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AUTOMATIC DETECTIONDF MANDIBULAR FRACTBES ON PANORAMIC RADOGRAPHS
USING THE CONVOLUTI®AL NEURAL NETWORK

Samira Asghari Moghaddam 1, Morteza Yadekar 2,
Arman Saeedi V ahdat 1, Farzad Esmaeili?

1 - Postgraduate Student, Department of Oral and Maxillofacial Radiology, Faculty of Dentistry, Tabriz University of Medical Scie nces.
2 - Department of Electronic Engineering, Tabriz Branch, Islamic Azad University. Tabriz, Iran.

urpose. Convolutional neural networks (CNNs) have extensive medical applications, such as

the detection and diagnosis of diseases and clinical disorders. This study used CNN to de-

tect mandibular fractures (MFs) on panoramic radiographs.

Methods. This study evaluates 275 panoramic radiographs retrieved from the archives of
the Oral and Maxillofacial Radiology Department of Tabriz School of Dentistry. From all of the radio-
graphs, 124 have MFs, and 151 have no fractures. In our methodology, first, the lo cation of MFs was
detected and marked on the radiographs by two oral and maxillofacial radiologists. Next, noise re-
duction was performed using the Chebyshev type Il filter. To standardize the images, their primary
resolution was modified and converted to 2 27 x 227. Next, the AlexNet CNN was used to train and
classify images with and without MF. The images were randomly partitioned into training, validation,
and test groups, where 60% were used for network training, 20% for validation, and 20% for final
testing. The precision, recall, and F1 score were measured to assess this algorithm's efficacy for de-
tecting MFs.

Results. The algorithm's precision, recall, and F1 score for detection of MFs are 0.968, 0.834,
and 0.896, respectively.

Discussions. Mandibular f ractures can be detected by panoramic radiographs and using CNN
increase the accuracy of diagnoses, reach more definite diagnosis, and accelerate the reading and
interpretation of radiographs.

Conclusion. The suggested algorithm successfully detects MFs on panoramic radiographs with
high accuracy. Therefore, CNN -based models enhance the detection of MFs on panoramic radio-
graphs.

Keywords: convolution neural network, mandibular fracture, panoramic radiography, image
processing, deep learning.
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andib ular fractures (MFs) are the

most common (60% -70%) type of

maxillofacial fractures that are fre-

quently encountered in emergency

departments [1]. The mean age of
patients with MF is 38 years in males and 40
years in females. MFs are much more prevalent
in m ales [2]. Motor vehicle accidents, street
fights, and falls are the main causes of MF.
Moreover, MFs occur more frequently in com-
munities with lower socioeconomic classes [1,
2].

Panoramic radiography is a conventional
imaging modality for assessing and d  etecting of
MFs. However, panoramic radiography as two -
dimensional imaging comes with the draw-
backs such as patient positioning, anatomical
noise, superimposition of structures, geomet-
rical distortion, and contrast problems, which
can all complicate the ac curate detection of
fracture location [3]. Atrtificial intelligence and
deep learning methods are finding popularity in
medical fields. Convolutional neural networks
(CNNS) in particular, are one of the common
methods of deep learning used in medicine due
to their flexibility and high accuracy of predic-
tion. This has led to the development of various
models for the automatic prediction of the risk
of diseases, detection of disorders and patholo-
gies, disease diagnosis, and predic-
tion/assessment of disease pr  ognosis.

In the field of oral and maxillofacial radi-
ology, several studies have assessed the effica-
cy of deep learning for the detection of oral and
maxillofacial disorders and diseases; these in-
clude identification of anatomical and cepha-
lometric landmar ks, screening and detection of
osteoporosis on panoramic radiographs, detec-
tion of vertical root fracture on panoramic radi-
ographs, assessment and detection of maxillary
sinus lesions/diseases on panoramic radio-
graphs, detection and classification of alveo lar
bone defects on panoramic radiographs, detec-
tion and classification of unerupted supernu-
meraries on panoramic radiographs, and detec-
tion and counting of teeth on panoramic radio-
graphs [4 -14]. CNNs are powerful methods for
the detection and classificati on of images;
hence it makes CNNs a straightforward tool for
radiology applications [15].

In recent years, demand for radiographic
services in emergency departments has greatly
increased, which puts a considerable burden
on the workforce [16]. As mentio ned earlier,
MFs have a high prevalence, and panoramic
radiography is currently the most common ra-
diographic modality requested for their detec-
tion. As a result, the emergence of the studied
method can significantly reduce the burden.

[www.rejr.u | REJR. 2023; 133):5-13

Thus, this study aim  ed to assess the efficacy of
a CNN for the automatic detection of MF loca-
tion on panoramic radiographs. The results of
this study can greatly help radiologists in the
detection of MF location on panoramic radio-
graphs and can also reassure them about the
accuracy of their diagnosis.

Materials and Methods.

Collection of datasets .

A total of 275 panoramic radiographs of
96 females and 179 males were retrieved from
the archives of the Oral and Maxillofacial Radi-
ology Department of School of Dentistry of Ta-
briz University of Medical Sciences (PACS sys-
tem) from May 2020 to May 2022. Among the
retrieved radiographs, 124 have MFs, and 151
have no fractures. Panoramic images have been
obtained by the RAYSCAN X -ray unit (Sam-
sung, South Korea) at the Oral and Maxillof a-
cial Radiology Department of School of Dentis-
try of Tabriz University of Medical Sciences
with 1500 x 3000 resolution and automatic ex-
posure settings, which includes a 69 -90 kv
voltage, 7 -17 mA amperage, and 14 -16 seconds
irradiation time. The PACS softwa re conducts
initial and final image reconstruction.

Panoramic images are categorized into
groups with (group A) and without (group B)
MF by two oral and maxillofacial radiologists,
and the fracture location is annotated in group
A. On images with MF, bound ing boxes are
drawn around each fracture line, and the re-
spective image is assigned to the MF group.
Figure 1 shows panoramic radiographs with
and without MF, identifying the fracture loca-
tion and its annotation.

Radiographic noise reduction

Quantum mottle is one of the problems
associated with radiographic images, which
distorts the image and adversely affects image
interpretation and diagnosis. Thus, the Ch eby-
shev type Il filter is used in this study for noise
reduction, which is suitable for this purpose
[17, 18]. Figure 2 shows a panoramic image
after using the Chebyshev type Il filter for noise
reduction.

This study is conducted in two phases.
The first p hase includes classifying images and
differentiating those with MF from those with-
out MF in the CNN. The second phase includes
detection of fracture location on images with
MF in the CNN. MatlabR2021a software version
8.6.0.267246 is used for image analysi sin a
64 -bit system with a single CPU at Windows?7.

First phase: Classification of models in the
CNN.

The resolution of images with (group A)
and without (group B) MF is resized in 227 x
227 resolution before feeding to the CNN algo -
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Fig. 1 (¢9o2s3. 1)

Fg.1. Panoramic images.

a 0 patient with MF in right chin (black arrows) and both condylar necks (white arrows),
b d patient without MF

¢ 0 Identification and annotation of the fracture line (red boxes).
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Fig. 2 (¢os3. 2)

Fig. 2. A panoramic image after using the Chebyshev type Il filter for noise reduction.
White arrow shows the fracture line in the right angle of mandible.
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rithm. In the first phase of the CNN algorithm,
AlexNet network is used for training and image
classification. This network uses 32
the training and classification of panoramic
images. Among the images, 60% are randomly
used for training, 20% for validation, and 20%
for final testing. The epoch (maximum frequen-
cy of repetitions) is set to 100 for O
ing. Moreover, va lidation and final testing are
performed at each training step. Also, the accu-
racy of training is set to 0.0001 for each step.
The block diagram of the CNN for differentia-
tion of images with and without MF is shown in
Figure 3

layers for

-100 train-

tection+ misdetection

Recall=TP/(TP+FN) = Detection / detec-
tion + undetection

F1 Score= 2]
sion +recall)

Where TP refers to true positive, FP refers
to false positive, and FN refers to false
Detection is referred to correct detection of MF.
Misdetection refers to mistaking MF with some
other condition (detecting something else), and
undetection refers to not detecting the MF (no
detecting) [3].

Results.

In the first phase of the CNN

(precision

negative.

algorithm,

Image . Network
[ Feeding ]D[ Filtering ][>[ training

L Final Output of
] [:> [ Validation ] |:>[ testing ] E:> [ network ]

Fig.3(¢ 2 3. 3)

¢033 6dadgasR CNN edt

eoddasaacoRGo0

Fig. 3. The Block diagram of the CNN for the differentiation of images with and without MF.

beaf 3Rpnasaos6 3

0 frab 8og.
s - s Fa \ s s
iggfg%uct)f Final Detection
CNN in the Trianing Validation testing of frac_ture
. location
first phase
Fig. (¢os3. 4)

¢o34 6doaxdgasR Yeas3as

Fig. 4. Block diagram of the second phase of the CNN.
dRbh CNN.

Second phase: Fracture detection by the
CNN.

