exposure is necessary, because higher photon counts reduce the image noise[8], [9] The difficulty is especially evident in areas with low-contrast structures, such as the liver or brain, which needs a much more high SNR to distinguish fine details [10]  Conversely, areas such as the bones, which inherently display strong contrast, may necessitate a lower dose to attain adequate  SNR. It is this variability that highlights the necessity of modifying radiation dose based on the need of the ROI. Advancements in technology, especially the deployment of Automatic Exposure Control (AEC) devices, have been very helpful in tackling this challenge[11], [12]. AEC modulates the radiation dose in real-time according to the designated ROI, guaranteeing that regions that require an increased SNR receive sufficient radiation while minimizing exposure in regions that require lesser radiation[13]. In CT thorax or CT abdomen, where attenuation is significantly high, AEC augments the dose to improve image quality. Contrarily, in regions such as the extremities, where attenuation is diminished, AEC decreases the dose, hence minimizing indiscriminate radiation exposure. This localized dose modification enhances patient safety and the diagnostic quality of the image.
Aside from the AEC, iterative reconstruction algorithms have notably enhanced the ability to retain image quality at a reduced radiation dose. These methods reduce the noise in the images that is reconstructed, facilitating clearer and sharper images at lower doses without tempering the signal-to-noise ratio, especially in regions that are sensitive to noise such as the brain or thorax [14]. Integrating AEC with iterative reconstruction methods enables clinicians to optimize radiation dose, maintaining imaging quality while reducing patient exposure [15], [16]. 
This study examines the correlation among radiation dose, SNR, and image quality in routine CT scans, emphasizing the impact of the ROI and latest technological innovations in CT imaging. 


 Materials and Methods
Patients
This retrospective study was approved by the Research Ethic Committee of Sokoto State Advanced Medical Diagnostic center (SSAMDC), assigned the ethical number SSREC/ID-0091-22. The data was obtained from the Picture Archiving and Communication System (PACS) of 16 multi-slice CT scanner (CT Revolution, GE Healthcare, USA). The scanner can reconstruct 16 slices, in which each measure either 0.63 mm or 1.25 mm in rotation. This enhanced version of GE's Light is considered one of the state-of-the-art in Modern CT technology. The Digital Imaging and Communications in Medicine (DICOM) system of the hospital was accessed and data for CT brain, CT thorax and CT abdomen was extracted from the console of Picture Archiving and Communication System (PACS). Pregnant patients and pediatrics were excluded from this study. This study comprised data from 136 patients, consisting of 70 females and 66 males. 

CT Parameters
Routine CT scans were conducted in accordance with the protocol of SSAMDC. 
All the important data, which includes the tube current (mA) tube potential (kV), Scan range, rotation time, CTDIvol, DLP, pitch factor, weight, gender, age, and height, were recorded from the console in specified survey booklets. 

BMI Classification
Before the CT scan was conducted, weight and height were measured for each patient, and their BMI was calculated. The patient cohorts were classified according to BMI metrics: underweight (UW) as a BMI below 18.5 kg/m², normal weight (NW) as a BMI ranging from 18.5 to less than 25 kg/m², overweight (OW) as a BMI from 25 to less than 30 kg/m², and obese (OB) as a BMI of 30 kg/m² or higher. 

Image Quality Evaluation
The noise levels of the CT Brain, CT thorax, and CT abdomen images were obtained by measuring the standard deviation (SD). The measurement was conducted by positioning the circular ROI size of 299mm2 to 304mm2 along the frontal lobe, choroid plexus, and occipital lobe, which constitute the three ROIs in the case of a CT brain (figure 1). For the CT thorax, circular ROI of similar size of 299mm2 to 304 mm2 were also positioned on the right atrium, right ventricle, and aorta (figure 2). Three circular ROIs of same size were again positioned on the kidney, liver, and right colon for the CT abdomen (figure3). 
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Figure 1: positioning  the  ROI on image of CT brain  for the calculation of noise magnitude.
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Figure 2: positioning  the  ROI on image of CT thorax  for the calculation of noise magnitude.
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Figure 3: positioning  the  ROI on image of CT abdomen  for the calculation of noise magnitude.

