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Sacroiliac Joint Variants: Insights from a Retrospective
Computed Tomography Study

©® Emre Utkan Biytikceran?, ® Sezer Kula®, ® Kemal Bugra Memis2

Igdir State Hospital, Clinic of Radiology, Igdur, Tiirkiye
2Ankara University Faculty of Medicine, Department of Radiology, Ankara, Tiirkiye

Objective: This study aimed to determine the prevalence and distribution of sacroiliac joint (SIJ) variants based on age and sex using computed tomography
(CT) and to investigate their clinical relevance.

Methods: This retrospective study analyzed pelvic and abdominal CT scans from 200 patients aged 18 years and older, focusing on SIJ variants. Variants were
evaluated by two radiologists, and their associations with age and gender were assessed.

Results: SIJ variants were observed in 107 patients (53.5%), with a mean age of 38.65+22.29 years. The most common variant was the iliosacral complex
(44.9%), followed by the accessory SIJ (27.1%). A significant association was identified between variant types and age groups (p=0.005), whereas no significant
relationship was found with gender.

Conclusion: SIJ variants are prevalent and exhibit age-related differences. Awareness of these variants is essential to avoid misdiagnosis and ensure proper

clinical management.

Keywords: Sacroiliac joint variants, ileosacral complex, accessory sacroiliac joint, computed tomography, prevalence, age-related variants

The sacroiliac joints (SIJs) are the largest axial joints in the human body
and connect the axial skeleton to the pelvis. Due to their complex
anatomical structure, they are one of the most challenging joints to
assess using radiological imaging."?

With the widespread use of magnetic resonance imaging and particularly
computed tomography (CT), significant advancements have been made
in the diagnosis of SIJ disorders.? Understanding the normal anatomical
structure of SlJs is essential for accurately identifying pathologies. SlJs
exhibit a wide range of structural variations and may undergo certain
anatomical changes.* Therefore, comprehensive radiological studies
play a crucial role in distinguishing between normal and pathological
appearances, providing significant benefits in the diagnosis of SlJs
disorders.

Knowledge of the radiological morphology of the SIJ is crucial for the
evaluation of spondyloarthropathic, such as ankylosing spondylitis,
as well as degenerative conditions like osteoarthritis and processes
arising from mechanical overloading. Additionally, this understanding

is essential in surgical procedures, such as posterior pelvic fixation and
both closed and open reductions.>®

Numerous studies have identified the presence of an accessory
sacroiliac joint (ASIJ) as the most common anatomical variant. The
majority of these studies were conducted through direct observation of
anatomical specimens.’ A potential correlation between the presence of
SIJ variations and factors such as sex and age has been suggested.’ More
recent studies have reported the normal anatomy of the SIJ using CT,
direct radiography,* and cadaver specimens.2'

Prassopoulos etal.", proposed a classification of sixanatomical variants,
reporting a prevalence of 36.3% in the Greek population. Demir et al 3,
reported a higher prevalence of 41.8% in the Turkish population.

However, debates regarding the origin of these variants persist; it
remains unclear whether they are congenital or acquired later in
life.” This study aimed to determine the types and prevalence of SIJ
anatomical variants using Prassopoulos’ classification via CT while also
examining their associations with sex and age.

Buyiikceran EU, Kula S, Memis KB. Sacroiliac joint variants: insights from a retrospective computed tomography study. Adv Radiol Imaging.
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This study was approved by the Non-interventional Clinical Research
Ethics Committee of Erzincan Binali Yildirrm University (decision no:
2024-12/03, date: 12.09.2024). Informed consent was obtained from all
patients prior to undergoing CT scans. Since the study was conducted
retrospectively, no additional informed consent was required beyond
what was initially obtained.

This retrospective, observational, cross-sectional, and descriptive study
included consecutive pelvic and full abdominal CT scans performed at
the Radiology Clinic of 1gdir State Hospital. All scans were acquired using
a Siemens Emotion 16-slice CT scanner (Siemens Healthcare, Erlangen,
Germany, 2007).

The sample size calculation was based on an expected moderate effect
size of 0.5, significance level of 0.05, and power of 0.8. The inclusion of
200 patients was sufficient to detect statistically significant differences
in SIJ variation.

Between 1 June 2024 and 1 July 2024, all CT scans performed at our
hospital were reviewed in chronological order. The screening process
was terminated after 200 patients met the inclusion and exclusion
criteria.

The inclusion criteria were CT scans of patients older than 18 years with
the SI) fully visible. The indications for CT scan included acute abdominal
pain and suspected intra-abdominal or pelvic pathologies, such as
gastrointestinal, urological, or gynecological diseases. The exclusion
criteria included conditions that could complicate the evaluation of
variations, such as multiple traumas, spinal surgeries, and injuries.

Each CT scan was evaluated by two radiologists to determine the
presence of anatomical variations. Assessments were conducted using
bone-window view of the CT scans, focusing on the classification of
variants. The evaluations were not blinded, and a consensus between
the two radiologists was reached regarding the presence and type of
variation, if any.

Statistical Analysis

All statistical analyses were performed using Statistical Package for the
Social Sciences version 23 (IBM, Armonk, NY, USA). Descriptive statistics
were reported as meanzxstandard deviation for normally distributed
numerical variables and as median (minimum-maximum) for non-
normally distributed data. Categorical variables are presented as
numbers and percentages. Comparisons between groups with normally
distributed data were made using the Student’s t-test, while the Mann-
Whitney U test was used for non-normally distributed data. The chi-
square test was used to analyze categorical variables. A p value <0.05
was considered statistically significant.

Between June 1, 2024 and July 1, 2024, CT scans were systematically
reviewed in chronological order of acquisition, and a total of 200
patients were included in the screening process. Sacroiliac variants
were detected in 107 patients (53.5%). Representative CT images of SIJ
variants are shown in Figure 1.

The mean age of patients with sacroiliac variants was 38.65£22.29
years, ranging from 18 to 91 years. Of the 107 patients, 82 were male
(76.6%) and 25 were female (23.4%). The distribution of patients by
age showed that 40 patients (37.4%) were over 40 years old, while 67

2
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patients (62.6%) were under 40 years old. The variants were primarily
bilateral in 62 patients (57.9%), with 21 patients (19.6%) having variants
on the right side and 4 patients (3.7%) on the left side.

Regarding the specific sacroiliac variants, the ileosacral complex was
the most common, observed in 48 patients (44.9%), followed by the
ASIJ in 29 patients (27.1%). The crescent iliac bony plate was identified
in 15 patients (14.0%), ossification centers in 7 patients (6.5%), and
both bipartite iliac bony plate and semicircular defect in 4 patients
(3.7%) each. The distribution of SIJ variant types, demonstrating the
predominance of the iliosacral complex as the most common variant,
followed by the ASI), is illustrated in Figure 2 and summarized in
Table 1.

The analysis revealed no significant relationship between gender
and variant types (p=0.083). However, age and variant types showed
a statistically significant relationship (p=0.005). Patients under 40
years old most commonly had the ileosacral complex (35 patients)
and ossification centers (7 patients), whereas patients over 40
predominantly exhibited the ASIJ (18 patients). This relationship is
visually demonstrated in Figure 3, in which age-based differences in
variant types are clearly observed.

This study revealed a high prevalence of SIJ variants (53.5%), which was
within the upper range of previously reported values in the literature

Representative computed tomography images of sacroiliac
joint variants. (a) Accessory sacroiliac joint, (b) ileosacral complex,
() crescent iliac bony plate, (d) ossification centers, (e) bipartite iliac
bony plate, and (f) semicircular defect

Sacroiliac variant Number of patients (%)

Iliosacral complex 48 (44.9)
Accessory sacroiliac joint 29 (27.1)
Crescent iliac bone plate 15 (14.0)
Ossification centers 7 (6.5)
Semicircular defect 4(3.7)
Bipartite intestinal bone plate 4(3.7)
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Distribution of Sacroiliac Variant Types
50 48 (44.9%)

40

30 29 (27.1%)
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Figure 2. Distribution of sacroiliac variant types
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Figure 3. Heatmap of sacroiliac variant types according to age

(25.7-54.2%)." The most notable finding was the predominance of the
iliosacral complex, particularly in younger patients, whereas the ASIJ
was more frequently observed in older individuals. These findings
suggest that Sl variants may follow an age-related pattern, possibly
influenced by cumulative mechanical stress or developmental changes.
This highlights the importance of considering other factors, such
as occupational- or lifestyle-related mechanical loads, as potential
contributors to variant development.

The most common variant was the iliosacral complex 48 patients
(44.9%), followed by the ASIJ 29 patients (27.1%). Similarly, Tok Umay
and Korkmaz,* in their study involving 430 patients, also identified the
iliosacral complex as the most prevalent variant. However, in many
other studies, the ASI] was reported as the most common variant.>%111415
The ASI) is an additional joint within the ligamentous compartment,
where the joint facets are covered by hyaline cartilage or fibrocartilage.
The prevalence of this joint in individuals without SIJ disorders ranges
from 4.5% to 26%.>*%118 This variant was observed to occur with
equal frequency in both genders. Some studies have indicated that its
prevalence increases with age and is more common in obese individuals
and women who have had three or more childbirths>*""" In a study
utilizing anatomical specimens, Trotter reported that accessory
sacroiliac facets were more common among African women, attributing
this to the cultural practice of carrying children on their backs wrapped
in blankets.” In our study, the ASI} was the most common variant in
patients aged >40 years. This finding supports the hypothesis that ASIJ
is not congenital but rather acquired over time due to factors such as

mechanical stress.?®?' In the younger population, the most common
variant was the iliosacral complex. The ossification center variant, which
is consistent with the literature, was not observed in the population
over 40 years of age.”

