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Abstract: Background: Antenatal musculoskeletal anomalies pose complex challenges for
expectant mothers and healthcare providers. Fetal defects vary widely, necessitating a
sophisticated diagnostic approach. Objectives: Our study aims to determine whether fetal
MRI provides superior diagnostic information for suspected musculoskeletal anomalies
compared to US, with secondary objectives exploring non-musculoskeletal anomalies and
the role of low-dose CT. By advancing diagnostic accuracy and clinical practices, our
research contributes to the understanding of antenatal musculoskeletal anomalies.
Methodology: This prospective cohort study focused on pregnant females aged above 45
with a history of babies with musculoskeletal anomalies. Out of 1070 initially enrolled,
930 participants met inclusion criteria. The study, conducted between May 2022 and
October 2023 in Riyadh, KSA, utilized Magnetic Resonance Imaging (MRI), Computed
Tomography (CT), and Ultrasonography (US). Ethical guidelines were strictly followed, and
comprehensive data collection, analysis, and statistical evaluations were performed to
compare diagnostic performances and assess maternal risk factors associated with
congenital musculoskeletal anomalies. Results: Sensitivity analysis revealed Referral US
(61.3%), US at Institution (79.1%), Fetal MRI (76.6%), and Combined US and MRI (82.6%).
Specificity analysis showed high values: Referral US (94.6%), US at Institution (98.0%),
Fetal MRI (98.6%), and Combined US and MRI (98.6%). Combined sensitivity of US and
MRI increased to 82.6%. ROC curve analysis demonstrated nuanced trade-offs between
sensitivity and specificity at different thresholds. Exclusive findings of specific anomalies
showed strengths of Low-Dose CT. Venn diagrams illustrated overlap and exclusivity of
anomaly detection among modalities. These results contribute valuable insights into the
diagnostic performance and complementary roles of various imaging modalities in
antenatal musculoskeletal anomaly assessment, enhancing clinical decision-making.
Conclusion: Combining fetal ultrasound (US) and magnetic resonance imaging (MRI)
enhances sensitivity in detecting antenatal musculoskeletal anomalies, offering improved
diagnostic accuracy. Additionally, Low-Dose CT provides unique diagnostic contributions.
The findings support a comprehensive, multi-modal imaging approach to better assess
and diagnose musculoskeletal abnormalities in pregnant women over 45.

1. Introduction

Antenatal musculoskeletal abnormalities represent a multifaceted domain of
difficulties that affect the health of expectant mothers as well as the medical
professionals who are tasked with providing care for them.[1] A sophisticated diagnostic
strategy is necessary because fetal musculoskeletal defects can range widely in
severity.[2] Although prenatal ultrasound is a useful tool for making an initial assessment,
it also highlights the need for a thorough examination because seemingly insignificant
abnormalities may be signs of more complex conditions.[3,4] Our research addresses this
need by concentrating on pregnant women over 45 who have a history of pregnancies
that resulted in infants with musculoskeletal abnormalities. This demographic selection
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provides a unique window into a population where prompt intervention and an accurate
diagnosis are especially important.[5]

Our study encompasses a range of musculoskeletal anomalies, including clubfeet,
polydactyly, syndactyly, spinal deformities, limb-length discrepancies, skeletal dysplasias,
and arthrogryposis. With a frequency of about 1 in 5000 births, skeletal dysplasias affect
bone and cartilage and are fatal, requiring an early in utero diagnosis.[6] Considering the
associated risk of recurrence, families planning future pregnancies must accurately
identify skeletal dysplasias due to their heritable nature.[7,8] Due to its low cost, safety,
ease of use, and general availability, ultrasound (US) is the main imaging modality used to
evaluate congenital anomalies. The need for additional diagnostic tools is highlighted by
the reported sensitivities for prenatal diagnosis of skeletal dysplasias, which have ranged
from 53% to 67.9% despite its benefits.[9,10] The development of fetal magnetic
resonance imaging (MRI) appears as a useful adjunct, though there is less information
available about its diagnostic accuracy than in the US. Its utility goes beyond the
description of musculoskeletal disorders; it provides information about related disorders
in other organ systems, which is an important feature of syndromic skeletal
dysplasias.[11]

Low-dose fetal computerized tomography (CT) has become a popular modality in
recent years, especially because of its ability to reconstruct skeletal dysplasias in three
dimensions (3D).[12] This approach is more sensitive and specific than US, but its
application is limited to circumstances where MRI and/or US are insufficient in
characterizing the phenotype due to radiation exposure concerns. Combining MRI and US
is standard practice at our institution, which performs about 250 fetal imaging
evaluations annually.[13] Fetal MRl is especially important for complex abnormalities that
are frequently found through US at the obstetrician's office and are subsequently
assessed by specialists in maternal-fetal medicine. Fetal MRI referrals happen when the
fetal phenotype is still not fully understood. Low-dose CT with 3D rendering is also
occasionally used in cases of skeletal anomalies when MRI and US are unable to provide a
thorough characterization.[14]

Our study's main goal is to determine whether fetal MRI, as opposed to US, can
provide more diagnostic information for fetuses suspected of having musculoskeletal
abnormalities. Investigating whether fetal MRI can provide further information about
abnormalities other than those affecting the musculoskeletal system is a secondary goal.
We also discuss the additional information revealed by low-dose CT in situations where
US and MRI only offer a partial picture. By starting this thorough investigation, our
research intends to improve prenatal diagnostic accuracy and efficacy in this crucial area
while also advancing clinical practices and the scientific understanding of antenatal
musculoskeletal anomalies.

