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ABSTRACT

Background: Scattered radiation originating from the patient's body disperses unevenly in multiple
directions, posing a risk of incidental exposure to radiosensitive organs, such as the ovaries, which
may absorb radiation from internally scattered X-rays. Although external radiation shielding is a
common practice, internal scatter from within the patient presents additional complexities. This
study aimed to quantify the radiation dose received by the ovaries using optically stimulated
luminescence dosimeters (OSLDs) in posteroanterior (PA) chest X-ray examinations, both with and
without the application of a contact gonad shield. Methods: A Siemens Multix Top X-ray imaging
system was utilized for this study, operating with tube voltages between 70 kVp and 100 kVp and
employing Automatic Exposure Control (AEC). The source-to-image distance (SID) was consistently
maintained at 180 cm. The entrance skin dose (ESD) measurements corresponding to the ovaries
were conducted using nanoDot OSLDs. These were positioned within the RANDO phantom at slice 29
to align with the anatomical location of the ovaries. Measurements taken with and without the use
of a contact gonad shield. Results: The recorded ovarian ESD with contact gonad shielding averaged
2.2,2.4,3.7,and 3.0 mGy at 70, 80, 90, and 100 kVp, respectively. In contrast, without contact gonad
shielding, the average ovarian ESD observed at 1.0, 1.8, 2.6, and 3.1 mGy at the respective tube
voltages. Radiation dose (ESD) by each ovary varied based on the kVp and the use of contact gonad
shielding. Results indicated an unexpected increase in ovarian dose with the use of a contact gonad
shield, and a consistent rise in ESD noted with increasing kVp, irrespective of shielding. Conclusion:
Scatter radiation in radiography presents a risk to organs beyond the primary imaging area,
particularly the ovaries in posteroanterior (PA) chest radiography. Research indicates that higher tube
potentials result in increased ESD to the ovaries. Interestingly, contact gonad shielding, a
conventional method to reduce exposure, may not significantly lower radiation exposures and could
potentially increase dose to ovaries. Therefore, discontinuing contact gonad shields seems justifiable
for radiation safety. Optimization of tube voltage and tight collimation are crucial for minimizing
ovarian radiation exposure.
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Bontrager et al.,, (2024) highlighted the importance of
tailoring projections (PA, AP, or lateral) to fit the patient's

INTRODUCTION

The chest X-ray is among the most commonly performed
radiological examinations, serving as a primary diagnostic
tool to guide further diagnosis, treatment, and follow-up
(Sun et al., 2012). Although the radiation dose for each
examination is relatively low, the widespread use of chest
X-rays contributes to a significant collective dose. Skinner
(2015) emphasized that chest radiography is an essential
starting point in imaging, offering comprehensive views of
the lungs and cardiovascular system through standard
posteroanterior (PA) and lateral projections, enhancing
patient management and quality of life. However, careful
attention to radiation dose is essential. Although the
lifetime cancer risk from chest radiography is low,
implementing dose-reduction strategies remains critical.
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anatomy, clinical indications, and safety requirements.
Radiation safety in diagnostic radiography includes
minimizing patient exposure through collimation, lead
shielding, and optimized technical settings to maintain
image quality without increasing the dose. Shielding
against backscatter radiation is equally important,
ensuring that the benefits of radiography outweigh the
risks.

The scatter radiation, also known as secondary radiation,
disperses in all directions after interacting with body
tissues, posing an unnecessary exposure risk to both
patients and healthcare staff (Insight Medical Imaging,
2019). Ahmed & Shaddad (2002) reported that scatter
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radiation occurs when the primary beam interacts with
collimators, beam stops, or shielding. An enlarged field size
also increases scatter radiation, potentially elevating the
patient’s radiation dose and diminishing image quality.

The amount of scatter radiation produced is influenced by
the object imaged and the exposure settings. High-kVp
techniques, frequently used in chest radiography, achieve
uniform radiographic density and clearer visualization of
lung markings. However, increased kVp also raises scatter
radiation, which reduces image contrast. Using a grid
suited to the selected tube potential can help minimize
scatter radiation. Naji et al., (2017) observed that as kVp
exceeds 70, photon penetration increases, but image
contrast diminishes. Higher kVp also elevates Compton
scattering probability, increasing the scatter-to-primary
ratio up to 120 kVp, after which it stabilizes (Ghafarian et
al., 2007).

The "As Low as Reasonably Achievable" (ALARA) principle
is foundational in radiography, guiding practitioners to
minimize radiation doses without compromising
diagnostic quality (ICRP, 2007). This principle emphasizes
weighing the benefits and risks of radiation exposure and
ensuring each exposure is justified by evaluating factors
such as body part, examination type, radiation dose, and
technical settings (IAEA, 2002). Chest radiography, though
involving a relatively low dose, is the most frequent
radiological procedure, accounting for 43% of plain
radiography cases (Ministry of Health Malaysia, 2009). Its
routine use across large patient numbers necessitates that
technologists adhere to the ALARA principle, ensuring
high-quality imaging with minimal radiation exposure.

