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ABSTRACT:  

Introduction: Dose is the matter of concern as the role of CT imaging is increasing day by day due 

to its rapid scanning and 3 D cross section imaging. CT represents approximately 10% of X-ray 

based examination which accounts for almost 50% radiation dose associated with total medical 

imaging. Amount of dose also depend on patient size. Patients having more body fat are assumed 

to have more radiation dose due to attenuation and scattering. 

Objectives: Purpose of the study is to find out the radiation dose variation on the basis of Body 

Mass index and patient dimensions (Anteroposterior & Lateral diameter of abdomen). 

Methods: All of the original research articles were explored to find the relation of patient size with 

dose during CT abdomen scan. The articles were differentiated on the basis of Prisma technique. 

The patients which are clinically referred for CT abdomen were included and some studies were 

anthropomorphic phantom based. Patient’s data include height, weight, age, sex is collected. The 

following parameters were included: Body mass index (BMI), Anteroposterior & Lateral diameters, 

subcutaneous fat thickness, cross sectional area Scan is performed and CT dose index (CTDI), dose 

length product (DLP), were recorded and effective dose, size specific effective dose (SSDE) is 

calculated by using size specific conversion factor. 

Results: Before calculating the radiation dose of patient, the patient’s size, weight, BMI, adipose 

tissue thickness & circumference are some major factors that interferes the amount of dose. It is 

found that oversized patients receive significantly higher doses than small size patients. It is an 

interesting fact that during CT abdomen scan of obese patients, there is no significant increase in 

organ doses because somewhere extra subcutaneous and visceral fat layers in obese patients. To 

balance the amount of dose and image quality, modified protocols using low kV techniques or 

ATCM (automated tube current modulation) were used. 
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Conclusions: Patient size, BMI, cross section area all parameters should be used to calculate 

effective dose. Increased cross section area, directly increase the exposure parameters and large 

dose to thick patients.    

1. Introduction 

In medical imaging there is use of ionizing radiation 

which is govern by ALARA (low as reasonably 

achievable) principle which states that whenever 

ionizing radiation has to be applied to living tissues, 

exposure should be kept minimum so that optimum 

quality diagnostic information should be obtained.  
1When radiations pass through the body some of 

radiation is absorbed and contribute to patient absorbed 

dose. The use of ionizing radiation in diagnostic 

examinations should provide high benefit v/s risk ratio. 

The whole-body dose is measured as effective dose 

whose units are millisievert (mSv). It represents how 

sensitive different tissue to radiation & risk to entire 

body.2 Risk refers to the possible chances of biological 

effects later in life like cancer.  

Computed tomography 

CT is now days the main tool in radiology in daily 

clinical work. Computed tomography (CT) also known 

as computerized axial tomography is an imaging 

modality uses X-rays to produce cross sectional images 

of body. During this procedure a narrow beam of X-ray 

is aimed at a patient and quickly rotated around the body 

producing signals that are processed by computer to 

generate cross sectional images or slices.3 These 

successive slices are then collected and by using 

algorithms are reconstructed into 3D image of cross 

section. It provides more information than traditional X-

ray imaging. They are sometime called CAT (Computer 

Assisted Tomography).4  The first CT scanner was built 

by a British engineer Godfrey Hounsfield of EMI 

laboratory in 1972. He co invented the technology with 

physicist Dr. Allan Cormack. The first CT scanner was 

installed between 1974 to 1976. The original scanner was 

dedicated only for the head imaging. The whole-body 

imaging was widely available in 1976 & CT became 

widely available by 1980.5  

Abdomen 

The abdomen is the cavity of the body present between 

thorax and pelvis. Abdominal muscles are present in 

front of the cavity and spine in the posterior region. The 

upper boundary of abdominal cavity is diaphragm that is 

present on thorax side and no such boundary is present 

between abdominal cavity and pelvis.6  It is the most 

complex structure contains many vital organs of the 

gastrointestinal, urinary, endocrine, reproductive system. 

A CT scan of the abdomen may be performed to assess 

the abdomen and its organ for any abnormalities and 

other conditions particularly when another types of 

examination such as x rays or physical examination, is 

not conclusive. 7It is used to detect any problem or 

disease in stomach, liver, gall bladder, small or large 

bowel or other internal organs present in abdominal 

cavity. CT scan is also preferred because it is fast, 

accurate and non-invasive method of diagnosis. It is also 

used in case of emergency to detect any internal injury or 

bleed more accurately in a very short period of time 

enough to help saving lives.8  Most common indications 

of routine CT abdomen are infections (such as 

appendicitis, polynephritis), inflammatory bowel disease 

(like Crohn’s disease / ulcerative colitis), lymphomas, 

stones and injuries to internal organs (abdominal aortic 

aneurysms) 

Radiation Dose  

As CT utilization increases, concern about radiation dose 

has also increases. CT represents approximately 10% of 

X-ray based examination which accounts for almost 50% 

radiation dose associated with total medical imaging. 