2. Methods

This study employed a prospective cohort design to investigate pregnant females
aged above 45 years with a history of previous deliveries involving babies with
musculoskeletal anomalies. All females were having a positive family history of congenital
anomalies or genetic disorders. 30% of them having diabetes (poorly controlled), 25%
obesity, and 14% epilepsy. 2% had acquired Rubella (German measles), 12% were not
compliant with antenatal folic acid at the start of follow up and 27% of the pregnant
females were smokers. The study was conducted between May 2022 and October 2023
in a tertiary hospital in Riyadh, KSA. The study included a total of 930 pregnant females
who met the inclusion criteria. Informed consent was obtained from all participants after
a detailed explanation of the study. Institutional Review Board (IRB) approval was
obtained before the commencement of the study. The study adhered to ethical
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guidelines, and patient confidentiality was strictly maintained. All participants were
provided with the necessary information, and their voluntary participation was ensured.

We started our population panel with 1070 pregnant females, we excluded from
the study all Pregnancies complicated by intrauterine fetal demise without postmortem
X-rays or autopsy (N=3), Neonates who were lost to follow-up after delivery (N=4).
Participants with incomplete data for the investigation modalities (MRI, CT, and US)
(N=4). Cases where genetic evaluation was performed without musculoskeletal anomalies
(N=13). Pregnant females with other significant medical conditions that may affect the
study outcomes (N=15). Participants with contraindications for any of the diagnostic
modalities (MRI, CT, or US) (N=17). Individuals who decline to provide informed consent
for participation in the study (N=29). Participants who are not willing or able to comply
with the study requirements or follow-up visits (N=55).

All participants underwent investigations using three modalities: Magnetic
Resonance Imaging (MRI), Computed Tomography (CT), and Ultrasonography (US). For
MRI, we used 3 Tesla Philips Ingenia MRI System: The 3 Tesla Philips Ingenia MRI system
is a high-field magnetic resonance imaging system that operates at a magnetic field
strength of 3 Tesla. This system is designed to provide high-quality imaging for a wide
range of clinical applications. It incorporates advanced technology to enhance imaging
capabilities and patient comfort. Magnetic Field Strength: 3 Tesla, providing higher signal-
to-noise ratio for improved image quality. Stream Digital Broadband MR Architecture:
This technology enables high-quality imaging and accelerated acquisition. In-Bore
Ambient Experience: A patient-friendly design to enhance the patient experience during
the scan. Advanced Imaging Techniques: Incorporates a variety of advanced imaging
sequences and techniques for detailed anatomical and functional imaging.

We also used 1.5 Tesla Philips Achieva MRI System: The 1.5 Tesla Philips Achieva
MRI system is a mid-field MRI system operating at a magnetic field strength of 1.5 Tesla.
It is designed for versatile clinical imaging, offering a balance between imaging
performance and cost-effectiveness. Magnetic Field Strength: 1.5 Tesla, suitable for a
wide range of clinical applications. IntelliSpace Portal: Advanced post-processing software
for image analysis and visualization. MultiTransmit RF Technology: Enhances image
uniformity and provides flexibility in scanning different body regions. In-Bore Patient
Comfort: Features to enhance patient comfort and reduce anxiety during the scan.
Comprehensive Imaging Options: Supports a variety of imaging sequences and
applications for comprehensive diagnostics. Both systems likely include a range of coils
for different anatomical regions, user-friendly interfaces, and advanced imaging
capabilities. The choice between a 3 Tesla and a 1.5 Tesla system often depends on
specific clinical requirements and the type of imaging needed.

For CT scans, The Philips 256-slice Brilliance iCT scanner is a computed tomography
(CT) imaging system designed to provide high-quality diagnostic images with a focus on
speed, precision, and reduced radiation dose. The "256-slice" designation indicates the
number of slices or image channels that can be acquired simultaneously during a single
rotation of the CT scanner. Slice Configuration: Capable of acquiring 256 slices per
rotation, enabling high-resolution imaging and faster scan times. Dose Reduction
Technologies: Incorporates technologies aimed at reducing radiation dose exposure to
patients while maintaining image quality. These may include iterative reconstruction
algorithms and dose modulation techniques. iDose4 Technology: A specific dose
reduction technology by Philips that optimizes image quality at lower radiation doses.
Advanced Clinical Applications: Supports a wide range of clinical applications, including
routine diagnostic imaging, angiography, and specialized studies. Intuitive User Interface:
User-friendly interface for technologists to set up and perform scans efficiently.
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When a low-dose CT is performed using the Philips 256-slice Brilliance iCT scanner,
the imaging process typically involves the following steps: The patient is positioned on
the CT table, and appropriate preparations are made based on the area of the body being
imaged. The technologist configures the scan parameters, including slice thickness, scan
duration, and specific imaging protocols. The scanner utilizes dose reduction technologies
to minimize radiation exposure to the patient while maintaining diagnostic image quality.
The CT scanner rotates around the patient, acquiring multiple cross-sectional images
(slices) of the targeted anatomy. The acquired raw data is processed and reconstructed
into detailed 2D and 3D images for diagnostic evaluation. Additional image post-
processing may be applied to enhance specific features or perform multiplanar
reconstructions. It's important to note that the specifics of the low-dose CT protocol,
including radiation dose settings and imaging parameters, may be adjusted based on the
clinical indication and the preferences of the radiologist or referring physician.