Protecting patients of childbearing age from radiation is
especially important, as ionizing radiation can have severe
biological impacts on radiosensitive tissues like the ovaries
(Goodman & Amurao, 2012). Prior research has
underscored the need to estimate ovarian doses during PA
chest radiography. lonizing radiation in routine exams like
chest radiography is a significant concern, given its daily
clinical use and cumulative contribution to the collective
effective dose (Matyagin & Collins, 2016). Scatter radiation
impacts both radiation safety and image quality. Jaenisch
et al., (2010) explained that scatter radiation from X-ray
photon interactions affects image clarity and contributes
to patient and clinician dose (Abrantes et al., 2017; Lima,
2009). Maddox (2019) noted that scattering results in
deflected radiation that travels in various directions,
leading to exposure of organs outside the primary imaging
area, such as the ovaries. Gonad shielding has traditionally
been used to reduce radiation exposure to the ovaries, yet
recent studies suggest internal scattered radiation may
still reach them.
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The absorbed dose quantifies the energy absorbed per
unit mass of tissue, assessing potential organ damage from
radiation (Andisco, et al., 2014). Goodman & Amurao
(2012) explained that ionizing radiation affects biological
tissues by displacing electrons from atoms, which can
damage cells, produce free radicals, and alter tissue
structure. These effects are particularly severe in
radiosensitive cells, such as those in ovarian or breast
tissue.

This study investigates the etrance skin dose (ESD) to the
ovaries during PA chest radiography at different tube
potentails. Additionally, it assesses the effectiveness of
contact gonad shielding in reducing ovarian exposure. The
findings aim to offer valuable insights for future practices,
especially implementing effective radiation protection
measures.

MATERIALS AND METHODS

In this study, the RANDO phantom, illustrated in Figure 1,
was used to simulate a patient for estimating the ESD to
the ovaries in PA chest radiography. The phantom is
horizontally sectioned into 2.5 cm thick slices, each
numbered sequentially for easy identification. It contains
holes that can be filled with bone-equivalent, soft-tissue-
equivalent, and lung-tissue-equivalent inserts, as
described by Tazehmahalleh et al., (2008).

Figure 1: RANDO Phantom used in this study

Fung & Gilboy (2001) identified that the ovarian site
corresponds to slice 29 of the RANDO phantom. They
further indicated that this location aligns with the iliac
spine level, medially positioned relative to the vertical
plane, within the true pelvis against the lateral wall.

For this study, a nanoDot OSL dosimeter from Nagase
Landauer, Japan, was used (Figure 2). This dosimeter has a
minimum detection threshold of approximately 0.1 mGy.
It is designed for multiple uses post-exposure to X-rays,
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with only a minor sensitivity loss of 0.04% over repeated
readouts (Graeper, 2015). Al-Senan & Hatab (2011)
reported that OSLDs exhibit excellent homogeneity (<5%)
and reproducibility (3.3%), with a linear response.

Figure 2: nanoDot OSLD

The Landauer Microstar Reader (Figure 3) was employed
for reading the nanoDot OSL dosimeter. This device
operates with inLight Microstar Reader Software (version
5.0) and measures radiation doses by exciting the
dosimeter with laser light. Once read, the data is extracted,
analyzed, and stored. The reader allows for various
calibration and configuration settings; however, it is
limited to processing one dosimeter at a time. Pre-
irradiation readings of nanoDot OSLDs were recorded to
subtract from post-irradiation readings, ensuring accurate
dose measurements.

Figure 3:

The data were collected by positioning the RANDO
phantom in the posterior-anterior (PA) position. The
phantom was placed upright on the table, facing the erect
bucky, to simulate standard positioning for a chest X-ray
examination. A 35 x 43 cm image receptor was inserted
lengthwise inside the erect bucky. The source-to-image
distance (SID) was fixed at 180 cm. The imaging
parameters used in this study are shown in Table 1. A
nanoDot OSLD was placed at the 29" slice of the phantom,
identified as the location of the ovaries on both the right
and left sides as shown in Figure 4. This placement is based
on previous studies and research cited in Bardo et al.,
2009.

