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Abstract:- The primary objective of this investigation is 

to comprehensively evaluate potential strategies to 

mitigate the risk of radiation-induced ailments 

stemming from the excessive exposure of radiosensitive 

organs such as the eyes, thyroid, breast, and gonads 

during CT scans, without compromising diagnostic 

image quality. In the methodology, a thorough 

examination and synthesis of existing literature were 

conducted, encompassing various studies and their 

respective findings. By scrutinizing the results and 

conclusions of these studies, the aim was to identify 

optimal approaches for minimizing the risk of 

radiation-related diseases associated with the 

overexposure of radiosensitive organs. 

 

The culmination of this analysis revealed a range 

of methods tailored to protect specific radiosensitive 

organs. Notably, for safeguarding the eye lens, gantry 

tilting emerged as the most efficacious technique. 

However, circumstances may arise where gantry tilting 

is impractical; in such cases, the utilization of silicon 

rubber shielding combined with tube current 

modulation was deemed viable. Furthermore, for other 

radiosensitive organs, such as the thyroid, breast, and 

gonads, the implementation of tube current modulation, 

supplemented by ADMIRE 3, was identified as a 

significantly effective measure. In conclusion, this study 

underscores the importance of adopting targeted 

strategies to mitigate radiation risks while preserving 

diagnostic image quality during CT scans. By 

leveraging techniques such as gantry tilting, silicon 

rubber shielding, and tube current modulation with 

ADMIRE 3, healthcare practitioners can enhance 

patient safety and minimize the likelihood of radiation-

induced health complications. Additionally, ensuring 

the authenticity of these findings, plagiarism was 

rigorously checked to maintain the integrity of the 

research. 
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I. INTRODUCTION 

 

October 1st, 1971 marked the major breakthrough in 

the history of medical science as it was the day when Sir 

Godfrey Newbold Hounsfield unravel many anatomical and 

physiological mysteries of the human body without opening 

it up by constructing EMI Scanner which was later known 

as Computed Tomography scanner, or CT scanner[1] 

With the help of EMI scanner, the world’s first scan was 

done of the brain at Atkinson Morley in Wimbledon 
England[2]. Over 3 million CT scans were performed in the 

U.S. within a decade. By 2005, the number crosses 68 

billion all over the world.  

 

With the advancement in the medico-technical era, the 

time required to acquire the scan and collect information 

gradually reduces. It took 30 minutes to acquire the first 

brain scan, and about 2.5 hours were taken to process the 

data. Initially, only axial images were acquired, so it was 

named Computed Axial Tomography scanner. But in the 

present time, it is just a matter of seconds to acquire the 
scan and the image can be displayed in any plain. Because 

of this, all medical branches become CT dependent a lot. 

Whether it’s a suspected infract or bleed, hemorrhage or 

headache, seizures or sinusitis, lung infection or pleural 

effusion, pancreatitis or abdominal bleed, liver abscess or 

cholelithiasis, a CT scan is a must performing test to initiate 

the treatment because of its higher resolution picture 

quality. Not only for initiation of treatment but for the 

continuous follow-up to check the status update about the 

diseases and patient condition; a CT scan is performed 

multiple times. 

 
A. Cancer risk from CT 

CT scan becomes the major modality for the diagnosis 

of cancer. On the other hand, determining the risk of cancer 

is also associated with it and has become a major 

controversy in the present time. BEIR (Biological Effects 

of Ionizing Radiation) published an outline model in 2006 

stating that there would be some cancer risk associated with 

low doses of radiation encounter greater than 50mSv[3]. 

Costello et al. (2013) reviewed few studies showing the 

damage to the DNA as a harmful effect of radiation at low 

doses. In various laboratory experiments, hormonesis does 
occur. American Journal of Roentgenology (AJR) also 
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issued a statement commenting on recognizing the harm 

caused due to low doses of CT radiation [3]. The U.S. Food 

and drug administration also compared the natural 

incidence of fatal cancer in the U.S. with a CT radiation 

dose of 10mSv which was similar to BEIR report. Pearce et 

al. (2014) also documented the relative risk of leukemia 

among the children increased three times who had received 

accumulative radiation exposure of a minimum of 30 mSv 
[4]. This major concern about the risk of cancer from 

radiation exposure derived from the studies performed on 

people who live miles away from the epicenter of the 

Hiroshima and Nagasaki tragedy emerging symptoms of 

cancer. Their distance from the epicenter of the atomic 

bomb concluded as multiple radiation exposures from the 

CT scanner. Multiple epidemiologic studies had published 

concerning the increasing number of patients by Pearce et 

al. 

