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ABSTRACT

Objectives: This study aims to evaluate the radiation dose received by pediatric patients (PPs) during lumbar-sacral spine
(LS spine) imaging, review current imaging practices, identify potential risks, and promote radiation safety by adhering to
pediatric-specific dose optimization protocols.

Methods: The entrance surface dose (ESD) was calculated using five different mathematical formulas, and direct
measurements were obtained with a dose-area product (DAP) meter during LS spine imaging of PPs.

Results: The lowest mean ESD during lumbar spine imaging was observed in pediatric patients aged 1-5 years, measured
at 0.25 mGy or 0.48 mGy-cmz2. Conversely, the highest mean ESD was recorded in the 10—15-year age group for the same
projection, reaching 1.05 mGy or 0.89 mGy-cm2. These values were derived from mathematical formulas and DAP meter
measurements.

Conclusion: Radiation dose assessment should be performed for every medical imaging procedure using appropriate
dosimetry equipment or validated methods. This is essential to optimize radiation exposure in pediatric patients while
maintaining diagnostic image quality.
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1. INTRODUCTION

Radiation, whether natural or manmade, travels through a medium as waves and particles. Medical professionals use X-
rays, the most common form of artificial radiation, to diagnose and treat patients [1, 2]. In healthcare facilities, radiological
examinations are the primary tool to diagnose disease in pediatric and adult patients. Pediatric patients (PPs) should not be
viewed simply as “little adults” because of their significant body changes from birth to childhood. PPs are classified
according to an age-based system: neonates (ages 0-28 days), infants (ages 28 days to 1 year), toddlers (ages 13 months to
2 years), children (ages 2 to 12 years), early adolescents (ages 12 to 18 years), and late adolescents (ages 19 to 21) [3,4].
PPs are more radiation-sensitive than adults and require more attention and care during radiological examinations due to
their size and the developing stage of organs. The imaging region of the LS spine contains more radiosensitive organs, such
as the ovaries, gonads, and small intestine. Therefore, radiation exposure to the LS spine must be evaluated to avoid
stochastic effects of radiation, which say, “no dose is safe” [5]. However, the X-ray dose is very low in general radiography,
but it transmits some amount of energy into the body that can harm crucial biological components, such as DNA, potentially
leading to adverse effects [6, 7].

The International Commission on Radiological Protection (ICRP) has acknowledged the impact of this radiation and has
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recommended that all X-ray procedures maintain radiation doses within established limits [8, 9]. In conjunction with the
ICRP, various international authorities have firmly emphasized three key core principles: justification, optimization, and
dose limits. They also provided a set of reference doses for both adults and PPs [10, 11]. Radiation doses to the PPs vary
with their physical parameters (age, height, weight, and body separation) and with the applied exposure factors (kVp, mAs,
and distance). Therefore, to achieve the objective of this study, radiation exposure must be measured to assess the entrance
surface dose (ESD) or dose reference levels (DRLs), while optimizing all PPs' specific parameters to minimize radiation-
induced risks with better image quality [12, 13].

There are several techniques for assessing ESD, but a dose-area product meter (DAP meter) is used to quantify overall
radiation exposure, considering the irradiated tissue area, and mathematical formulas are used to estimate radiation dose
[14-16]. The use of mathematical formulas is the simplest way to calculate the radiation dose during the imaging. This sort
of calculation relies on the applied exposure factors to yield an approximate result of ESD [17, 18]. In conventional
radiography, computed radiography (CR), or digital radiography (DR), DAP meter values differ for the same medical
imaging process [19, 20].

2. MATERIALS AND METHODS

This study was approved by the Office of the Ethics Committee, SMS Medical College and Attached Hospitals, Jaipur
(Reference No: 731/MC/EC/2023) and conducted in the dedicated pediatric tertiary care hospital named JK Lone Hospital,
during the period August 2023 to June 2024. Initially, the X-ray machine’s (CR system) QA and QC procedure was
performed according to AERB guidelines. The X-ray machine's tube output was measured at 0.93 mGy/m. The following
formula was used for calculating ESD for PPs in terms of the entrance surface air kerma based on the tube output [21,22].
ESD = (O/P) x (kVp/80)% x (mASs) x (100/FSD)? x (BSF)

The output (O/P) of the tube was measured along the axis of the beam, at a 100 cm distance from its focal point. The
product of applied exposure time and tube current was used to determine the mAs value. The kVp represents the peak tube
voltage used for each given investigation. The distance between the focus and the patient's surface is known as the focus-
to-skin distance (FSD), and the backscatter factor (BSF) employed in this study was 1.35 [23,24].