No significant association was observed between gender and the
variants in this study. Some previous studies have suggested that variants
are more common in women.?>'® Qur results did not corroborate this
finding.

It has been suggested that SIJ variants may be associated with past
occupations or recreational activities, providing evidence for the theory
of joint overuse. The fact that most variants were bilateral further
supports the argument that mechanical stress may play a role in their
development.”? Changes caused by mechanical stress can result in
radiographic images that mimic rheumatic diseases.>?

Interpretation of the Sl requires expertise. Although conditions such
as low back pain and rheumatic diseases are primarily assessed using
clinical criteria, imaging techniques play a crucial role in diagnosis,
staging, and treatment monitoring. Anatomical variations can easily
be mistaken for pathological findings, and accurate identification of
these variants is essential for ensuring patient safety during surgical
procedures. Due to the complex anatomy of the SIJ and the frequent
occurrence of anatomical variants, misinterpretation of these findings
is common.?®#2 Therefore, understanding normal variations is crucial
for preventing the misinterpretation of pathological findings.”

Study Limitations

This study has several limitations. First, this was a retrospective study
based on CT scans obtained from a single center, which may limit
the generalizability of the findings to broader populations. Second,
the sample size may not capture the full variability of SIJ anatomical
variations across different ethnic and demographic groups. Additionally,
the study did not include a follow-up period to assess the clinical
implications of the detected variations, limiting the ability to evaluate
long-term effects. Lastly, the lack of blinding in the radiological
assessments could introduce potential bias, although a consensus
between two experienced radiologists was reached for all cases.

Conclusion

This study highlighted the high prevalence of SI) variants, particularly
the iliosacral complex in younger patients and the accessory SIJ in older
individuals. The significant occurrence of these variants underscores the
importance of awareness in clinical practice to avoid misinterpretation
during diagnosis and treatment.
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Tomographic Assessment of Normal Abdominal Muscle
Thickness Values in Adolescents

® Hatice Kiibra Ozdemir, ® Aysegiil Kayhan

Konya City Hospital, Clinic of Radiology, Konya, Tiirkiye

Objectives: The transversus abdominis (TA), internal oblique (I0), and external oblique (EO) muscles comprise the three layers of the abdominal muscles.
These muscles contribute to body stability. In the early stages of muscular diseases, low back pain may manifest. The purpose of this study was to use
computed tomography (CT) to determine the normal thickness of specific abdominal muscles in adolescents.

Methods: Muscle thickness was measured from a section passing through the umbilicus during CT examination performed for other reasons on 500 adolescent

children aged 12-18 years.

Results: The average muscle thickness was greater in boys (mean=28.8, p=0.30). The thickest muscle was the 10 in both sexes. Muscle thickness was the
thickest in the 10 in both genders. Muscle thickness was positively correlated with body mass index (p=0.001).

Conclusion: Understanding the normal thickness of abdominal muscles can guide diagnosis and treatment. Muscle thicknesses are as follows: 10, EO, and TA.

Keywords: Abdominal muscle thickness, normal, computed tomography, adolescent

The abdominal muscle planes comprise the lateral abdominal muscles,
transversus abdominis (TA), internal oblique (10), and external oblique
(EO) compartments. These muscle structures play a role in body
stability. Muscle diseases can present clinically as low back pain. When
the previous literature was examined, muscle disease involvement was
observed in all age groups. The normal values of muscle diseases in
pediatric patients are important for early diagnosis."?

Ultrasonography (US), magnetic resonance imaging (MRI), and
computed tomography (CT) are the basic imaging methods for
assessing muscle tissue. US is the most appropriate examination for
pediatric patients because of the lack of radiation and cost. However,
in some clinics, access to US can be more difficult than access to cross-
sectional examination. In addition, in some clinics, muscle planes can
be evaluated incidentally in cross-sectional examinations for other
reasons. Therefore, measuring the thickness of muscle planes using
cross-sectional methods and knowing their normal values in pediatric
patients can provide early diagnosis in the future.**

When the literature data are examined, Rahmani et al." and Aydin
and Fatihoglu,? it is understood that the studies are mostly conducted
on adult populations. Muscle measurement data obtained via CT
examination in adolescents are limited. In our study, we aimed to

make measurements by standardizing muscle plans in a certain cross-
sectional plane with a CT examination performed for another purpose.

This retrospective study was approved by the Gilhane Faculty of
Medicine Ankara Training and Research Hospital Clinical Research Ethics
Committee approval (decision no: AEAH-KAEK-2021/12-15377834.11,
date: 07.12.2021). Informed consent was not possible because of the
decision’s retrospective character.

A total of 520 CT scans performed for other reasons between
January 2022 and December 2023 among patients aged 12-18
were retrospectively included in our study. Regardless of whether
the examination was contrasted or not, patients with a history of
neuromuscular, rheumatological, dermatological, or systemic disease
or a history of surgery were excluded from the study. The study included
500 participants who satisfied the exclusion criteria.

The axis perpendicular to the anterior posterior line, which passes
through most lateral muscle planes in the axial series and crosses
the umbilicus level, was used for the measurement. Both sides of the
measurement were measured. The patient’s age, gender, and body
mass index were also assessed. An example measurement is shown in
Figure 1.

Ozdemir HK, Kayhan A. Tomographic assessment of normal abdominal muscle thickness values in adolescents. Adv Radiol Imaging. 2025;2(1):5-7
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After scouts were acquired, imaging was performed while supine using
the following parameters: rotation time=0.33 s, 80/120 Sn kVp, 60 mAs,
and cranio-caudal scanning. The slice is 1.5-mm thick. Three planes
were used for image reconstruction: axial, coronal, and sagittal.

Statistical Analysis

The Kolmogrov-Smirnov test was employed to evaluate the distribution’s
normality. To examine the variations in the t-test between the right and
left sides, a paired t-test was employed. The Student’s t-test was used
to evaluate distinctions between males and females. The relationship
between abdominal muscle thickness and body mass index (BMI),
sex, age, and subcutaneous fat thickness (SFT) was assessed using the
Pearson correlation coefficient test. P<0.05 on a 2-tailed scale was
regarded as statistically significant.

In our study population, the mean age was calculated as 14.55%3.2
years. The mean age of the girls was 15.2+2.5 years, while the mean
age of the boys was 15.1+2.1 years. As expected, BMI was significantly
higher in boys (p=0.16, Table 1).

The order of thickness of the three defined muscle tissues was the
same in both genders. The thickest muscle is the 10, the EO is the
medium-sized muscle, and the TA is the small muscle. No significant
difference was observed in the measurement of right or left muscle

A) Subcutaneus fat thickness. B) External oblique muscle.

Q) Internal oblique muscle. D) Transversus abdominis muscle

Gender-variables Mean+SD p value
Age (year) 15.1 0.16
Boys (n=250)
BMI (kg/m?) 2858 0.30
. Age (year) 15.2 0.15
Girls (n=250)
BMI (kg/m?) 222 033

SD: Standard deviation, BMI: Body mass index
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thickness. Subcutaneous fat tissue did not differ between the groups
(p=0.001). Average muscle tissue thickness and subcutaneous fat tissue
measurements are presented in Table 2.

No significant correlation was observed between age and muscle
thickness in any of the three muscle planes (p>0.5). No significant
correlation was observed between SF measurement and age (p=0.548).
We found a favorable association between BMI values and SFT values
(10, EO, and TA muscle thicknesses) (p<0.5). Correlations of muscle
measurements with age and BMI are presented in Table 3.

The normal dimensions of the abdominal muscle planes are important
for the detection of back pain or disability. The normal dimensions of
the abdominal muscle should be known so that pathological conditions
can be revealed. In this study, we aimed to determine the normative
values of normal abdominal muscle planes in adolescence. There are
limited studies on this subject in the literature. In the most recent
literature, Aydin and Fatihoglu,? found that muscles were thicker in the
male population, which is consistent with our study. In addition, similar
results were obtained in the study by Rahmani et al." in the literature.
As observed in all studies, no difference was observed between the right
and left measurements in our study.

In accordance with the literature, the muscle thickness was similar
in our study. Accordingly, the thickest muscle was the 10, the median
muscle was the EO, and the thinnest muscle was the TA. However, there
is no standardized method in the literature regarding where the muscle
should be measured. In ultrasound examinations, localization is made
by reporting the anterior axillary line and the iliac bone localization.
This level is more inferior than our level. In our study, muscle thickness
was observed to be more superiorly localized than other measurements
in the literature due to the standard section of the level passing through

Gender (n=250) Muscle measurements Mean+SD (mm)

Transversus abdominis 5.5%0.9
Internal oblique 13+£1.1
Boys
External oblique 10£0.8
Subcutaneous fat thickness 9.5£0.6
Transversus abdominis 4.9+0.5
o Internal oblique 11+£0.8
External oblique 9+0.8
Subcutaneous fat thickness 9.6+0.6
SD: Standard deviation
Age BMI
r p value r p value
Mean TA -0.059 0.548 0.398 0.001
Mean 10 -0.060 0.538 0.418 0.001
Mean EO -0.065 0.648 0.338 0.001
Mean SFT -0.258 0.548 0.378 0.001

TA: Transversus abdominis, 10: Internal oblique, EO: External oblique, SFT:
Subcutaneous fat thickness, BMI: Body mass index
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the umbilicus. For this reason, the muscle plane thickness was reported
to be thicker than that reported by Aydin and Fatihoglu.?