The SNR was calculated. Noise can originate from various causes, including thermal fluctuations and photon, and may also depend on the signal. In CT, noise is typically expressed as a standard deviation, δ, and is represented by the following equation:

					

where  represents a CT number in the Hounsfield unit (HU),  denotes the average CT number within the ROI, and  denotes the total HU inside the ROI. 


The figure of merit (FOM) is the quantitative metric that assesses the diagnostic performance of the imaging protocols, integrating factors such as accuracy, sensitivity, and specificity in identifying abnormalities. It measures how effectively the CT scan achieves its clinical objective. The FOM was calculated using the following equation:




Statistical analysis
The data for signal intensity, noise index and SNR across the three anatomical regions (i.e. Brain, Thorax, and Abdomen) for male (M) and female (F) patients was extracted and compiled into a Microsoft Excel spreadsheet for analysis. Bar charts were created to visually compare the data between genders across these anatomical regions. This visualization facilitated a direct comparison of signal values, noise index and SNR and figure of merit (FOM), providing any potential discrepancies based on gender. Furthermore, statistical analyses, including a student’s t-test, were conducted to ascertain whether the variations in signal intensity, noise index and SNR among different BMI were statistically significant. A p value of less than 0.05 were recorded in all cases signifying a significant difference.  This method offered an extensive comprehension of the dataset, allowing for precise interpretations and enabling us to derive significant results consistent with our research objectives.

Results
Table 1 presents a summary of patient demography, acquisition parameters, and image quality metrics for CT scan conducted for the three regions (i.e.  brain, thorax and abdomen). The data is shown as mean ± standard deviation (SD) for various parameters















Table 1: Demography, acquisition parameter and image quality metrics of patients
	[bookmark: _Hlk179381649]

