Malaysian Journal of Medical Research, 10(2), 14-21
https://doi.org/10.31674/mjmr.2026.v010i02.002

Malaysian Journal of Medical Research
Online ISSN: 2550-1607

Malaysian Journal of Medical Research WWW. mimr.com.mv

Original Article

Probability of Hereditary Effects Due to Dose Radiation on X-Ray
Radiography Examination

| Gusti Agung Ayu Ratnawati, Ida Bagus Made Suryatika, Gusti Ngurah Sutapa,
Anak Agung Ngurah Gunawan’

Department of Mathematics and Natural Sciences, Udayana University, Badung 80361, Bali, Indonesia

"Corresponding Author's Email: a.a.ngurahgunawan@unud.ac.id

Abstract

Introduction: This study estimates the risk of hereditary diseases related to X-ray radiation in
conventional radiography, conducted at the Bali Academy of Radiodiagnostic and Radiotherapy
Engineering using a Raysafe Multimeter. The focus is on stochastic radiation effects, including
hereditary and cancerous impacts. These effects, which occur without a specific dose threshold, are
linked to mutations in somatic and germinal cells that contribute to cancer and genetic disorders. The
goal was to assess the hereditary risk by measuring radiation doses through the Entrance Surface
Dose (ESD). Methods: Key variables measured during the radiographic procedure included output
voltage (kV), exposure time (s), current output (mA), and radiation dose exposure (mGy). These
measurements were used to calculate the ESD, which helped estimate hereditary risks for critical
organs. Data collected with the Raysafe Multimeter was analyzed to establish the relationship
between radiation dose and hereditary risk. Results: The study found that the lowest ESD value was
0.3737 mGy with 40 kV voltage, and the highest was 0.7328 mGy at 80 kV. It also showed that the
first generation (Generation 1) had a higher probability of hereditary effects than the second
generation (Generation Il). This was attributed to the cells' ability to repair radiation-induced damage
over time, with the second generation benefiting from more opportunities forrepair. Conclusion: The
risk of hereditary diseases is influenced by the ESD and the cell’'s repair ability. The second
generation faces lower hereditary risk due to natural repair processes, underscoring the need for
careful radiation exposure management in radiography.
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Introduction

Conventional radiography is an examination that uses a conventional X-ray that is installed permanently
or mobilein a room that is used for routine general examinations. The radiation source used for this
examination is X-rays (Reis et al., 2023). The advantages of X-rays such as body imaging technology,
without surgery, and providing a detailed anatomical picture are the benefits of X-rays. Diagnostic
radiology is the most common practice of utilizing X-ray radiation, and there has been a substantial
increase in the number of examinations (Rayan et al., 2025). The introductionshould clearly summarize
the purpose and rationale of the study without extensively reviewing the subject or presenting data or
conclusions (Utami et al., 2024).

Based onthe principle of radiographic formation, itis possibleto receive radiation exposure to the object
that is passed, in this case, the human body. Factors that affect the quality of radiography are exposure
factors consisting of tube voltage (kV), tube current (mA), and exposure time(s). So that exposure
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factors can also affect the occurrence of radiation effects (Imaoka et al., 2023). The stochastic effect is
a radiation effect that has a chance, along with exposure to radiation that hits biological organs. This
stochastic effect does not have a specific dose threshold (Stewart et al., 2012). Examples of stochastic
effects are cancer, leukemia, and others (Mothersill et al., 2024). Non-stochastic effects ordeterministic
effects are also called definite effects because they do not follow the function of probability. The
deterministic effect occurs when a certain dose threshold has been exceeded. However, this effect
occurs immediately once the threshold dose is exceeded. As an example of deterministic effects,
namely sterilization (sterilization), burns (erythema), cataracts, and fetal death (teratogenic) (Romodin
et al., 2025).

Hereditary effects are mutations that occur naturally or spontaneously in the somatic and germinal cells,
respectively, contributing to the induction of cancer and inherited genetic diseases. The study of the
genetic effects caused by radiation is much more difficult than the study of cancer (Choudhuri et al.,
2021). Among other things, due to the lack of information about damage to human genetic material due
to radiation, mutations, which are induced by radiation, are recessive, so there is a possibility that they
cannot be detected for several generations later (Rajeev et al., 2026). It takes several generations for
the effects to occur. Long generation periods in humans, lack of dose data, few known populations are
exposed to significant amounts of radiation, and the genetic effects induced by ionizing radiation are
indistinguishable from other causes (Tandon & Srivastava, 2025).