In the second phase of the CNN algo-
rithm, the AlexNet network is used for the
training and image classification. It uses 53
layers for training and classification of pano-
ramic images. Among the images with MF in
the second phase, 60% are randomly used for
training, 20% for validation, and 20% for final
testing. Similar to the first phase, the epoch is
set to 100 and the training accuracy is set a
0.00001 for each step. The block diagram of
the CNN for detecting fracture location on im-
ages with MF is shown in Figure 4.

Evaluation matrices

In this study, the precision, recall, and
F1 score of the CNN are calculated using the
following equations:

Precision= TP/(TP+FP) = Detection/ de-

[www.rejr.u | REJR. 2023; 133):5-13

the AlexNet model is used to detect and differ-
entiate panoramic images with MF from those
without MF. In figure 5 the graph shows the
training and validation of the CNN in the first
phase, and our result shows that the precision,
recall and F1 score are 0.999, 0.859, and
0.924, respectively. Table 1 presents the preci-
sion and error values for three different epochs
(frequency of training), validation, and final
testing.

In the second phase of the CNN algo-

rithm, AlexNet model is used for trainin g and

detection of fracture location on panoramic im-
ages with MF. In figure 6 the Graph shows the
training and validation of the CNN in the sec-
ond phase. The precision, recall, and F1 scores
are 0.968, 0.834, and 0.896, respectively. Table
2 presents the r esults, and figure 7 shows
some representative images of MF detection

DOI: 10.21569/22227415202313-3-5-13 9
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Table { 1 . Precision and Recall and F1 score of the CNN in the first phase.

Epoch Precision Recall F1 Score
1 0.945 0.729 0.823
50 0.934 0.701 0.801
100 0.999 0.859 0.924
L Ll ———— 583
y
L //
L /
Zal /
é( b=
I\‘I"-- "{ IVEA."\ Accurac!
\ uracy N
: \‘- — —@— - \alidation
\"\ Loss
| 40 20 \““H—Jl/—x d ] 0l - 1‘"—- r.i_ ................ -
Fig. (¢os3 5)
Fig. 5.  Graph.
Trai ning and validation of the CNN in the first phase.
¢o93. 0603Rdoq.
Afr ) yassa 9 e€3aYa3dR CNN aR e€a3¥Yas L68Rea.

the CNN.

Discussion.

In the past decades, artificial intelligence
and computer -aided detection (CAD) have been
extensively studied in radiology. The main con-
cept of CAD in radiology is to present a com-
put er output as a second opinion to aid in in-
terpretations by the radiologists aiming to in-
crease the accuracy of diagnoses, reach a more
definite diagnoses, and accelerate the reading
and interpretation of radiographs. From the
perspective of radiologists, t hey expect the CAD
system to provide them with more precise in-
formation regarding the location of the prob-
lem/disorder; thus, they can save time and
minimize misdiagnoses [19].

Several studies have assessed the detec-
tion of diseases and disorders on panor  amic

[www.rejr.u | REJR. 2023; 133):5-13

radiographs by using CNN with different algo-
rithms or computed tomography scans [3, 8 -
12, 14, 20 -22]. The results of these studies
demonstrate a high efficacy for the CAD and
CNN models in the detection of disorders.

In this study, we designed a CNN -based
algorithm that is capable of differentiating im-
ages with MF from those without MF, and de-
tecting the location of MF. The results show
that this method is capable of correctly detect-
ing the fracture location with no quantitative
reduction and increasi ng the precision, recall,
and F1 scores to 0.968, 0.834, and 0.896, re-
spectively. In other words, the image quality
remains constant after detection, indicating
that the use of the AlexNet CNN increases the
response precision, training, and classificat ion.

Among related works, Son et al. use the

DOI: 10.21569/22227415202313-3-5-13 10
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Table [ 2. Precision and recall and f1 score of CNN in the second phase.
Epoch Precision Recall F1 Score
1 0.716 0.553 0.624
50 0.999 0.859 0.924
100 0.968 0.834 0.896

‘I"" ’X IVHA."\ \ Accuracy
\. .
\‘- — —@— - \alidation
P
N\ Loss
: [0 20 | g~ A / { £33 883 A0 B0 -
"0 0 30 6 80
Fig.6( ¢ 06 .
Fig. 6.  Graph.
Training and validation of the CNN in the second phase.
¢o3. 03Rdo(d.
Af J yassa 9 e€3aYa3dqR CNN aR ¥Yea3as LeRea.
YOLO v4 for the automatic detection of MFs, and 0.875, respectively, indicating higher pre-
and employ different preprocessing meth ods cision but lower r ecall and F1 score compared
such as gamma modulation, multi -bounding, to our results.
MLAT, and SLAT [3]. To assess the fractures, Similar to our study, Warin et al. evalu-
they use two classification types. The first clas- ate the detection of MFs on panoramic radio-
sification is based on the anatomical location graphs [21]. They assessed 1,710 panoramic
(six classes), while the second one is based on images and two algorithms of Faster R -CNN
the fracture pattern  (two classes). Their results and YOLO v5 to detect the location of fract ure.
indicate that the precision, recall, and F1 score The results show that the precision, recall and
values obtained in classification based on ana- F1 score are 0.879, 0.935, and 0.906, respec-
tomical site are higher than the corresponding tively, for the Faster R -CNN algorithm, and
values in classification based on the fracture 0.861, 0.932, and 0.890, respectively, for the
patterns. In other words, the former classifica- YOLO v5 algorithm. Compared to our study
tion can detect a higher number of MFs com- results, the reported preci sion value in their
pared to the classification based on the frac- study was higher, and the recall and F1 score
ture pattern. In the study by Son et al., the values were lower than the corresponding val-
precision, recall, and F1 score are 0.975, 0.794 ues in our study.
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Fig. 7R
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Fig.7b( ¢o3. 7

Fig. 7.

b & fracture lines are detected in the
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Detection of MF location on panoramic images by using CNN (red boxes).
a d a fracture line is detected in the right body of the mandible.
right chin and left condylar neck.
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In contrast to our study, Nishiyama et al.,
only assess the mandibular condyle fractures
but similarly use the AlexNet algorithm to de-
tect condylar fractures [20]. Nishiyama et al.
use data collected from two  different hospitals,
although the same model of panoramic X -ray
unit is used for image acquisition [20]. They
assess the precision, sensitivity, and specificity
of this algorithm in each hospital. They report-
ed a precision of 84.5%, which is lower than
the value obtained in our model (97%).

This study has some limitations, such as
a small sample size. A CNN requires hundreds,
thousands, or even millions of samples to ob-
tain the best results and maximize its efficacy
and reliability [20]. Thus, future stud ies
required on a higher sample to get more accu-
rate results. Moreover, the present study uses

are
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urpose. To study the structural reorganization of the brain in the early post -stroke peri od

using methods based on diffusion MRI.

Materials and methods. 3 T MRI examination was used: standard scan plus diffusion se-

quence with DTI (diffusion tensor imaging) and GQI (generalized g -sampling imaging) post -
processing. Brain structures were studied after ischemic stroke: after 1 -3, after 7 -10 days, after 3 -4

months. Areas of stroke and identical areas of similar localization in the contralateral hemisphere
were analyzed. The sample consisted of 10 patients who completed all 3 studies.

Results. Chara cteristics of the density of tracts, quantitative anisotropy, fractional anisotropy,
axial, mean, radial, isotropic and restricted diffusion in dynamics significantly (p<0,05) changed (4,3 -
53,9%) and showed a strong (0,76 -0.99 r) Spearman correlation, whic ~ h characterizes them as key
guantitative metrics of DTI/GQI analysis.

Discussion. DTI and GQI post -processing have been optimized: image normalization, selection

of sensitivity to the multidirectionality of the fiber path, registration of the complex spati al architec-
ture of stroke and contralateral areas, selection of boundary conditions for constructing tractog-
raphy.

Conclusions. The dynamics of key quantitative diffusion parameters and tractography in the
early post -stroke period indicate a number of dege nerative processes in the area of stroke (edema o}
mean and isotropic diffusion; necrosis 0 mean diffusion; decrease in axonal density d quantitative
anisotropy, axial diffusion; loss of axons d quantitative and fractional anisotropy), and in the contra-
late ral hemisphere with a tendency to restore the values of the metrics, presumably due to the re-
duction of edema (mean and isotropic diffusion) and neurogenesis processes (density of tracts).

Keywords: ischemic stroke, magnetic resonance imaging, diffusion tensor imaging, generalized
g-sampling imaging.
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Fig. 1. Schematic repr esentation of the method for selecting groups of patients
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Fig. 2. Schematic representation of the algorithm for obtaining results.
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Fig. 3. Coronal section of the brain showing the white matter and the direction of the fibers.
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Fig. 4. Setting "diffusion sampling length ratio" on the coronal section of the brain, showing the white
matter and the direction of the fibers.

Light blue circle & intersecting areas in the lateral part of the corpus callosum, light red circle d non -
overlapping areas of the middle of the corpus callosum.
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Fig. 5. An example of building a 3D ROI.