Use of CT grows continuously by 10-15% per year. 

Approximate effective radiation dose from CT abdomen 

or pelvis is 7.7 mSv which is equal to radiation dose from 

natural background radiation in 2.6 years. 9There are 

some advancements in recent times such as automatic 

exposure control, automatic tube potential selection, 

iterative reconstruction has reduced the radiation dose in 

adults and children while maintaining diagnostic image 

quality.  

The effective dose value may vary from person to person 

depending on person’s size, weight, thickness, age etc.  

Body Mass Index 

Patients with more thickness, involving excessive 

amount of body fat are suffering from obesity. It is 

http://www.jchr.org/
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calculated by body mass index.10 Body mass index is a 

value derived from the height and weight of the patient. 

It is defined as body mass divided by square of body 

height and is expressed in kg/m2.11 Person having BMI 

over 25 is considered as overweight and over 30 is 

consider as obese as shown in figure 1.1. The issue has 

risen in such a high proportion that over 4 million people 

dying per year because of obesity. The rate of increase of 

obese patient in developing country is 30% more than 

developed ones.12 

 

Relation of obesity with Dose 

The rise in obesity has also impacted the amount of 

radiation dose received during diagnostic imaging. At 

routine dose to obese patients the more radiation is 

contributed to scattering and cause noise in image. To 

acquire good image quality for obese patients the 

exposure parameters have to be increased or modified 

which leads to increase the risk of high dose. Obesity has 

also impact on conversion coefficients which cannot be 

calculated by only body diameter.13   Thus, patient size is 

important consideration during CT examination.  

Dose calculation 

The effective dose (E) indicates the difference in tissue 

sensitivity to ionizing radiation when exposed to 

different type of radiation. It is the weighting summation 

of different organ dose values. E = ∑ H × WT where H 

= ∑ D × WR. During calculation of effective dose both 

the type of tissue and type of organ are taken under 

consideration. There are 2 most common methods of 

effective dose calculations. One is software-based monte 

Carlo method and other is simple method by using dose 

length product (DLP) and age & region-specific k 

coefficients.14 

2. Methods 

All of the original research articles were explored to find the 

relation of patient size with dose during CT abdomen scan. 

The articles were differentiated on the basis of Prisma 

technique. The patients which are clinically referred for CT 

abdomen were included and some studies were 

anthropomorphic phantom based. Patient’s data include 

height, weight, age, sex is collected. The following 

parameters were included: Body mass index (BMI), 

Anteroposterior & Lateral diameters, subcutaneous fat 

thickness, cross sectional area Scan is performed and CT dose 

index (CTDI), dose length product (DLP), were recorded and 

effective dose, size specific effective dose (SSDE) is 

calculated by using size specific conversion factor. 

 

15 

3. Discussion 

Generally, dose levels in CT are below threshold levels 

but may trigger the gene mutations or carcinogenesis. 

During dose calculation the effective dose must be 

quantified in order to find amount of risk of stochastic 

effects.16  The data suggests that before calculating the 

radiation dose of patient, the patient’s size, weight, BMI, 

adipose tissue thickness & circumference are some major 

factors that interferes the amount of dose. Each organ 

absorbs radiation dose differently depending on the 

anatomical location, density and the distance from source 

of primary radiation. More dense parts contribute to more 

radiation dose.17 The exposure parameters are directly 

proportional to cross sectional area of patient. It is found 

that among all the parameters total adipose is the 

strongest predictor of DLP.18  Fully irradiated organs 

were strongly correlated to patient’s perimeters, on the 

other hand partially irradiated organs do no show 

dependency on patient’s perimeter.  19In case of CT 

abdomen scan stomach and spleen shows more 

contribution to radiation dose. Patient size is major factor 

in determining amount of radiation dose received by 
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patient during scan. Large size of patients shows some 