The patient's dose assessment on a general radiographic examination can be expressed in the
Entrance Surface Dose (ESD) (Alomairy et al., 2023). Indirect ESD measurement is considered to be
the most technically feasible method (Kanzaki et al., 2023). The indirect ESD measurement method
can be done with an approach based on the tube output of each tool (Liu et al., 2024). This study aims
to estimate the dose profile of patients undergoing general radiography examination using the tube
output measurement method, then the probability of heredity effects from generation to generation can
be determined (Suliman, 2020).

Methodology
Study Setting and Equipment

This research was carried out at the Academy of Radiodiagnostic and Radiotherapy Engineering (ATRO)
Bali using an X-ray aircraft brand Medical Instrument System (MIS) type/model MXHF-1300R. Method
of measuring the tube output of X-ray aircraft of patients undergoing general radiography examination
with a Raysafe Multimeter (Andriati et al., 2024).

Radiographic Examination Parameters

The irradiation condition is carried out at tube voltages of 50, 60, 70, 80, and 90 kV with an irradiation
time of 0.1 seconds and a tube current of 100 mA. The series of irradiation implementation can be
shown in Figure 1 below,
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Figure 1: Entrance Surface Dose (ESD) Measurement (da Silveira et al., 2026)
Radiation Measurement Process

ESD calculations were carried out at the ATRO Bali diagnostic laboratory using a Raysafe Multimeter.
From the Raysafe Multimeter, the output value of the X-ray plane is generated, with the unit mGy
converted to uyGy. After obtaining the output value of the aircraft with uGy units, then the output value
of the aircraft is divided by the mAs used in the research. The output value/mAs, the value is then made
into a linear graph between the ESD and the tube voltage, and the y value is obtained from the graph.
The value y indicates the equation y = axb, where a is the constant variable, x is the voltage value (kV),
and b is the coefficient of the linear regression direction. Furthermore, the value of the linear regression
(y) is included in the equation,

ESD
. . ____ ESD o
Probability of Hereditary Effects Total Risk (67) X 100% (1)

Where ESD is the value obtained from the value of radiation output (uGy) and totalrisk (Gy) 0.41-0.64%
for Generation | and total risk (Gy) 0.53%-0.91% for Generation Il.

Results

The results of measuring the radiation output of X-ray aircraft using the Raysafe Multimeter can be
shown in Table 1 below,

Table 1: The Average Radiation Output of the X-Ray Plane at a Tube Current of 100 mA and 0.1 dt

Tube Voltage (kV) Radiation Dosage Radiase Output
Settings Measured (uGy) (MGy/mAs)
50 51.10 482.63 48.263
60 60.88 538.93 53.893
70 71.52 618.56 61.856
80 81.81 721.80 72.180
90 91.46 857.90 85.790

The measurement of radiation output is calculated and adjusted based on the Decree of the Minister of
Health No. 1250 of 2009 concerning Quality Control of Radiodiagnostic Equipment. Based on the
decision, the radiation output must be linear, and the amount of tube current (mA) corresponds to the
available tube current. The calculation of the linearity coefficient can be determined by the following
equation:
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[X1 — X2| £ 0.1(X1 + X2) (1)

Where X1 is the radiation output at 50 kV, and X2 is the radiation output at 60 kV. So that the linearity
coefficient from 50 kV to 60 can be calculated as follows:

(X1—X3)

Linearity Coefficients 50 kV-60 kV =
(X1+X3)

(48.263 —53.893)
(48.263+53.893)
5.63

= =0.0546 < 0.1
103.156

The value of the linearity coefficient < 0.1 means that the output voltage (kV) is linear (stable). Based
on the results of the calculation using a Raysafe Multimeter, it can be seen that the coefficient value is
0.0551. Thus, the radiation output is at a voltage of 50 kV and 60 kV linear.

Discussion

The results of the average measurement between the radiation outputs are required to estimate the
ESD value. The tube voltage (kV) output function can be used to create a linear graph between the
radiation output (uGy/mAs) and kV. The results of this study use the trendline power equation because
radiation exposure to diagnostic X-rays is proportional to the square of the kV value, as shown in the
following Figure 2.
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Figure 2: Effect of ESD on Voltage Measured with a Raysafe Multimeter

Figure 2 shows that the effect of radiation output (UGy/mAs) on tube voltage (kV) can be determined
from the equation of the number of variables with rank y = 1.0379x 0,9715(uGy/mAs), where x is the
tube voltage (kV), and y is the linear regression formula. Then, the score for the Skull AP examination
can be obtained by using the linear regression equation. For example, for 10 mAs, 60 kV, and FSD 100
cm, then the ESD value can be determined using the following equation:

