
 Journal of Krishna Institute of Medical Sciences University 17

ISSN 2231-4261

ÓÓÓ

REVIEW ARTICLE

Assessment and optimization of scattered radiation in computed tomography: A review 
of measurement techniques, dosimetry tools, and radiation protection strategies

1* 2 3  1 4Bisma Amin , Gaurav V. Mishra , Anurag Luharia Bilqueesa Mushtaq , Lubna Farooq,

1Datta Meghe Institute of Higher Education and Research, Wardha-442001, (Maharashtra) India, 
2Department of Radiodiagnosis, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher 

3
Education and Research, Wardha-442001, (Maharashtra) India, Head Medical Physicist & 

Radiological Safety Officer, Datta Meghe Institute of Higher Education and Research, Wardha-442001, 
4

(Maharashtra) India, Govt. Medical College, Srinagar-190010 (Kashmir) India

Abstract
Background: Off-target patient doses and occupational personnel exposure are caused by Computed Tomography 

(CT) induced dispersed radiation. Even with improvements in CT equipment and dosage reduction techniques, 

routine scatter field measurement and reporting are still inconsistent. In this article, we present publications from 

2020–2025 that highlight radiation protection techniques that can be used in intra chamber/room scatters, dosage 

evaluation techniques, and measuring techniques of scatters of importance to Thermoluminescent Dosimeters 

(TLDs). Methods: Keywords such as "scattered radiation," "computed tomology," "dosimetry," "thermoluminescent 

dosimeter," "TLD," "OSLD," "MOSFET," "operator dose," and "radiation protection" were used in systematic 

searches conducted in Scopus, PubMed, and Google Scholar between 2020 and 2025. Relevance for CT scatter 

measurement, dosimeter characterisation by CT spectrum beams, occupational exposure in CT/CT-fluoroscopy, and 

experiments examining shielding or optimization methods were taken into consideration while choosing records. 

Following screening and eligibility assessment according to PRISMA guidelines, 18 studies were included in the 

qualitative synthesis. Results: The most popular passive dosimeters [TLDs, Optically Stimulated Luminescence 

Dosimeter (OSLDs)] and active dosimeters (ion chambers, metal-oxide-semiconductor field-effect transistor) for 

scatter mapping were employed in phantom and in vivo investigations. Although there are now various OSLDs and 

electronic dosimeters with reading and reusability benefits, TLDs remain the gold standard for integrating low-dose 

measurement because of their sensitivity, stability, and traceable calibration. The degree of the resulting level of 

dispersion is primarily determined by the following factors: patient size, scan duration, tube voltage, Tube Current 

Modulation (TCM), and in room personnel presence. Unexpected outcomes from contact shielding with automatic 

exposure control followed by increases in the resulting patient dose have been reported in recent studies. 

Conclusions: Standard practices, such as phantom matching, dosimeter batch calibration, and thorough 

documentation of scanner settings, are necessary for accurate scatter measurement. Dosimeter calibration and 

geometry must be balanced in twin center comparisons. Use of TLDs for proof of principle research and cumulative 

charting, as well as further use of dosimeters in real-time mode for interventions. As low as reasonably achievable 

principles must serve as the foundation for radiation protection, with an emphasis on administrative and distance 

management as well as carefully managed technical and procedure optimizations.

Keywords: Computed Tomography, Scattered Radiation, Thermoluminescent Dosimeter, Dosimetry, Radiation 

Protection, CT Fluoroscopy
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Antibiotic 
Sample

PB SXT AN IPM CP GM CAZ NA AM FM

Blood (11) 1 3 11 2 4 10 10 - - -

Eye (7) 0 1 7 2 2 6 7 - - -

Urine (7) 0 1 7 0 2 4 3 3 7 4

BAL (2) 0 0 2 2 2 2 2 - - -

ETT (2) 0 1 2 1 1 2 2 - - -

Wound (2) 1 1 2 0 0 0 1 - - -

Fluid (1) 0 0 1 0 0 1 1 - - -

Other (29) 0 14 29 19 19 21 29 0 0 0

Total (61) 2 (3.3) 21 (34.4) 61 (100) 26 (42.6) 30 (49.1) 46 (75.4) 55 (90.1) 3 (4.91) 7 (11.4) 4 (6.5)