The st roke area is marked in red and the intact area of the contralateral hemisphere is marked in green.
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Fig. 6. The final version of the selected boundary conditions for constructing tractography in DSI
Studio.
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Fig. 7. Dynamics of QA changes on Boxplots, significant changes (p<0.05) according to the Wil-
coxon test are marked with *, also in the lower part of the figure in the table are the medians i and
N, as well as the significance of their differences and the difference in percentage differences.

From left to right, the QA maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is
highlighted in red oval. Stroke focus d i, contralateral side & N.
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Fig. 8. Dynamics of changes in FA on the Boxplots, significant chang es (p<0.05) according to the
Wilcoxon test are marked with *, also at the bottom of the figure in the table are the medians i and
N, as well as the significance of their differences and the difference in percentage.

From left to right, FA maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is high-
lighted in red oval. Stroke focus 0 i, contralateral side o N.
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Fig. 9. Dynamics of changes in MD on the Boxplots, significant chang es (p<0.05) according to the
Wilcoxon test are marked with *, also in the lower part of the figure in the table are the medians i
and N, as well as the significance of their differences and the difference in percentages.

From left to right, the MD maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is
highlighted in red oval. Stroke focus d i, contralateral side & N.
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Fig. 10. Dynam ics of AD changes on Boxplots, significant changes (p<0.05) according to the Wil-
coxon test are marked with *, also in the lower part of the figure in the table are the medians i and
N, as well as the significance of their differences and the difference in differences in percent.

From left to right, AD maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is
highlighted in red oval. ~ Stroke focus 9 i, contralateral side d N.
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Fig. 11. Dynamics of changes in RD on Boxplots, significant chang es (p<0.05) according to the Wil-
coxon test are marked with *, also in the lower part of the figure in the table are the medians i and
N, as well as the reliability of their differences and the difference in percentages.

From left to right, RD maps in th e 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is
highlighted in red oval. Stroke focus d i, contralateral side & N.
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Fig. 12. Dynamics of ISO changes on Boxplots, significant chan ges (p<0.05) according to the Wil-
coxon test are marked with *, also in the lower part of the figure in the table are the medians i and
N, as well as the reliability of their differences and the difference in percentage differences.

From left to right, | SO maps are shown in the 1st, 2nd, and 3rd studies, respectively, with a red oval high-
lighting the stroke site. Stroke focus di, contralateral side o N.
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Fig. 13. Dynamics of RDI changes on the Boxplots, significant ¢ hanges (p<0.05) according to the
Wilcoxon test are marked with *, also in the lower part of the figure in the table are the medians i
and N, as well as the reliability of their differences and the difference in percentages.

From left to right, the RDI maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is
highlighted in red oval. Stroke focus d i, contralateral side & N.
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Fig. 14. Dynamics of DOT changes on Boxplots, significant changes (p<0.05) according to the Wil-
coxon test are marked with *, also at the bottom of the figure in the table are the medians i and N,
as well as the reliability of their differences and the di fference in percentages.

From left to right, a tractography from the 3D ROI of the stroke (red area) and the 3D ROI of the intact con-
tralateral hemisphere (green area) in the 1st, 2nd, and 3rd studies, respectively, is shown. Stroke focus di,
contralat eral side o N.
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THE ROLE OF MRI USINTHE FLAIR POSTON TRAST PULSE SEQUENBETHE DIAGNOSIS
OF TRAUMATIC DAMAGETO THE MENINGES WITN TRAUMATIC BRAINNJURIES
IN PATIENTS WITH COQUSSION

Medvedev a Sexbvadl.S.2

1 - Bureau of Forensic Medicine of the Department of Health of the City of Moscow.
2 - Sechenov University. Moscow , Russia .

urpose. To determine the capabilities of the FLAIR pulse sequence in the diagnosis of con-

trast enhancement of the meninges in victims with mild traumatic brain injury.

Materials and methods. The study included medical  data of 29 victims who underwent a

forensic medical examination for traumatic brain injury at the state budgetary healthcare
institution of the city of Moscow "Bureau of Forensic Medical Examination of the Moscow City Health
Department.” All patients unde  rwent contrast -enhanced magnetic resonance imaging performed in
T1-weighted images in three planes with the addition of a FLAIR pulse sequence in the axial plane.

Results. Of 29 (n=29; 100%) individuals undergoing MRI within 48 hours of injury, abnormal
meningeal enhancement on post  -contrast FLAIR images was detected in 13 (n=13; 44.8%) cases. In 9
cases (n=9; 31%), pathological accumulation of membranes was detected exclusively in the FLAIR
pulse sequence, while on post -contrast T1 the membranes remained i ntact. Thus, MRI using the
FLAIR pulse sequence in detecting traumatic enhancement of the meninges in living victims with a
mild form of TBI was: sensitivity (Se) 0 44%; specificity (Sp) 8 92%.

Discussion. The diagnosis of concussion is very difficult in t he process of conducting a forensic
medical examination, since there are no instrumental methods of confirmation. The clinical picture
is often subjective, which also cannot be reliably assessed. The results of our work demonstrate the
possibility of detec ting the imaging sign of traumatic enhancement of the meninges using the FLAIR
sequence after contrast administration.

Conclusion. The inclusion of a post -contrast FLAIR pulse sequence during MRI can be valua-
ble in detecting imaging signs of mild TBI, and thereby significantly influence the determination of
the severity of injury during a forensic examination.

Keywords: FLAIR-post MRI, concussion of the brain, traumatic brain injury, forensic medical
examination of living persons.
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Fig. 1. Diagram, anatomical location of the membranes (https://stylishbag.ru/22 -foto/obolochki -
golovnogo -mozga -risunok.html).

Detailing the fact of extravasation of the contrast agent occurs at the level of the subdural space between the
dura and arachnoid membranes as a result of trauma (red arrow).
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Fig. 2. Patient L., 42 years old. MRI was performed 32 hours after the injury. Top row.
a, ¢ 0 Native T1 -weighted images (a) and FLAIR (c). No changes in the meninges were detected.
b & T1-weighted images after contrast enhancement. No changes in the meninges were detected. (white arrow).

d & FLAIR images after contrast enhancement. The partial accumulation of the contrast agent by the meninges
is reliab ly determined (red arrow).

Patient C, 36 years old. MRI was performed 27 hours after the injury. Bottom row.
a, ¢ 0 Native T1 -weighted images (a) and FLAIR (c). No changes in the meninges were detected.

b & T1-weighted images after contrast enhancement. Mi nimal, uneven accumulation in the meninges. (white
arrow).

d 6 FLAIR images after contrast enhancement. The partial accumulation of the contrast agent by the meninges
is reliably determined (red arrow).
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Fig. 3. Patient K., 28 years old. MRI was performed 13 hours after the injury. Top row.

a, ¢ 0 Native images, a 0 T1-WI, c d FLAIR. No changes in the meninges were detected. A subgalea hematoma of
the right frontal region is determined, which reflects the point of application of force during TBI (white arrow)

b & T1-weighted images after contrast enhancement. No changes in t he meninges were detected. (white arrow).

d 0 FLAIR images after contrast enhancement. No pathological accumulation of membranes was also detected,
however, the detalil of the subgalea hematoma is superior to post -contrast T1 -WI images (red arrow).

Patient Sh., 35 years old. MRI was performed 23 hours after the injury. Bottom row.

a, ¢ 0 Native images, a 0 T1-WI, ¢ & FLAIR. No changes in the meninges were detected. A subgalea hematoma of
the right frontal region is determined, which reflects the point of app lication of force during TBI (white arrow).

b 0 T1-weighted images after contrast enhancement. No changes in the meninges were detected. (white arrow).

d 0 FLAIR images after contrast enhancement. No pathological accumulation of membranes was also detecte d,
however, the detail of the subgalea hematoma is superior to post -contrast T1 -WI images (red arrow).
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TRANSTHORACICECHOCARDIOGRAPHY, CARDIAC CTAND MRIIN PULMONARY
ARTERIES ASSESSMENTCHILDREN WITH TRRALOGY OF FALLOT

Khasanova K.A. 12, Ternovoy S.K.23, Abramyan M.A. 14

1- MorozovskayaC hi | drenés City Clinical Hospital.
2 - .M. Sechenov First Moscow State Medical University (Sechenov University).
3 - A.L. Myasnikov Institute of Clinical Cardiology, NMIC of Cardiology
4-Peoplesd Friendship University of Russia. Moscow,

ur pose. To compare the capabilities of preoperative transthoracic echocardiography, CT,

and cardiac MRI in determining and assessing the degree of the pulmonary artery system

hypoplasia in children with Tetralogy of Fallot.

Materials and Methods. The study ¢ omprised 72 children with Tetralogy of Fallot (TOF).
The mean age of the patients was 8.5 (3.5; 8.5) months. All children underwent transthoracic echo-
cardiography (TTE), 64 underwent cardiac CT, 30 underwent cardiac MRI, and 43 underwent con-
ventional angio graphy. Morphometry of the main pulmonary artery, right and left pulmonary arteries
in proximal and distal segments, calculation of z -score, Nakata and McGoon indices were performed
on all diagnostic techniques. All results were compared with conventional angiography or intraopera-
tive data. The interval between transthoracic echocardiography, CT and/or cardiac MRI and angi-
ography or open surgery was less than 10 days. Hypoplasia of the left pulmonary artery and its
branches was defined as a z -score deviatio n from normal values of less than ( -2). An index value of
Nakata less than 150 mm2/m2 and McGoon ratio less than 1.8 were considered contraindications
for radical correction.