Since studies in the literature are generally conducted on the adult
population, a negative correlation has been found between muscle
thickness and age. In the present study, no significant relationship was
observed between age and muscle thickness. Because the study was
conducted on adolescents, our population has a growing structure,
and it is naturally accepted that atrophy findings are not observed with
age. In addition, the literature mentions the low negative correlation in
measurements because the TA muscle planes consist of type 2 fibers,
but such a relationship was not observed in our study. In future studies,
new study topics can be determined by analyzing the muscle dimension
growth by analyzing subgroups according to pediatric and adolescent
age.®’

We found a positive correlation between BMI values and all muscle
planes and fat tissue. In the study by Aydin and Fatihoglu,?a positive
correlation was observed between all muscle planes except the EO and
height. Springer et al.® found a positive correlation between BMI, as in
our study. Our study was similar to that of Springer et al.? However, the
use of only BMI values in our study prevented detailed analysis specific
to height or weight.

Pediatric group measurements differ from adult measurements because
of the muscle growth pattern. Knowing the normal values can provide
information about possible future musculoskeletal disorders and low
back pain. In addition, since there may be differences in follow-up
among the athlete population, this can provide information about the
degree of hypertrophy. Our study can provide a standard normogram
measurement that provides convenience in terms of measurement
location, such as the umbilicus.

Study Limitations

There are some limitations to our study. Our study cannot provide a
detailed analysis of children aged below 12 years. This is only for the
adolescent period. Differences between observers among radiologists
were not measured. Due to the insufficient number of MRI examinations,
CT examinations were mostly performed in the emergency department.
MRI examination would be a more appropriate examination due to soft
tissue resolution. Although patients with normal imaging findings from
CT examinations performed for any reason were included in the study,
the fact that CT was not performed retrospectively from a completely
normal population may have misled the findings. Because CT cannot
be performed as a priority in future screenings for muscle diseases
due to radiation, the rate of diagnosis may be low in patients with this
suspicion.

Conclusion

As a result, knowing the normal values of abdominal muscle planes
in adolescence can provide information for the diagnosis of low back
pain or muscle diseases. It is positively correlated with BMI. The muscle

dimensions were determined as the thickest 10, median EO, and
thinnest TA.
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Diagnostic Value of Apparent Diffusion Coefficient in
Differentiating Benign and Malignant Focal Liver Lesions
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Objectives: This study aims to evaluate the effectiveness of the apparent diffusion coefficient (ADC) in differentiating benign and malignant focal liver
lesions (FLLs).

Methods: This study was conducted retrospectively on 87 patients who underwent liver magnetic resonance imaging (MRI). MRI of the patients was performed
usinga 1.5 Tesla Philips Intera MRI scanner. All ADC values of the lesions were measured using Radiant DICOM viewer software. The chi-square test, independent
samples t-test, Mann-Whitney U test, and receiver operating characteristic analysis were used for statistical analysis.

Results: The patients included in the study were between 19 to 81 years of age, with a mean age of 52.6 (+14) years. While 51.7% (n=45) of the patients were
female, 48.3% (n=42) were male. Benign lesions were detected in 54% (n=47) of the patients, while malignant lesions were found in 46% (n=40). The mean
ADC values of malignant lesions were measured as (0.95+0.37)x10° mm?/s, and the mean ADC values of benign lesions were (1.91£0.48)x10 mm?/s, with a
statistically significant difference between them (p<0.001). No statistically significant difference was found between the mean ADC values of hepatocellular
carcinomas and metastases (p=0.093). The mean ADC value of focal nodular hyperplasias was calculated to be (1.24+0.16)x10° mm?/s, and the mean ADC
value of hemangiomas was (1.9620.46)x10° mm?/s, with a statistically significant difference between them (p=0.012). The optimal threshold value of ADC
in distinguishing malignant lesions from benign ones was determined as 1.33x10° mm?/s, with a sensitivity of 93% and a specificity of 90% (area under the
curve=0.959+0.019, p<0.001).

Conclusion: ADC measurements, being an easily applicable and reproducible method, can effectively contribute to differentiating between benign and
malignant liver lesions.

Keywords: Apparent diffusion coefficient, diffusion magnetic resonance imaging, focal liver lesion, magnetic resonance imaging

imaging (MRI) are commonly used methods for evaluating the
morphological and functional characteristics of these lesions.? MRI
particularly stands out in revealing different tissue characteristics
with its soft tissue contrast and various sequences.’* Furthermore, the
ability to perform hepatobiliary phase studies with gadolinium contrast

Focal liver lesions (FLLs) are defined as lesions with distinct borders in the
liver parenchyma; which may be of benign or malignant origin. Benign
lesions include hemangioma, adenoma, and focal nodular hyperplasia

(FNH), while malignant lesions include hepatocellular carcinoma (HCC), agents provides additional diagnostic superiority over MRL> Among
cholangiocarcinoma (CCA), and metastases.' Accurate differentiation of MRI sequences, diffusion-weighted imaging (DWI) has an important
benign and malignant lesions is critical for early treatment planning application in radiology, particularly in cancer patients. Moreover, DWI
and improving prognosis. In addition, accurate differentiation of lesions  enables the evaluation of diffuse liver diseases and the assessment of
is important to prevent unnecessary invasive interventions in benign malignant tumors’ response to treatment.”
lesions. i - .
Apparent diffusion coefficient (ADC) measurements obtained from
Imaging methods play a crucial role in the diagnosis of FLLs. DWI provide parametric data about lesions.” ADC is a parameter that
Ultrasonography, computed tomography, and magnetic resonance evaluates tissue density and microstructure by measuring the Brownian

Aliyev E, Arda K, Koyun M. Diagnostic value of apparent diffusion coefficient in differentiating benign and malignant focal liver lesions. Adv Radiol
Imaging. 2025;2(1):8-13

Mustafa Koyun MD, Kastamonu Training and Research Hospital, Clinic of Radiology, Kastamonu, Tiirkiye
dr.mustafakoyun@gmail.com orcid.org/0000-0002-9811-4385
09.02.2025 08.04.2025 18.04.2025 30.04.2025

Copyright®© 2025 The Author. Published by Galenos Publishing House.

This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.


https://orcid.org/0000-0001-8798-1080
https://orcid.org/0000-0002-2502-0513
https://orcid.org/0000-0002-9811-4385

Adv Radiol Imaging 2025;2(1):8-13

Aliyev et al. ADC Values of Focal Liver Lesions

motion of water molecules.® In DWI, ADC values can be quantitatively
measured from tissues using at least two b-values.®'" ADC values are
affected by factors such as cell density within tissue, intercellular
space, necrosis areas, vascularity, and stromal structure.>>#'2 Malignant
lesions generally have denser cellular structures, limiting diffusion,
which manifests as lower ADC values.”>™ In contrast, benign lesions
are associated with higher ADC values due to lower cell density and
allowance for free movement of water molecules.” This difference
suggests that ADC could be used as a biomarker in distinguishing benign
from malignant lesions.

In the existing literature, the role of DWIand ADCvalues in characterizing
normal tissues and various pathologies has been extensively studied.’®"
Studies on the quantification of ADC values in FLLs have shown that this
parameter can be used to differentiate between benign and malignant
lesions.5>1>20 However, some researchers have noted potential
limitations regarding the diagnostic reliability of the method, reporting
that overlap may be observed between ADC values of benign and
malignant lesions."*?'

Despite advances in conventional MRI techniques, there remain
significant diagnostic challenges in characterizing certain FLLs,
particularly in cases where lesions demonstrate atypical enhancement
patterns or in patients with chronic liver disease, where background
parenchymal changes complicate interpretation. In these clinically
ambiguous scenarios, ADC measurements can provide valuable
additional information that may reduce the need for invasive
diagnostic procedures such as biopsy. Furthermore, in patients with
contraindications to contrast agents or in resource-limited settings
where contrast-enhanced studies may not be readily available, ADC
values could serve as an alternative diagnostic tool.

This study aims to investigate the diagnostic value of ADC in
distinguishing between benign and malignant FLLs. In this context, the
goal is to use ADC as a bhiomarker that can contribute to the clinical
decision-making process.

Methods

Patient Selection

Patients included in our study were selected from those over 18 years
of age who underwent dynamic liver MRI between March 2018 and
March 2019. The inclusion criteria were determined as, complete
dynamic liver MRI including DWI and ADC sequences, presence of
FLL larger than 1 cm, and patient age above 18 years. Exclusion
criteria were defined as: previous interventional procedures such as
radiofrequency ablation of the liver lesion, history of local/systemic

chemotherapy or radiotherapy treatment, and presence of artifacts
in MRI that would limit evaluation. The FLLs initially planned to be
included in the study were hemangioma, FNH, HCC, CCA, metastasis,
and other rare liver lesions. Cysts were not included in the study as
they are easily diagnosed. Pathology results were primarily considered
in categorizing lesions into benign and malignant categories. Lesions
without pathological diagnosis were categorized according to clinical
and laboratory findings, as well as well-defined radiological imaging
findings in the literature.>'® Consequently, using the inclusion and
exclusion criteria, 87 patients were determined to be suitable for our
study between the relevant dates. Patients’ pathological diagnoses
and demographic data were obtained from the hospital information
management system.