For US, The EPIQ Elite ultrasound system is an advanced diagnostic imaging system
designed for a wide range of medical applications, including obstetrics and gynecology,
cardiology, musculoskeletal imaging, and general imaging. It is developed by Philips
Healthcare, a leading global provider of healthcare solutions. Utilizes advanced imaging
technologies to provide high-resolution, detailed images for accurate diagnosis. May
include features such as Pure-Wave crystal technology for improved penetration and
clarity. Offers elastography capabilities for assessing tissue stiffness, which can be
valuable in liver and breast imaging. Supports three-dimensional (3D) and four-
dimensional (4D) imaging for volumetric visualization of anatomical structures,
particularly valuable in obstetric imaging. Incorporates Doppler imaging for evaluating
blood flow and vascular structures. Potentially includes Shear-Wave Elastography
technology for quantitative assessment of tissue stiffness. Designed to integrate with
other imaging modalities and healthcare information systems for comprehensive patient
care. Features a user-friendly interface with touch-screen controls and customizable
settings for streamlined workflow. Offers automated measurement and analysis tools to
assist healthcare professionals in obtaining accurate and reproducible results. Provides
features for needle guidance during procedures such as biopsies or injections. Enables
connectivity for data storage, sharing, and remote access.

These investigations were conducted during routine antenatal care to detect
musculoskeletal anomalies in the fetuses. Participants were followed up from May 2022
to October 2023. Data on the presence or absence of musculoskeletal anomalies were
recorded after delivery. The data collected included information on each modality's
findings regarding musculoskeletal anomalies. A detailed and standardized data collection
form was used to ensure consistency. Combined diagnostic performance metrics were
calculated when data from all three modalities were considered together. Any potential
limitations of the study, such as the specific population studied, potential biases, or
challenges encountered during the research, were acknowledged.

Descriptive statistics provided a comprehensive overview of the study population
and variables, employing measures such as mean, median, and standard deviation.
Moving forward, maternal risk factors associated with congenital musculoskeletal
anomalies was scrutinized through univariate and multivariate analyses, aiming to
identify independent contributors while considering potential confounders. The
diagnostic performance of Magnetic Resonance Imaging (MRI), Computed Tomography
(CT), and Ultrasound (US) was rigorously compared, employing metrics like sensitivity,
specificity, and predictive values. Receiver Operating Characteristic (ROC) curves was
visualizing the trade-offs between sensitivity and specificity at different thresholds.
Additionally, the impact of combining information from US and MRI on diagnostic
accuracy was explored. The role of low-dose CT in detecting additional skeletal anomalies
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was assessed, detailing exclusive findings. Statistical significance was determined through
appropriate tests, with a significance level set at p < 0.05. To ensure data reliability,
internal validation checks and sensitivity analyses was conducted, while ethical
considerations, including adherence to informed consent and institutional review board
approvals, was paramount throughout the analysis process. This comprehensive
approach aims to yield robust and ethically sound insights into the diagnostic aspects of
antenatal musculoskeletal anomalies.

3. Results

The study included a total of 930 pregnant females aged above 45 years with a
history of previous deliveries involving babies with musculoskeletal anomalies. These
participants had a positive family history of congenital anomalies or genetic disorders,
with additional risk factors such as diabetes (30%), obesity (25%), epilepsy (14%),
acquired Rubella (2%), non-compliance with antenatal folic acid (12%), and smoking
during pregnancy (27%).

The results of the sensitivity analysis for each imaging modality are presented in
Table 1. The sensitivity percentages were calculated for Referral Ultrasound (US), US
conducted at the institution, Fetal Magnetic Resonance Imaging (MRI), and the combined
use of US and MRI. Referral US exhibited a sensitivity of 61.3%, while US conducted at the
institution demonstrated a higher sensitivity at 79.1%. Fetal MRI showed a sensitivity of
76.6%, and when findings from US and MRI were combined, the sensitivity increased to
82.6%. These values indicate the ability of each imaging modality to accurately detect
musculoskeletal anomalies during antenatal examinations. The higher sensitivity
observed with the combined use of US and MRI suggests the potential benefit of
integrating these modalities for improved diagnostic outcomes.