limitations during scan due to beam hardening (because 

of limiting field of view & inadequate penetration) which 

can increase the noise level.20  In order to acquire good 

image quality, exposure factors get manipulated by using 

ATCM method. ATCM allows to acquire images with 

good preset image quality regardless the size of patient, 

which led to increase the radiation dose to patient. 21The 

study supports the theory that oversized patients receives 

significantly higher doses than small size patients. It is 

an interesting fact that during CT abdomen scan of obese 

patients, there is no significant increase in organ doses 

because somewhere extra subcutaneous and visceral fat 

layers in obese patients cause more photons attenuation 

and act as a barrier and result in high skin entrance dose 

due to shielding effect.22 It is found that in obese patients, 

deep organs receive 50% less radiation dose than 

superficial organs during scan.  23The effective dose 

calculation includes dose delivered to the organs which 

are sensitive to radiation and its biological effects i.e., fat 

is not included in this category. Thus, fat is not clinically 

important to radiation risk but distal fat which is closest 

to image receptor, increases the dose to skin and core 

organs by acting as additional attenuator and need of 

increased x-ray output to balance target exit dose. So, 

patient’s supine position is efficient during scan to limit 

the increased dose due to fat attenuation. 24The studies 

demonstrate a correlation between BMI, total adipose 

tissue and dose calculation parameters such as DLP 

among which total adipose tissue is a strong predictor of 

DLP. 25when using ATCM methods both DLP and CTDI 

increased with patient cross section area. For the accurate 

estimation of SSDE the BMI and patient size can be used. 

There is no need to find AP & LAT diameter for SSDE 

calculation.26 Dose is generally calculated by using DLP 

in relation with cross section area which can be altered 

because of scan length difference which is due to patient 

height. A short obese patient and tall thin patient may 

 
1 Chan, Victoria O., et al. ‘The Relationship of Body Mass 

Index and Abdominal Fat on the Radiation Dose Received 

during Routine Computed Tomographic Imaging of the 

Abdomen and Pelvis’. Canadian Association of Radiologists 

Journal, vol. 63, no. 4, Nov. 2012, pp. 260–66. DOI.org 

(Crossref), https://doi.org/10.1016/j.carj.2011.02.006  
2 Radiology (ACR), Radiological Society of North America 

(RSNA) and American College of. ‘Radiation Dose’. 
Radiologyinfo.Org, 

https://www.radiologyinfo.org/en/info/safety-xray  

have same cross section area but thin patient is exposed 

to high DLP because of longer scan length. Therefore, 

study shows that scan length would be included during 

dose calculations.27 DLP is then converted into effective 

dose by using conversion factors recommended by ICRP. 

A study suggests that conversion factors should be 

specifically specified to both the sexes and paediatric 

patients.15 To balance the amount of dose and image 

quality, modified protocols using low kV techniques or 

ATCM (automated tube current modulation) were used. 

According to ALARA principal radiation dose should be 

as low as reasonably achievable without interfering with 

image quality. Modified protocols for CT of obese 

patients help to reduce radiation dose without 

compromising image quality.21 The use of low kV 

techniques and IR reduces the image noise up to 60% and 

a significant decrease in patient dose. The reduction of 

30-60% in dose was noted when low KV techniques i.e., 

100kV-120kV and modified protocols were used.  28It is 

necessary to use anatomical region-specific conversion 

factor to calculate effective dose from DLP. 

4. Conclusion 

Radiation dose is concerning factor when we talk about 

CT scan which is also influenced by patient’s BMI, cross 

section area, size and orientation during the scan. 

Therefore, these parameters should be considered during 

radiation dose calculation because they directly affect the 

amount of effective dose received by patient. Exposure 

parameters also increased with increase in cross section 

area and scan length. The obese patients having more 

BMI & fat, receives more amount of radiation dose as 

compared to thin patients because of more attenuation of 

photons. The amount of CTDI should be reviewed before 

examination and can be altered on the basis of age/size 

of patient.  

References 

3 ‘Computed Tomography (CT)’. National Institute of 

Biomedical Imaging and Bioengineering, 
https://www.nibib.nih.gov/science-education/science-

topics/computed-tomography-ct  

 
4 Nadrljanski, Mirjan M. ‘Computed Tomography | Radiology 
Reference Article | Radiopaedia.Org’. Radiopaedia, 

https://doi.org/10.53347/rID-9027 

  

http://www.jchr.org/
https://doi.org/10.1016/j.carj.2011.02.006
https://www.radiologyinfo.org/en/info/safety-xray
https://www.nibib.nih.gov/science-education/science-topics/computed-tomography-ct
https://www.nibib.nih.gov/science-education/science-topics/computed-tomography-ct
https://doi.org/10.53347/rID-9027


 
 

