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Abstract — CT pelvimetry scans assess the feasibility of natural childbirth and predict emergency cesarean
sections. As the fetus is more radiosensitive than the general population, evaluating and optimizing the
associated radiation doses is crucial. Radiology departments require dose data to refine procedures;
however, Morocco currently lacks national regulations for dose reference levels (DRLs) specific to CT
pelvimetry. Therefore, this study aimed to quantify maternal and fetal radiation doses from CT pelvimetry
and establish local DRLs to guide safer imaging practices. A total of 95 pregnant patients who underwent
helical scans using 120 kVp voltage and with 30 mAs and 16 mAs across two Moroccan radiology
departments, were included in the study. Local DRLs were calculated at the 75" percentile of data, for
CTDIvol and DLP, both for individual departments and combined. The average effective dose was
calculated with dose conversion factors and estimated using the InPACT CT Patient Dosimetry Calculator,
which also estimated fetal doses in a 70 kg woman. Results revealed statistically significant differences in
DRLs between departments (P-values <0.001), with CTDIvol and DLP values recorded at 0.88 mGy and
34.02 mGy -cm, respectively, and inter-departmental DRL discrepancies of approximately 47% for
CTDIvol and 35% for DLP. The mean effective dose was 0.47 mSv, while the fetal dose was 1.23 mGy.
These findings are pivotal for establishing a foundational framework for DRLs in Morocco aligning with
international standards. The study supports radiology departments in benchmarking and optimizing
protocols for CT pelvimetry, enhancing patient and fetal safety by minimizing radiation exposure and

contributing valuable data for policy development in maternal-fetal radioprotection.
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1 Introduction

Over the past few decades, the number of CT examinations
in pregnant patients has steadily increased (Lazarus et al.,
2009), as has the use of pelvimetric CT to determine the
method of delivery (Semghouli et al., 2020; Aabid et al.,
2023). Accurate estimation of the dimensions of the birth canal
is essential for effective delivery planning and the prevention
of complications. Pelvimetry imaging can be conducted before
delivery to anticipate the need for an emergency cesarean
section. One of the most common indications for an emergency
cesarean section is prolonged labor, which aims to prevent fetal
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distress or suffocation. Additionally, specific obstetric scenarios
such as a scarred uterus, a narrow pelvis (Stalberg et al., 2006),
breech presentation (Vistad ef al., 2013), macrosomia, acquired
or congenital deformities of the bony pelvis, or spinal alignment
abnormalities can also necessitate a cesarean delivery (Stalberg
et al., 2000).

X-ray pelvimetry has evolved significantly with advances
in medical imaging technology, since its introduction in the
1940s (Bottcher and Radley, 2001). Conventional X-ray
pelvimetry is also widely used to assess the size of the birth
canal and it is particularly useful in cases of clinical pelvic
stenosis and petite parturient.

CT pelvimetry, on the other hand, offers quicker access and
a more comfortable position for pregnant women (Kitai et al.,
2020), with simpler measurements and more accurate
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Table 1. Applied CT scanners’ characteristics and acquisition parameters.

CT scanners make/type Scanning Slice thickness Tube Tube Pitch Rotation Phantom
mode (mm) voltage (kV) current (mA) Time (s) (cm)
Department A GE BrightSpeed 16- slice Helical 1.25 120 60 1.75:1 0.5 32
Department B GE LightSpeed VCT 64- slice Helical 1.25 120 40 1.375:1 04 32

Note: It should be noted that the acquisition parameters are those of the acquisition protocols, but can be slightly modified for specific patients,

leading to differences in the actual doses.

interpretation. Specifically, a study by Resten et al (2001)
indicated that in CT pelvimetry, the fetus and the mother were
exposed to 1/10th of the total dose delivered using
conventional X-rays and the dose distribution was more
homogenous (Resten et al., 2001). This is while, Phexell et al.
(2018) found that the mean absorbed doses to the fetus using
various CT pelvimetry methods (topogram, cross-sectional,
short spiral, standard spiral, and flash spiral) are higher than
those from conventional radiographic techniques; however, the
overall dose levels remain low (Phexell er al., 2018). In
addition, some studies have suggested magnetic resonance
imaging (MRI) (Korhonen et al., 2010), low-dose stereo
radiographic imaging (SRI)(Aubry et al., 2018), and ultra-
sound imaging (Daghighi et al., 2013) for pelvimetry. MRI
pelvimetry provides reliable pelvic measurements, but it is also
expensive and takes longer to perform, despite its advantages,
the use of MRI remains limited by its accessibility (Phexell
et al., 2018).