This study was performed on 80 PPs under the age of 15 years, who were referred by a physician for LS spine imaging.
The physical parameters of PPs (age, sex, weight) and the applied exposure factors were included in dosage calculation,
estimation, and data accumulation. Radiation doses were assessed using two different methodologies

3. THEORETICAL METHOD

Here, ESD was computed using five formulas:

. . _ 0836+(kVvp)174 x(mAs) (1
(i) Edmonds (1984): ESD (mGy) = o x {; +0. 114}

. 2558 ,
(i) Arun Kumar et al. (1991): ESD (mGy) = 22122 ((‘;‘S’g))z e
(iii) Chougule & Hussain (1993):
ESD (mGy) =

N 1.985
0.107+(kVp) _ (mAs) " (1 +0. 114)
P+ (SSD) T
0.00867+(kVp)27? +(mAs)
(SSD)Z P+T

(iv) Pratik Kumar et al. (1996): ESD (mGy) =

2
(V) Chaun & Tsai (1999): ESD (mGy) = 0.2775 * (1) (o)
Where:
ESD = Entrance surface dose,
kVp = Kilovolt peak
mAs = Milliampere seconds
P = 1(for 3-phase unit)
T=4 (Total tube filtration in mm Al)
SSD = Source to Skin Distance
FSD = Focus to Skin Distance
TSD = Tube to Skin Distance = 92 cm

4. EXPERIENTIAL METHOD

Simultaneously, the actual dose was estimated concurrently using a DAP meter, which measures the output of an X-ray
tube with an energy range of 40-150 kVp. Therefore, a calibrated DAP meter (KERMAX-Plus SDP, model 120-210) was
used in this study. It was capable of operating at temperatures from -20°to +50°, relative humidity 10 to 90% (without
condensation), and pressure 500 to 1062 hPa. This DAP meter comprises an ionization chamber with its reader. First, the
ionisation chamber was positioned beneath the X-ray tube collimator and connected to its reader, allowing measurements
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to be obtained within 1- 3 seconds. The DAP meter is independent of the X-ray source to surface distance (r); instead, it
depends on applied KVp, mAs, or field size [25]. Measured doses were obtained in Gy*m? units, which were converted
into Gy*cm? for data analysis and comparison [26]. The DAP meter readings were used to compute the mean, standard
deviation (SD), minimum, maximum, median, and the first and third quartiles.

5. RESULT

In this study, the results were assessed using radiographic parameters and a combination of methods for dose calculation,
including descriptive statistical analysis and qualitative evaluation. Data were analysed and presented using statistical
indicators such as the first quartile, third quartile, standard deviation, mean, maximum, and minimum value. The
radiographic and demographic details, including types of X-ray projection, patient age, weight, applied mAs, and kVp, are
summarized in Table 1, along with their respective average ranges.

The mean + SD values of ESD for each of the five mathematical methods are presented and compared in Table 2.
According to the Arun Kumar et al (1991) formula, the 1-5-year age group's LS spine lateral projection showed the lowest
mean ESD value of 0.25 mGy, while the 10-15-year age group's lumbar spine lateral view demonstrated the highest value
of 1.05 mGy, calculated using Edmonds' (1984) formula. The mean ESD values were found to be greater for Edmon's
formula across LS Spine AP/Lat X-ray projections, although radiation doses were found to be close to the formulas
developed by Arun Kumar et al. (1991) and Chougule & Hussain (1993).