MRI and ADC Measurements of Patients

All cases included in the study underwent dynamic liver MRI using
a 1.5 Tesla Philips Intera MRI scanner (Philips Healthcare, Best, the
Netherlands). The MRI sequences in the imaging protocol were as
follows: T1 weighted, in/out phase, T1 weighted (THRIVE), T2 weighted
single-shot, Heavy T2 weighted single-shot, and DWI SSH EPI (Table
1). The b-values used in DWI examinations were b=0 s/mm?, 200 s/
mm?, and 800 s/mm? The THRIVE sequence was performed before
gadolinium chelate administration and at 30, 70, and 300 seconds after
administration.

The liver MRI images of patients meeting the research criteria were
comprehensively evaluated by a radiologist with 3 years of experience.
Appropriate diagnoses were assigned to detected FLLs based on well-
defined radiological imaging characteristics in the literature and
pathology results. Subsequently, ADC values of FLLs were measured. ADC
measurements were performed using Radiant DICOM (Digital Imaging
and Communications in Medicine) viewer software (version 2020.2.3,
64-bit, Medixant, Poznan, Poland). Region of interest (ROIs) of 0.5 cm?
were used for ADC measurements (Figures 1, 2). During measurements,
possible areas of necrosis and hemorrhage within the lesions were
identified using other sequences (e.g., T2-weighted) and excluded from
the ROI. Additionally, care was taken to exclude vascular structures,
normal liver parenchyma, and artifacts from the ROIs. Three separate
ADC measurements were made for each lesion, and their average was
recorded in the data collection form as the final ADC value of the lesion.

Ethical Approval

Ethical approval for this retrospective study was obtained from the
Non-interventional Research Ethics Committee of University of Health
Sciences Turkiye (decision no: 18/319, date: 18.12.2018).

Table 1. Sequences used in dynamic liver MRI

Sequences Description of the sequence

T1w infout phase hold protocol.

Axial plane images were obtained in-phase and out-of-phase using T1-weighted 2-dimensional gradient echo technique with breath-

Tl I with breath-hold protocol.

T1-weighted three-dimensional gradient echo sequence with fat suppression was obtained using volumetric interpolation technique

T2w single-shot

Axial plane T2-weighted single-shot turbo spin-echo images were obtained using half Fourier technique.

Heavy T2w single-shot

T2-weighted images were obtained in the axial plane using half Fourier technique with single-shot turbo spin-echo sequence.

DWI SSH EPI

b-values of 0, 200, and 800 s/mm?2.

Diffusion-weighted images were obtained under free breathing using echo-planar imaging technique and single-shot method with

w: Weighted, DWI: Diffusion-weighted imaging, SSH: Single-shot, EPI: Echo-planar imaging, THRIVE: T1 high-resolution isotropic volume examination, MRI: Magnetic resonance imaging
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Statistical Analysis

In the study, continuous variables such as age and ADC values were
expressed as means and standard deviations. Categorical variables
such as gender were expressed as numbers and percentages (%). The
Kolmogorov-Smirnov test was used to evaluate whether continuous
variables conformed to a normal distribution. The chi-square test was
used to evaluate relationships between categorical variables. To test
the difference in ADC values between malignant and benign lesions,
an independent samples t-test was used for groups showing normal
distribution, and Mann-Whitney U test was used for groups not showing
normal distribution. Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the diagnostic performance of ADC
values in distinguishing between benign and malignant lesions. The
area under the curve (AUC) was calculated using ROC analysis. A value of
p<0.05 was accepted as the significance level in all statistical analyses.
95% confidence intervals (Cl) were reported for estimated parameters.
All analyses were performed using IBM Statistical Package for the Social
Sciences 26 software (IBM Corporation, Armonk, NY, USA).

The ages of the 87 patients included in the study ranged from 19 to 81
years, with a mean age of 52.6 years (14 years). 21.8% (n=19) of the
patients were between 19 and 40 years, 47.2% (n=41) were between
41 and 60 years, and 31% (n=27) were between 61 and 81 years.

DWI (A) and ADC (B) images of a 46-year-old male patient with
renal cell carcinoma metastasis in the liver. The lesion is localized in
liver segment 7-8, appearing hyperintense on DWI and hypointense on
ADC (arrow demonstrates an example ADC measurement)

DWI: Diffusion-weighted image, ADC: Apparent diffusion coefficient

DWI (A) and ADC (B) images of a 19-year-old female patient
with FNH in the liver. The lesion is localized in liver segment 8, appearing
hyperintense on DWI and isointense on ADC (arrow demonstrates an
example ADC measurement)

DWI: Diffusion-weighted image, ADC: Apparent diffusion coefficient, FNH: Focal
nodular hyperplasia
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When evaluated in terms of gender distribution, 51.7% (n=45) of the
participants were female while 48.3% (n=42) were male (Table 2).

All malignant lesions (n=40) had a pathological diagnoses. Of these
lesions, 82.5% (n=33) were metastases, 15% (n=6) were HCC, and
2.5% (n=1) was CCA. Among benign lesions (n=47), 6.4% (n=3) had a
pathological diagnosis of FNH, while 93.6% (n=44) had a radiological
diagnosis of hemangioma (Table 3).

The mean ADC value of all lesions in our study was measured as
(1.47£0.64)x10° mm?/s. As a result of statistical analysis, the mean ADC
value of malignant lesions was found to be (0.95+0.37)x10° mm?/s,
which was significantly lower than the mean ADC value of benign
lesions of (1.91+0.48)x10° mm?/s (p<0.001) (Table 4).

Accordingly, while the mean ADC value of 33 metastases was
(0.9+0.38)x10° mm?/s, the mean ADC value of 6 HCCs was found to
be (1.1840.21)x10° mm?/s (Table 4). In the analysis performed with an

Demographic characteristics, n=87 n (%)
19-40 years 19 (21.8)
Age, (19-81 years)
41-60 years 41(47.2)
Mean (+SD)=52.6 (£14)
61-81 years 27 (31)
Female 45 (51.7)
Gender
Male 42 (48.3)
Total 87 (100)
SD: Standart deviation
Lesion types n (%)
Metastasis* 33(82.5)
Malign, n=40 HCC* 6(15)
CCA* 1(2.5)
) Hemangioma** 44 (93.6)
Benign, n=47
FNH* 3(6.4)
Total 87 (100)

*Diagnosis confirmed by pathological examination; **Diagnosis based on radiological
imaging.

HCC: Hepatocellular carcinoma, CCA: Cholangiocellular carcinoma, FNH: Focal nodular
hyperplasia

n (%) ADC value, (X103 mm?/s)
Mean (£SD)
Benign 47 (54 1.91(£0.48
‘g (>4 ( ) <0.001
Malign 40 (46) 0.95 (£0.37)
Metastasis 33(82.5) 0.9 (£0.38)
0.093*
HCC 6(15) 1.18 (£0.21)
Hemangioma | 44 (93.6 1.96 (+0.46
gi (93.6) ( ) TS
FNH 3(6.4) 1.24 (£0.16)
Total 87 (100) 1.47 (+0.64)

*Independent samples t-test; **Mann-Whitney U test.
ADC: Apparent diffusion coefficient, HCC: Hepatocellular carcinoma, FNH: Focal nodular
hyperplasia, SD: Standard deviation
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independent samples t-test, no statistically significant difference was
found between the ADC values of HCC and metastases (p=0.093). Due
to the insufficient number of CCA (n=1, 2.5%), it was not included in
the statistical comparison analyses. Among benign lesions, the mean
ADC value of 44 hemangiomas was calculated as (1.96+0.46)x103
mm?/s, which was higher than the mean ADC value of 3 FNHs, which
was (1.24+0.16)x10° mm?/s (Table 4). This difference was found to be
statistically significant (p=0.012).

An ROC analysis was performed to evaluate the diagnostic performance
of ADC values in distinguishing malignant from benign lesions (Figure
3). The optimal threshold value of ADC in distinguishing malignant
lesions from benign ones was determined as 1.33x10° mm?/s, and at
this value, the sensitivity of the test was 93% and the specificity was
90%. The 95% Cl of the obtained results ranges from 0.922 t0 0.996. As a
result of the analysis, the AUC was calculated as 0.959£0.019, and this
value was found to be statistically significant (p<0.001).

Discussion

MRI is frequently used in clinical practice for detecting FLLs and shows
a high success rate in diagnosis. However, MRl can sometimes be
challenging in distinguishing between malignant and benign lesions.
Our study demonstrates that ADC measurements can differentiate
between malignant and benign FLLs and contribute to diagnosis.
The most important results of our study are as follows. First, in our
study, the mean ADC value of malignant lesions was found to be
significantly lower than benign lesions. Second, using a threshold value
of 1.33x10° mm?/s resulted in high sensitivity and specificity values
for distinguishing malignant lesions from benign ones. There is no
significant difference between the mean ADC values of malignant lesion
subtypes (metastasis and HCC). Among benign lesions, the mean ADC
value of FNH is significantly lower than that of hemangiomas.