Radiation exposure during pregnancy is a significant
concern due to the potential risks it poses to the embryo and
fetus, including fetal death, malformations, and developmental
delays in cognitive function. Long-term risks are also
concerning, such as the potential for hypothyroidism and an
increased likelihood of postnatal carcinogenesis (Brent, 2009).
Due to the increased radiosensitivity of developing fetal
organs, accurately estimating the absorbed dose in the fetus
and understanding the associated risks of CT scans are
essential (Ray ef al, 2010). However, this estimation is
challenging, as directly measuring energy deposition in the
fetal body is neither feasible nor ethical in humans because of
radiation safety and ethical concerns. To address these
obstacles, various approaches have been launched to estimate
fetal dose, including Monte Carlo simulations using computa-
tional anthropomorphic models and physical measurements
using phantoms with embedded dosimeters (Xie et al., 2018).
Given that the fetus is more radiosensitive than the general
population, evaluating and optimizing the associated radiation
doses is crucial for patient safety. Dose data are required for
radiology departments to refine procedures; however, Morocco
currently lacks national regulations for dose reference levels
(DRLs) specific to CT pelvimetry. Therefore, this study aimed
to quantify maternal and fetal radiation doses from
CT pelvimetry and establish local DRLs to guide safer
imaging practices. The study findings are pivotal for
establishing a foundational framework for DRLs in Morocco
aligning with international standards. The study supports
radiology departments in benchmarking and optimizing
protocols for CT pelvimetry, enhancing patient and fetal
safety by minimizing radiation exposure and contributing

valuable data for policy development in maternal-fetal
radioprotection.

2 Materials and methods

The study adhered to ethical guidelines, ensuring the
anonymity of participants and the confidentiality of data.

2.1 Study population and sampling method

The study population consisted of pregnant women
referred to the two imaging departments of a public hospital
in Morocco for pelvimetric CT scans. The inclusion criteria
were pregnant women who underwent pelvimetric CT scans,
the existence of the patient’s demographic information, and the
scan technical parameters in the related health records. The
exclusion criterion was incomplete required information in the
medical records or documents. A non-probabilistic purposive
sampling method was applied, resulting in a total of 95 patients
included in the study. All included pelvimetric CT scans were
performed using two General Electric scanners, BrightSpeed
16- slice and LightSpeed VCT 64 slices. Each patient
underwent a single helical CT scan as part of the pelvimetry
procedure.

2.2 Collected data

Data collection was done retrospectively from patients’
medical records. The collected data included patients’
demographics such as maternal age, height, weight, and
gestational age, as well as technical parameters related to the
CT machines, including tube voltage (kV), tube current (mA),
rotation time(s), pitch, and slice thickness. Table 1 summarizes
the technical specifications of the used CT scanners. It should
be noted that the acquisition parameters are those of the
acquisition protocols, but can be slightly modified for specific
patients, leading to differences in the actual doses. These CT
machines undergo regular quality control checks to ensure all
measured parameters are within an acceptable range.

2.3 Diagnostic reference levels (DRLs)

Diagnostic reference levels (DRLs) introduced in ICRP
publication 73 (ICRP, 1996), serve as dosimetric benchmarks
for assessing the quality of medical practices and identifying
situations that may require corrective measures for routine
procedures. These levels should not be exceeded without
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proper justification. However, these values are not dose limits
but guidance values. In CT imaging, as outlined in the Order of
May 23, 2019 (ASN, 2019), DRLs are based on the values of
the volumetric CT dose index (CTDIvol) and dose-length
product (DLP) per acquisition. DRLs are set at the 75™
percentile of the median dosimetric values obtained from dose
assessments for a specific type of examination (IRSN, 2023).
The 75" percentile functions as a threshold beyond which
practices may be considered suboptimal, or potentially
problematic in terms of dose delivered to the patient (IRSN,
2023). Its international acceptance underscores its importance
as a key indicator for DRLs. In our study, the collected data
were analyzed first for each department individually and then
overall for all departments, to compare doses with international
guidelines. Dose parameters were examined and recom-
mended DRLs were established at the 75™ percentile of the
dose distribution using the statistical package Microsoft Office
Excel 2016 to communicate and represent quantitative variables.
Statistically significant differences in obtained mean doses were
evaluated using the SPSS software version 21.