 

1918 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(2), 1914-1918 | ISSN:2251-6727 

 
5 Brief History of CT | CT Scan | Imaginis - The Women’s 

Health & Wellness Resource Network. 

https://www.imaginis.com/ct-scan/brief-history-of-ct?r 

  
6 Abdomen | Internal Organs, Muscles & Cavities | Britannica. 

https://www.britannica.com/science/abdomen  

 
7 Computed Tomography (CT or CAT) Scan of the Abdomen. 

8 Aug. 2021, 

https://www.hopkinsmedicine.org/health/treatment-tests-and-

therapies/computed-tomography-ct-or-cat-scan-of-the-

abdomen  
8 Radiology (ACR), Radiological Society of North America 

(RSNA) and American College of. ‘Computed Tomography 
(CT) - Abdomen and Pelvis’. Radiologyinfo.Org, 

https://www.radiologyinfo.org/en/info/abdominct  

 
9 Gottumukkala, Ravi V., et al. ‘Advanced CT Techniques for 
Decreasing Radiation Dose, Reducing Sedation Requirements, 

and Optimizing Image Quality in Children’. RadioGraphics, 

vol. 39, no. 3, May 2019, pp. 709–26. DOI.org  , 

https://doi.org/10.1148/rg.2019180082  
 
10 Obesity -Symptoms and Causes’. Mayo Clinic, 

https://www.mayoclinic.org/diseases-

conditions/obesity/symptoms-causes/syc-20375742  
 
11 Nuttall, Frank Q. ‘Body Mass Index’. Nutrition Today, vol. 

50, no. 3, May 2015, pp. 117–28. PubMed Central, 

https://doi.org/10.1097/NT.0000000000000092  
 
12 Obesity. https://www.who.int/health-topics/obesity  

 
13 Li, Xiang, et al. ‘Effects of Protocol and Obesity on Dose 
Conversion Factors in Adult Body CT’. Medical Physics, vol. 

39, no. 11, Nov. 2012, pp. 6550–71. DOI.org  , 

https://doi.org/10.1118/1.4754584.  
 
14 Brady, Samuel L., et al. ‘How to Appropriately Calculate 

Effective Dose for CT Using Either Size-Specific Dose 

Estimates or Dose-Length Product’. American Journal of 
Roentgenology, vol. 204, no. 5, May 2015, pp. 953–58. 

DOI.org  , https://doi.org/10.2214/AJR.14.13317  
15 Haddaway, N. R., Page, M. J., Pritchard, C. C., & 

McGuinness, L. A. (2022). PRISMA2020: An R package and 

Shiny app for producing PRISMA 2020-compliant flow 

diagrams, with interactivity for optimised digital transparency 

and Open Synthesis Campbell Systematic Reviews, 18, e1230. 

https://doi.org/10.1002/cl2.1230  
 
16 Deak, Paul D., et al. ‘Multisection CT Protocols: Sex- and 

Age-Specific Conversion Factors Used to Determine Effective 

Dose from Dose-Length Product’. Radiology, vol. 257, no. 1, 
Oct. 2010, pp. 158–66. DOI.org  , 

https://doi.org/10.1148/radiol.10100047  

 
17 Pelegrino Bastos Maués, Nadine Helena, et al. 
‘ABDOMEN–PELVIS COMPUTED TOMOGRAPHY 

PROTOCOL OPTIMIZATION: AN IMAGE QUALITY AND 

DOSE ASSESSMENT’. Radiation Protection Dosimetry, vol. 

184, no. 1, July 2019, pp. 66–72. DOI.org  , 

https://doi.org/10.1093/rpd/ncy181  

 
18 McLaughlin, Patrick D., et al. ‘Body Composition 
Determinants of Radiation Dose during Abdominopelvic CT’. 

Insights into Imaging, vol. 9, no. 1, Feb. 2018, pp. 9–16. 

DOI.org https://doi.org/10.1007/s13244-017-0577-y  
 
19 Turner, Adam C., et al. ‘The Feasibility of Patient Size‐

corrected, Scanner‐independent Organ Dose Estimates for 

Abdominal CT Exams’. Medical Physics, vol. 38, no. 2, Feb. 
2011, pp. 820–29. DOI.org https://doi.org/10.1118/1.3533897 

  
20 Uppot, Raul N., et al. ‘Impact of Obesity on Medical Imaging 

and Image-Guided Intervention’. American Journal of 
Roentgenology, vol. 188, no. 2, Feb. 2007, pp. 433–40. 