In our study, the mean ADC value of malignant lesions was found to be
(0.95%0.37)x10° mm?/s. This value is consistent with similar studies in

ROC Curve
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Figure 3. ROC analysis performed to evaluate the diagnostic ability of
ADC values to distinguish malignant lesions from benign lesions

ROC: Receiver operating characteristic, ADC: Apparent diffusion coefficient

the literature. Surov et al.®> found the mean ADC values of malignant
lesions to be (0.93£0.30)x10° mm?/s, Battal et al.?> (0.86%0.13)x107
mm?/s, Demir et al.? (0.86+£0.11)x10° mm?/s, and Kim et al?
(1.01£0.38)x10° mm?/s.

In our study, while the mean ADC value of metastases among malignant
lesions was (0.9£0.38)x10° mm?/s, the mean ADC value of HCCs was
found to be (1.18+0.21)x10° mm?/s, and no statistically significant
difference was found between these values (p=0.093). Different
results regarding ADC values of malignant lesions have been reported
in comparative studies in the literature. Taouli et al."° reported ADC
values as (0.94+0.6)x10° mm?/s in metastases and (1.33%£0.13)x10°
mm?/s in HCGs. In the study by Kim et al.,>* ADC values were found to
be (1.06+0.5)x10° mm?/s in metastases and (0.97+0.31)x10° mm?/s
in HCGs. Similar to our study, the difference between mean ADC values
of metastases and HCCs was not found to be statistically significant
in the studies by Bruegel et al.,” Kim et al.,?* Namimoto et al.,”® and
Kilickesmez et al.?

In our study, the mean ADC value of benign lesions was found to be
(1.91£0.48)x10° mm?/s, which was consistent with the value reported
by Battal et al.? (1.94%0.61)x10° mm?/s. Additionally, Kim et al.**
reported mean ADC values of benign lesions as (2.494+1.39)x10° mm?/s,
and Jahic et al.® as 1.88 (1.326 t0 2.48)x 10~ mm?/s.

In our study, the mean ADC value of FNHs was found to be
(1.24+0.16)x10° mm?/s, which was statistically significantly lower
than the mean ADC value of hemangiomas (1.96+0.46)x10° mm?/s
(p=0.012). ADC measurements were found to show excellent diagnostic
performance in FNH-hemangioma differentiation. In previous studies,
Cieszanowski et al.,” reported ADC values of hemangiomas as 1.55
(1.46-1.64)x10° mm?/s, Taouli et al.,'* as (2.95+0.67)x10° mm?/s, and
Gourtsoyianni et al.,® as 1.90 (1.56-2.24)x10° mm?/s. In our study,
the mean ADC value of hemangiomas falls between these values. In
previous studies, Cieszanowski et al.”’ reported the mean ADC value of
FNHs as 1.18 (0.99-1.36)x10° mm?/s, Bruegel et al.” as (1.40+0.15)x103
mm?/s, and Parikh et al.? as (1.49+0.49)x10° mm?/s. In our study,
the mean ADC value of FNHs falls between these reported values.
Although FNHs are benign lesions, they can restrict diffusion due to
their hypercellular internal structure, which emerges as one of the most
important situations causing confusion in diagnosis.

In our study, the mean ADC values of malignant lesions were found
to be significantly lower compared to benign lesions (p<0.001). In
other studies in the literature, ADC values of malignant lesions are also
significantly lower than those of benign lesions.022242

In our ROC analysis, the optimal threshold value of ADC in
distinguishing malignant lesions from benign ones was determined as
1.33%10° mm?/s, with a sensitivity of 93% and a specificity, of 90% at
this point. In the study by Battal et al.,?> the threshold ADC value was
found to be 1.21x10° mm?/s, indicating that malignant lesions could
be distinguished from benign ones with 100% sensitivity and 89.3%
specificity at this value. In Parikh et al.’s? study, the threshold value
was determined as 1.6x10° mm?/s, stating that malignant lesions could
be distinguished from benign ones with 74.2% sensitivity and 77.3%
specificity. Possible reasons for reporting different threshold values
in benign-malignant lesion differentiation in similar studies in the
literature include imaging device, used sequence parameters, number
of b-values taken, maximum b-factor, patient population, lesion sizes,
and differences between observers.3
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DWI has a wide range of clinical applications. It is not only a highly useful
imaging method in detecting liver lesions, but also particularly stands
out in detecting and monitoring ischemic stroke.>'? Besides these, it
is used in the diagnosis of many malignancies such as brain tumors.*
prostate cancer detection,** and rectal cancer detection.’> In addition
to tumor detection, DWI can also be used in tumor characterization
and evaluation of treatment response.®*® Furthermore, DWI is a highly
useful imaging method in distinguishing non-malignant lesions such as
abscesses from cystic/necrotic tumors.*

Despite DWI’s potential in tumor detection and characterization, there
are various obstacles to its widespread use. These obstacles include
a lack of standardization in imaging protocols, such as the b-values
used, and difficulties in evaluating tumor heterogeneity.” Additionally,
differences between evaluators can be considered another obstacle.’
To overcome these limitations, integration of ADC measurements into
routine clinical practice should be strongly encouraged, supported by
clearly defined threshold values. Based on our findings, we recommend
using the threshold value of 1.33x10% mm?/s as a complementary
diagnostic tool, especially when conventional imaging findings are
ambiguous. However, ADC values must always be interpreted alongside
other imaging findings and clinical context due to possible overlaps
between pathologies such as FNH and HCC. Most importantly, the
establishment of standardized acquisition protocols with consistent
b-values across different MRI systems and institutions is crucial. Such
standardization would significantly enhance reproducibility, facilitate
reliable comparisons of ADC measurements between centers, and
ultimately improve the diagnostic accuracy and clinical utility of this
non-invasive biomarker for the characterization of FLLs. Increasing
awareness and training among radiologists regarding ADC interpretation
can further support effective implementation in daily practice.

Study Limitations

Our study has several limitations. The first limitation is the inability
to evaluate lesions with low incidence, such as lymphoma, adenoma,
and abscess, in our study. Second on the list is the inability to obtain
pathological diagnoses of hemangiomas among benign lesions.
However, the well-defined radiological findings of hemangiomas
reduce the need for histopathological verification in diagnosing
these lesions. Third, the exclusion of lesions smaller than 1 cm is
another limitation of our study. This exclusion criterion prevents the
evaluation of ADCs diagnostic potential in early-stage lesions, which
is particularly important for timely detection of malignancies. Future
studies should aim to include smaller lesions to assess the reliability
and diagnostic accuracy of ADC measurements in these cases, while
addressing technical challenges such as partial volume effects and
motion artifacts that may affect the accuracy of such measurements.
Additionally, the relatively small sample size of our study, particularly
within specific subgroups of lesions, is an important limitation that
may affect the generalizability of our findings. The presence of only
one case of CCA necessitated its exclusion from statistical comparisons.
Future studies should aim to include representation of different
histopathological subtypes, particularly rare lesions like CCA, to enable
more comprehensive statistical analyses, and potentially improve the
diagnostic utility of ADC values across a wider spectrum of FLLs. Our
results should be validated in larger, multi-center studies before being
widely applied in clinical practice. Studies with larger sample sizes are
needed to validate the results and establish more definitive diagnostic
thresholds.
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Conclusion

In conclusion, it has been determined that ADC, which is an easily
applicable and reproducible method, can effectively assist distinguishing
between benign and malignant focal lesions detected in the liver.
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Pediatric Left Ventricular Non-compaction Cardiomyopathy:
Radiological and Echocardiographic Imaging Findings
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Objectives: Non-compaction cardiomyopathy is a rare form characterized by the ventricular myocardium comprising an outer layer of normally compacted
myocardium and an inner layer of non-compacted myocardium. The diagnosis primarily relies on imaging modalities, including echocardiography (ECHO)
and cardiac magnetic resonance imaging. The aim of our study was to evaluate ECHO and cardiac magnetic resonance imaging findings in a group of children
with isolated left ventricular non-compaction.

Methods: Between September 2022 and January 2025, pediatric patients under 18 years of age, who exhibited ECHO findings suggestive of left ventricle
non-compaction, were retrospectively enrolled. Contrast-enhanced cardiac magnetic resonance imaging, including late gadolinium enhancement as well
as two-chamber, four-chamber, and short-axis views, was performed to assess ventricular size, wall characteristics, and function in patients with suspected
myocardial non-compaction based on ECHO findings.

Results: A total of 35 patients, with a median age of 14 years, were recruited. In the 12 patients where both ECHO and cardiac magnetic resonance imaging
(cMRI) findings were concordant, leading to a definitive diagnosis on ECHO, the median non-compacted-to-compacted (NC/C) myocardial layer ratio in diastole
was 2.6, while on cMRI, according to Petersen’s criteria, the median NC/C ratio in end-diastole was 1.6.

Conclusion: ECHO is a reliable and non-invasive modality for monitoring left ventricular systolic function and wall characteristics. However, cardiac magnetic
resonance imaging is recommended for a more precise assessment of left ventricular remodeling, right ventricular size and function, and the detection of
myocardial fibrosis.