Table 1: Title

Parameters     Control Subjects
(N=36)

Asthmatic Patients
(N=36)

Zinc (mg/dl) 87.03±21.59
*81.62±39.62

Copper (mg/dl) 111.07±64.51
*

125.36±27.40

Vitamin C (mg/dl 1.59 ± 0.38 *0.62 ± 0.45

Vitamin E (mg/dl) 4.74 ± 1.92
*1.54 ± 0.81

MDA (umol/l)                         0.18 ± 0.02
*

0.60 ± 0.20 

IgA (mg/dl) 191.37±62.55
*226.04±93.84

IgE (ml/ml)   88.37±81.99
*

231.22±198.39

Table 1: Title

*Significantly different from control at P<0.05

Figure 1: Title
Figure 1: Title

Acromial index (AI), acromial thickness (AT), lateral acromial angle (LAA), acromio-humeral distance (AHD), critical 

shoulder angle (CSA)
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Introduction

The accurate cross-sectional representation of 

illness and anatomy made possible by Computed 

Tomography (CT), which has revolutionized 

diagnostic imaging, is essential for diagnosis, 

therapy planning, and image-guided therapies [1]. 

The rise in CT guided interventional procedures, 

expanding clinical reasons, and the expanding 

availability of Multi-Detector CT (MDCT) have all 

contributed to a steady increase in CT use world-

wide over the past few decades [2-3]. Even while 

CT has clear clinical advantages, it is still one of the 

main reasons why patients and medical profess-

ionals are exposed to the scanner during certain 

operations [4]. A significant amount of secondary 

exposure in the CT environment and the primary 

beam that produces the diagnostic image are caused 

by scattered radiation, which is produced by 

interactions between photons and the patient's 

tissues and surrounding structures [5-6]. Particu-

larly during CT-fluoroscopy-guided procedures 

and in room imaging, scattered photons may reach 

personnel, travel in different directions, and contri-

bute to doses to organs that are not the intended 

targets [7-8].

In the past, the main focus of CT dosimetry has been 

on patient-oriented measurements [volume Com-

puted Tomography Dose Index (CTDI vol), dose 

length product (DLP), Size-Specific Dose Estimate 

(SSDE)] that estimate dosage in the primary beam 

and to directly irradiated organs [9]. These 

measurements do not estimate the room scatter 

field, which is essential for workplace safety and 

off-target patient dose calculation caused by scatter 

and leakage [10]. During interventional procedures 

like CT fluoroscopy, ablations, and CT guided 

biopsies, operators typically stand close to the 

gantry and patient [11]. This exposes them to scatter 

fields that deliver quantifiable doses to the hands, 

eyes, and entire body [12, 13]. The height of the 

patient table is very important for figuring out how 

scatter radiation is spread out vertically. When the 

table is higher, scatter radiation tends to move 

toward the upper body, which could mean more 

exposure for the operator's head, neck, and lens 

[14]. The rising awareness of occupational risk has 

led to a rise in regulatory interest in eye lens dose 

limits, real-time surveillance, and optimal shielding 

operations [15,16].

Scatter measurements are technically challenging. 

The scanner's automatic exposure management 

algorithms, beam filtration, collimation, patient 

size, and tube potential all affect the scatter 

intensity, which diminishes with distance [17,18]. 

The energy spectrum of scattered photons, which is 

different from the original beam's spectrum, 

determines the energy-dependent response of 

different dosimeters. Reproducible experimental 

geometries, careful selection of dosimetry instru-

ments, and calibration of CT relevant energy 

spectra are necessary for practical measurement. 