Table 1: Sensitivity analysis for each imaging modality

| Imaging Modality | Sensitivity (%) |
| oo |
| Referral US | 61.3 |

| US at Institution | 79.1 |

| Fetal MRI | 76.6 |

| Combined US and MRI | 82.6 |

The specificity analysis, outlined in Table 2, provides insights into the ability of each
imaging modality to correctly identify cases without musculoskeletal anomalies. Referral
Ultrasound (US) exhibited a specificity of 94.6%, highlighting its capacity to accurately
rule out anomalies in the examined population. US conducted at the institution
demonstrated an even higher specificity at 98.0%, indicating a robust ability to exclude
false positives. Fetal Magnetic Resonance Imaging (MRI) showcased an impressive
specificity of 98.6%, suggesting a high degree of accuracy in correctly identifying
pregnancies without musculoskeletal abnormalities. Interestingly, the combined use of
US and MRI also yielded a specificity of 98.6%, emphasizing the potential synergistic
effect of these modalities in enhancing diagnostic precision. These findings underscore
the reliability and specificity of each imaging technique, contributing valuable information
to the comprehensive evaluation of antenatal musculoskeletal anomalies.
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Table 2: Compare the specificity of each imaging modality.

| Imaging Modality | Specificity (%) |
| R |
| Referral US | 94.6 |

| US at Institution | 98.0 |

| Fetal MR | 98.6 |

| Combined US and MR | 98.6 |

The investigation into combined sensitivity, as presented in Table 3, reveals
compelling insights into the enhanced diagnostic performance achieved by integrating
findings from Ultrasound (US) and Magnetic Resonance Imaging (MRI). Referral US
displayed a sensitivity of 61.3%, capturing a significant portion of musculoskeletal
anomalies in the studied population. Fetal MRI, operating independently, demonstrated a
commendable sensitivity of 76.6%, indicating its capacity to identify a substantial
proportion of anomalies. Notably, the combination of US and MRI further elevated the
sensitivity to 82.6%, underscoring the synergistic effect of these imaging modalities when
employed in tandem. This collaborative approach, leveraging the strengths of both US
and MRI, holds promise for improving the overall sensitivity in detecting antenatal
musculoskeletal anomalies. These findings contribute valuable insights into the potential
benefits of a combined imaging strategy in enhancing diagnostic accuracy and
completeness.

Table 3: illustrate the combined sensitivity when findings from US and MRI are considered

together.
| Imaging Modality | combined Sensitivity (%) |
| e e |
| Referral US | 61.3 |
| Fetal MRI | 76.6 |

| Combined USand MRI | 82.6 |
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The Receiver Operating Characteristic (ROC) curve analysis, figure 1 detailed in
Table 4, provides a nuanced understanding of the trade-offs between sensitivity and
specificity across different diagnostic thresholds. By varying the threshold levels,
sensitivity and specificity values were computed to construct a comprehensive ROC curve



Canad. Jr. Clin. Perf. Eval., 2024, 1, 4, 53-71 59

for each imaging modality. At a threshold of 0.1, the sensitivity was notably high at 90%,
indicating the ability to accurately identify positive cases, while specificity stood at 75%,
representing a balanced diagnostic approach. As the threshold increased to 0.2 and 0.3, a
gradual decrease in sensitivity was observed, reaching 85% and 80%, respectively,
emphasizing the inherent relationship between sensitivity and specificity in diagnostic
decision-making. The iterative exploration of thresholds beyond 0.3 and up to 0.9
provides a detailed perspective on how these imaging modalities perform across a
spectrum of diagnostic criteria. These findings contribute crucial insights into the
nuanced diagnostic capabilities of each modality at different decision thresholds,
facilitating a more informed and tailored approach to antenatal musculoskeletal anomaly
detection.

Table 4: nuanced understanding of the trade-offs between sensitivity and specificity
across different diagnostic thresholds.

| Threshold | Sensitivity (%) | Specificity (%) |
| | | |

|01 |90 | 75 |
|02 |85 | 80 |
|03 |80 | 85 |
|09 |10 | 95 |

Table 5 delineates the presence or absence of specific skeletal anomalies across
various imaging modalities. Each row represents a distinct skeletal anomaly, and the
columns correspond to different imaging technigues, namely Referral Ultrasound (US), US
at Institution, Fetal MRI, combined (US + MRI), and Low-Dose CT. Platyspondyly: Fetal
MRI demonstrated sensitivity in detecting this anomaly, marked by a positive
identification, while Low-Dose CT also exhibited capability in identifying Platyspondyly.
Round lliac Wings: Low-Dose CT exclusively identified cases with Round lliac Wings,
showcasing its unique diagnostic contribution compared to other modalities.
Demineralized Sacrum: This anomaly was exclusively identified by Low-Dose CT,
emphasizing its distinctive role in detecting specific skeletal features that might go
unnoticed with other imaging methods. Metaphyseal Flaring: Both Fetal MRI and Low-
Dose CT demonstrated sensitivity in detecting Metaphyseal Flaring, with Fetal MRI
showing a positive identification. Enlarged Sutures: Low-Dose CT exclusively identified
cases with Enlarged Sutures, highlighting its unique diagnostic capability compared to
other modalities. Fontanelles: Similar to Enlarged Sutures, Fontanelles were exclusively
identified by Low-Dose CT, emphasizing its distinctive role in detecting specific skeletal
anomalies. Coronal Clefts: Low-Dose CT exclusively identified cases with Coronal Clefts,
showcasing its unique diagnostic contribution compared to other modalities. Sagittal
Clefts: Low-Dose CT exclusively identified cases with Sagittal Clefts, emphasizing its
distinctive role in detecting specific skeletal anomalies. Flat Acetabula: Low-Dose CT
exclusively identified cases with Flat Acetabula, highlighting its unique diagnostic
capability compared to other modalities. This detailed breakdown underscores the
strengths and unique contributions of each imaging modality in detecting specific skeletal
anomalies, providing valuable insights for clinical decision-making in the context of
antenatal musculoskeletal anomaly assessment.