The DAP meter data are displayed concurrently in Table 3. The LS spine lateral projection for the age group 1 to 5 years
exhibited the lowest third quartile value of 0.48 mGycm?, while the LS spine lateral view for the age group 10 to 15 years
showed the greatest value of 0.89 mGycmz2. Table 4 illustrates that the DAP meter readings in the current study
are significantly lower than in previous reported studies. Figure 1 illustrates the comparison of the DAP meter results to
other similar studies.

6. DISCUSSION

PPs are vulnerable to the radiation effects due to their developing stage, and extensive use of X-rays can damage DNA,
resulting in mutations, long-term radiation-induced conditions, and cancer. In LS spine imaging, tissues with high rates of
cellular proliferation—such as the bone marrow, gonads, and gastrointestinal tract—are especially vulnerable to the effects
of radiation exposure. [27] Therefore, assessing the ESD is essential for ensuring the safety of patients undergoing medical
imaging of the LS spine. In this study, the computation used many radiological and patient characteristics, excluding height,
as shown in Table 1. In contrast to earlier studies that used limited formulas, often including Body Mass Index (BMI), this
approach was more comprehensive [28,29].

Tube voltage settings of 60 to 80 kVp were advised by the European Commission for newborns aged 0 to 1 year and
between 100 and 120 kVp for children aged 5 and up. Prior research recommended against utilizing tube voltages for
pediatric patients lower than 60 kVp [30]. In this study, the average tube voltage for the 0-15 age group ranged from 55.60
to 63.16 kVp. Whereas earlier practices preferred high mA and low kV settings, recent advances in X-ray machine
technology and technologist skills now enable better combinations of mA and kV to obtain satisfactory images with less
radiation exposure [31].

Over the years, several theoretical formulas have been devised to estimate ESD, each employing various factors to increase
accuracy. We compared the data for all five mathematical formulas and found that Edmonds'(1984) formula had the greatest
mean ESD across all X-ray projections, whereas Arun Kumar et al. (1991) had the lowest. Simpler formulas like Edmonds
(1984) are easier to apply but less accurate across patient anatomy [32]. Complex models like Chaun & Tsai (1999) and
Pratik Kumar et al. (1996) are more accurate but less feasible for clinical use. Chougule & Hussain (1993) worked for
certain transportable radiography settings but lacked patient-specific considerations. Arun Kumar et al. (1991) balance
accuracy and usability by including patient characteristics [33,34]. Overall, these formulas provide quick, cost-free ESD
estimation without specialized equipment, with the choice depending on clinical needs and available data [35].

The ESD in PPs was calculated simultaneously using a DAP meter, without any changes to radiological or patient-related
parameters. The calculation considered the fact that the formula units differ from those of the DAP meter, which measures
both the quantity of radiation and the exposed area. This approach allowed for a rapid and accurate estimation of ESD [36].
The minimum third quartile value recorded was 0.48 mGycm2 for the LS spine lateral projection in the 1-5-year age group,
while the maximum value of 0.89 mGycm?2 was noted for the lumbar spine lateral view in the 10-15-year age group. The
DAP meter data from this study were compared with findings from other relevant studies. X-ray imaging of LS Spine-AP,
LS Spine- showed significantly lower DRL values compared to those reported in four studies: UK (2009), India (2011),
USA (2012), and Germany (2019). Variations in results can be attributed to factors such as the number of patients, applied
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kVp, mAs, collimation, film-to-source distance (FSD), type of X-ray machine, and the techniques employed by radiation
technologists [37-40].

The results of this study are consistent with the existing literature. This type of research aids in optimizing radiation doses
for patients without compromising image quality. The value of local diagnostic reference levels (LDRLSs) can be reduced
through periodic quality assurance (QA) and quality control (QC) tests of machines as needed, training radiation
technologists by offering refresher courses, adhering to diagnostic reference levels (DRLs) and guidelines, utilizing
appropriate immobilization devices, and managing the working hours of radiation technologists [41].

7. CONCLUSION

This type of study approach facilitates the quick evaluation of ESD through mathematical formulas, but results are varied
due to the structure of the formula. However, the DAP meter is considered a more reliable tool for accurately measuring
ESD. Therefore, DAP meter readings are necessary to assess ESD and establish DRLs for a tertiary care hospital to achieve
better-quality images with minimum radiation-induced risk to PPs.