Keywords: Cardiomyopathy, left ventricular non-compaction, echocardiography, cardiovascular magnetic resonance imaging, children

cardiomyopathy but rather a morphological manifestation of various

. . . . underlying diseases."
Non-compaction cardiomyopathy is a rare form of cardiomyopathy ying

characterized by the ventricular myocardium comprising an outer
layer of normally compacted myocardium and an inner layer of non-
compacted myocardium."? The left ventricular myocardium consists of
two distinct layers: a compact layer and a non-compact layer.> Non-
compaction is traditionally associated with the left ventricle but may
also involve the right ventricle as part of a biventricular presentation.**
The American Heart Association (AHA) classifies left ventricular non-
compaction (LVNC) as a genetic cardiomyopathy,® whereas the European
Society of Cardiology categorizes it as a condition associated with
other cardiomyophatie phenotypes (unclassified) and left ventricule
hypertrabeculation.”

LVNC may present as an isolated condition or associated with congenital
heart diseases, genetic syndromes, or neuromuscular disorders.
This observation supports the notion that LVNC is not a distinct

LVNC is often asymptomatic, but it can manifest with heart failure,
arrhythmias, and thromboembolic events. Electrocardiography (ECG)
abnormalities are more common in pediatric patients; however, they
are non-specific.?

Although echocardiography (ECHO) and cardiac magnetic resonance
imaging (cMRI) are widely utilized, the gold standard diagnostic criteria
remain undefined due to the reversibility of the hypertrabecular
structure and the variability in systolic and diastolic function findings
among patients.> The diagnosis of LVNC is based on morphological
criteria. ECHO is the primary diagnostic modality, and also essential for
patient follow-up. cMRI with late gadolinium enhancement (LGE) is a
complementary imaging tool that aids in confirming the diagnosis and
provides prognostic insights.®
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cMRI has gained increasing popularity in recent years as a diagnostic
imaging modality due to its high-resolution anatomical detail. It allows
for a comprehensive assessment of systolic and diastolic function,
detection of myocardial fibrosis through LGE, and evaluation of
ventricular wall structure and motion. Numerous studies have examined
cMRI’'s diagnostic utility and criteria in identifying LVNC in adults.?>?
These investigations consistently demonstrate the superiority of cMRI
over ECHO, particularly in evaluating myocardial compaction in regions
that are challenging to visualize with ECHO, such as the left ventricular
apex and lateral wall.’ In routine clinical practice, the most widely
accepted cMRI-based diagnostic criterion for LVNC in adults is a non-
compacted to compacted (NC/C) myocardium ratio of >2.3 during end-
diastole, as established by Petersen et al."” in a cohort of patients aged
14 to 46 years. In contrast, limited research has explored the diagnostic
role of cMRI in pediatric populations, and standardized diagnostic
criteria for children have yet to be established.’® The objective of the
present study is to assess cMRI findings in pediatric patients with LVNC,
to compare these with ECHO findings, and to evaluate the applicability
of adult-based diagnostic criteria in a pediatric context, with the aim of
proposing appropriate criteria for use in children.

Patients and Data Collection

From September 2022 to January 2025, pediatric patients with
suspicious ECHO features for LVNC will be retrospectively screened and
included in the study. Poor imaging quality, as well as congenital heart
disease, other types of cardiomyopathies, or neuromuscular disorders
in patients, were exclusion criteria for the study. cMRI images were
evaluated for the presence of LVNC.

The cMRI, ECHO, and electrophysiological findings of patients with
LVNC were recorded, as were the patients’ demographic characteristics,
clinical symptoms, and family history of cardiomyopathy and sudden
cardiac death (SCD).

The study was approved by University of Sciences Turkiye, Ankara Etlik
City Hospital's Clinical Research Ethics Committee (approval number:
2024-765, date: 02.12.2024).

Echocardiographic Imaging

ECHO imaging was performed using two-dimensional, Doppler, and
M-mode ECHO. Parasternal long-axis and short-axis views, as well as
apical two-chamber, three-chamber, and four-chamber views, were
acquired. The criteria for inclusion in the study were an age of less than
18 years at the time of diagnosis and ECHO evidence of isolated LVNC,
defined by ECHO measurements evaluated according to Pignatelli’s
criteria: (1) the presence of multiple ECHO trabeculations, (2) multiple
deep intertrabecular recesses communicating with the ventricular
cavity, as demonstrated by color Doppler imaging, with recesses
observed in the apical or mid-ventricular regions, and (3) a two-layered
myocardial structure with >1.4 at end diastole phase.® NC/C ratio was
measured in the parasternal short-axis view during the end-diastolic
phase at three locations within the posterior and posterolateral regions
of the left ventricle (Figure 1).

Cardiac Magnetic Resonance Imaging

cMRI was conducted using a “1.5-T scanner (Ingenia Evolution, Philips
Medical Systems, Best, The Netherlands)”, equipped with a dedicated

Yilmaz et al. Pediatric Left Ventricular Non-compaction: Imaging Findings

cardiac phased-array coil and ECG gating. Steady-state free precession
CINE sequences were obtained in the short-axis, four-chamber, and
two-chamber planes. LGE imaging was performed in both the short-
axis and the 2- and 4-chamber planes, commencing 10 minutes
after administering 0.1 mmol/kg of gadobutrol. Image analysis was
performed using the Philips IntelliSpace Portal cardiac imaging
software. c(MRI was evaluated by two radiologists (S.Y, H.U.) with at least
5 years of experience in this field.

In the cMRI examination, axial, sagittal, and coronal white blood
sequences were acquired in orthogonal planes to assess anatomical
details. CINE imaging was performed in the two-chamber, four-chamber,
and short-axis views to evaluate left ventricular ejection fraction (EF),
end-diastolic volume (EDV), end-systolic volume (ESV), and ventricular
wall structure. The endocardial and epicardial borders of the left
ventricle were delineated in these phases to determine EDV and ESV for
both ventricles, enabling the calculation of EF and stroke volume (SV).
The assessment of NC/C myocardial layers was performed by measuring
their thickness perpendicular to the compacted myocardium in the EDV
using long-axis and short-axis views. Measurements excluded the 17t
segment, in accordance with the AHA model. The highest NC/C ratio was
recorded (Figure 2).

In this study, the thickness of the most hypertrophied myocardial
segment in the mid-section of the interventricular septum was measured
in both short-axis and long-axis images of patients with suspected LVNC.
This assessment aimed to determine whether septal thickness could be
a diagnostic parameter in suspected cases. EDV and ESV were indexed to

In echocardiographic images of the left ventricle, an increased
non-compacted-to-compacted ratio was observed in measurements
obtained during the end-diastolic phase, in the right long-axis and left
short-axis views
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In cardiac magnetic resonance imaging images with white
blood CINE imaging, an increased non-compacted-to-compacted ratio
was observed in the left ventricular free wall, in the (right) short-axis
and (left) long-axis views
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the patient’s body surface area to assess morphological abnormalities.
They were compared with recently published normative values for
children and adolescents, obtained using the same methodology."
In addition, all studies were visually evaluated for the presence of
myocardial LGE.

Statistical Analysis

The distribution of all continuous variables was assessed using the
Shapiro-Wilk test. Normally distributed variables are presented
as meantstandard deviation, whereas non-normally distributed
parameters are presented as median (interquartile range). The Pearson
correlation coefficient was used to compare the LV non-compaction/
compaction ratio between imaging modalities and to compare the
cMRI non-compaction/compaction ratio with other findings. Statistical
Package for the Social Sciences 26.0 (IBM, Chicago, IL, USA) was used to
analyze all statistical data. A p value <0.05 was considered statistically
significant.

Results

Clinical Findings

We reviewed the cMRI images of 32 patients, with ECHO features
that were suspicious of LVNC. Due to technical problems and motion
artifacts, 5 (16%) non-diagnostic examinations were excluded from the
evaluation. In addition, 2 (6%) patients with congenital heart disease
were excluded from the study. Thirteen (41%) patients did not meet the

Table 1. LVNC diagnosed patients’ mean values of dermographic data

Baseline characteristics n=12

Sex (boys/girls) (12/6)

Age (years) median, IQR 15 (12.5-16)
Height (cm) mean+SD 161.5+19.9
Weight (kg) mean+SD 53.5+16.9
BMI (kg/m?) mean+SD 20.1+3.3
BSA (m? mean+SD 1.53£0.34
LVNC: Left ventricular non-compaction, IQR: Interquartile range, SD: Standard deviation,
BMI: Body mass index, BSA: Body surface area

criteria for LVNC on cMRI. Demographic data for the 12 (38%) patients
diagnosed with LVYNC, confirmed through ECHO and CMR, were analyzed
(Table 1).

The age range of patients with ECHO features suggestive of LVNC is 6-18
years, with a mean age of 14. Twenty patients (63%) were male, and 12
(37%) were female. The primary reasons for referral included clinical
symptoms such as dyspnea (n=1), cardiac arrhythmias (n=4), chest
pain (n=10), syncope (n=3), dizziness (n=3), heart murmur (n=2), as
well as routine sports license evaluations (n=11) and a family history of
cardiomyopathy or SCD. A total of 5 (16%) patients had a family history
of early SCD of unknown etiology among first-degree relatives, while 3
(9%) patients had a diagnosis of dilated cardiomyopathy.

Electrocardiography and Ecocardiographic Findings

A total of 8 (25%) patients exhibited abnormal ECG findings, including
incomplete right bundle branch block (n=2, 25%), atrioventricular block
with sinus tachycardia (n=2, 25%), bradycardia (n=2, 25%), and ectopic
beats (n=2, 25%). Among these, 1 (13%) patient with bradycardia had
only ECHO abnormalities. All other patients with ECG abnormalities
demonstrated positive findings for LVNC on both ECHO and cMRI.