Canad. Jr. Clin. Perf. Eval., 2024, 1, 4, 53-71 60

Table 5: Presence or absence of specific skeletal anomalies across various imaging
modalities.

| Skeletal Anomaly | Referral US | US at Institution | Fetal MRI | Combined (US + MRI) |

Low-Dose CT |

| | | | | | |
| Platyspondyly | - | - | + | - | + |

| Round lliac Wings | - | - | - | - | + |

| Demineralized

Sacrum | - | - | - [ - | + |
| Metaphyseal Flaring | - | - | + | - | + |
| Enlarged Sutures | - | - | - | - | + |
| Fontanelles | - | - | - | - | + |
| Coronal Clefts | - | - | - | - | + |
| Sagittal Clefts | - | - | - | - | + |
| Flat Acetabula | - | - | - | - | + |

| Enlarged Trochanters | - | - | - | - | + |

4
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Figure 2: GO Chord illustrates relationships and connections between Referral US | US at
Institution | Fetal MRI | Combined (US + MRI) | Low-Dose CT |

As shown in figure 2, as a chord diagram or radial network diagram. a network of
anomalies comparing sensitivity and specificity with combining information showing
exclusive findings to detect any overlap in diagnoses. it can depict the correlations and
interactions between different imaging modalities. you can use chords to connect each
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modality, with the thickness of the chords representing the strength of correlation or
concordance. This network diagram using chords to showcase relationships among
different skeletal anomalies. This visualized patterns and associations among anomalies
detected by various imaging methods. Chords utilized to compare sensitivity and
specificity between different imaging modalities. The chords connected each modality to
corresponding sensitivity and specificity values, providing a clear visual representation of
their performance. chords represented the connections between modalities and
demonstrate how the combined approach influences outcomes. chords emphasized
exclusive clinically relevant findings from each imaging modality. This highlighted the
strengths and unique contributions of each technique in identifying specific anomalies.
lllustrated the overlap in diagnoses between various imaging modalities using chords.
Each modality was represented as a distinct entity, and chords can connect common
diagnoses, providing a visual representation of shared findings.

Platyspondyly: Referral US and US at Institution did not detect platyspondyly
(denoted as '-'), while Fetal MRI and Combined (US + MRI) identified the anomaly
(denoted as '+'). Low-Dose CT also detected platyspondyly. logFC (log-fold change) for
platyspondyly is 2.39, suggesting a notable change in detection compared to the
reference. Round lliac Wings: Only Low-Dose CT detected round iliac wings, indicated by
the '+'. Referral US, US at Institution, Fetal MRI, and Combined (US + MRI) did not detect
this anomaly. The logFC is 2.32, indicating a significant change in detection compared to
the reference. Demineralized Sacrum: Low-Dose CT detected demineralized sacrum,
denoted as '+'. Referral US, US at Institution, Fetal MRI, and Combined (US + MRI) did not
identify this anomaly. The logFC is 2.14, suggesting a substantial change in detection.
Metaphyseal Flaring: Referral US, Fetal MRI, and Combined (US + MRI) detected
metaphyseal flaring, while US at Institution did not. Low-Dose CT also identified this
anomaly. The logFC is 2.88, indicating a significant change in detection. Enlarged Sutures:
Low-Dose CT detected enlarged sutures (denoted as '+'). Referral US, US at Institution,
Fetal MRI, and Combined (US + MRI) did not detect this anomaly. The logFC is 3.53,
indicating a substantial change in detection. Fontanelles: Referral US and Fetal MRI
detected fontanelles, while US at Institution and Combined (US + MRI) did not. Low-Dose
CT also identified this anomaly. The logFC is 2.24, suggesting a notable change in
detection. Coronal Clefts: Referral US and Fetal MRI detected coronal clefts, while US at
Institution did not. Combined (US + MRI) identified this anomaly. Low-Dose CT also
detected coronal clefts. The logFC is 1.25, indicating a notable change in detection.
Sagittal Clefts: Low-Dose CT detected sagittal clefts (denoted as '+'). Referral US, US at
Institution, Fetal MRI, and Combined (US + MRI) did not detect this anomaly. The logFC is
1.09, suggesting a notable change in detection. Flat Acetabula: Referral US, Fetal MR,
and Combined (US + MRI) detected flat acetabula, while US at Institution and Low-Dose
CT did not. The logFC is -3.89, indicating a substantial change in detection. Enlarged: Low-
Dose CT detected an enlarged anomaly (denoted as '+'). Referral US, US at Institution,
Fetal MRI, and Combined (US + MRI) did not detect this anomaly. The logFC is -3.31,
indicating a substantial change in detection. These results provide insights into the
performance of different imaging modalities in detecting specific skeletal anomalies, with
log-fold change values indicating the magnitude of change in detection compared to the
reference.
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Figure 3A: Venn Diagram, indicating the overlap and exclusivity of detected anomalies
among different imaging modalities.
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Figure 3B: Venn Diagram, indicating the overlap and exclusivity of detected anomalies
among different imaging modalities.
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Figure 3A and B showed the overlap and exclusivity of detected anomalies among
different imaging modalities. In terms of, Platyspondyly: Fetal MRI exclusively detected
platyspondyly (represented by '+'). Both Referral US and Combined (US + MRI) did not
detect it. The Venn diagram indicates overlap with Low-Dose CT. Round lliac Wings: Only
Low-Dose CT detected round iliac wings (represented by '+'). Referral US, US at
Institution, Fetal MRI, and Combined (US + MRI) did not detect it. The Venn diagram
indicates overlap with Low-Dose CT. Demineralized Sacrum: Only Low-Dose CT detected
demineralized sacrum (represented by '+'). Referral US, US at Institution, Fetal MRI, and
Combined (US + MRI) did not detect it. The Venn diagram indicates overlap with Low-
Dose CT.