2.4 Average effective dose

The effective dose (mSv) quantifies the long-term health
risks associated with ionizing radiation exposure for the whole
population. It can be calculated using the tissue weighting
factors recommended by the ICRP (ICRP, 1991) or based on
established specific conversion factors (Jessen et al., 1999).
Conversion factors were first developed by Shrimpton et al.
(1998), using mathematical models (Cristy M., 1987), and
were later slightly modified in the European guidelines.
Effective dose uses dose conversion factors to provide a metric
for managing public exposure and assessing the overall risk to
the entire body (Delchambre, 2012). The average effective
dose E can be calculated using equation (1):

E(mSv) = DLP x conversion factor (1)

The conversion factor allows for calculating the average
effective dose from the DLP of a CT scan. A conversion factor
appropriate for the pelvic region has been applied (Delchambre,
2012). Alternatively, the average effective dose can be estimated
using Monte Carlo methods using the ImPACT CT Patient
Dosimetry Calculator version 1.0.4 (Fig. 1).

2.5 Fetal dose calculations

The fetal dose was utilized as a proxy for the dose
absorbed by the embryo; this was done following the
established practice of medical radiation dosimetry. Until
September 2006, the dose received by the uterus/fetus was
manually calculated based on the technical parameters of the
examination. This "manual" method of assessing uterine/fetal
dose treats the patient’s pelvis as a 32-cm-diameter plexiglass
cylinder and considers the uterus on the axis of this cylinder
(Etard and Aubert, 2009). Fetal dose can be calculated using
equation (2):

Fetal dose(mGy) = CTDIvol x 3/5 (2)
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Fig. 1. A mathematical phantom with a shaded area covering the
pelvic region simulates a CT pelvimetry scan using the InPACT CT
Patient Dosimetry Calculator v1.0.4 to calculate the patient and
uterine dose.

Since 2006, valuations have been carried out using several
software packages based on the Monte Carlo method. We
estimated the fetal doses for pelvimetric CT using the InPACT
CT Patient Dosimetry Calculator version 1.0.4. This spread-
sheet calculates the average effective and organ doses of
patients from computed tomography scans. The calculator
takes advantage of the National Radiological Protection
Board’s (NRPB) Monte Carlo dose data from report SR250,
which contains a set of normalized organ dose values for the
irradiation of a mathematical phantom, representing a standard
70-kg adult across various CT scanners.

3 Results

The study included data from 95 pregnant women, aged 20
to 40 yr and weighing between 60 and 73 kg, who underwent
pelvimetric CT at 36, 37, or 38 weeks of gestation. The average
gestational age was 37 weeks. Table 2 indicates the
demographics of the included pregnant women in the study.
Most studied pelvimetric CT scans (66.31%) were performed
at department B while 33.69% of cases were performed at
department A. The most common age range among the 95
patients who underwent pelvimetric CT scans was 31-35 yr,
representing 42.86% of cases, while the 3640 age group was
the least common, comprising 9.52% of cases. The participants
had a mean age of 33+4.65 yr. Most patients (57.23%)
weighed between 65 and 69 kg, with an average weight of
69 +3.9kg. Table 3 presents an overview of the variations in
CTDIvol, DLP, average effective dose, and fetal dose across
each department and both departments combined.



W. Chaanoun et al.: Radioprotection 2025, 60(2), 152-158

Table 2. Demographic characteristics of the 95 patients.
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Age range (years)

Weight (kg) Gestational age (Weeks)

[20-25] [26-30] [31-35] [36-40] [60-64] [65-69] [70-73] 36 37 38
Frequency distribution (%) 1934 28.51 42.86 9.52 16.54 57.23 26.23 35.71 45.23 19.04
Average 33 years 69 kg 37 weeks

Table 3. Review of the DRLs and doses set for each radiology department.