Measuring scattered radiation in CT scans is critical 

to ensure staff safety and patient dose optimization. 

Techniques combine the use of standardized physi-

cal phantoms, real-time area survey instruments, 

and passive personal dosimeters [19].

Thermoluminescent Dosimeters (TLD), Optically 

Stimulated Luminescence Dosimeters (OSLD), 

ionisation chambers, and electronic personal 

dosimeters are all types of dosimeters [20]. Dose 

monitoring systems play an important role in dose 

monitoring and optimization in radiology depart-

ments [21]. Radiation Dose Monitoring Systems 

(RDMSs), especially for CT, have been implemen-

ted in medical imaging departments aiming towards 
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regulatory compliance while continuing to provide 

valuable information concerning the optimization 

and justification of radiological procedures [22].

For a long time, TLD have been widely used for 

phantom based and in vivo studies due to their 

excellent sensitivity, small size, and established 

calibration chains. Moreover recently, Metal-Oxide-

Semiconductor Field-Effect Transistor (MOSFET) 

dosimeters, electronic personal dosimeters, and 

OSLD have been employed as an extension to TLDs 

due to their benefits in readout and quasi-real-time 

feedback. Although numerous studies have identified 

statistically distributed fields close to CT scanners, it 

is challenging to compare them because of variations 

in methodology, dosimeter design, and reporting 

practices. High-end CT systems with intricate tube 

current modulation and iterative reconstruction 

techniques highlight the delicate relationships 

between the shielding that is used and autonomous 

exposure management. More tube output from 

Automatic Exposure Control (AEC) is produced by 

exterior patient-contact shields or patient-contact 

shields shown on localizer images, which paradoxi-

cally increases patient dose, according to recent 

research. The position of the shields at measurement 

needs to be meticulously documented, which has 

consequences for both patient shielding laws and 

measurement techniques intended to quantify 

dispersion. Furthermore, there is limited operational 

information regarding standardized scatter mapping 

processes in national [American Association of 

Physicists in Medicine (AAPM) and American 

College of Radiology (ACR)] and international [The 

International Commission on Radiological Protec-

tion (ICRP)] recommendations, which encourage a 

strong emphasis on as low as reasonably achievable 
(ALARA) principles and optimization. Standardized 

protocols, such as comparing the scatter between two 

CT facilities within a single center, are necessary in 

twin center research to ensure that observed variations 

are caused by true inter-center variability and not 

methodological errors. This study summarizes the 

literature on scatter measurement approaches from 

2020–2025 with an emphasis on effective radiation 

protection strategies, dose calculation methodologies, 

and TLD-based dosimetry.

We planned to: study the current state of intra-

chamber scatter measurement methods; assess the 

advantages and disadvantages of TLDs and 

associated dosimeters in CT scatter fields; assess 

radiation safety protocols and possible hazards 

(e.g., shielding-AEC interactions); and offer 

operational guidelines for standard form twin center 

comparison studies and continuous occupational 

monitoring in CT installations.

Methods

Study design and reporting guidelines: This 

review was conducted to evaluate recent evidence 

on scattered radiation measurement techniques, 

dose evaluation methods, dosimetry tools and 

radiation protection strategies in CT.

Search methodology: To find publications 

published between January 1, 2020, and July 31, 

2025, a comprehensive literature search was 

performed in PubMed/MEDLINE, Scopus, and 

Google Scholar. Combinations of "(scattered 

radiation" OR "scatter radiation") AND ("computed 

tomography" OR "CT") AND ("CT fluoroscopy") 

("dosimetry" OR "dosimeter") AND ("thermolumi-

nescent" OR "TLD") AND ("OSLD") AND 

("MOSFET)" AND ("ion chamber") AND 

("occupational") AND ("radiation protection") were 

among the search terms. Citation chaining of 

pertinent articles was added to search techniques that 

were modified for each database.
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Selection criteria

Inclusion criteria: Dosimeter tests in CT energy 

spectra; staff monitoring studies with published staff 

doses in CT/CT fluoroscopy facilities; evaluation 

studies of shielding and optimization methods with 

measured results; phantom or in vivo experiments 

that measure scatter radiation in CT rooms.