 

B. Risk of Cataract 
In the new guidelines of ICRP 103, the annual 

radiation dose of the eye lens is reduced to 50mSv as the 

eyes lens is considered as the most radiosensitive organ in 

the human body. The eye lens is enlisted as the most 

radiosensitive tissue in the human body by ICRP, resulting 

in the development of cataracts and lens opacities [5]. Due 

to overexposure to eye lenses, there is a great possibility of 

radiation-induced cataracts or lens opacification without a 

threshold dose [6,7]. The ionizing radiation that emerges 

from CT doesn’t only cause cancer but can be the reason 

for cataracts. A study showed that the risk of leukemia 

almost got tripled in children after their cumulative dose 
reaches to 50mGy. Because of these kinds of results, ICRP 

has updated and changed the threshold or equivalent dose 

limit values of the eye from 2-8 Gy to 0.50 Gy7. In 2012, 

Yuan et al. performed a survey on the patient who 

underwent head and neck CT examinations and get 

cataracts from 2000-2009 and he also concluded that there 

is a possibility of cataracts due to repeated CT examination 

[8]. 

 

Taking all those reports into consideration that had 

been published previously, the requirement and use of 
effective techniques and equipment is very important to 

avoid drastic results due to radiation in whole-body CT 

examination. Only reducing the radiation dose is not the 

only goal to achieve but getting a good and diagnosable 

image quality is also very important. 

 

II. METHODOLOGY 

 

This retrospective qualitative review, focused on 

assessing methods to safeguard radiosensitive organs like 

the eyes, thyroid, breast, and gonads. Thirty articles were 

scrutinized to determine effective techniques while 
maintaining image quality. Selection criteria included 

articles from reputable journals, excluding those not cited 

in databases like Scopus or PubMed and those unrelated to 

organ protection techniques. The study's design entailed 

summarizing results from literature, aiming to identify 

optimal approaches for radiation reduction. 

 

III. RESULT & DISCUSSION 

 

There are various organs in the human body such as 

the eyes, thyroid, breast, and gonads that need to be 

protected while performing any CT examination. After 

studying and going through 30 articles, it is seen that 

different techniques can be used to protect particular 

radiosensitive organs which provide greater protection with 
maintaining image quality and avoid any type of artifact. 

After going through previous studies, the eye considered as 

most sensitive study organ in the human body, and lots of 

techniques is suggested by various authors during head and 

face CT examinations to reduce radiation dose such as 

shielding, tube current modulation, tube voltage adaptation, 

iterative reconstruction, etc. All these techniques not only 

help in protecting eye lenses but other radiosensitive organs 

as well. 

 

A. Gantry Tilt 
In terms of protecting the lens of the eyes from direct 

exposure, the most applicable method in the practical field 

is gantry tilt to protect the eyes from the occurrence of 

cataracts due to over-exposure or accumulative exposure 

dose from all other examinations [6]. It is easily achievable. 

But in the case of trauma patients, we can’t apply it as its 

major drawback is a little time-consuming and cause beam 

hardening artifact at the posterior fossa of the brain and 

base of the skull as well. This artifact causes degradation of 

image quality and due to tilting, there is a possibility of 

anatomical atrophy. The study performed by Nikupaavo et 

al and Lai CWK et al in 2015 both said that gantry tilt 
surely provides 92% of radiation protection to the lens of 

the eyes [7,9]. But in the case of other radiosensitive 

organs, gantry tilt doesn’t pay off. 

 

B. Shielding  

For the protection of any organ, the first thing that 

comes to our mind is shielding. But in terms of shielding, 

lead shields seem to be the only option that comes into our 

minds. There are various types of shields that have been 

used in different types of studies by various authors such as 

bismuth shields, tungsten functional paper, and saba 
shielding which provide better image quality with fewer 

artifacts compared to a lead shield. But the result of these 

three shielding techniques in terms of protecting the lens of 

the eyes from exposure with diagnostic able image quality 

is different. But there is no particular study available that 

compares shields. According to Jia Wang, bismuth shields 

provide 26.4% of measured dose reduction compared to the 

initial reference scan10. H. Kosaka et al used tungsten 

functional paper as a shield for eyes lens but get a 17.8% of 

radiation dose reduction [11]. But Y. Irdawaati noted a 

700% increase in CT number [12].  But by increasing the 

distance between eyes and TFP, the CT number can be 
maintained and image quality stays diagnostic able. But if 