ESD(uGy) = mAs x y x (100)72 FSD
= mds x 1.0379x0.9715 x (100)2 FSD
=10 x 1.0379 x0.9715 x (100)2 100
= 554.1526976 puGy = 0.5542 mGy = 0.0005542 Gy

So, the ESD value for the Skull AP examination was obtained at 0.0005541 Gy. From the results of the
overall calculation, the examination shows that at 40 kV, the smallest ESD value is 0.3737 mGy, while
the largest ESD value is 0.7328 mGy at a voltage of 80 kV. It can be explained that the greater the
voltage, the greater the ESD value. This result aligns with the research conducted by Duan et al. (2024),
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which indicates that the dose value (mGy) is influenced by voltage (kV), where the higher the voltage,
the higher the dose value received by the patient. According to a similar study conducted by Romodin
et al. (2025), explaining that the distribution of ESD values was obtained from the calculation results,
for all general radiography examination procedures, the ESD value was obtained from the smallest
value of 0.002 mGy and the largest 0.41 mGy. Although the dose value received by patients is relatively
low, the differencein dose in one type of examination is quite high. Thus, the indirect ESD measurement
method can be used as an alternative to solving problems in the field.

The hereditary effectin this study was obtained from the calculation of ESD values, which were then
compared with references (Ibrahim et al., 2020; Elamri et al., 2025). The inheritance effect due to
ionizing radiation for generation | was 0.41-0.64% and generation Il was 0.53-0.91%. Using equation
(1) with the type of Skull AP examination (60 kV), it can be determined that the generation | probability
of hereditary effect 1 (PHE1) and generation Il probability of hereditary effect 2 (PHE2) can be
determined, based on ESD results. The ESD results with the mGy unit were changed to Gy, where the
values of PHE1 0.41% = 0.13% and, PHE1 0.64% = 0.08% and, PHE2 0.53% = 0.10%, and PHE2 0.91%
= 0.06%. Based on the results of the calculation of the hereditary effect at the voltage of 40 kV, it
occurred in generation | with a probability value of 0.04-0.06%, and in generation Il it had a probability
value of 0.04-0.07%, the lowest. At a voltage of 80 kV in generation |, it has a probability value of 0.11-
0.17%, and in generation 8-0.13%. In accordance with the research I, it has the highest probability
value of conducted by Ibrahim et al., (2020), the study did not explain the effect of tension on the
occurrence of hereditary effects but only explained the background frequency per 106 births of obtaining
hereditary effects. Based on the calculation of hereditary effects for generation | has the highest
probability compared to generation II; this is highly dependent on the ability of cells after exposure to
radiation (Calabrese et al., 2025). Cells, in general, can repair naturally (Keenahan et al., 2025). The
longer the time after exposure to radiation, the more cells have the opportunity to repair the effects of
radiation (Jafarian & Hoeschen, 2025). So that the probability of the risk of hereditary effects in the
second generation will be smaller (Goudarzi et al., 2024).

Limitation

The limitations of this study include several factors that could affect the generalizability and accuracy
of the findings. First, the research was conducted at a single institution, the Bali Academy of
Radiodiagnostic and Radiotherapy Engineering, which may not represent the broader population or
equipment variations. The study also used only a specific model of X-ray equipment, which may not be
consistent with other diagnostic systems indifferent settings. Additionally, the study focused onalimited
range of tube voltages (40-80 kV), which may not fully encompass all possible clinical scenarios. The
estimation of hereditary effects relies on the calculation of Entrance Surface Dose (ESD), which may
not account for individual patient variations such as age, body composition, or pre-existing health
conditions. Finally, the assessment of hereditary effects over generations, while valuable, involves
assumptions about cell repair and genetic mutation that may require further empirical validation.

Conclusion

In the examination of patients with conventional radiography, X-ray aircraft output measurements were
used, where the ESD value obtained varied from 0.374 mGy to 0.733 mGy. Meanwhile, the voltage of
40 kV (lowest voltage) has produced a probability of hereditary effect of generation | of 0.05-0.09%,
generation Il of 0.04-0.07%, and a voltage of 80 kV (highest voltage) of the probability of hereditary
effect of generationl of 0.11-0.17% and generation Il of 0.08-0.13%. The probability of hereditary effects
of generation | is greater than that of generation Il, because cells in general can repair naturally.
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