The x-ray beam was tightly collimated to cover the entire
lung region. The experiment then proceeded with the
application of contact gonad shield to the phantom during
the PA chest radiography. The setup of the RANDO
phantom is shown in Figure 5.

nanoDot OSLD

Figure 4: Placement of the nanoDot OSLDs at the 29"
slice of the phantom

Table 1: The imaging parameters used in this study

PARAMETERS

DETAILS

Kilovoltage (kVp)

Automatic Exposure Control (AEC)
Imaging plate size (cm), orientation
Central ray

Source-to-image distance (cm)
Focal spot

Grid (grid ratio)

Location of gonad shield

70, 80, 90, 100

On

35 x 43, lengthwise

Perpendicular to the center of IR, midsagittal
plane at the level of T7

180

Broad focal spot (1.0 mm)

Moving grid (12:1)

Inferior to iliac crest, 1 inch below the lower
costal margin
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Figure 5: RANDO phantom positioned PA erect against the
erect bucky

The tube potential range for a PA chest x-ray projection
varies from 55 to 125 kVp, with an exposure range of 2 to
30 mAs (Ng et al.,, 1998). Another study by Kim et al.,
(2007) reported a tube potential range of 54-150 kVp and
an exposure range of 18-60 mAs. However, variations in
exposure selection are often necessary to account for
differences in patient body habitus, weight, and imaging
requirements, with the goal of producing high-quality
images while minimizing dose.

Statistical Analysis

The data for this study analyzed using IBM's Statistical
Package for Social Sciences (SPSS), version 25. The
Spearman's correlation test was employed to examine the
relationship between the differences in ESD to the ovary
during chest X-ray radiography, both with and without
contact gonad shielding. The significance was performed
at p <0.05.

RESULT
Measured ESD to the Ovaries

ESD measurements corresponding to the ovaries were
conducted using a RANDO phantom and nanoDot OSLD
with and without contact gonad shielding to determine the
effectiveness of gonadal shielding in PA chest radiography.
Different tube potentials (with AEC on) were selected.

When using the gonad shield, the ESD to the ovaries
showed inconsistencies between the right and left ovary.
The ESD was slightly different for the right and left ovaries
depending on the tube potential. With 80 kVp, 90 kVp, and
100 kVp, the right ovary received a higher dose than the
left; however, at 70 kVp, the left ovary received a higher
dose (0.0016 mGy) than the right ovary (0.0006 mGy). On
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average, the ESD for the right ovary increased at 70 kVp
and 90 kVp, then decreased slightly at 100 kVp. The left
ovary’s ESD showed a fluctuating pattern, as illustrated in
Figure 6. The highest ESD for the right ovary was 0.0022
mGy at 90 kVp, while the lowest for the left ovary was
0.0004 mGy at 80 kVp.
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Figure 6: Measured ESD of right and left ovary with different
tube potentials (with contact gonad shield)

In contrast, without gonad shielding, the ESD at 70 kVp was
undetectable for the right ovary, while the left ovary
absorbed a small dose of 0.0010 mGy. As the tube
potential increased, the ESD to the right ovary also
increased. The left ovary’s dose increased up to 90 kVp and
then sharply decreased to 0.0001 mGy at 100 kVp. The ESD
trends for the right and left ovaries are shown in Figure 7.
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Figure 7: Measured ESD the right and left ovary at different
tube potentials (without contact gonad shield)
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The left ovary generally received a higher dose than the
right, except at 100 kVp, where the highest dose of 0.0030
mGy was recorded. The lowest reading (no ESD) measured
at 70 kVp.

The average ovarian ESDs with and without contact gonad
shielding is shown in Figure 8. Overall, the total ESD to the
ovaries with contact gonad shielding was higher than
without it.

Correlation of ESD to the Ovaries and Tube Potential With
and Without Contact Gonad Shield

In clinical practice, using contact gonad shielding during PA
chest radiography is not a routine. This study primarily
ovaries and varying tube potentials, with and without
contact gonad shielding.
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Figure 8: Average ESD to ovaries at different tube
potentials with and without contact gonad shield

A bivariate Spearman’s correlation test in SPSS was
performed, revealing no significant difference between
the absorbed dose to the ovaries and tube voltage with or
without contact gonad shielding. The p-values were 0.247
(with shield) and 0.299 (without shield), both exceeding
the significance level (p > 0.05) at a 95% confidence
interval. Thus, using contact gonad shielding did not
significantly affect the ESD to the ovaries or the tube
exposure setting in PA chest radiography.

DISCUSSION

The study investigated the effects of ESD on the ovaries at
different tube potentials during PA chest radiography,
comparing results with and without the use of contact
gonad shielding. No significant differences were observed
in the ESD at different tube potentials, with and without
the contact gonad shield.

During radiography, X-rays interact with the patient’s
body, resulting in internal scattering of radiation. This
scattered radiation can be absorbed by tissues or organs
beyond the targeted projection area, potentially
increasing the risk of cancer due to unnecessary radiation
exposure. Furthermore, the energy of scattered photons is
unevenly distributed and radiates in all directions (Rehn,
2015). An illustration of internally scattered radiation
within the phantom is shown in Figure 9.