we used a Saba shield made up 0.13mm thickness of zing 

and bismuth manufactured by V. Saba. it provides a dose 

reduction of 42% [13]. A silicon rubber lead shield was 

developed and tested by Y. Irdawati et al in 2019 whose 

lead percentage varies from 0-5%. The author also tried to 

increase the distance between the shield and eyes to check 
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its effectiveness and gets around 50% of depletion in the 

exposure to the lens of the eyes recorded by the dosimeters 

placed at the eye’s region [12]. 

 

C. Tube Current Modulation 

Tube current modulation is a technique that is widely 

used in modern CT scanners. It works similarly as an 

Automatic Exposure Control switch in a conventional 
radiographic system. TCM changes the flow of current to 

the X-ray tube so that the quantity of production of xrays 

also gets varies which helps in reducing the amount of 

exposure to the organ. After studying a few articles, it 

appeared that multiple means could modulate tube currents. 

Automatic Tube Current Modulation, organ-based tube 

current modulation, global tube current reduction, and 

SODAR (Specific-organ dose adaptation and reduction 

protocol) are a few examples of CT software studied in 

articles.  

 
 Automatic Tube Current Modulation 

Automatic tube current modulation is one of the 

easiest methods to modulate the tube current in modern CT 

scanners. It works on the mechanism to obtain a target 

image quality for varying local patient attenuation 

throughout the scan [14]. The applied amount of ATCM 

during a scan is adjusted with the help of an operator-

controlled image quality reference parameter. From 

attenuation characteristics of the patient recorded during the 

topogram, the CT scanner priorly determines the amount of 

tube current to be applied at different locations during 

acquisition. ATCM also accounted for patient attenuation 
characteristics for different projection angles during each 

rotation for angular modulation. Sometimes, previously 

acquired data of characterize attenuation during half or 

whole revolution is also used during ATCM to modulate 

the tube current angularly. When Haji-Momenian et al 

studied automatic tube current modulation using DLP and 

Monte-Carlo stimulated organ-based calculation for various 

CT examinations such as unenhanced head CT, 

unenhanced chest CT, unenhanced abdominopelvic CT, 

pulmonary CTA as well as contrast CT examinations on 16-

MDCT and 64-MDCT; he concluded that there was about 
19-39% of estimated dose reduction is recorded compared 

to reference scan in unenhanced CT head, for CT chest, 

about 15 % of dose reduction was recorded[15]. Sookeng et 

al performed a study in 2016 on CT head examination to 

compare signal-to-noise ratio and dose to lens of the eye 

and concluded that there was about 60% of dose reduction 

[16].  

 

  
Fig 1: Automatic Tube Current Modulation 

 
 Organ-Based Tube Current Modulation 

Organ-based tube current modulation is an organ-

specified tube current reduction module that reduces the 

tube current when the X-ray tube reaches the anterior 

aspect of the human body to a specific degree of the region 

during scanning. And when it crosses the radiosensitive 

organ, to maintain the image quality and CT number, the 

tube current gets increased to the rest of the posterior part 

of the scanning area. The total current and exposure time 

product over 360 degrees of revolution during organ-based 

TCM is equal to the amount of exposure performed without 
using organ-based tube current modulation [17]. During 

performing the CT head examination, by using the SODAR 

protocol, Reimann et al recorded about 46-59% of dose 

reduction to the eyes lens without compromising any image 

quality [18]. But when Karmazyn et al. studied the impact 

of body mass index on the result of using tube current 

modulation longitudinally in pediatric patients, the author 

stated that in patients whose body weight is less than 20 kg 

achieve around 11% of dose reduction [19]. The patient 

whose body weight lies between 60-100kg got 30% of dose 

reduction. On average, he recorded around 19% of overall 
dose reduction in pediatric patients. In the end, the author 

concluded that automatic tube current modulation is not 

much effective in pediatric patients with smaller body sizes. 
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Fig 2: Organ bases TCM 

 