Exclusion criteria: Articles published outside of 

the designated time frame, studies that primarily 

addressed patient primary beam organ dosimetry 

without scatter mapping, and studies with 

inadequate room or phantom scatter measurements.

Data extraction and screening: Following data-

base searching, duplicate exclusion was carried out. 

Prior to full-text assessment, titles and abstracts 

were vetted for relevancy. Study design, CT system 

model, scan protocol parameters (kVp, mA, pitch), 

phantom type, dosimeter type and calibration, 

measurement positions and distances, measured 

quantities (air kerma, dose rate, Hp(3), µSv/proce-

dure), usage of shielding, and important findings 

were among the data that was retrieved. Clear 

reporting of geometry, dosimeter calibration, 

background subtraction, and statistical analysis of 

repeated measures were all emphasized by quality 

control.

Results

Literature search and study selection

The literature search identified 1553 records from 

PubMed, Scopus and Google scholar. After 

removal of duplicates and screening of titles and 

abstracts, 18 studies met the eligibility criteria and 

were included in the qualitative synthesis. The 

included studies investigated scattered radiation 

measurements, occupational radiation exposure, 

dosimetry tools, shielding effectiveness and 

radiation protection strategies in CT environments. 

The characteristics and principal findings of these 

studies are summarized in table 1.

JKIMSU, Vol. 15, No. 1, January-March 2026

Author Dosimeter 
technique

Study focus Key findings

Larjava et al. 
(2024) [1]

CT shielding 
assessment

Patient 
shielding in CT

Shielding visible to AEC may increase 
patient dose and affect dose optimization.

Knott et al. 
(2024) [2]

CT fluoroscopy 
dosimetry

Physician 
scatter 
exposure

Quantified scatter radiation doses 
received by physicians during CT-
guided procedures.

Moonkum et 
al. (2023) [3]

Scatter radiation 
measurements

Staff radiation 
exposure

Evaluated scatter radiation doses 
received by healthcare personnel.

Inaba et al. 
(2022) [4]

Eye lens dosimetry Occupational 
eye exposure

Measured eye lens radiation dose 
during CT fluoroscopy-guided biopsy.

Arao et al. 
(2023) [5]

Scatter dose 
measurement

Tube voltage 
optimization

Lower tube voltage reduced scatter 
radiation exposure to healthcare workers

Table 1: Characteristics, dosimetric techniques, study focus and principal findings of the 18 
studies included in the qualitative synthesis of scattered radiation measurement, 
occupational exposure dosimetry and radiation protection in computed tomography
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Grunz et al. 
(2023) [6]

Thermoluminescent 
Dosimeters (TLDs)

CT dose 
optimization

Tin prefiltration significantly reduced 
radiation dose while maintaining 
image quality.

Biegała et al. 
(2024) [7]

Spatial dose mapping Scatter dose 
distribution

Evaluated scatter radiation patterns 
around CT scanners.

Nakatani et al. 
(2022) [8]

Radiation protection 
techniques

CT fluoroscopy 
safety

Summarized radiation exposure risks 
and protection methods during CT 
fluoroscopy.

Hayashi et al. 
(2024) [9]

Shield attenuation 
measurements

Shielding 
evaluation

Demonstrated importance of X-ray 
tube position in shielding effectiveness 
measurements.

Chen et al. 
(2024) [11]

Contact shielding 
assessment

CT shielding 
practices

Investigated benefits and limitations of 
eliminating patient contact shielding.