	Region

	
	Brain
mean ± SD
	Thorax
mean ± SD
	Abdomen
mean ± SD

	Patient characteristics
	n
	30
	30
	76

	
	Age (y/o)
	33.34 ± 14.0
	32.5 ± 12.3
	38.4 ±12.8

	
	Weight (kg)
	27.91±6.63
	68.4±16.4
	66.2±14.3

	
	Height (m)
	1.63±0.12
	1.605 ± 0.1
	1.66 ± 0.2

	
	BMI (kg/m2)
	22.60 ± 4.9
	26.1 ± 7.5
	28.3 ± 7.2

	Acquisition parameter 
and dose metrics
	kV
	120 .00± 0
	120 ± 0
	120± 0

	
	mAs
	105.62± 18.64
	121.5 ± 47.9
	120.31 ± 45.8

	
	Scan range (cm)
	16.49 ± 4.31
	35.93 ± 9.30
	76.8 ± 13.3

	
	CTDIvol (mGy)
	27.7±6.44
	9.84 ± 2.63
	7.65± 3.31

	
	DLP (mGy.cm)
	556.2 ± 136.21
	364.1 ± 107.06
	371.3 ± 167.4

	
	SSDE
	21.32 ± 5.12
	8.50 ± 3.20
	11.94 ± 5.68

	Image quality
	Signal
	28.45±2.01
	48.02±5.10
	46.33±6.53

	
	Noise
	6.36±2.05
	13.95±2.89
	15.28±4.61

	
	SNR
	4.84±1.06
	3.68±0.55
	3.41±0.81

	
	FOM
	0.54 ± 0.22
	        3.33 ± 1.70
	             2.08 ±1.30




Demography
The average age is similar across the three regions but has a relatively higher value for the abdomen (38.4 ± 12.8 years). Significant weight differences are observed. The brain region has a much lower mean weight of 27.91 ± 6.63 compared to that of thorax and abdomen which are 68.4 ± 16.4 and 66.2 ± 14.3 respectively. The heights are almost consistent across the three regions, with slight variations. The BMI values increase from the thorax to the abdomen, suggesting a variation in the body types for these regions.
 Acquisition Parameters and dose metrics
The voltage (kV) remains constant at 120 across all regions, showing a standardized imaging protocol. mAs values differ, with the brain region having the lowest (105.62 ± 18.64), the thorax has a slightly higher mAs (121.5 ± 47.9), but almost like that of the abdomen (120.31 ± 45.8). This shows the differences in exposure settings tailored to the density and thickness of the regions. There is a considerably differences in the scan range. The Abdomen has the longest scan range (76.8 ± 13.3 cm), while the brain has the shortest (16.49 ± 4.31 cm), reflecting the anatomical requirements for each region. The computed tomography dose index CTDIvol, is highest for the brain (27.7 ± 6.44 mGy) and lowest in the case of the abdomen (7.65 ± 3.31 mGy). This indicates a higher dose requirement for CT brain, potentially due to the need for finer detail. The DLP is highest for the Brain (556.2 ± 136.21) despite its shorter scan range, showing a higher dose concentration for each centimeter scanned. The SSDE values indicate a mean of 21.32 ± 5.12 mGy for brain CT, 8.50 ± 3.20 mGy for thorax CT, and 11.94 ± 5.68 mGy for CT abdomen, showing the variability in radiation dose across different anatomical regions.
Image quality
Signal values are relatively consistent across the thorax (48.02 ± 5.10) and the abdomen (46.33 ± 6.53) but are significantly lower for the brain (28.45 ± 2.01), this could be due to the lower mAs settings. Noise is found to be lowest for the brain (6.36 ± 2.05) and highest for the abdomen (15.28 ± 4.61), this shows the variability in the clarity of the images based on the body region.  Brain has the highest SNR (4.84 ± 1.06) and the abdomen has the lowest (3.41 ± 0.81), showing a better image clarity and detail in brain scans compared to the abdomen. The FOM for brain CT (0.54 ± 0.22), thorax CT (3.33 ± 1.70), and abdomen CT (2.08 ± 1.30) implies that the thorax CT has the highest diagnostic performance, followed by the CT abdomen, while brain CT shows the lowest, this is due to the variability in efficacy across the imaging protocols used
Table 2 presents a comparison of image quality metrics (Signal, Noise, and SNR) of CT scans of the three regions between male and female patients. The values are presented as mean ± SD, and p - values are provided to assess statistical significance in the differences between both genders








Table 2: Comparison of image quality metrics (Signal, Noise, and SNR) of CT scans of the three regions between male and female patients
	                                                                                                                     
Mean ±SD

	Region
                                 SIGNAL
	
  NOISE
	 
SNR

	

	
Male
	
Female
	
p value
	
Male
	
Female
	
p value
	
Male
	
Female
	
p value

	
Brain
	
28.96±2.14
	
28.86±1.75
	
0.14
	
6.70±2.53
	
5.98±1.31
	
0.35
	
4.75±1.05
	
4.95±1.10
	
0.61


	
Thorax
	
47.18±3.81
	
48.85±6.15
	
0.38
	
13.34±1.78
	
14.48±3.50
	
0.27
	
3.77±0.54
	
3.58±0.57
	
0.37

	Abdomen
	47.28±5.01
	45.22±7.89
	0.17
	14.73±2.75
	15.93±6.10
	0.26
	3.34±0.81
	3.24±0.88
	0.13