Even though the ovaries lie outside the collimation area in
PA chest radiography, however, still receive a dose from
internal scatter. The results show that both the right and
left ovaries are exposed to radiation, with variations in the
ESD depending on tube potential and ovarian side. This
aligns with the observation that scattered radiation
disperses in all directions and is unevenly distributed.
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Figure 9: lllustration of internally scattered X-rays within
the phantom
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Effect of Different Tube Potentials on ESD to Ovaries With
and Without Contact Gonad Shield

The highest recorded total ESD to both ovaries was 0.0037
mGy with contact gonad shield, which is still below 0.01
mGy as indicated in previous studies (Ogundare et al.,
2009; Njeh et al., 1997). Figures 6 and 7 show that the ESD
to the ovaries increases with higher tube potentials (kVp),
as greater kVp enhances the X-ray beam’s penetrating
power and increases scatter radiation (Naji et al., 2017;
Ghafarian et al., 2007). Notably, scatter radiation appears
to increase with tube potentials up to 120 kVp and then
slightly decrease at higher potentials. Thus, a high kVp
technique in PA chest radiography may reduce the
absorbed dose to the ovaries.

This study used tube potentials between 70 kVp and 100
kVp, selected based on prior research (Ng et al., 1998; Kim
et al., 2006). Statistical analysis indicated no significant
difference in ESDs to the ovaries across these tube
potentials, our findings are consistent with previous
research by Rosenstein (1988), which showed that
increased kVp results in a higher dose to the ovaries.

Interestingly, the study found that ESD to the ovaries was
higher with contact gonad shielding than without, as
illustrated in Figures 6, 7 and 8. This contradicts the
traditional practice of using contact gonad shields to
reduce radiation dose. It suggests that internal scatter
radiation generated within the phantom’s body during
exposure reached to the ovaries, regardless of contact
gonad shielding. As Hiles et al., (2020) noted that internal
scatter radiation within the patient is challenging to
qguantify but represents a significant source of secondary
radiation exposure to organs outside the primary beam.
Shielding one part of the body from another part internally
is difficult, as shielding does not effectively reduce
radiation dose at greater depths from the primary beam
(<17 cm) (Hiles et al., 2020).
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Ovaries Dose Differences With and Without Cotact Gonad
Shielding

Statistical analysis revealed no significant difference in the
ESD to the ovaries across various tube potentials with and
without contact gonad shielding. This indicates that gonad
shielding minimally affects ESD to the ovaries. Matyagin &
Collins (2016) found that gonad shields in PA chest
radiography provide only a small reduction in dose to
deep-seated organs while slightly increasing skin dose due
to scatter from the shield’s internal surface. This means
that scatter radiation from shielding may reflect back
towards the patient. Hiles et al. (2020) also reported that
gonad shielding does not significantly reduce dose outside
the collimated area, further supporting this study’s
findings.

According to the American Association of Physicists in
Medicine (AAPM, 2019), shielding does little to reduce
patient exposure since any potential dose reduction is
negligible compared to internal scatter radiation within
the patient. Based on current evidence, the use of patient
contact shielding is generally unnecessary and not
recommended in diagnostic and interventional radiology.
This study shows that contact gonad shielding can
inadvertently increase patient dose by interfering with
automatic dose control or necessitating repeat imaging if
image quality is compromised. Effective positioning and
optimized protocol parameters are more impactful for
dose reduction than using gonad shields (Hiles et al.,
2020).

Limitations of the Study

This study has several limitations. Using a RANDO phantom
instead of real patients may not fully represent clinical
conditions due to body habitus variations. Additionally,
minimal ovarian dose from scatter radiation introduced
variability in measurements, necessitating multiple
measurements for accuracy. Sensitivity and proper
application of nanoDot detectors also posed challenges in
the experimental setup.

CONCLUSION

This study concludes that increasing tube potential
correlates with higher ovarian doses, though contact
gonad shielding does not significantly reduce this
exposure. In fact, at 90 kVp, ovarian dose was highest with
shielding, suggesting shielding may not enhance radiation
safety. Therefore, optimizing tube potential and
collimation is essential to uphold the ALARA (As Low As
Reasonably Achievable) principle for radiation safety. In
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summary, internal scatter radiation poses a risk to organs
outside the primary imaging area, particularly the ovaries
in PA chest radiography. Since contact gonad shielding
does not consistently reduce ESDs — and may even
increase ovarian dose its routine use appears
unnecessary. Focusing on tube voltage optimization and
precise collimation offers a more effective approach to
minimizing ovarian radiation exposure.

Future Recommendations

For future research, it is recommended to explore a
broader range of exposure settings with more than five
tube potentials, repeated at least three times for greater
accuracy. Additional sensitive organs, such as the thyroid
and eyes, could be included in further studies.
Additionally, using thermoluminescent dosimeters (TLDs)
may offer improved sensitivity for measuring absorbed
dose.
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