Troville et al. 
(2024) [12]

Occupational 
dosimetry

CT vs C-arm 
fluoroscopy

Compared physician radiation doses 
between CT and C-arm fluoroscopy 
procedures

Koch et al. 
(2024) [13]

Real-time electronic 
dosimetry

Radiation 
protection

Real time dose visualization contributed 
to reduced operator exposure.

Noto et al. 
(2025) [16]

Dose Length Product 
(DLP)-based 
calculations

Shielding 
design

Proposed a cost-effective method for 
CT room shielding calculations.

Khoshhal et al. 
(2025) [17]

Organ dose 
measurements

Patient 
radiation 
exposure

Evaluated absorbed doses in 
radiosensitive head and neck organs 
during CT

Inaba et al. 
(2021) [18]

Eye lens dosimetry CT guided 
interventions

Reported occupational eye lens doses 
among physicians performing CT 
guided procedures

Leong et al. 
(2025) [19]

Scatter radiation 
mapping

Scatter 
distribution

Investigated dispersion patterns of 
scattered radiation during CT 
fluoroscopy.

Jeyasugiththan 
et al. (2022) 
[23]

Thyroid dosimetry 
and shielding

Organ 
protection

Assessed thyroid dose and 
effectiveness of thyroid shielding 
during CT examinations.

Abdulhamid et 
al. (2022) [24]

Eye lens dose 
assessment

Dose reduction 
strategies

Evaluated CT protocol modifications to 
reduce radiation exposure to the eye lens.

CT – computed tomography; AEC – automatic exposure control
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Measurement techniques and experimental setup

A combination of phantom based, in vivo (cadaver 

or patient), and occupational monitoring trial 

designs are used in studies evaluating scatter in 

CT facilities. Anthropomorphic phantoms (Alder-

son/RANDO, anthropomorphic pediatric replace-

ments) or water-equivalent phantoms set on an 

isocentre to mimic patient attenuation are fre-

quently used in phantom-based measurements. 

Typical measurement positions include operator 

positions next to the gantry, hand/eye positions 

during CT directed procedures, control room 

windows, and room peripheries (corners, doors).

Key considerations in experimental design

Avoid the primary beam: To measure scatter 

alone, dosimeters must be positioned outside of the 

primary beam; their locations must be accurately 

determined in Cartesian coordinates from the 

isocentre.

Bisma Amin et al.

Figure 1: PRISMA chart
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Background subtraction: In particular, for low-

dose scatter measurements, the room background 

radiation needs to be assessed and removed from 

experimental data.

Statistical reporting and repeated measure-

ments: Measurement uncertainty brought on by 

dosimeter read out noise and scanner output 

fluctuations is decreased by repeated measure-

ments.

Energy correction and calibration: Dosimeters 

must be adjusted using the instrument's published 

energy response curves (e.g., TLD-100, LiF: 

Mg,Ti; OSLD nanoDot; MOSFET calibration 

parameters) or calibrated in CT-type energy spectra.

Dosimeters used for scatter measurement

TLDs (LiF: Mg,Ti, such as the widely used TLD-100) 

are tiny, tissue-equivalent, and the response is well 

characterized, they are frequently utilized for 

cumulative assessments. The continued use of TLD in 

CT scattered radiation studies can be attributed to 

their high sensitivity, stability and established clinical 

validation. Previous investigations have demonstra-

ted their suitability for medical dosimetry applications 

and dose verification procedures [10,20,25-26]. 

TLDs need to be calibrated batch dependently against 

an ionization chamber or a primary standard, handled 

carefully to prevent fading, and subjected to regulated 

annealing processes. Low detection limits and well-

established QA protocols are advantages; potential 

energy dependency at low photon energies, sluggish 

readout techniques, and the absence of real time 

readout are negatives.

OSLD: OSLDs, such as Al O :C nanoDots, are 2 3

more practical due to their signal stability and 

readability. Calibration and orientation control are 

required for their energy response and angular 

dependency in scatter spectra. OSLDs have been 

effectively applied to in vivo dose assessments and 

phantom mapping.