 Automatic Tube Voltage Adaptation 

Automatic tube voltage adaptation is an algorithmic 
tool that selects and modulates the voltage (70-140kV) 

based on the topogram on the bases of attenuation along the 

z-axis. This tool itself selects the voltage range at each 

scanning location that meets the prescribed image quality 

requirement. On the basis of the selected scanning range 

and amount of radiation dose, the curve of tube voltage 

modulation is calculated. But when sometimes the tube 

voltage range exceeded the system limit, the algorithm 

repeated the calculation maintaining the tube potential and 

acquiring the optimal image quality with a lower radiation 

dose. As in tube current modulation, tube current changes 

according to the region of exposure, in TVA the selected 
voltage remains the same throughout the whole CT 

investigation. After selecting the optimal values of 

kilovoltage, tube current, and CTDI vol, the software 

displayed the values before acquiring the scan so that any 

changes can be done to avoid repeating the scan. After 

using this software, Mayer et al concluded that there was 

about 35% of dose reduction in the CT chest, and a 42% of 

dose reduction in the CT abdomen compared to prior 

scanning. To evaluate the dose reduction, the author 

measured the drastic reduction in HU value in the images 

and when the images were being evaluated by the 
radiologists, they don’t point out a major loss of 

information [20]. 

 

Due to tube current modulation and tube voltage 

modulation, beam hardening artifact is seen at the base of 

the skull in CT head examinations. So, Lin et al performed 

a study in 2017 that compared the result of a fixed tube 

current scan with a bismuth-antimony shield with a 

topogram-based tube current modulation scanning on an 

anthropomorphic phantom evaluating the image quality on 

the bases of SNR and CNR. Lin found about a 21.6% of the 

increase in SNR and 7.2% of CNR while using topogram-

based tube current modulation. After combining topogram-

based tube current modulation with barium sulfate or 

bismuth-antimony shield, there was a deduction of 12.2% 

to 27.2% of radiation dose delivered to the lens of the eye 

[21]. Kosaka et al also performed a study in 2019 on tube 
current modulation with using a tungsten functional paper 

shield and get a dose reduction of about 27.7% [11]. Li et al 

tested XCARE software for tube current modulation on CT 

chest examination on 560 female patients to calculate the 

amount of exposure to breast tissues and image quality in 

the detection of anomalies. On the basis of p-values, the 

author stated that using XCARE surely reduces the 

radiation exposure to breast tissues but keeps similar image 

quality as he received without using XCARE software [22]. 

 

Gervaise et al. also tested the impact of body mass 
index on the usage of tube current modulation, adaptive 

statistical iterative reconstruction, and tube voltage 

adaption on the diagnosis of Renal Colic and concluded 

that body mass index helps the modules to select the 

accurate factors to get better image quality mainly in case 

of obese and over-weight patients [23]. Israel et al. also 

performs an investigation to check the changes in automatic 

exposure control factors due to patient size during thoracic, 

pelvic, and abdominal CT examinations and concluded that 

with the increase in body weight, exposure quantity also 

increased which causes the increment in radiation exposure. 

Patients with body weight between 60-100 kgs received 3 
times more radiation even with automatic tube current 

modulation [24]. But Spaminato et al. stated that a patient’s 

body size does not impact the CT dosimetry calculation on 

theoretical as well as on practical grounds [25]. She said 

that CT dosimetry calculation is based on CTDIvol and 

DLP. 

 

D. Iterative Reconstruction Algorithm  

After using tube voltage adaptation or tube current 

modulation to reduce the production of x-ray so that 

radiosensitive organs can be protected, it costs in terms of 
degraded image quality. So, in that situation, post-

processing comes into play. At present time, most of the 

scanners work on an iterative reconstruction algorithm. But 

ADMIRE and SAFIRE were mostly tested with tube 

voltage adaptation. Schmid et al tested the impact of 

ADMIRE & SAFIRE with TVA in head and neck CT 

examinations in 2017[26]. He tested both iterative 

reconstruction methods on 103 patients separately to 

evaluate their effect on image quality. The author further 

divides iterative reconstruction methods on the bases of 

their strength levels. He also used FBP algorithm for 

comparison also. He concluded that ADMIRE 3 with TVA 
provides 7.5% of lower exposure with 14.4% of less 

production of image noise than SAFIRE [21]. In 2018, 

Ellman et al also tested ADMIRE in abdominal CT to the 

amount of dose reduction. He compared the effect of 

ADMIRE strength 3 and 5 and he also said that after 

combining ADMIRE 3 with FBP in abdominal CT 

examination, there was about 30% of reduction in the 
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exposure [26]. As per Higaki et al study published in 2018, 

his concern with the increase in the possibility of 

carcinogenic risk of 0.34-1.30% from abdominal CT 

examination, he stated after comparing previous studies on 

automatic exposure control, tube current modulation, 

iterative reconstruction algorithm; 20-40% of radiation 

exposure can be reduced by iterative reconstruction [28]. 