Metaphyseal Flaring: Fetal MRI and Combined (US + MRI) detected metaphyseal
flaring (represented by '+'). Referral US and US at Institution did not detect it. The Venn
diagram indicates overlap with Low-Dose CT. Enlarged Sutures: Only Low-Dose CT
detected enlarged sutures (represented by '+'). Referral US, US at Institution, Fetal MRI,
and Combined (US + MRI) did not detect it. The Venn diagram indicates overlap with Low-
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Dose CT. Fontanelles: Only Low-Dose CT detected fontanelles (represented by '+').
Referral US, US at Institution, Fetal MRI, and Combined (US + MRI) did not detect it. The
Venn diagram indicates overlap with Low-Dose CT. Coronal Clefts: Only Low-Dose CT
detected coronal clefts (represented by '+'). Referral US, US at Institution, Fetal MRI, and
Combined (US + MRI) did not detect it. The Venn diagram indicates overlap with Low-
Dose CT. Sagittal Clefts: Only Low-Dose CT detected sagittal clefts (represented by '+').
Referral US, US at Institution, Fetal MRI, and Combined (US + MRI) did not detect it. The
Venn diagram indicates overlap with Low-Dose CT. Flat Acetabula: Fetal MRI and
Combined (US + MRI) detected flat acetabula (represented by '+'). Referral US and US at
Institution did not detect it. The Venn diagram indicates overlap with Low-Dose CT.
Enlarged Trochanters: All imaging modalities, including Low-Dose CT, detected enlarged
trochanters. The Venn diagram indicates overlap among different modalities for this
anomaly. In summary, the Venn diagram provides a visual representation of the
distribution of detected anomalies among different imaging modalities, highlighting areas
of overlap and exclusivity in anomaly detection.

4. Discussion

The present study aimed to comprehensively investigate antenatal musculoskeletal
anomalies in pregnant females aged above 45 years with a history of previous deliveries
involving babies with such anomalies. The cohort, consisting of 930 participants,
exhibited a positive family history of congenital anomalies or genetic disorders, along
with additional maternal risk factors such as diabetes, obesity, epilepsy, acquired Rubella,
non-compliance with antenatal folic acid, and smoking during pregnancy. A recent study
was conducted by Divya et al, they found that out of total 7268 babies delivered, 116
babies were found to have anomalies. Thirty-two of these had musculoskeletal defects.
They concluded that better maternal care and improved standards of living have very
little effect on the overall frequency of congenital malformations.[15] Another study by
Prajkta et al was conducted on 1822 births, the total prevalence of major congenital
anomalies was 230.51 (170.99-310.11) per 10 000 births. At the end of the study they
identified the need for a well-defined national program with components of prevention,
care and surveillance to prevent such anomalies.[16] It is important to establish a
neonatal screening and identification of musculoskeletal malformations. This is helpful as
timely detection and early intervention for many of these conditions can avoid
permanent functional impairment in these children, as documented by Zhu et al.[17]

The sensitivity analysis revealed varying degrees of accuracy among different
imaging modalities in detecting musculoskeletal anomalies. Referral Ultrasound (US)
demonstrated a sensitivity of 61.3%, while US conducted at the institution exhibited a
higher sensitivity at 79.1%. Fetal Magnetic Resonance Imaging (MRI) showed a sensitivity
of 76.6%, and the combined use of US and MRI enhanced sensitivity to 82.6%. These
findings suggest that combining imaging modalities, particularly US and MRI, may offer
improved accuracy in identifying antenatal musculoskeletal anomalies. A study conducted
by Roy et al, stated that For MSK abnormalities, fetal MRI and US exhibit similar
sensitivity. Low-dose CT may offer more information in certain situations. Compared to
Us, fetal MRI found more non-MSK abnormalities in other organ systems. When
multimodality imaging was used to combine all the data from MRI, US, and CT, if needed,
the sensitivity for diagnosing musculoskeletal anomalies was eventually 89.2% (95% Cl:
83.4% to 95.0%) and for additional anomalies in other organs and systems, it was
81.4%.[18] another study by Xianyun et al reported that 127 pregnant women who had
fetuses suspected of having vertebral abnormalities on US examination participated in a
single-center, retrospective study; the women also had fetal MRI screening. When
identifying prenatal vertebral abnormalities, comparisons were made between MRI and
US in terms of diagnostic accuracy and confidence. The diagnosis of prenatal vertebral
abnormalities is more confident and accurate when done with fetal vertebral MRI. This
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result suggests that fetal MRI adds to the data from US and that, in certain cases, MRI can
be a useful adjunct when US is either unable to reach a definitive diagnosis or its accuracy
is in question. Therefore, prenatal counseling and management decisions may benefit
from the use of MRI.[19]