Our study evaluated all 35 patients, who underwent cardiac cMRI based
on ECHO findings. Among them, 10 patients had an NC/C ratio of 1-1.4 in
the end-diastolic phase and were referred for cMRI due to high clinical
suspicion. However, no pathological findings were detected on cMRI in
these patients, and they were subsequently monitored. Additionally,
among the 12 patients who met the diagnostic criteria on both cMRI
and ECHO, mitral valve prolapse was identified in 3 patients, while 1
patient exhibited concomitant tricuspid and pulmonary insufficiency.
No significant additional ECHO abnormalities were detected in the
remaining patients.

Cardiac Magnetic Resonance Imaging Findings

In 13 patients with NC/C values of 1.4 or higher on ECHO (mean 1.6),
while cMRI findings were negative the mean NC/C ratio measured
on MRI was also 1.6. In contrast, 12 patients demonstrated positive
findings for LVNC on both ECHO (mean NC/C 1.8) and cMRI (mean NC/C
2.6) (Table 2). LGE was not detected in any patient on cMRI.

Table 2. ctMRI and echocardiographic findings in patients diagnosed with LVNC based on combined cMRI and echocardiographic evaluation

Patient no Age BMI EDVI ESVI EF IVS ECHO NC/C cMRI NC/C
1 15 22.4 62 21 67 7.5 3.1 3.6
2 12 154 20 19 68 6.1 1.5 2.5
3 16 21.6 63 26 63 7.7 1.7 23
4 16 22.2 90 36 60 53 14 29
5 15 20.9 80 36 59 5.6 1.6 2.6
6 14 26.7 77 38 62 4.6 2.6 2.7
7 18 173 64 20 69 6.7 1.8 27
8 15 22.1 55 23 58 4.5 1.8 2.7
9 16 191 61 29 62 6.1 1.7 24
10 8 20.8 43 16 76 6.6 1.4 23
11 8 16 45 18 64 6 1.5 23
12 15 16.6 104 34 55 5.6 1.9 3

cMRI: Cardiac magnetic resonance imaging, LVNC: Left ventricular non-compaction, BMI: Body mass index, EDVI: End diastolic volume index, ESVI: End systolic volume index, EF: Ejection
fraction, IVS: Interventricular septum, ECHO: Echocardiography, NC/C: Non-compacted-to-compacted

16



Adv Radiol Imaging 2025;2(1):14-9

Yilmaz et al. Pediatric Left Ventricular Non-compaction: Imaging Findings

Of the 12 patients who met the diagnostic criteria on both cMRI and
ECHO, ECHO findings were similar in that mitral valve prolapse was
observed in 3 patients. In contrast, 1 patient exhibited concomitant
tricuspid and pulmonary insufficiency.

The NC/C ratios measured using ECHO correlate with those obtained
through cMRI. This finding contrasts with a study conducted on adult
patients, which reported a high degree of agreement between ECHO
and cMRI measurements at end-diastole. Additionally, in the assessment
of left heart function, EF, ESV, EDV, and SV, values indicated a mild
reduction in left ventricular function in 3 of the 12 patients who met
the definitive diagnostic criteria on cMRI (Table 3). In all examinations, a
strong correlation was observed in NC/C ratios among patients who met
the diagnostic criteria (Figure 3, Table 4).

Interventricular septum measurements were performed in LVNC
patients to assess potential coexisting pathologies and their associations
with other cardiomyopathies. Based on imaging studies conducted in
these patients, no age-inappropriate abnormal septal thickness was
detected.

Discussion

Although the classification of LVNC within the cardiomyopathy category
remains a subject of debate among certain publishers and professional
associations, ambiguities in its definition and diagnostic criteria do
not dispute its clinical significance, as well as its disease progression,
outcomes, and associated complications.™

LVNC can occur in both familial and sporadic forms. The familial
recurrence rate in the pediatric population has been determined to be
50%, which is higher than that observed in the adult population.™™"
In our study, genetic analysis was not conducted for family history;
however, a family history of cardiac disease was identified in 25% of
cases.

Table 3. cMRI and ECHO mean values for LVNC

ECHO and cMRI Mean value

ECHO NC/C mean®SD 1.84£0.50

cMRI NC/C mean+SD 2.67£0.36

EDV (mL) mean, SD 105.5£29.06

ESV (mL) mean+SD 40.33+13.84

SV (mL) mean+SD 64.91£17.53

EDV/BSA (mL/m? mean+SD 67112.68

ESV/BSA (mL/m?) mean+SD 27.16%7.52

IVS (mm) mean+SD 6.02£1.01

cMRI: Cardiac magnetic resonance imaging, LVNC: Left ventricular non-compaction,
ECHO: Echocardiography, SD: Standard deviation, EDV: End diastolic volume, ESV: End
systolic volume, SV: Stroke volume, BSA: Body surface area, IVS: Interventricular septum

LVNC is more frequently observed in men, with reported prevalence
ranging from 56% to 82%."'® In the study conducted by Paszkowska
et al.” on pediatric patients, the proportion of male patients
diagnosed using cMRI was found to be 44%. In our study, this rate,
with a male predominance, was determined to be 50% among a total
of 12 patients who met the diagnostic criteria in both ECHO and cMRI
examinations.

Abnormal ECG findings are frequently observed in pediatric patients
with LYNC; however, they are often non-specific. Zuccarino et al.’®
reported that ECG changes may include ST-T abnormalities, bundle
branch block, or Brugada-like ECG patterns. In the study conducted by
Brescia et al." on pediatric LVNC patients, arrhythmias were observed
in 33.1% of 242 patients, with ventricular tachycardia identified in 17%
of these cases. In our study, arrhythmias were observed in 7 out of 12
patients diagnosed with LVNC. Consistent with the literature, bundle
branch block and sinus tachycardia were the most commonly detected
arrhythmias. In the more advanced stages of LVNC, heart failure is
observed in over 50% of patients.’

ECHO is the primary imaging method in cardiac evaluation in pediatric
patients with its low cost, easy accessibility, and reproducibility.

In ECHO measurements studies, assessments have generally been
conducted based on the Jenni criteria. However, these methods are
employed as they are more suitable for pediatric patients.” Given
that ECHO is a dynamic imaging modality with inherent subjectivity
and operator dependence, cMRI correlation is particularly crucial in
pediatric patients to ensure diagnostic accuracy and reliability.

In our study, in this context, 25 out of 35 patients met the diagnostic
criteria based on ECHO evaluation, while 10 patients with high clinical
suspicion underwent cMRI. Ultimately, 12 patients received a definitive

R? Linear = 0.571

=]
g
CMRI
Figure 3. Non-compacted-to-compacted ratio cMRI and ECHO

correlation analysis graph

ECHO: Echocardiography, cMRI: Cardiac magnetic resonance imaging

Table 4. Corelation between cMRI and ECHO

ECHO NC/C EDV ESV SV EDV/BSA ESV/BSA EF VS

Pearson r 0.756* 0.20 0.13 0.23 0.217 0.064 0.08 0.05

cMRINC/C p 0.004* 0.52 0.67 0.46 0.499 0.843 0.80 0.86
n 12 12 12 12 12 12 12 12

#p<0.005.

Body surface area, EF: Ejection fraction, IVS: Interventricular septum

cMRI: Cardiac magnetic resonance imaging, ECHO: Echocardiography, NC/C: Non-compacted-to-compacted, EDV: End diastolic volume, ESV: End systolic volume, SV: Stroke volume, BSA:
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diagnosis based on the findings from both modalities. Notably, none
of the 10 patients who could not be definitively diagnosed using ECHO
met the diagnostic criteria on cMRI, which further demonstrates ECHO’s
diagnostic strength and reliability.

In the study conducted by Paszkowska et al.," cMRI confirmed the
diagnosis in 93% of children who exhibited LVNC features on ECHO. In
our evaluation, this rate was measured as 48%.

Performing cMRI examination in all patients who meet the ECHO
diagnostic criteria and are deemed highly suspicious for certain
conditions is crucial for enhancing diagnostic accuracy. Additionally, it
plays a significant role in patient follow-up, in treatment planning, and
in identifying and monitoring comorbid conditions.

Our pediatric study compared ECHO images with those obtained via
cMRI, both acquired at end-diastole to evaluate the NC/C ratio. The
NC/C ratios measured using ECHO significantly correlated with those
obtained through cMRI. This finding contrasts with a study conducted
on adult patients, which reported a high degree of agreement
between ECHO and cMRI measurements at end-diastole. This result is
consistent with findings from a previous study conducted in pediatric
patients.!

In the studies conducted by Grothoff et al.,” none of the cardiomyopathy
patients exhibited LGE. In a cMRI study conducted on adult patients,
which included a total of 47 individuals with LVNC, myocardial waves
were detected in 40% of the patients, most frequently, in the mid-
myocardial region.?" In a study involving 25 pediatric patients, LGE
was observed in 24% of cases, most commonly in the mid-myocardial
region."” LGE was not detected in any of our patients. LGE represents
fibrosis in these patients and can also indicate the possibility of
suspected possible myocarditis. related. This rate is lower in pediatric
patients than in others, possibly due to the relatively low development
of fibrosis, which is attributed to the early onset of the disease.