 
In 2014, H Brodoefel et al tried to check the effect of 

using iterative reconstruction with noise efficient detector 

design in CT head investigation and recorded a dose 

reduction of about 50% compared to the reference standard 

in terms of CTDI[29]. 

 

E. Knowledge & Attitude of Patients toward Radiation 

No matter what type of technique is introduced in the 

market, it is useless unless it was requested. So education 

about the modality and knowledge about the drastic effects 

of radiation of the patient is very much important. 
Takakuwa et al perform a questionary survey on the 

patients who requested for CT examination to know about 

their knowledge related to the post-effects of radiation on 

their body and what changes in their decision happen when 

they get educated as well. It had been seen that only 34% of 

patients were well educated about the effects of radiation 

and out of which 74% of patients prioritize the diagnosis 

and treatment over the post-effects. While about 68% 

percent of patients let their physician decide whether to 

take the risk or not. But sex, body mass index, or 

perseverance of illness does not affect their decision [27].  

 
F. Radiological Staff Training 

With time, there is new advancement happening in the 

field of medical imaging and new techniques keep on 

introducing. The modality is controlled by the radiation 

technologist and if radiation technologists are not properly 

educated about the techniques which can be used to protect 

the radiosensitive organs then there is no use of the 

techniques. To test the importance of radiation 

technologists in reducing radiation exposure to 

radiosensitive organs with the proper usage of techniques, 

Paolicchi et al. perform a study on radiation technologists. 
He compares the repeated scans, visualization of posterior 

fossa structure in CT head examination, grey matter 

differentiation, subjective image quality in terms of 

artifacts, grey matter conspiracy, and contrast-to-noise ratio 

before and after intensive training of radiation imaging 

technologists. After the training, it was seen that CTDI and 

DLP get reduced significantly. Not only that, tube current-

time value and tube voltage also reduced impressively in 

CT head examinations of pediatric patients [30]. On the 

other hand, to avoid exposure to organs that are not 

required for diagnosis, proper communication between 

physicians and radiation technologists also helps a lot [31]. 
Hricak et al. tried to establish a proper channel of 

communication between physicians and radiation 

technologists on hospital premises and it provides much 

better results in terms of less radiation exposure to 

radiosensitive organs and gets much better image quality 

and scans related to pathology [32]. During CT 

examination, posture is very important. Proper body 

posture not only provides better image quality in terms of 

diagnosis able data but also protects radiation-sensitive 

organs. As it already has been cleared that the eyes are the 

most radiosensitive organ of the human body, if we do not 

have a shield with us to protect the eye lens, we still can 

protect the eye lens by proper positioning during CT head 

and neck examination and get about 89% of dose reduction 

as well. A proper posture not only protects the eyes lens but 
reduces exposure to the median brain, pituitary gland, 

globes, and salivary gland by 59%, 52%, 66%, and 29% 

respectively [33]. 

 

IV. SUMMARY AND CONCLUSION 

 

After going through all these articles that have been 

published in high-index journals, it is clear that radiation 

exposure is very dangerous for radiosensitive organs and 

it’s the radiation imaging officer’s duty to try every 

possible option to protect these organs such as the eyes, the 
thyroid, the breast, the gonads. And it is only possible after 

proper practice and education about protection techniques 

and their use. Patients should also get educated about the 

post-effects of the tests or procedure he is going to get. 

Proper communication between radiation technician and 

physician also help to achieve the goal of protecting radio-

sensitive organs with image quality up to the mark. Medical 

imaging modality is filled with multiple techniques which 

can protect radiosensitive organs but after studying these 

techniques at after going through all the results received by 

the authors that tested these techniques on phantom and 

patients; it can be said that by combining silicon-rubber 
shields with TCM and Gantry tilting, the maximum 

protection to the lens of the eyes that keep the exposure in 

limited range with proper image quality can be provided. 

For other organs, SODAR protocol, and organ-based TCM 

can keep exposure factors under the limit. Iterative 

reconstruction algorithms control the image quality that 

displays on the monitor after processing and it has been 

seen that ADMIRE 3 provides optimum image quality with 

lower exposure. 
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