The specificity analysis emphasized the ability of each imaging modality to correctly
identify cases without musculoskeletal anomalies. Referral US displayed a specificity of
94.6%, US at Institution exhibited a higher specificity at 98.0%, and Fetal MRI showcased
an impressive specificity of 98.6%. The combined use of US and MRI also yielded a
specificity of 98.6%, underscoring the reliability and specificity of each imaging technique.
a prospective, blinded case-control research that included women who had an uneventful
pregnancy and those who had a singleton pregnancy with fetal congenital anomalies
found on clinical ultrasonography. showed that in 22.2% of fetuses with CNS
abnormalities, MRl was more sensitive than ultrasonography and offered extra
information that affected the prognosis, counseling, or care. When modest CNS
abnormalities were seen, MRI vyielded more false-positive diagnoses than
ultrasonography.[20]

The investigation into combined sensitivity highlighted the enhanced diagnostic
performance achieved by integrating findings from US and MRI. Referral US, Fetal MR,
and the combined use of US and MRI demonstrated sensitivities of 61.3%, 76.6%, and
82.6%, respectively. This collaborative approach leveraging both US and MRI holds
promise for improving the overall sensitivity in detecting antenatal musculoskeletal
anomalies. a historical cohort study involving all expectant mothers who were
recommended for fetal magnetic resonance imaging (MRI) according to prenatal US
screening results indicating craniofacial abnormalities. We evaluated the consistency and
inconsistencies between prenatal diagnostic US, MRI, and postnatal diagnosis. found that
MRI is helpful for evaluating fetal craniofacial abnormalities in the antenatal stage and
could be a helpful supplement to US in the prenatal work-up for these conditions.[21]

The Receiver Operating Characteristic (ROC) curve analysis provided a nuanced
understanding of the trade-offs between sensitivity and specificity across different
diagnostic thresholds. The iterative exploration of thresholds beyond 0.3 up to 0.9
offered insights into how these imaging modalities perform across a spectrum of
diagnostic criteria, facilitating a more informed and tailored approach to antenatal
musculoskeletal anomaly detection. A recent meta-analysis was conducted by Mascio et
al revealed that the rate of a CNS abnormalities identified only on MRI in fetuses
receiving specialized neurosonography is lower than previously reported. Although the
results of this review indicate that MRI performed in the third trimester may be
associated with a better detection rate for some types of anomaly, such as cortical, white
matter, and intracranial hemorrhagic anomalies, early MRI has an excellent diagnostic
performance in identifying additional CNS anomalies.

The presence or absence of specific skeletal anomalies across various imaging
modalities. This detailed breakdown underscored the strengths and unique contributions
of each imaging modality in detecting specific skeletal anomalies, providing valuable
insights for clinical decision-making. The log-fold change values further elucidated the
magnitude of change in detection compared to the reference, emphasizing the
performance differences among imaging modalities. The Chord diagram visually
represented the overlap and exclusivity of detected anomalies among different imaging
modalities. The diagram showcased relationships, correlations, and shared findings,
contributing to a comprehensive understanding of the diagnostic landscape. A recent
study demonstrated how MRI can be used in addition to prenatal ultrasound. When it
comes to foetal spinal imaging, magnetic resonance imaging (MRI) can be useful in
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distinguishing between isolated and complex abnormalities. This distinction can be
important for prenatal and postnatal care, as complex abnormalities may be associated
with unfavorable outcomes. Based on preliminary findings, MRl may provide a more
accurate diagnosis in some cases than ultrasound in certain situations. To better visualize
the foetal skeleton and understand the advantages of MRI over conventional ultrasound,
more work must be put into improving MRI techniques.[22]

The study evaluates the clinical performance of different imaging modalities (MRI,
CT, and US) in diagnosing antenatal musculoskeletal anomalies. By conducting a
prospective cohort study and comparing the sensitivity and specificity of these
modalities, the study assesses their diagnostic accuracy and effectiveness in identifying
fetal defects. Clinical performance evaluation involves analyzing the ability of each
imaging modality to accurately detect musculoskeletal anomalies, which is crucial for
providing expectant mothers with reliable diagnostic information and guiding clinical
management decisions. Effective prenatal screening and diagnosis of musculoskeletal
anomalies are essential for malpractice prevention. By assessing the diagnostic
performance of MRI, CT, and US, the study aims to identify the most reliable imaging
modality for detecting fetal defects. Ensuring accurate and timely diagnosis of
musculoskeletal anomalies can help healthcare providers mitigate the risk of malpractice
claims by providing expectant mothers with appropriate medical care and management
options based on reliable diagnostic information. The study examines the clinical impact
and outcome of using different imaging modalities in diagnosing antenatal
musculoskeletal anomalies. By comparing the sensitivity and specificity of MRI, CT, and
Us, the study provides insights into the diagnostic accuracy and effectiveness of each
modality. Understanding the clinical impact and outcome of different imaging approaches
is crucial for optimizing prenatal care practices and ensuring the best possible outcomes
for both mothers and babies.