Results. No statistically significant differences were found between the TTE, CT , and cardiac

MRI with conventional angiography in morphometry of the main pulmonary artery and proximal
segments of right and left pulmonary arteries, as well as z -score values (p >0,05). Significant differ-
ences were observed in the measurements of distal segments of left and right pulmonary arteries us-
ing TTE compared to CT, MRI, conventional angiography, and intraoperative data, with a significant
underestimation of vessel diameters (p <0,05). No significant differences were found between CT,
MRI, and co nventional angiography or intraoperative data in assessing the diameters of distal
branches of the left pulmonary artery. Both methods statistically insignificantly underestimated ves-
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sel diameters. Evaluating indexed parameters (McGoon and Nakata indic es) using TTE results, sta-
tistically significant differences were identified compared to conventional angiography in the form of
underestimated values (p <0,05). Comparison of McGoon ratio measurements between TTE and car-
diac CT also revealed a statistical ly significant underestimation of the index by TTE (p <0,05). The
calculated McGoon ratio from cardiac CT did not significantly differ from direct angiography data.
The comparison of Nakata index measurements between TTE and cardiac MRI indicated a statist ical-
ly significant underestimation of the index by TTE. The calculated Nakata index from cardiac CT and
MRI did not significantly differ from direct angiography data or from each other.

Discussing. High accuracy of non -invasive diagnostic methods in the d evelopment of the
pulmonary artery system in children with TOF determines the relevance of the study and compares
their capabilities in the preoperative preparation in this group of patients. There is a tendency to un-
derestimate the pulmonary arteries usin g cardioimaging methods, which can narrow the circum-
stances and limit the possibility of performing radical correction. The results of studies conducted to
assess the possibilities of non -invasive methods in the preoperative assessment of the pulmonary
art erial bed in children with TF are ambiguous. In the present study, for the first time, the capabili-
ties of all three non -invasive cardioimaging methods in determining the development of the pulmo-
nary artery system in children with TOF were evaluated in com parison with conventional angi-
ography/intraoperative data and in pairs with each other.

Conclusion. TTE cannot be considered the definitive method for preoperative assessment of
pulmonary artery development in children with TOF due to its limitations in v isualizing distal seg-
ments of the right and left pulmonary arteries and significant underestimation of their diameters and
indexed parameters. Cardiac CT and MRI, in performing morphometry of the pulmonary artery sys-
tem, demonstrated equal effectiveness an  d served as alternative methods to direct angiography. The
choice between preoperative cardiac CT and MRI for a child with TOF should be made on a case -by-
case basis, considering the patient's overall condition, the presence of contraindications for pro-
lon ged anesthesia on MRI or administration of contrast agents during cardiac CT.

Keywords: tetralogy of Fallot, TOF, cardiac CT, ECHO -CG, cardiac MRI, children, congenital
heart disease, conventional angiography, pulmonary artery, Nakata index, McGoon ratio.
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Fig. 1. Patient A., 5 months old (BSA0.14 m2), Tetralogy of Fallot. Preoperative morphometry of the
pulmonary artery system using transthoracic echocardiography

R 0 Parasternal view, sh ort-axis. Determination of the diameters of the right pulmonary artery (yellow dashed
line) and left pulmonary artery (red dashed line) at the level of proximal segments for calculating z -score val-
ues.

b 6 Parasternal view, short -axis. Determination of the  diameters of the right pulmonary artery (yellow dashed
line) and left pulmonary artery (red dashed line) at the level of distal segments for calculating Nakata and
McGoon indices.

Based on echocardiography morphometry of the pulmonary artery system: z -score for right PA = -2.04, z -
score for left PA = -2.63 (hypoplasia of the PA system), Nakata index -112 mm2/m2, McGoon index 1.8. Based

on the echocardiography findings, the patient was recommended for a palliative operation. As part of preoper-

ative planning to further assess the condition of the distal segments of the right and left PAs, the severity of

PA hypoplasia, and the evaluation of right ventricular volumes and function, the patient underwent cardiac

CT and MRI. The time interval between the examinat ions was 6 days.
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Fig. 2. The same patient as in figure 1. Preoperative morphometry of the pulmonary artery system
using CT and MRI methods.

a 0 Cardiac CT (medical sedation), co ntrast enhancement. Venous phase, axial plane, MIP.

The main pulmonary artery (black arrow), right pulmonary artery (yellow arrow), and left pulmonary artery (white arrow)

are identified throughout their extent. morphometry of the right and left pulmonary arteries is performed at the proximal
level (dashed lines) for calculating z  -score values and at the distal level (solid white lines) for calculating indexed Nakata

and McGoon values. Based on echocardiography morphometry of the PA system: z -score = -1.9 (PA system hypoplasia),
Nakata index -159 mm2/m2, McGoon index 2.4. Based on cardiac CT findings, the patient has no contraindications for

radical defect correction.

¥ 0 Cardiac MRI (medical sedation) with ECG -gated and respiratory -gated, axial plane, BTFE = mode.

The main pulmonary artery (black arrow), right pulmonary artery (yellow arrow), and left pulmonary artery (white arrow)
are identified throughout their extent. Morphometry of the right and left pulmonary arteries is performed at the proximal
level (d ashed lines) for calculating z -score values and at the distal level (solid white lines) for calculating indexed Nakata

and McGoon values. Based on MRI morphometry of the PA system: z -score for right PA = -1.9, z -score for left PA = -1.01
(mild PA system hy poplasia), Nakata index -159 mm2/m2, McGoon index 2.4. Based on cardiac MRI findings, the patient

has no contraindications for radical defect correction. Radical surgery of tetralogy of Fallot with right ventricular outflow

tract and pulmonary artery recon struction with cardiopulmonary bypass and hypothermia. Intraoperatively: z -score pLA = -
0.7, z -score IPA = -0.9 (unexpressed hypoplasia of the PA system), Nakata index -167 mm2/m2, McGoon index 2.4.
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THE CORRELATION BEBEN PERICARDIAL FATISSUE CHARACTERIEH AND THE
CLINICAL ASPECTS OFCARDIOVASCULAR DISEAES

Chi or n & fpdhelird.Yu.1, Kamyshanskaya |.G. 13, Pridvizhkina T.S2

1 8 Saint -Petersburg State University
2 dSaint -Petersburg State University, N.I. Pirogov Clinic of High Medical Technologies
3 9 Saint -Petersburg State Health Care Foundation "Mariinsky City Hospital". Saint -Petersburg, Russia.

urpose . To study the characteristics of pericardial fat and their relationship with clinical
and laboratory parameters in patients with coronary heart disease (CHD) and patients
without cardiovascular diseases (CVD).
Patients and methods . Data analysis of 186 pa tients was performed: 113 & with CHD and
73 0 without CVD. The computed tomography was used with scans in axial projection and mediasti-
nal mode to measure the parameters of pericardial fat (PF). Statistical analysis was performed using
the SPSS v.23 progra m. Student's criterion, Pearson (r) and Spearman (rs) correlation coefficients
were applied.
Results. The volume and density of the PF in patients with CHD were significantly higher than

in patients without this pathology. Thus, the volume of the PF was 92 .66N41.66 cm3 v
55. 30N32.16 cm3, p<0.001, fat densi84y. 9vwWas3 46 £.94 6HU2 4 . p7<10
patients with atrial fibrillation (AF), the values of
cm3 versus 85.63N38. 41 ngpatents takinglopid 2 7laweriAgndaugs, the indices of

PF density were lower: -73. 6 0N21. 28-6RU1&8Nd1.68 HU, p = 0.012. Posi

volume with BMI (body mass index) were found (r = 0.698 (p<0.001) and r = 0.384 (p = 0.009)) and
gluc ose (rs = 0.242 (p = 0.049) and r = 0.303 (p = 0.043)) in men and women, respectively. Negative
correlations of density with BMI (r = -0.247, p = 0.045), total cholesterol (r = -0.258, p = 0.038), tri-
glycerides (r= -0.271, p=0.036), HDL (r=  -0.302, p= 0.032) were found only in men.

Discussion. The metabolic activity of the PF is associated with changes in the expression of
proatherogenic and profibrotic genes. This provides a background for the formation of CVD.

Conclusion . The volume and density of th e pericardial fat tissue are different in patients with
and without coronary artery disease. A possible effect on the density of pericardial fat was revealed
due to lipid -lowering therapy in CHD. Quantitative changes of the pericardial fat in AF were deter-
mined. Correlations of PF characteristics with clinical and laboratory parameters were found.

Keywords: pericardial fat, computed tomography, coronary heart disease, pericardial fat vol-
ume, pericardial fat density, cardiovascular events
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Fig. 2. CT, chest, soft tissue mode.