Department Statistic CTDlIvol DLP (mGy.cm) Mean Effective Dose E (mSv) Mean Estimated
(mGy) Fetal Dose (mGy)
Calculated Estimated Diff (%)
Department A Minimum 0.88 30.35
Maximum 1.28 41.46
Mean 1.00 35.09 0.49 0.48 -2.04 1.50
75" Percentile 1.28 35.85
Department B Minimum 0.86 26.19
Maximum 0.87 26.63
Mean 0.86 26.54 0.43 0.42 -2.33 0.96
75" Percentile ~ 0.87 26.62
Combined Minimum 0.86 26.19 -
Maximum 1.28 41.46
Mean 0.93 30.61 0.47 1.23
75" Percentile ~ 0.88 34.02

Note: Diff (%) =The difference between “calculated” and “estimated” effective doses (Software ImpaCT versus “manual” formula) obtained as

estimated dose—calculated dose
( calculated dose ) x100.

4 Discussion

The increased use of computed tomography in recent years,
including the use of CT pelvimetry to determine the mode of
delivery, has raised concerns about patient radiation exposure.
In Morocco, this concern is exacerbated by the lack of national
legislation and DRLs. To address this issue, this study aimed to
evaluate maternal and fetal radiation exposure during CT
pelvimetry in two radiology departments in Morocco. To
facilitate comparison and discussion of the results of our study
with those of other studies, we calculated local DRLs for each
department, followed by an aggregate for all departments.
These values provide a standardized basis for comparison with
the most recent DRLs set internationally in other countries.

Based on the results, of the total 95 included CT scans, one-
third of the data were obtained from imaging Department A,
and two-thirds were obtained from Department B. At least 30
examinations per radiology department, as was the case with
other studies (Barak, 2020; Semghouli ef al., 2020) are
necessary to comply with the recommendations of the Institute
for Radiation Protection and Nuclear Safety (IRSN). This
number of pregnant women per department ensures adherence
to these guidelines.

Referring to Table 3, in radiology Department A, the local
DRLs for CTDIvol and DLP were set at 1.28 mGy and 35.85
mGy-cm, respectively. The calculated average effective dose

was 0.49 mSv, which is approximately 2% higher than the
estimated average effective dose of 0.48 mSv. Additionally, the
estimated fetal dose was 1.5 mGy.

On the other hand, in radiology Department B, the local
DRLs for CTDIvol and DLP were 0.87mGy and 26.62 mGy.
cm respectively. Both the calculated and estimated average
effective doses were 0.43 mSv. The estimated fetal dose for
Department B was 0.96 mGy.

The comparison of local DRLs between two radiology
departments revealed a statistically significant differences in
terms of CTDIvol (mGy) and DLP (mGy-cm) (p-value <
0.001). This indicates that, at the 5% significance level,
pregnant patients in Departments A and B do not receive the
same doses in terms of CTDIvol and DLP.

Specifically, CTDIvol and DLP values for Department A
were approximately 47% and 35% higher than those of
Department B, respectively. These differences may be
influenced by the technical parameters employed, such as
the higher tube current of 60 mA in Department A compared to
40 mA in Department B and the longer tube rotation time of
0.5 s in Department A versus 0.4 s in Department B. While it is
essential to consider that radiation dose in CT imaging is
influenced by multiple factors, including tube current and
exposure time (tube rotation time), and tube voltage (Nagel,
2007; Maldjian and Goldman, 2013), a direct comparison of
mA settings between different CT scanner models requires
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Table 4. The DRLs established in our study compared to those from other studies.

Our (Thibaut et al., 2006) (Fayolle (Xie et al., 2018) (Semghouli (Mokubangele
study et al., 2017) et al., 2020) et al., 2022)
CTDIvol (mGy) 0.88 0.90 1.00 _ 2.15 1.97
DLP (mGy.cm) 34.02 37.9 35.00 _ 55.97 56.17
Mean effective 0.47 0.53 _ 1.60 0.84 0.78
dose E (mSv)
Mean fetal dose 1.23 1.17 2.36 1.50

(mGy)

caution due to differences in normalized CTDIw values. This
means that the same mA setting may not yield the same dose
output across different scanners, leading to potentially
misleading conclusions if not properly accounted for (AAPM,
2008; Cody et al., 2010).

However, further efforts are recommended to further
optimize and minimize the dose, this can be achieved through
comprehensive training of staff in radiation protection and
quality control of imaging equipment.

It has also been shown that positioning the patient in a
posteroanterior orientation, as opposed to anteroposterior
positioning, can result in additional dose reduction during CT
scans (Wiesen et al., 1991). Additionally, it is important to
adhere to the specified acquisition lengths to optimize dose
management. As a viable alternative to CT, the slot-scanning
imaging system (EOS) facilitates accurate ex vivo assessment
of uterine diameters, provides reliable estimates for obstetric
prognosis, and produces measurements comparable to those
obtained by CT (Ben Abdennebi ef al., 2017). With increasing
radiation safety considerations, this low-dose imaging
modality has the potential to become the preferred standard
for pelvimetry following prospective in vivo validation
(Sigmann et al., 2014).