The signal values for each region indicate a minimal difference between both genders. For the brain region, the value for male is 28.96 ± 2.14 while that of female is 28.86 ± 1.75. The p - value for this region is 0.14, indicating no statistically significant difference between genders for this region. The thorax region has 47.18 ± 3.81as the value for male and 48.85 ± 6.15 for female. The P-value for this region is 0.38 again showing no significant gender-based variation. The abdomen recorded 47.28 ± 5.01as the value for male and 45.22 ± 7.89 for female. The P-value for this region is 0.17 confirming that the difference is not statistically significant. The signal values are relatively consistent between genders across all regions, implying that the imaging protocol gives similar signal intensities for both males and females.
The noise levels also show slight differences between both genders with the brain having 6.70 ± 2.53 as the value for male and 5.98 ± 1.31for female. The p-value is 0.35, indicating an insignificant gender difference in noise levels. The thorax has13.34 ± 1.78 as the value for male and 14.48 ± 3.50 for female. This region has a p-value of 0.27 indicating no significant difference statistically. For the abdominal region, 14.73 ± 2.75 is the value for male and 15.93 ± 6.89 for female. This region has a p-value of 0.26 confirming that noise levels do not vary significantly between genders. Noise levels are consistent between females and males across regions, signifying that the image quality, in terms of noise, is comparable for patients of both genders. SNR values for brain shows 4.75 ± 1.05 for male and 4.95 ± 1.10 for female with a p-value of 0.61, indicating no significant difference between genders. The thorax has 3.77 ± 0.54 as the value of SNR for male and 3.58 ± 0.57 for female. Its p-value is 0.37 showing no significant difference in SNR. The SNR for abdomen is 3.34 ± 0.81for male and 3.24 ± 0.88 for female with a p-value of 0.13 suggesting no significant gender-based variation in SNR. The values for SNR remain consistent between male and female, signifying that the overall image quality is similar for patients of both genders.
Conclusively, Table 2 shows that there are no statistically significant differences in signal, noise, or SNR between patients of both genders across the three regions. The finding is in line with the study reported by [17] which suggests that the Image protocol is applicable and equally effective for both genders, maintaining consistent image quality parameters irrespective of the gender involved.

Table 3 presents statistics of signal, noise, and SNR in the abdomen area across various BMI categories: Underweight (UW), Normal Weight (NW), Overweight (OW), and Obesity (OB). The comparisons of these parameters were conducted using a t-test to assess significant differences between the BMI categories. As BMI increases, there is a noticeable increase in signal values across the categories. The p-value of less than 0.05


TABLE 3: statistics of signal, noise, and SNR in the abdomen area across various BMI categories
	                                    
                                                                    ABDOMEN
	

            t -Test

	
	

	
          
BMI
	
    Underweight
(n=12)
	
 Normal weight
(n=13)
	
 Overweight
(n=18)
	

Obese
(n=33)
	

p value
	

NW VS UW
	

NW VS OW
	

NW VS OB

	
Signal
	
29.22±3.17
	
38.37±3.03
	
45.88±1.45
	
55.94±5.45
	
p<0.05
	
p<0.05
	
p<0.05
	
p<0.05

	
Noise
	
10.25±0.56
	
11.66±0.47
	
13.47±0.67
	
19.53±7.82
	
p>0.05
	
p<0.05
	
p<0.05
	
p<0.05

	
SNR
	
1.57±0.26
	
2.26±0.21
	
3.14±0.26
	
4.65±0.69
	
p>0.05
	
p<0.05
	
p<0.05
	
p<0.05



Similarly, higher BMI also increases the noise value. However, the p-value is p > 0.05, which indicates that the difference in noise levels is not significant between the BMI categories. As BMI increases, the SNR increases with higher values in the Obesity category compared to the lower BMI groups. The SNR results show p value of > 0.05, signifying that no statistical significance across the BMI categories, though the trend shows that a higher BMI corresponds to better SNR. For the t- test comparison, all the parameters show significant differences with p value of < 0.05 for signal, noise, and SNR when compared the normal weight category to other categories of BMI. These findings align with the study that investigates the relationship between BMI and image quality parameters in CT scan. It shows that higher BMI often correlates with increased noise levels, as reported in the study by [18]  where it was reported that as patient BMI increases, the amount of noise in CT images tends to rise due to increased tissue attenuation and scatter. These situations require dose adjustments to maintain image quality. 
Furthermore, SNR improve  with higher BMI, despite higher noise levels, this is in line with the study by [19] which suggests optimized imaging protocols for  patients with higher BMI. Similar study by [20] reported  that SNR increase  can be achieved with adjustment in dose to account for larger body mass. Though, the lack of significant differences in statistics of SNR across all the  BMI categories shows that the CT protocols were already optimized to provide good image quality despite variations in body habitus, as reported in the study by [21].