The method of measuring the volume and density of pericardial fat at different levels: a @ selecting of the peri-
cardial fat at the level of 15 mm above the trunk of the left coronary artery, b d selecting of the pericardial fat
at th e level of the left coronary artery, ¢ 0 selecting of the PF at the level of 30 mm below the trunk of the left
coronary artery.
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Fig. 3. Diagrams .

The correlation between the pericardial fat volume and body mass index (A) and glucose ( B) in men and wom-
en with cardiovascular diseases. BMI 0 body mass index, PF - pericardial fat.
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Fig. 4. Diagrams .

The correlation b etween the pericardial fat density and body mass index (A), total cholesterol (B), triglycerides
(C), high density lipoproteins (D) in men and women with cardiovascular diseases. BMI 8 body mass index, PF
0 pericardial fat. .
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MAGNETIC RESONANCE MAGING WITH CONTRASTENEMA IN DETECTING
THE COLORECTAL ANASIMOSIS FAILURE
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urpose. To test the usage of a contrast enema in the detection of anastomosis failure with
magnetic resonance imaging (MRI) in patients who have undergone rectal resection.
M aterial and methods . MRI with a contrast enema was performed at the A. Tsyb MRRC o}
the branch of the FSBI "NMRRC" of the Ministry of Health of the Russian Federation in the
period from 2020 to 2022. The study prospectively included 12 patients after surgic al treatment in
the volume of rectal resection with the formation of colorectal/coloanal anastomosis and an uncer-
tain result of conventional MR, in 8 of whom, during a comprehensive clinical diagnostic examina-
tion, the presence of anastomosis failure was confirmed. MRI with a contrast enema was performed
by targeted injection of a gadolinium -containing contrast agent in the volume of 20 -50 ml into the
anastomosis zone, after whicha T1  -weighted image was obtained with suppression of fat in this area
in thr ee orthogonal planes.
Results. In all cases of anastomotic failure after a contrast enema, the leakage of the contrast
agent beyond the intestinal wall was detected. In 4 patients with unconfirmed anastomotic failure,
no leakage of the contrast agentwas o bserved.
Discussion. There is a small number of works in the literature describing the use of a contrast
enema in MRI. The developed method by our team involves the targeted introduction of a small vol-
ume of contrast agent into the anastomosis zone, whic h avoids its traumatization and provides a
more reliable contrast agent output through the defect. Testing of the usage of the contrast enema
technique showed its good tolerability and the effectiveness of detection in the presence of small slit -
like defec ts.
Conclusion. The results obtained by us of using MRI with a contrast enema allow to consider
it a safe clarifying method in difficult situations requiring confirmation of the anastomosis failure by
directly registering the leakage of the contrast agent beyond the intestinal wall, which in the future
can complement the conventional MRI examination.

Keywords: magnetic resonance imaging, anastomosis failure, contrast enema, colorectal anas-
tomosis, coloanal anastomosis, rectal cancer.
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Fig. 1. Patient L., 53-year -old. MRI was performed 2 months later a fter combined resection of the
sigmoid colon with theto-Eodtmatbborettah esadtomosi s

Red arrow 0 level of anastomosis; yellow arrow 0 functioning drainage tube: a 0 T2WI in sagittal projection; b o}
T1WI FS in sagittal projection befor e contrast enema; ¢ & T1WI FS in sagittal projection after contrast enema.

The leakage of a contrast agent outside the walls of the anastomosis into the lumen of the drainage tube is de-

termined.
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Fig. 2. Patient K., 58-year -old. MRI was performed 4 months later after rectal resection with the for-
mati on oth-epdadcol orectal anastomosi s.

Red arrow 0 level of anastomosis; yellow arrow 0 perianastomotic cavity: a & T2WI in the sagittal projection; b
o T1WI FS in sagittal projection before contrast enema; ¢ 0 T1WI FS in sagittal projection after contrast ene-
ma. The leakage of a contrast agent is determined through a point defect i n the posterior wall of the anasto-
mosis.
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Fig. 3. Patient D., 67 -year -old. MRI was performed 5 months later after anterior rectal resection with
the formationof an c¢edoe@lndé col oanal anastomosi s.

Arrow 0 level of anastomosis; asterisk - perianastomotic fluid accumulation: a 0 T2WI in sagittal projection; b
0 T1WI FS in sagittal projection before contrast enema; c 0 T1WI FS after contrast enema. There was no lea k-
age of the contrast agent beyond the walls of the intestine.
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ROLE OF MRI IN THEIBGNOSIS OF CAUSES @& SPINAL STENOSIS
AT LUMBOSACRAL REGIM

Alyaa Hussein Jawad, Osamah A yad Abdulsattar, Amani Alaa Saeed Mashtah

Department of Radiology, College of Medicine, University of Babylon. Babylon, Irag.

urpose. Spinal stenosis is an abnormal narrowing of the spinal canal or neural foramen
that results in pressure on the spinal cord or nerve roots. MRI has become the most fre-
quently used study to diagnose spinal stenosis. Aim of the study was to assess the benefi-
cial role of MRI in evaluate and differentiation causes of spinal stenosis at lumbosacral
spine.
Materials and methods . A cross -sectional study was recruited patient lower back pain, it's
launched in 1st August 2021 to 1st September 2022, in Department of Radiology. Collection of data
based on well -defined questionnaire contain three parts. MRI was perform with a 1.5 Tesl a systems
(Achieva; Philips Medical Systems, the Netherlands) using a SENSE body coil. Data was collected and
analyzed using SPSS 23.
Result. The mean age of patients was 49.1N8. 3 -6pgears s, 5
and 45% in age group 20 -39 years . Male to female ratio was 1.3:1. The MRI findings, the stenosis
was presented in 83.3% of patients of them 13.3% was mild stenosis and 70% was moderate steno-
sis. The spinal level of L4 -L5 was the major region of stenosis in 50% of sample whereas the L2 -L3
level 16% and L3 -L4 26% of patients.
Conclusion. MRI modality is a useful diagnostic option in evaluation of lumbosacral spinal
stenosis, as it can describe appropriate variable pathological changes, such as disc degeneration.

Keywords: spinal stenosis, lumbosacral lesion, spondylolisthesis, disc prolapse, MRI.
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ntroduction

The unusual narrowing of spina | canal or

neural foramens called spinal stenosis.

This pathological stat may cause increase

compression on the spinal cord and some-
time nerve pathway root [1]. Result in various
symptoms and signs such as pain, weakness in
arm or leg and numbness in limbs . These clini-
cal features actually grow slowly to intense
presentation and its can be improved by bend-
ing of trunk ahead. With increase severity re-
sults in loss of bladder con troll, loss of bowel
control and sexual dysfunction [2]. Many causes
are reporte d and investigated for example osteo-
arthritis, rheumatoid arthritis, tumor in spine,
trauma, bone Paget's disease, scoliosis, spondy-
lolisthesis and genetic disorder [3].

These lesion could categories by region of
spine was affected it subdivided into cervi cal,
thoracic and lumbar stenosis. The most com-
mon part affected was lumbar spinal stenosis at
lumbar, secondly cervical stenosis, thoracic
spine stenosis are less common [4]. Pressure on
nerve root at lumbar spine in lower back, might
be causes features o f sciatica include tingling,
weakness and numbness, it radiating from back
to buttock and leg [5]. Lumbar spinal stenosis

The most common modalities to investiga-
tion the spinal stenosis are MR, it become pop-
ular in diagnosis, by produce electromagnetic
signal t o show image of spine. It can appear soft
tissue clearly such as nerve, muscle and liga-
ment than they show by CT scan or X -ray. It
aims in find the accurate causes of spinal nerve
obstacle [8]. MRI have a good reliability criteria
according to literature r eview public in this
item, it have high sensitivity but questionable
specificity in investigation of lumbar spine dis-
order, in disc herniation sensitivity range from
80-100% and low specificity range from 45
90% are described in prior studies. These low
values are due to large number of asymptomatic
disc degenerative which produce high false posi-
tive result [9].

Aim of study are to assess the beneficial
role of MRI in evaluate and differentiation caus-
es of spinal stenosis at lumbosacral spine.

Patients and methods.

Study designs and siting

A study of cross sectional design was re-
cruited patient lower back pain, it's launched in
1st August 2021 to 1st September 2022.

Inclusion criteria

1- patients had lower back pain or leg

almost the stenosis with severely intense are pain

absent. Cauda equine a nerve root continue 2-age 18- 60 years

down when spinal cord end at lumbar spine [6] 3-sym ptoms last for more than 4 weeks
Causes of spinal stenosis are aging, arthritis, 4- no cancer or inflammation suspicion
congenital, instability of the spine, trauma, and Exclusion criteria

tumor [7, 8]. 1 - patients had history of spinal surgery.
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Fable t 1. Demographic characters of sample.
No. %
Age group 20-39 years 27 45
40-60 years 33 55
Gender Male 34 56.7
Female 26 43.3
Fable 1 2. The presenting clinical feature of patients.
Clinical features No. %
Lower back pain 32 53.3
Leg pain 15 25
Both 10 16.7
Numbness and tingling 5 8.3
Intermittent claudication | 3 5

Fig. 1 R (gos. Fig.lb( ¢o3+.) 1

Fig. 1. MRI, T2WI, a & sagittal view, b 0 axial view.
MRI depicting moderate spinal stenosis at L4/L5 and L5/S1 level.