Ionization chambers and survey meters: The 

gold standard for measuring absolute air kerma and 

dosage rate is a free-in-air ionization chamber. 

When interpreting measurements in CT scatter 

fields, solid-state survey meters offer quick 

mapping of the dose rate distribution with energy-

dependent responses.

Electronic personal dosimeters and MOSFETs: 

When placed at strategic locations (e.g., eye, hand), 

MOSFETs offer spatial resolution and quasi-real-

time dosage measurements. They are especially 

helpful for monitoring radiation accumulation and 

providing immediate protection during interven-

tional CT fluoroscopy. Energy/angular dependence 

and sensitivity drift are warning signs that need to 

be checked for calibration on a regular basis.

TLD: Extended comparison

Overview and guiding concepts: When exposed 

to ionizing radiation, TLDs work by trapping 

energy in crystal defect states. The stored electrons 

are released when heated, producing light in 

proportion to the dose that was absorbed. Lithium 

fluoride (LiF) TLDs (TLD-100, LiF: Mg,Ti) are 

widely used because of their linearity over a wide 

range of dosages and quasi-tissue equivalency. 

Quality assurance and calibration: It is reco-

mmended that calibration be done using reference 

beam quality that is similar to CT beam spectra 

(usually 80–140 kVp). Labs use diagnostic X-ray 

beams or filtered beams to generate calibration 

factors for dispersed CT fields. Annealing cycles, 

control dosimeters, and batch homogeneity testing 

are necessary for traceability and accuracy. 

Dosimetric accuracy for absolute air kerma esti-

mates is increased by cross-calibration with 

ionization chamber measurements under free-in-air 

conditions.
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Practical use for scatter mapping

Badge/Chip locations: To measure spatial 

gradients, use numerous TLD chips on small plates; 

install them at operator stations (chest, eye level), 

hand locations, and at predetermined radial 

distances from the isocentre (e.g., 0.5 m, 1.0 m, 1.5 

m). To estimate the per-process dosages in CT-

guided procedures, TLDs may be employed per 

procedure and with standard intervals read. For 

regular diagnostic CT scans for mapping, add 

together a few images to obtain a reproducible 

signal over background. Adjust the data as needed 

by applying fading adjustments, energy response 

corrections, and background subtraction. Uncer-

tainty analysis should incorporate dosimeter 

reproducibility, calibration uncertainty, and place-

ment geometrical uncertainty. 

Performance in comparison to OSLD/MOSFET: 

Because of their well-understood behavior and 

reduced vulnerability to instantaneous drift, TLDs are 

still chosen for long-term cumulative monitoring, 

even though OSLDs offer quick re-readability and 

MOSFETs offer real-time data. For both cumulative 

and procedural peak exposure measurements, TLD 

mapping with spot-checking by MOSFETs is used in 

most recent studies.

Dose evaluation: Metrics and practical findings

Concerns regarding occupational radiation expo-

sure extend beyond radiology departments and 

have also been reported among surgical trainees and 

other healthcare professionals exposed to ionising 

radiation [27]. In occupational and scatter dosi-

metry, the most often reported metrics are effective 

dose estimates (µSv), dose equivalent at 10 mm or 3 

mm depth (Hp(10), Hp(3)), and air kerma (µGy). In 

occupational dosimetry, hp(3) is used for eye-lens 

doses and hp(0.07) for skin doses (hands). Studies 

most frequently report µSv per procedure or µSv 

per hour per operator position, which makes 

comparisons by process type and scanner techno-

logy easier.