DOI.org, https://doi.org/10.2214/AJR.06.0409.  

 
21 Schindera, Sebastian T., et al. ‘Effect of Patient Size on 
Radiation Dose for Abdominal MDCT with Automatic Tube 

Current Modulation: Phantom Study’. American Journal of 

Roentgenology, vol. 190, no. 2, Feb. 2008, pp. W100–05. 

DOI.org, https://doi.org/10.2214/AJR.07.2891.  
 
22 Schindera, Sebastian T., et al. ‘Abdominal Multislice CT for 

Obese Patients: Effect on Image Quality and Radiation Dose in 

a Phantom Study’. Academic Radiology, vol. 14, no. 4, Apr. 
2007, pp. 486–94. DOI.org 

https://doi.org/10.1016/j.acra.2007.01.030  

 
23 McLaughlin, Patrick D., et al. ‘Body Composition 
Determinants of Radiation Dose during Abdominopelvic CT’. 

Insights into Imaging, vol. 9, no. 1, Feb. 2018, pp. 9–16. 

DOI.org, https://doi.org/10.1007/s13244-017-0577-y  
24 Yanch, Jacquelyn C., et al. ‘Increased Radiation Dose to 
Overweight and Obese Patients from Radiographic 

Examinations’. Radiology, vol. 252, no. 1, July 2009, pp. 128–

39. DOI.org https://doi.org/10.1148/radiol.2521080141  
25 Xu, Jian, et al. ‘Size-Specific Dose Estimates of Radiation 
Based on Body Weight and Body Mass Index for Chest and 

Abdomen-Pelvic CTs’. BioMed Research International, vol. 

2020, July 2020, p. e6046501. www.hindawi.com, 

https://doi.org/10.1155/2020/6046501 
  
26 O’Neill, Siobhan, et al. ‘Using Body Mass Index to Estimate 

Individualised Patient Radiation Dose in Abdominal Computed 

Tomography’. European Radiology Experimental, vol. 2, no. 1, 
Dec. 2018, p. 38. DOI.org , https://doi.org/10.1186/s41747-

018-0070-5  

 
27 Meeson, S., et al. ‘The in Vivo Relationship between Cross-
Sectional Area and CT Dose Index in Abdominal Multidetector 

CT with Automatic Exposure Control’. Journal of Radiological 

Protection, vol. 30, no. 2, June 2010, pp. 139–47. DOI.org 

https://doi.org/10.1088/0952-4746/30/2/003  
 
28 Qurashi, Abdulaziz A., et al. ‘THE IMPACT OF OBESITY 

ON ABDOMINAL CT RADIATION DOSE AND IMAGE 

QUALITY’. Radiation Protection Dosimetry, vol. 185, no. 1, 
Nov. 2019, pp. 17–26. DOI.org, 

https://doi.org/10.1093/rpd/ncy212  

http://www.jchr.org/
https://www.imaginis.com/ct-scan/brief-history-of-ct?r
https://www.britannica.com/science/abdomen
https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/computed-tomography-ct-or-cat-scan-of-the-abdomen
https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/computed-tomography-ct-or-cat-scan-of-the-abdomen
https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/computed-tomography-ct-or-cat-scan-of-the-abdomen
https://www.radiologyinfo.org/en/info/abdominct
https://doi.org/10.1148/rg.2019180082
https://www.mayoclinic.org/diseases-conditions/obesity/symptoms-causes/syc-20375742
https://www.mayoclinic.org/diseases-conditions/obesity/symptoms-causes/syc-20375742
https://doi.org/10.1097/NT.0000000000000092
https://www.who.int/health-topics/obesity
https://doi.org/10.1118/1.4754584
https://doi.org/10.2214/AJR.14.13317
https://doi.org/10.1002/cl2.1230
https://doi.org/10.1148/radiol.10100047
https://doi.org/10.1093/rpd/ncy181
https://doi.org/10.1007/s13244-017-0577-y
https://doi.org/10.1118/1.3533897
https://doi.org/10.2214/AJR.06.0409
https://doi.org/10.2214/AJR.07.2891
https://doi.org/10.1016/j.acra.2007.01.030
https://doi.org/10.1007/s13244-017-0577-y
https://doi.org/10.1148/radiol.2521080141
https://doi.org/10.1155/2020/6046501
https://doi.org/10.1186/s41747-018-0070-5
https://doi.org/10.1186/s41747-018-0070-5
https://doi.org/10.1088/0952-4746/30/2/003
https://doi.org/10.1093/rpd/ncy212