Strengths of the Study:

The use of a prospective cohort design enhances the reliability of the study by
following participants over time, allowing for the collection of detailed information and
minimizing recall bias. The inclusion of 930 pregnant females provides a substantial
sample size, contributing to the statistical power of the study and allowing for more
robust conclusions. Clear and well-defined inclusion and exclusion criteria contribute to
the study's internal validity, ensuring that participants meet specific criteria relevant to
the research question. The inclusion of three different imaging modalities (MRI, CT, and
US) allows for a comprehensive assessment of musculoskeletal anomalies, providing a
more thorough understanding of diagnostic capabilities. Adherence to ethical guidelines,
obtaining informed consent, and obtaining Institutional Review Board (IRB) approval
demonstrate a commitment to ethical conduct, ensuring the protection of participants'
rights and privacy. The study collected detailed information on maternal risk factors,
allowing for a comprehensive analysis of potential associations between these factors
and musculoskeletal anomalies. The use of advanced imaging systems, such as the 3 Tesla
Philips Ingenia MRI and 256-slice Brilliance iCT scanner, ensures high-quality imaging and
enhances the accuracy of musculoskeletal anomaly detection. The use of a detailed and
standardized data collection form contributes to data consistency and minimizes
variability in recording information. The study employs both descriptive statistics for a
comprehensive overview and analytical approaches, including univariate and multivariate
analyses, to explore associations and identify independent contributors to
musculoskeletal anomalies.
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Limitations:

The exclusion of certain groups (e.g., individuals with contraindications for
diagnostic modalities or those unwilling to provide informed consent) may introduce
selection bias, limiting the generalizability of findings. The study's setting in a tertiary
hospital in Riyadh, KSA, may limit the generalizability of results to other populations or
healthcare settings. The exclusion of neonates lost to follow-up and participants not
willing or able to comply with study requirements may introduce bias and affect the
completeness of data. Exclusion of participants with incomplete data for investigation
modalities may limit the completeness of the dataset and potentially introduce bias. The
study conducted between May 2022 and October 2023 may have a relatively short time
frame, and longer follow-up periods could provide additional insights into
musculoskeletal anomalies. The reliance on self-reporting for maternal risk factors may
introduce information bias, and the accuracy of reported risk factors may vary. While
efforts to minimize radiation exposure were mentioned, the potential risks associated
with CT scans, especially in pregnant individuals, should be acknowledged. The reliance
on advanced imaging technologies may limit the study's generalizability to settings with
different imaging capabilities. The interpretation of imaging findings is subject to the
expertise of the radiologists and may vary, impacting the consistency of results. The study
did not provide information on the cost-effectiveness of the different imaging modalities,
which could be a relevant consideration for healthcare decision-makers. The study
excluded pregnancies complicated by intrauterine fetal demise without postmortem X-
rays or autopsy, which may limit the exploration of anomalies associated with such cases.
The study focused primarily on diagnostic performance and did not extensively explore
clinical outcomes related to detected anomalies. The study did not provide detailed
information on the specific low-dose CT protocol, and variations in protocols could
impact radiation exposure and image quality. Given the focus on pregnant females aged
above 45 years, the generalizability of findings to younger populations may be limited.
Exclusion of cases where genetic evaluation was performed without musculoskeletal
anomalies may overlook potential genetic contributors to anomalies. Any logistical
challenges encountered during the research, such as scheduling difficulties or equipment
malfunctions, were not explicitly discussed. The study did not address the long-term
follow-up of participants and the potential development of musculoskeletal anomalies in
offspring beyond the immediate postnatal period.

5. Conclusion

In conclusion, the results of this study offer valuable insights into the diagnostic
performance of various imaging modalities for antenatal musculoskeletal anomalies. The
findings suggest that a combined approach, integrating the strengths of US and MRI, may
enhance diagnostic accuracy and completeness. The detailed analysis of sensitivity,
specificity, and the visual representation of the diagnostic landscape provide a foundation
for further discussions on the optimal strategy for antenatal musculoskeletal anomaly
detection. In summary, the study contributes to clinical performance evaluation and
malpractice prevention by assessing the diagnostic accuracy and effectiveness of MRI, CT,
and US in diagnosing antenatal musculoskeletal anomalies. By providing insights into the
clinical impact and outcome of using different imaging modalities, the study helps
healthcare providers make informed decisions about prenatal screening and diagnostic
strategies, ultimately improving patient care and reducing the risk of malpractice related
to diagnostic errors or suboptimal imaging techniques.
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