Main empirical findings (2020–2025)

In CT guided surgeries and CT fluoroscopy, 

operator doses vary somewhat: depending on 

proximity, shielding, and process duration, per-

procedure eye doses can range from sub-µSv levels 

to many tens of µSv. The size of the patient, the 

gantry/table materials, and the room layout all 

affect the scatter level, which roughly drops with 

the square of the distance from the isocentre. Tube 

voltage and filtration: Studies indicate that the 

effect of reduced kVp on scatter dose varies based 

on the method of scanner filtration and patient 

habitus. It boosts contrast but alters the scatter 

spectrum. Tube Current Modulation (TCM) and 

AEC depending on the imaging job and exterior 

objects (shields) in the localizer picture, TCM can 

either enhance or decrease scatter; Significant 

patient dose spikes were observed in a number of 

recent studies when exterior shields were apparent 

to AEC algorithms [1].

Barriers and shielding: Well-thought-out structural 

shielding and movable barriers minimize personnel 

dispersal; however, patient-contact shields need to be 

used carefully due to possible AEC interactions.

Strategies for radiation protection

Control hierarchy: Personal protective equipment 

(PPE), engineering controls, administrative con-

trols, and elimination/substitution (to the greatest 

extent feasible) are the conventional controls for 

radiation protection in CT facilities.

Engineering controls: Structural shielding, design 

drawing based on workload and estimated scatter; 
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post-installation measurements using OSLDs or ion 

chambers should validate pre-installation estima-

tes. The evidence now available indicates that DLP-

based shielding estimations should be sufficient if 

they are compared to in-room measurements. 

Gantry-based controls and remote operation: 

reduce the amount of time spent in the control room 

and on the intercom while minimizing exposure 

levels in the room. Lead glass and mobile barriers 

offer targeted protection for the hands and upper 

body during treatments. 

Administrative and procedural controls: Staff 

rotation and procedural work flows that cut down 

on time spent close to the gantry gradually lower 

occupational dosage. Taking distance is a practical 

and affordable mitigation strategy that involves 

defining safe zones and adhering to minimum 

distances while exposing. 

Training: Instruction on shield placement, AEC 

behaviour, and procedural ergonomics to prevent 

inadvertent patient dosage increases.

Devices and equipment for personal protection: 

Thyroid shields and lead aprons limit scatter 

exposure to the neck and chest; when worn on 

patients, they should be positioned such they don't 

obscure AEC localizer pictures. Leaded glasses and 

protective eyewear are worn for extended periods of 

time away from scattering sources; operator 

acceptance and attenuation are determined by fit 

and thickness. Hands: if using radioprotective 

gloves won't impair procedural dexterity or 

increase dosage through dispersed interactions, use 

forceps and needle holders to get as far away from 

the central beam as possible. 

Real-time monitoring and feedback: Electronic 

dosimeters and real-time dose displays have been 

demonstrated to lower operator exposures when 

used in workflows because they enable prompt 

remedial actions (e.g., moving shields, stepping 

back).

Comparative twin-center study considerations

Design harmonization: To enable equitable 

comparison between twin centers, harmonize the 

phantom type, dosimeter batches and calibration, 

scanner protocols (kVp, mA/pitch, rotation time), 

and grid measurement. Use the same number and 

placement of TLDs and OSLDs, and record any 

variations in the software version or scanner make 

and model. 

Suggested measuring grid: 0.5, 1.0, 1.5, and 2.0 

meters on the front, posterior, left, and right axes 

are the radial isocentre distances. Operator 

stations: hand positions for standard operations, 

chest level, and eye level. External measurements 

of the control room and doorway are used to 

determine whether the shielding is adequate.

Analyse data: Show uncertainty ranges, norma-

lized doses per DLP or CTDIvol (to account for 

protocol variation), and per-procedure doses. If 

the data is skewed, compare using non-parametric 

statistical tests; show the median and interquartile 

range for the doses used during the operation.

Discussion

Studies in mammography, dentistry and phantom 

based radiographic examinations have similarly 

emphasized the importance of organ specific dose 

assessment and optimization strategies, supporting 

the broader need for radiation protection across 

imaging modalities [28-30]. These findings 

reinforce the significance of accurate and reliable 

dosimetry methods for evaluating radiation 

exposure and guiding dose reduction measures. A 

comparative study by Srikanth et al. (2024) 

demonstrated that although minimally invasive 
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surgical techniques offered several clinical advan-

tages, they were associated with increased radiation 

exposure compared with conventional procedures, 

emphasizing the need for effective radiation moni-

toring and protection strategies [31].