In our study, the interventricular septum was measured at its thickest
point in the midventricular region during the end-diastolic phase
and assessed for its diagnostic contribution in patients with LVNC.
Septal thickness was not found to exceed normal values in any of the
diagnosed patients.

Study Limitations

This study is a single-center, retrospective analysis conducted over
approximately three years at a large tertiary referral institution. As such,
several limitations should be acknowledged. First, the sample size may
limit the generalizability of the findings, as the characteristics of the
study population may not be representative of broader or more diverse
populations. Second, due to the retrospective design and the operator-
dependent nature of ECHO assessments, a comprehensive analysis of
diastolic function parameters and a more detailed evaluation of systolic
function were not feasible. Finally, this study excluded patients under
the age of six; consequently, assessment of noncompaction in this age
group was not performed. This exclusion was due to the susceptibility
of cardiac MRI sequences to motion artifacts, which are more prevalent
in younger children.

Conclusion

CMRI is strongly recommended as a complementary imaging tool for
assessing non-compaction, to accurately assess the extent of myocardial
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non-compaction and to evaluate ventricular size and systolic function
reliably. To better understand the necessity and comparative value of
ECHO and cMRI, further studies with larger patient cohorts are needed.
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Giant Bladder Diverticulum Presenting with Bilateral

Inguinal Pain and Dysuria

® Tugha Cavis', ® Cansu Bozkurt!, ® Cetin Kocabiyik2, ® Ozgiir Cinar2, ® Selahattin Bedir2, ® Kemal Niyazi Arda’

1University of Health Sciences Tiirkiye, Giilhane Training and Research Hospital, Clinic of Radiology, Ankara, Tiirkiye

2University of Health Sciences Tiirkiye, Giilhane Training and Research Hospital, Clinic of Urology, Ankara, Tiirkiye

Bladder diverticulum is defined as the herniation of the bladder mucosa and submucosa through the muscular layer. Diverticula are usually asymptomatic and
are often diagnosed incidentally. In this case report, we described a giant bladder diverticulum presenting with bilateral inguinal pain, dysuria, and palpable
mass in the abdomen. Radiological imaging methods (ultrasonography, computed tomography, magnetic resonance imaging, voiding cystourethrography)
were used for further evaluation along with laboratory examinations. After being diagnosed with giant bladder diverticulum, the patient underwent surgery.

Postoperative control imaging methods were performed.

Keywords: Giant diverticulum, bladder diverticulum, diverticulectomy, radiology

Bladder diverticulum is defined as the herniation of the bladder mucosa
and submucosa through the muscular layer." Bladder diverticula often
occur secondary to bladder outlet obstruction, which causes high
pressure in the bladder.? Diverticula are usually asymptomatic and are
often diagnosed incidentally." Symptomatic giant bladder diverticula
may present with urinary retention, urinary tract infections, hematuria,
abdominal mass, and abdominal pain.* The incidence of bladder
diverticula is 1.7% in children and 1-6% in adults.* In the differential
diagnosis of giant bladder diverticula, other abdominal cystic masses
such as ovarian cysts, abscess, hematoma, and appendiceal mucocele
should be considered. In this case report, we described a giant bladder
diverticulum presenting with bilateral inguinal pain, burning sensation
during urination, and palpable mass in the abdomen.

A 64-year-old male presented to our center with complaints of a
burning sensation during urination, pain in bilateral inguinal regions,
and a palpable mass in the abdomen. On physical examination, there
was a hard, palpable mass extending from the symphysis pubis to the
epigastrium. During the physical examination, it was observed that
the patient had tenderness in the suprapubic region. During the initial
admission, laboratory data revealed C-reactive protein value of 72.5
mg/L (normal: 0-5 mg/L), hemoglobin value of 11.3 g/dL (normal: 11.9-
15.4 g/dL), serum urea value of 49 mg/dL (normal: 18-55 mg/dL), and

serum creatinine value of 0.9 mg/dL (normal: 0.7-1.2 mg/dL). Other
laboratory values were within normal range. Radiological imaging
methods were used for further evaluation along with laboratory
examinations.

Abdominal ultrasonography (US) revealed bilateral grade 3
hydroureteronephrosis, more prominent on the left, a tortuous
appearance in the left ureter, a large volume bladder with a double
lumen appearance, and a trabeculated appearance on the bladder wall
(Figure 1). The connection of both lumens could not be determined
by ultrasound. Prostate volume was measured to be approximately
40 cc. Therefore, contrast-enhanced computed tomography (CT) was
performed for further evaluation.

CT revealed a giant diverticulum measuring 15x 9 x 14 cm (craniocaudal
X transverse x anteroposterior) associated with the left lateral wall of
the bladder. The diverticulum was connected to the bladder lumen by
a narrow neck of 13 mm in diameter (Figure 2). The left ureter was
observed between the diverticulum and the bladder, and had a tortuous
appearance proximal to this level. The diverticulum had no connection
with either ureterovesical junction.

With magnetic resonance imaging (MRI) urography a thin-walled
diverticulum was observed, while there was a trabeculated appearance
onthebladderwall (Figure 3). The narrow neck between the diverticulum
and the bladder lumen was well demonstrated with MRI (Figure 3).
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Eventually, voiding cystourethrography (VCUG) was performed to
evaluate the discharge of the diverticulum after micturition. A
Foley catheter was inserted and contrast material was administered
retrogradely. After administration of contrast material, anteroposterior
and oblique images were obtained. Afterwards, the catheter was
removed, and voiding phase images were obtained. Then, after waiting
30 minutes, the patient was again catheterized and the residual urine
in the bladder and diverticulum was evaluated. The catheter was
observed in the true bladder lumen on the right. Bladder trabeculation
was increased; a giant diverticulum with smooth borders was seen on
the left (Figure 4A). In the images taken after voiding, the amount of
urine remaining in the bladder decreased significantly, while there
was no significant difference in the amount of urine remaining in the
diverticulum. In the images taken after re-catheterization, the bladder
was completely emptied but a significant residue remained in the
diverticulum (Figure 4B).

After being diagnosed with giant bladder diverticulum, the patient
was operated on. We operated on our patient using an extravesical
approach. This approach allowed identification and dissection of the
diverticulum neck (Figure 5). In this patient, the left ureteral orifice

Ultrasonography image demonstrating a large volume bladder
with a double lumen appearance (stars) and a dilated left ureter (arrow)

Computed tomography image demonstrating the narrow neck
(arrow) between the bladder lumen on the right and the diverticulum
on the left
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was close to the bladder neck, so a double ] catheter was placed in the
left ureter intraoperatively. The patient was followed using a urethral
catheter for 3 weeks. In the retrograde cystography taken in the third
week, it was observed that there was no leakage outside the bladder;
consequently, the patient was taken into routine follow-up (Figure 6).

Bladder diverticula are divided into two groups: congenital and
acquired.” It can also be iatrogenic.> Congenital and acquired bladder
diverticula are more common in men.® Congenital bladder diverticulum
is thought to be due to a congenital weakness in the bladder wall
musculature, and there is usually a single diverticulum.” Acquired
diverticula are usually multiple. The most common cause of acquired
diverticula is thought to result from increased intravesical pressure.®
The most common etiologies of increased intravesical pressure

Magnetic resonance imaging (MRI) demonstrating narrow neck
(arrow) between the diverticulum and the bladder lumen, trabeculated
appearance on the bladder wall (white arrowheads), a thin wall
structure of diverticulum (black arrowheads) (A). MRI demonstrating
the left ureter between the diverticulum and the bladder, dilated and
tortuous proximal to this level (arrow) (B)
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include benign prostatic hyperplasia, urethral stricture and voiding
dysfunction.” Bladder diverticulum is usually asymptomatic and
diagnosed incidentally. In those who are symptomatic, the symptoms
are often atypical, leading to a delay in diagnosis.> The most common
presentation is recurrent urinary tract infection secondary to residue in
the diverticulum. Other reported presentations include acute urinary
retention, bladder stones, enuresis, voiding dysfunction, and bladder
obstruction.” Our patient presented with bilateral inguinal pain,
dysuria, and a palpable mass in the abdomen.

US, CT, MRI, and VCUG can be used to diagnose diverticula. We used all
of these imaging methods when diagnosing the condition.

The surgical methods include open or laparoscopic diverticulectomy.'
We preferred open diverticulectomy in our patient. Diverticulectomy
can be performed by an extravesical, intravesical, or combined
approach with good results. The basic principle is to dissect close to
the wall of the diverticulum, while the bladder muscle defect must be

B

Figure 4. VCUG image demonstrating increased bladder trabeculation
(arrows), a giant diverticulum with smooth borders (arrowheads) (A). The
image taken after re-catheterization demonstrating completely emptied
bladder and significant residue remained in the diverticulum (arrow) (B)

VCUG: Voiding cystourethrography
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Figure 5. Location of the diverticulum neck

Figure 6. Retrograde cystography demonstrating no leakage outside the
bladder. Double ] catheter is seen on the left (arrow)

meticulously repaired.” We operated on our patient using an extravesical
approach. There were no complications after surgery, and the patient
was discharged.

Conclusion

Bladder megadiverticula may be asymptomatic or their findings may be
confused with many diseases. Therefore, making the correct diagnosis
is crucial in treatment.
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