ABBREVIATIONS

PPs Pediatric Patients

ICRP International Commission on Radiation Protection
QA Quality Assurance

QC Quality Control

ESD Entrance Surface Dose

DRLs Dose Reference Levels

LDLs Local Dose Reference Levels
DAP Dose Area Product

TLD Thermoluminescence Dosimeter
CR Computed Radiography

DR Digital Radiography

AERB Atomic Energy Regulatory Board
KVp Peak kilovolts

mAS Milliampere-seconds

FSD Film to Source Distance

NRPB National Radiation Protection Board
BSF Backscatter factor

AP Anterior to Posterior

PA Posterior to Anterior

FPA Flat Plate Abdomen

KUB Kidney Ureter Bladder

FSD Focus to Skin Distance
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Figure Legends:
Figure 1:
The bar graph compares the DRL values from this study to those from the UK (Hart D. et al., 2009), India (Sonawane A.
U. et al., 2011), the USA (Brink J.A. et al., 2012), and Germany (Schegerer, A. et al., 2019). In such studies, the DRL
values are typically found lower.
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Table Legends:
Table 1: Explain radiological and patient parameters, along with their means and ranges. Radiological parameters are used
to calculate dose, and patient parameters are used to calculate BMI and body separation.

S. Projection Number | Age (year) Sex Patient Weight | mAs |Total VVoltage
No (Kg) (kVp)
L S Spine — AP 20 13.67 8 (F), 27.083 18.16 63.16
(10-15 years) | 12 (M) (18-35) (16-25) (58-68)
L S Spine — Lat 60 7.64 25 (F), 17.5 18 63.09
(1-15 years) | 35 (M) (5-36) (13-25) (58-70)
Table 2: Explain a comparison of the mean+SD values of ESD across all five mathematical formulas.
S. Projection | Number Age | Edmonds | Arun Kumar | Chougule & Pratik Chaun
No. (YYear) | (1984) et al (1991) Hussain Kumar et al & Tsai
(1993) (1996) (1999)
L "&F? Spine = 20 10-15 1 5894023 | 0.28+0.08 0.310.09 0.50+0.15 | 0.2620.16
2. | L Sspine - 20 1-5 0.81+0.14 0.25+0.05 0.28+0.05 0.43+0.09 0.60+0.09
Lat 20 5-10 | 0.83+0.15 0.26+0.05 0.29+0.05 0.45+0.09 0.5440.10

20 10-15 | 1.05+0.36 0.35+0.02 0.37+0.13 0.62+0.23 0.55+0.25

Values are presented as mean + SD, and sample sizes (n) = 20

Table 3: Explain the mean + SD, minimum, first quartile, third quartile, maximum, median, and maximum to minimum
ratio of the DAP meter values.

S. Projection Age Mean +SD | Min 15t 3rd Max | Median Max/Min
No. (Year) Quartile Quartile
1. | L Sspine— AP 10-15 0.44+0.04 | 0.27 0.27 0.61 0.67 0.44 2.50
2. | L Sspine — Lat 1-5 0.36+0.01 | 0.26 0.26 0.48 0.51 0.34 1.97
5-10 0.374£0.08 | 0.30 0.31 0.42 0.53 0.33 1.75
10-15 0.79+0.06 | 0.68 0.68 0.89 0.89 0.79 1.31
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Values are presented as mean = SD, and sample sizes (n) = 20

Table 4: Explain the results of this study are closely aligned with the DRL values reported in earlier studies.

S. No. Projection Age This uK? IndiaP® USAC Germany®
(Year) Study
1. L S spine - AP 10-15 0.61 1.00 1.10 1.10 1.05
2. | LSspine-Lat 1-5 0.48 1.10 1.20 1.25 1.15
5-10 0.42 1.15 1.25 1.30 1.20
10-15 0.89 1.20 1.30 1.35 1.25

aHartD. etal., 2009; b Sonawane A. U. et al., 2011; ¢ Brink J.A. et al., 2012; d Schegerer, A. et al., 2019
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