¢231 hg¥, -OfF2 ecoatzoaoyahe aeead © xO3exeR diogmRt, eRd o
Rd3oRdi aRt edaszde3zaei .

soa308afhe 3809 eb ceoabYaosoayaodR ®aR J3a¥Yoeaa L4/ L5 o L5/ S1.

2- patients with lack of lumbar MRI age, sex and occupation.
3- disease that produce intervertebral disk Patients enrolled in study with clinical
herniation. features of claudication, pain in leg and back
4- laboratories results suggestive of pres- pain, numbness lower limb in both or one and
ence ofcoagulopat hy, i nfecti ons, radiologicalstiidg of epane. o -
ry diseases Recruited patients give appointment for
5- patient whose have not finished ques- MRI investigation, short and brief clarification
tionnaire. about examination and summary of contraindi-
Data collection . cation, general advisement to noise and time of
Collection of data based on well -defined examination and clotht hey wear, some patients
guestionnaire  contain  three  parts, de- afraid from narrow space we tell him about
mographics criteria, detail of present illness and communication with examiner through inter-
results of proc edures. First of all, an oral com tool.
agreement was obtained from patient to enrolled MRI examination technique
i n t he study. Patientds d e mBlwaspdrfgrmedvatima a il.B sTesla sys-
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Table { 3. Spinal findings in MRI.
Spinal finding No. %
Stenosis Mild stenosis 8 133
Moderate stenosis 38 63.4
Severe stenosis 4 6.6
No stenosis 10 16.7
Total 60
Table 1 4. Level of stenosis by MRI.
Level of stenosis No. %
L 2-L3 8 16
L 3-L4 13 26
L 4-L5 25 50
L57 S1 4 8
Total 50
Fig.2( ¢ 0% . Fig. 3 (¢o3. 3)

Fig. 2. MRI, T2WI, lumbar spine, sagittal plane.
MRI depict multiple spinal stenosis at LSS.
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Fig. 3. MRI, sagittal T2-WI, lumbar spine.

MRI showing degeneratve changes, including disc
bulging, loss of disc height, facet and ligament hy-
pertrophy producing spinal stenosis at L4/L5 level.
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tems (Achieva; Philips Medical System, the
Netherland) by use a SENSE body coils.

Assessment procedure through measure-
ment of dural sac cross sectional area (DSCSA),
level of stenosis and if seen of spondylolesthe-
sis. Cutoff point in DSCSA 100 mm2 as diag-
nostic value for lumba r spinal stenosis. Region
of interest (ROI) was used to measure of
DSCSA, calculation was done by measure the
center portion of disk level by axial T1 image.

Stenosis was classification according to
multi level of narrowing spine when see stenosis
at leas t two level and over. If patients have multi
level stenosis we measure the narrowest site of
stenosis while if one level calculate this single
level lumbar stenosis. Other measurement to
diagnosis severity of stenosis by calculate ste-
nosis ratio (SR), whic h are define it the ratio of
the cross sectional area of spinal canal at inter-
vertebral disk to the cross sectional area of next
middle vertebra levels above.

When the ratio was between 0.7 to 1,
there was no stenosis. Ratio between 0.5 -0.7
this mean mild stenosis, if value between 0.25 -
0.5 mean moderate stenosis and lastly if ratio
range from 0 - 0.25 there severe stenosis.

The grading is based on the CSF/rootlet
ratio as seen axial T2 images and was conceived
following observation of the different patter ns
according which the rootlets were disposed
within the dural sac while the patient rested
supine during MRI acquisition.

Description of the grading is as follows
(Schizas grading system):

Grade A stenosis: there is clearly CSF vis-
ible inside the dural s ac, but its distribution is
inhomogeneous:

Al: the rootlets lie dorsally and occupy
less than half of the dural sac area.

A2: the rootlets lie dorsally, in contact
with the dura but in a horseshoe configuration.

A3: the rootlets lie dorsally and occupy
mor e than half of the dural sac area.

A4: the rootlets lie centrally and occupy
the majority of the dural sac area.

Grade B stenosis: the rootlets occupy the
whole of the dural sac, but they can still be in-
dividualized. Some CSF is still present giving a
grai ny appearance to the sac.

Grade C stenosis: no rootlets can be rec-
ognized, the dural sac demonstrating a homo-
geneous gray signal with no CSF signal visible.
There is epidural fat present posteriorly.

Grade D stenosis: in addition to no root-
lets being recog nizable there is no epidural fat
posteriorly.

We defined grade A as no or minor steno-
sis, B as moderate stenosis, C as severe steno-
sis, and D as extreme stenosis. Schizas grades
of lumbar spinal stenosis (Supplementary 2).

[www.rejr.ru| REJR. 2023; 133}:83-96

The level of spondylolisthesis w ere also
identified.

Image analysis

After calculation of DSCSA then the level
from L1 -L2 to reach L5 -S1 was assess to search
about the stenosis and other pathology as fol-
low,

1- circumference annular bulging, this
seen when there is extension in interve rtebral
disk outside the edge of neighboring bone in
range more than 50% of its outer border.

2 - thin annular bulging it same the cir-
cumference annular bulging but with saving
concavity of posterior disc.

3 - annular tears, the external layer of in-
terve rtebral disc show focal region of high signal
intensity.

4 - foramian disc herniated when external
border of intervertebral disc emerge less than
fifty percent outside the boundary of neighbor-
ing bone, these may occur unilateral or some
time bilateral. Fo cused in two or one foramina

5- center or para -central disc herniated
when external border of intervertebral disc
emerge less than fifty percent outside the
boundary of neighboring bone, bulging in center
or sub articular inside of spinal canal.

6 - spond ylolisthises, displaced of verte-
bral body in anterior or posterior side more than
or equivalent to one mm above the vertebral
body down it.

7 - pars defects in unilateral or bilateral.

8 - disc herniated in anterior side.

9 - Posterior vertebral element s
crease signal intensity called stress reaction.

Ethical approval

The study was approved by our institu-
tional ethics committees and a verbal consent
was obtained from each patient before partici-
pating in the study.

Statistical analysis

Data was col lected and included in a data
based system and analyzed by statistical pack-
age of social sciences (SPSS, Inc., Chicago, IL,
USA) version 23. Parametric data were ex-
pressed as mean KN
While non -parametric data were expressed as
percentages.

Result .

The mean age of
55% of them in belong groups of 40  -60 year and
45% of patients in group of 20 -39 year. Ratio of
males to females was 1.3: 1 the male constitu-
ent 56.7% of sample, (table t 1) .

About the clinical features 53.3% of pa-
tients presented with lower back pain while 25%
show leg pain and 16.7% reveal both lower back
pain and leg pain. Other manifestation was
numbness in 8.3% and intermittent claudica-
tion in 5% (table t2).

how in-
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Table { 5. MRI pathology of spine.
Pathologies of stenosis by MRI No. %
Spondylolisthesis 10 20
Disc degeneration 17 34
Facet degeneration 6 12
Scoliosis 5 10
Annular Fissure 8 16
Disc contour 4 8
Total 50
Table 1 6. Cut off value f  or diagnosis of spinal stenosis.
Variables case Cutoff Sensitivity| Specificity | AUC(95%CI) | p-value
Dural sac cross section 100 mn? | 84% 92% 0.89(0.810.94) | 0.002

Regarding the MRI findings, the stenosis
was presented in 83.3% of patients of them
13.3% was mild stenosis, 63.4% was moderate
stenosis and 6.6% with severe stenosis (fig. 1)
(Table 3).

The spinal level of L4 -L5 was the major
region of stenosis in 50% of sample whereas L3 -
L4 26% of patients and the L2  -L3 level 16% (fig.
2;table { 4) .

Other results, 34% of patients presented
with disc degeneration 20% spondylolisthesis,
12% facet degeneration, 10% scoliosis, 16% an-
nular fissure and 8% disc contour (fig. 3; table
t5).

The Dural sac cross sectional area value
to diagnosis of spin al stenosis in our study
was1l00 mmz2 these give sensitivity 84%, speci-
ficity was 92% area under curve 0.89 (0.81 -
0.94) and p valwues 0.002

More over the signs of root compression il-
lustrated by MRI co -exist with spinal stenosis,
64% of patients had nerve root compression,
30% loss of CSF, 6% show loss of epidural fat
surrounding the dura, decrease thickness of
spinal cord was seen in 12% and 14% presented
with decrease signal intensity (fig. 4, 5; table
Tt 7).

Discussion.

Magnetic resonance imag ing becomes the

top most important in evaluation of spinal ste-
nosis. More over these modalities in spite of
beneficial in diagnosis of lumbar spine stenosis
but repeatability in evaluation of intervertebral
disc abnormality and stenosis is questionable.
In addition, it cost in over use, and cost efficien-
cy are high, so if use in every case of suspected
of stenosis give great of financial burden. But it
still of much importance in preoperative plan-
ning and monitor of treatment, when the sign
and symptoms cor related with image finding [8].