The review notes that because of their sensitivity 

and established calibration procedures, TLDs 

continue to be the most popular for scatter mapping, 

even though many more modern dosimetry tech-

niques are being developed. However, the lack of 

uniform reporting makes it impossible to compile 

results from different centers in an easy way. The 

need for protocol specific testing of any shielding 

policy is highlighted by the unexpected interplay 

between AEC and shielding. Options for additional 

scatter exposure reduction are provided by ongoing 

innovation, such as real-time dosimetry, enhanced 

scanner filtration (such asmodification. tin filte-

ring), and AI-assisted protocol 

Research requirements and recommendations

Professional societies are required to provide 

consensus measurement techniques for scatter 

mapping, including calibration methods, placement 

distances, and dosimeter types.

Harmonized multi-center research: Extensive 

twin- or multi-center investigations will enhance 

shielding recommendations for diverse scanner fleets 

and establish typical scatter dosage levels. The best-

practice dosimeter selection for a particular applica-

tion (cumulative monitoring versus real-time feed-

back) would be informed by systematic TLD, OSLD, 

and MOSFET intercomparisons in typical CT scatter 

fields.

AEC Transparency: To avoid inadvertent dosage 

escalation, scanner makers should provide more 

thorough documentation of the external attenuator's 

AEC response. 

Conclusion

A combination of good protocol design for the 

measurement, careful dosimeter selection (of 

which TLDs are an excellent choice for cumulative 

mapping), and protection strategies based on 

distance and administrative controls with well-

applied engineering and shielding countermeasures 

are necessary for the successful measurement and 

reduction of scattered radiation in CT. Standardized 

dose reporting, common dosimeter calibration, and 

harmonized protocols are necessary for twin-center 

investigations. Future research will need to focus on 

intercomparison studies of dosimetry devices in CT 

scatter fields, manufacturer reporting on AEC, and 

consensus protocols.
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Antibiotic 
Sample

PB SXT AN IPM CP GM CAZ NA AM FM

Blood (11) 1 3 11 2 4 10 10 - - -

Eye (7) 0 1 7 2 2 6 7 - - -

Urine (7) 0 1 7 0 2 4 3 3 7 4

BAL (2) 0 0 2 2 2 2 2 - - -

ETT (2) 0 1 2 1 1 2 2 - - -

Wound (2) 1 1 2 0 0 0 1 - - -

Fluid (1) 0 0 1 0 0 1 1 - - -

Other (29) 0 14 29 19 19 21 29 0 0 0

Total (61) 2 (3.3) 21 (34.4) 61 (100) 26 (42.6) 30 (49.1) 46 (75.4) 55 (90.1) 3 (4.91) 7 (11.4) 4 (6.5)

Table 1: Title

Parameters     Control Subjects
(N=36)

Asthmatic Patients
(N=36)

Zinc (mg/dl) 87.03±21.59
*81.62±39.62

Copper (mg/dl) 111.07±64.51
*

125.36±27.40

Vitamin C (mg/dl 1.59 ± 0.38 *0.62 ± 0.45

Vitamin E (mg/dl) 4.74 ± 1.92
*1.54 ± 0.81

MDA (umol/l)                         0.18 ± 0.02
*

0.60 ± 0.20 

IgA (mg/dl) 191.37±62.55
*226.04±93.84

IgE (ml/ml)   88.37±81.99
*

231.22±198.39

Table 1: Title

*Significantly different from control at P<0.05

Figure 1: Title
Figure 1: Title

Acromial index (AI), acromial thickness (AT), lateral acromial angle (LAA), acromio-humeral distance (AHD), critical 

shoulder angle (CSA)