Moreover, the DRLs for all departments for CTDIvol and
DLP were set at 0.88 mGy and 34.02 mGy.cm, respectively, as
shown in Table 3. Our findings demonstrated significant
reductions compared to those of other studies (Tab. 4). In terms
of CTDIvol and DLP, respectively, they were approximately
59% and 39% lower than those reported by Semghouli ef al.
(2020), 2% and 10% lower than those reported by Thibaut
et al. (2006), 55% and 39% lower than those reported by
Mokubangele et al. (2022), and 12% and 2% lower than those
reported by Fayolle ez al. (2017).

In addition, as documented in Table 3, the mean effective
dose for both radiology departments, assessed as the average of
calculated and estimated doses, was 0.47 mSv, significantly
lower than values reported in previous studies by Thibaut ez al.
(2006), Xie et al. (2018), Semghouli et al. (2020), and
Mokubangele et al. (2022). This value is below the 1 mSv
guideline recommended by the ICRP for managing radiation
exposure during pregnancy (ICRP, 2007). It should be noted
that this value serves as a guideline for risk assessment rather
than an absolute limit for each patient. The mean estimated
fetal dose was 1.23 mQGy, significantly lower than the fetal
doses reported in all previous studies, except for the study by

Xie et al. (2018), where our results were approximately 5%
higher.

According to international publications, the ICRP sets a
threshold of approximately 200 mGy received by the uterus for
the appearance of malformations or mental retardation. For the
induction of cancer, the risk increases with dose, regardless of
the actual dose. The risk of fatal cancer is estimated to be
approximately 1% per 100mGy received by the uterus,
compared with a natural risk of 0.3% (Etard and Aubert, 2009).
The estimated fetal dose in our study was well below the level
required to cause deterministic effects in the fetus.

These findings support the results of Osei and Darko Ernest
(Osei and Darko, 2013), indicating that CT pelvimetry presents
no deterministic risks and poses a minimal likelihood of
hereditary radiation effects in the future offspring of the
unborn child. The risk of childhood cancer ranged from 1 in
16,000 to 1 in 10,000, while the risk of hereditary disease
ranged from 1 in 260,000 to 1 in 106,000, as indicated by
Mpeke Mokubangele ef al. (2022). These values vary based on
acquisition mode, as demonstrated in the study by Benameur
et al. (2023), specifically, the estimated risks of childhood
cancer were 1 in 16,000 for the sequential mode and 1 in
17,000 for the helical mode. Similarly, the risks of hereditary
disease were calculated at 1 in 220,000 for sequential mode
and 1 in 270,000 for helical mode.

Although our study provides important contributions,
several limitations should be acknowledged. We were unable
to include all radiology departments and hospitals conducting
CT pelvimetry in Morocco, and our sample of CT pelvimetry
exams was limited. For a more comprehensive assessment and
to establish robust diagnostic reference levels, a larger patient
population and broader inclusion of departments and hospitals
are necessary. Another limitation is that the fetal doses in
pregnant patients (on average at 37 weeks of gestation) were
estimated using the ImpaCT CT Patient Dosimetry Calculator
which uses a non-pregnant women phantom. This phantom
probably overestimates the fetal dose, which is convenient in
the frame of radiation protection.

5 Conclusion

The maternal and fetal radiation doses from CT pelvimetry
across two Moroccan radiology departments were evaluated,
with a focus on assessing practices against international dose
recommendations. We established local DRLs for each
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department, revealing that CTDIvol and DLP values for
Department A exceeded those of Department B by 47% and
35%, respectively, likely due to differing technical parameters.
However, overall DRLs across both radiology departments
were lower than reported values in other countries.

Our findings suggest minimal radiation risks for the fetus,
with doses well below thresholds associated with childhood
cancers and hereditary effects determined in the literature
(Mokubangele ef al., 2022; Benameur et al., 2023). Without
national DRLs in Morocco, our findings highlight the
importance of optimizing dose protocols, particularly in
Department A, without compromising diagnostic accuracy.
Future efforts should emphasize dose management strategies
and adherence to best practices in radiation safety.
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