Our study found the mean age of patients

was 49.1N8.3, 55% of

[www.rejr.ru| REJR. 2023; 133}:83-96

t 6@ m [1BE they regprted maveu p codron

year and 45% belong group 20 -39 year. Ratio of
Males to females was 1.3: 1 the male constitu-

ent 56.7% of sample in accordance with prev i-
ous studies and in contrast to other studies re-
cruited older age group [10 -12].

Hong et al. investigated 74 patients with
central lumbar stenosis, they reported the mean
age was 56 year of sample and age range 25 -80
year. Gender composition, female was 41 and
male 33 in contrast to our study [13].

Al-Jaberi et al, study enrolled fourteen
men and 26 women, with average age
52.1N10.3, it has sampi’®
year [14].

Other study had the average age of study
popul ation was 62. 358 .58
(45.7%) males and 69 (54.3%) females [15].

A cohort study by Hwang et al, show the
meab &ge is FHykear, this cohort had older age
group which is presented with greater number
of patients suffering from disc degeneration in
compared to our study [16]

The difference between study in gender
and mean age depend on site of study in which
population under review such as in Swedish
study recorded mean age was 70 year and
Nordsten study had mean age was 66 year [17].

Age consider a risk factors in evolutio n of
lumbar spinal stenosis, variable study show
various value of DSCA between participants de-
pend on differences in age composition of stud-
ies, in Swedish study reported low cutoff value
of DSCA which might also influence the result
and most of study acro ss section that study pa-
tients with complain in specific time period [17].

The clinical features of our patients,
53.3% of presented with lower back pain while
25% show leg pain and 16.7% reveal both lower
back pain and leg pain. Other manifestation
numbne ss in 8.3% and intermittent claudica-
tion in 5% it in consist with study of Hong et al
presentation
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Fig. 4. MRI, lumbar spine .

Depicting CSF effacement and epidural fat posteriorly at L4/L5 level.
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Table t 7. Signs appear in MRI.

Signs in MRI No. %
Nerve root clumping 23 46
Loss of CSF 11 22
Loss of epidural fat 3 6

Decrease thickness of spinal cord 6 12
change signal intensity 7 14
Total 50

of patients lower back pain and leg pain, in pant s i mage had severe

same line of finding by Al -Jaberi et al, the simi-
lar findings because of root compression that
give mostly the same presentation in patients
[14].

Regarding the MRI findings, the stenosis
was presented in 83.3% o f patients of them
13.3% was mild stenosis, 63.4% was moderate
stenosis and 6.6% with severe stenosis, these
result close to Hong result [13].

On other hand a study was evaluated spi-
nal stenosis level, there were 59.4% illustrated
no stenosis while 34.6% h ad mild stenosis and
only 5% had moderate stenosis, none of partici-

[www.rejr.ru| REJR. 2023; 133):83-96

In addition, Bhalla thesis enrolled patients
from two different center with MRI finding pre-
pared for surgical treatment, first group from
Trondheim N orway had 78% of them had mod-
erate stenosis and second group from Boston
USA show 68% of patients with moderate steno-
sis [18].

Moojen et al. assessed the [54 patients
with lumbar spinal stenosis they found 76% of
sample are categories as mild and moder ate
stenosis [19].

Sigmundsson et al. evaluated a group of
patients with 100 presented with lumbar spinal
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described patients with LSS group had single
and multilevel affected with L3, L4 and L5 inter-
vertebral disc segment more common than oth-
er level, and severe stenosis rarely happened
[22]. These studie s finding give strongest evi-
dence to our study because resemble of com-
mon presentation of L4  -L5 level of stenosis.

Other results in our study, there were
34% of patients presented with disc degenera-
tion, 20% spondylolisthesis, 12% facet degener-
ation, 10% s coliosis, 16% annular fissure and
8% disc contour it in consistent with study by
Hong et al, whose reported disc degeneration
common pathology followed by spondylolisthesis
which seen nine patients in one level had asso-
ciated spondylolisthises and two pat ient had
spondylolistheses at further than one level.
Spondylolistheses was great often establish at
the L4 -L5 level [13].

Doktor et al. study reveal the common pa-
thology show in MRI image were disc degenera-
tion spondylolistheses, scoliosis, annular fis-
sure, facet joints degeneration and disc con-
tours [10].

Carrino et al. study more than 100 partic-
ipants to examine the agreement between inves-
tigator to assess variable MRI pathology he
found the disc degeneration, spondylolisthesis,
endplate change, annul ar fissure and facet de-

Fig. 5

(¢os3. 5)

Fig. 5. MR-myelography of lumbar spine show-
ing severe L3/4, L4/L5 lumbar canal stenosis.

¢035 dfFsosaday3sRdJot cobsday

generation [23].

Moreover, Hwang et. al cohort of 45 sub-
jects underwent spinal stenosis surgery catego-
ries 80% of subjects in study with worse disc

dR ¢eab¥YasaoayaodR 3 YAH3RD

degeneration on MRIs at baseline, other study
€eat 3ooyaaysa dRa RARM, d4RL5.) 3 |

reported 58% compare to our study 34% of pa-
tients with disc degeneration [17].

Akar et al study reported the presence of
sever facet degeneration in group of 100 pa-
tients with lumbar spinal stenosis planning for
surgery, they stated 14 % had facet degenera-
tion these finding in same line of N ORDSTEN
study which are reported the facet happened in
11% and it close to our study 12% [24].

The variables presentation between stud-
ies regarding the pathological causes of spinal
stenosis, these may be due to studies carried
out in cross sectional desig n and enrolled pa-
tients admitted to hospital with signs and symp-
toms of spinal stenosis not necessitated repre-
sentative to all causes of lumbosacral spine and
cannot be generalized, because limiting to pa-
tients and time of studies [23].

Table six in our result show the Dural sac
cross sectional area value to diagnosis of spinal
stenosis in our study was (100 mmz2), these give
sensitivity 84%, specificity was 92% area under
curve 0.89 (0.81 -0.94) and p -value 0.002, it in
consist to result of Hong et al som e authors use
lower cut off value of sac cross section area, the
difference in cut off value between study due

stenosis, prepared for spinal surgical treatment,
90% of them had mild to moderated finding,
this is considerably higher than the findings of
NORDSTEN study which is sh ow 87%, which
are close to our study [20].

This minor difference in presentation of
intensity of stenosis between studies might be
due to variable sample composition and various
score and grade uses for measurement of ste-
nosis [14].

Our study reported the spinal level of L4 -
L5 was the major region of stenosis in 50% of
sample whereas the L2 -L3 level 16% and L3 -L4
26% of patients. In line of H -J PARK study
show the incidence of the lumbar spinal steno-
sis, 15% in L3 -L4, 66% in level of L4 -L5 and
19% in L5-S1 [21].

In agreement with our study Hong et al,
reported 10.9% of patients with stenosis level of
L2-3, 16.4% in level L3 -4, 76.7% in level L4 -5
and 32.8% in level L5 -S1[13].

Authors evaluated subjects with congeni-
tal lumbar spinal stenosis in comp ared with
normal individual by used of MRI images, they
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recruited older age group and variable gender
enrollment in study [13, 25].

The signs of root compression in our
study that illustrated by MRI co exist with spi-
nal stenosis, there were 64% of patients had
nerve root compression, 30% loss of CSF, 6%
show loss of epidural fat surrounding the dura,
decrease thickness of spinal cord was seen in
12% and 14% presented with Decrease signal
intensity, it agrees with Yusof et al [26] study
but disagree with Hwang et al. The cause might
be due to difference in types of pathology found
by variable studies [16, 27].

Conclusion.

MRI modalities a useful diagnostic option
in evaluation of lumbosacral spinal stenosis, as
it can describe appropriate variable pathological
changes, such as disc degeneration. Magnetic
resonance images measurement of spinal canal
associated to the level of disabilities. We rec-
ommend to use the MRI good confirmatory di-
agnostic moda lities to investigate the spinal
stenosis. MRI study could be a first step to put
a plan for management of lumbar spinal steno-
sis.

Supplementary.
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RADIOLOGICAL ASSESSMNT OF AGE FROM THEPIPHYSEAL
FUSION OF THE KNEEQINT

Eevir Akram Zain Aladdin, Saad Kadhum Kareem, Niran Mahmood Ahmed Al -Tameemi

Forensic Medicine Directorate, Ministry of Health. Baghdad, Iraq.

stimation of age is helpful in both civil and criminal cases. In the living individual age es-

timation is the most important issue to the court and the common citizens as well. The

present study was carried out to study the estimation of age by epiphyses f usion at the

knee joint, which is considered one of the modern and somewhat accurate methods of es-
timating age.

Purpose. To compare chronological age and age estimated according to the union from radio-
graphic assessment of epiphyseal fusion at the knee joi nt in a sample of the Iraq population and to
implement radiographic examination of the knee joint as an additional anatomical region for age es-
timation.