Figure 4 shows a bar chart for the signal in Hounsfield Unit (HU) numbers for CT examinations across the three regions for male (M) and female (F) patients. For male patients, the bar chart for brain is higher than that for females, though both values are within a range below 40 HU. The bar chart representing HU number for females is slightly higher than that for males in the thorax region, with both values reaching around 50 HU.


Figure 4: bar chart for the CT across the three regions for patients of both genders

This implies that there is similar tissue density in the thorax region for both genders, but with a marginal increase in females. The bar chart representing both males and females are very close in the abdomen region, showing minimal difference. Both genders show values between 40 and 50 HU, which suggests similar density characteristics in the region. Slight variations in HU numbers between males and females across the three regions can be noticed from the bar chart, but in general, the thorax and abdomen show identical densities for the two genders. On the other hand, the brain region, indicates a slightly higher HU number for males compared to females.


The bar chart in figure 5 compare the S.D. across the three body regions (brain, thorax, and abdomen) separately for males and females. The SD for males is slightly higher than that for females in the brain region, signifying the noise variability for the male patients is slightly greater in this region compared to the female patients, though both are relatively low. In the thorax region, the S.D for both genders are close, but the female gender shows a slightly higher value


Figure 5: Comparison of the S.D. across the three body regions for patients of both gender
 This indicates that for the thorax region, the noise for females exhibits more variability than for males, though the difference is relatively small. For the abdomen region, the noise for both males and females are quite high, with females showing a marginally higher S.D. This indicates that the abdomen region shows the greatest variability among the three regions for both genders, with females showing a slightly higher S.D.

Figure 6 presents a bar chart comparing the SNR of CT scan across the three body regions for males and females’ patients. For the brain region, SNR for both males and females are quite high, with females showing a slightly higher SNR. This implies that the image quality in relation to noise is better in the female patients for this region, Though the difference is small.


Figure 6: bar chart comparing the SNR of CT scan across the three body regions for patients of both genders 
Both males and females’ patients have a relatively lower SNR in the thorax region compared to the brain region, with the male patients having a slightly higher value than the female. This suggests that the image quality relative to noise is slightly better in male patients compared to females in the region. The abdomen region has SNR similar for both males and females, but slightly lower than in the brain and thorax regions, indicating that the image quality in this region is similar across sexes but is lower in comparison to the brain.

Conclusion
This study highlights the relationship between radiation dose and image quality in routine CT scans. The results underscore the necessity of tailoring radiation dose according to anatomical regions and individual patient characteristics, such as BMI, to enhance image quality while reducing patient exposure. The correlation between increased signal and noise with increasing BMI aligns with prior research conducted by[7]  which reported that higher BMI results in greater image noise due to enhanced tissue attenuation and scattering. This underscores the necessity for dose modifications to preserve diagnostic image quality in patients with higher BMI.
Furthermore, the trend of enhanced SNR as BMI increases, despite higher noise levels, aligns with research conducted by [19], which supports the need for optimized protocol methods to address differences in patient body habitus. The findings also correspond with that of [22], where it was reported that dose increment for patients with higher BMI results in enhanced SNR, thereby  improving image clarity. The absence of statistically significant changes in SNR among BMI categories shows that the protocol employed need to be  effectively optimized to ensure clearer image across all patient groups, as also reported in the study  by[7]
The uniformity in the metrics of image quality across genders reinforces the necessity of a standardized protocol, as demonstrated by [17], to guarantee equitable diagnostic results for male and female patients. This research substantiates the effectiveness of new CT technologies, including  iterative reconstruction  and Automatic Exposure Control (AEC) methods, in improving image quality and also the safety of the patient, as reported by [23].
The findings of this study offer significant insights into the practical implementation of dose optimization techniques for routine CT scan of patients across various BMI, to achieve better image quality, thereby adding to the continuous efforts to improve patient care in the field of medical imaging.
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