Materials and Methods. A prospective study was carried out on 55 medico -legal cases referred
to the me dico-legal directorate in Baghdad during 6 -month period in 2022. The cases under study
were classified into 2 groups: male (30) and female (25), their age ranged from (9 -19 years). Radio-
graphic method (anteroposterior and lateral knee x -ray) was used to s ubdivide the continuum of de-
velopment into 5 specific stages of union and scored as stage 0 4 nonunion, stage 1 & beginning un-
ion, stage 2 0 active union, stage 3 0 recent union, stage 4 & complete union.

Results. The present study showed that out of the total of 55 cases, 30 cases were male and 25
were female. A maximum number of cases belong to the 18 -19 years of age group in both genders.
The chronological age (years) of the youngest and oldest subjects was recorded at each stage of union
for each of th e three epiphyses at the knee for males and females. The mean age and stander devia-
tion for each stage of fusion were mentioned. The mean age in males; at stage 0 was about 10.5 for
all three bones (distal end of femur and proximal end of tibia and fibula) . Stage 1 was about 13 years
for the proximal end of the femur, 13.5 years for the distal end of the tibia, and 14 years for the dis-
tal end of the fibula. Stage 2 was about 15.5 years for all three bones, while in stage 3; the mean age
for all three bones was about 17.5 years and regarding stage 4; the mean age was 18.5 years for the
proximal end of the femur and 19 for distal end for both tibia and fibula. Females were less than
males by about 1.5 years.

Conclusion. The present study concluded that the st age of epiphyseal union is correlated with
chronological age in both males and females. Mean age gradually increases with each stage of union
and also varies between male and female cases. A statistically significant difference in mean age was
recorded bet ween stages when compared to the previous stage for three epiphyses. Fusion of various
epiphyses has been reported earlier in females (about 1.5 years) in comparison to males of the pre-
sent series. Epiphyseal fusion of the lower end of the femur was observ ed earlier than the tibia and
fibula.

Keywords: epiphyseal fusion, epiphyseal union, chronological age, knee joint
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Age estimation is an important parameter

for medico -legal cases in both civil and

criminal cases. Age estimation is the most

important issue to the court and the com-
mon citizens as well, It is essential to establish
the identity of the person at the time of admis-
sion to schools, colleges, institutes, or while
competing in sports tournaments at regional or
national levels. It is also important while taking
consent or in cases relating to juvenile offend-
ers, Competency as a witness, rape, kidnapping,
fixation of criminal responsibility, employment
in Govt, and marriage [1]. Age estimation in the
clinical forensic department depends on denta-
tion and radiological examination of bones and
also by direct observation of dry bones (post-
mortem examinations).

There are hundreds of ossification centers
in the bones of the body. The appearance and
fusion of some centers in the bones with others
of the same bones form the basis of the estima-
tion of age. The long bones of the lower limb
play a vital role in the assessmento  f age both in
living and dry remains [2]. The Age of epiphyseal
union is an important objective method for age
estimation, but these ages vary with racial, geo-
graphic, climatic, and various other factors.
These variations have suggested the need for
separate standards of ossification for separate
regions [2].

To establish the chronological age of an
individual from their skeletal development, at
least one of the three phases of osseous devel-
opment must be assessed: The age of appear-
ance (i.e. ossification) of different parts of the
bone. The morphological appearance and/or
size of the bone and its constituent parts. The
timing of fusion of different parts of a bone. The
assessment of these three phases can occur ei-
ther via direct observance of the bone or v ia ra-
diographic images of the living individual [3].

The stages of fusion divide radiologically
the process of fusion of epiphysis with the di-
aphysis into five stages:

Stage 0: No union &no evidence of com-
mencement of union between epiphysis and di-
aphysis.

stage 1: beginning union - obliteration
commences in the space between the epiphysis
and diaphysis.

stage 2: active union -the epiphysis and
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diaphysis cap each other.

stage 3: recent union - space gets closed
but the line of fusion is visible at the junction of
epiphysis and diaphysis.

stage 4: complete union - epiphyseal space
obliterated by bony fusion showing the same
density as that of the shaft [4].

The knee is easily positioned so that an-
teroposterior radiographs can be taken and
yield information for th  ree epiphyses & the distal
femur, proximal tibia, and proximal fibula [4].

Oladunni, Dennis, Nwabneze, and Steplea
Onyia, India (2015), studied 100 males and 110
females, the number of stages was 5 by plain X -
ray, the finding in their study suggested that
the radiographic analysis of the knee was a val-
uable alternative for estimation of chronological
age [5].

Keshav et al, (2017), studied 100 cases,
62 cases were male and 38 were female. The
Maximum number of cases belongs to the 17 -18
years of age group i n both genders. The age of
complete fusion between epiphysis and diaphy-
sis in the lower end of the femur was observed
at 17 -19 years of age and above in males and
16-18 years of age and above in females in our
study. The age of complete fusion between
epip hysis and diaphysis in the upper end of the
tibia was observed at 16 -19 years of age and
above in both genders and the proximal end of
Fibula in males was observed at 17  -20 years of
age and above, while in females it was observed
at 16 -19 years of age and above [6].

Deepak Maharia, in India, studied 80 sub-
jects, the finding in their study suggested that
the age of complete union in knee joint were as
follow: in male; the femur was at 17 -19years,
the tibia was 16 -19, the fibula was at 17 -
19years, while in fe male; both femur and tibia
were atl6 -19 years while fibula was at 17 -20
years [7].

The present study was carried out to
study the estimation of age through epiphyses
fusion at the knee joint by Digital X -Ray study
in the age group of 9 to 19 years. Sample s taken
from various People were referred to the forensic
medicine directorate in Baghdad. The study
aimed to compare chronological age and age
estimated according to the union from radio-
graphic assessment of epiphyseal fusion at the
knee joint in a sample  of the Iragi population
and to implement a radiographic examination of
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Fig. 1. X-rays, knee joint.
Anteroposterior and lateral projections. X
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the knee joint as an additional anatomical re-
gion for age estimation.

Materials and Methods.

Study design and settings.

This prospective study was conducted at
Medico -Legal Directorate in Baghdad City dur-
ing the period from March 2022 to December
2022. Fifty -five subject s were subjected to radi-
ography (30 males, 25 females). The radio-
graphs were examined to establish the relation-
ship between the epiphyseal union at the knee
and chronological age. All subjects aged 9 019
years who presented for the medico  -legal direc-
torate in Baghdad. Information for the date of
birth was used to calculate chronological age,
thus allowing the calculation of exact age (year).
Five stages of the epiphyseal union were identi-
fied (stage O, stage 1, stage 2, stage 3, stage 4),
and anteroposterior and lateral radiographs
were used together when assessing the stage of
the epiphyseal union [8]. The study is approved
by the Iragi Board of Medical Specializations.

Inclusion criteria

ASubjects should be living in Baghdad re-
gion for more than 5 years.

ASubjects should be free from any physi-
cal disability or any chronic illness.

ASubjects should have accurate records of
their date of birth.

ASubjects with their knee x -ray antero-

[ www.rejr.ru| REJR. 2023; 133:83-96

posterior and lateral were available.

Exclusion criteria

AAge smaller tha n 9 years and older than
19 years.

ASubjects not from Baghdad.

AThere are no official papers showing the
exact age.

AHistory of chronic disease.

AHistory of trauma to the knee joint.

ASubjects with knee joint deformity.

APoor socio -economic class.

Data collection

A questionnaire was filled out, which in-
cluded information about the date of birth, age,
sex, residential area, any disease or deformity in
the knee joint, any chronic illness, and occupa-
tion. Material and equipment: Plain x -ray ma-
chine (eco ray, kv 500, colo907149). Anteropos-
terior and lateral views: Ap position, the method
of taking an x -ray was in a supine position
where the leg was extended and the x -ray fo-
cused on the patella and directed vertically in
mas 4 -5 and the kv was about (50 -60).

In lateral position, the subject lying on the
right side, pelvis not rotated, right knee forward
and extend another limb behind it, central ray5 -
7 degrees cephalad at the knee joint (2 -5) cm
distal to the medial epicondyle, then pictures
were taken for these plain x - rays by digital
(Sony) camera.
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Fig. 2. X-rays, knee joint.
Lateral and anteroposterior projections. X -ray stage 1.
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The stages of epiphyseal union:

Stage 0 & Non-union: The diaphysis and
epiphyseal bones are adjacent to each other but
not yet in an intimate relationship. The epiphy-
sis is separate from the plate (arrow) (fig. 1).
This should be apparent in at least one view on
the radiograph, as a continuous radioluce nt gap
between the epiphysis and diaphysis [8, 9].

Stage 1 9 beginning union the epiphyseal
and diaphysis surfaces closely approximate
each other (fig. 2). The radiolucent strip between
adjacent surfaces of the epiphysis and diaphysis
has become a narrowed comparison with the
stage of non -union. The radiolucent gap is not
continuous from anterior to posterior or medial
to lateral. Towards the central region of the
growth plate, there is a definite breaking up of
the adjacent outlines of the epiphyseal and
metaphyseal margins. This appears as a hazy
area centrally which is of greater density than
the adjacent bone (arrow). The radio -dense ap-
pearance on the radiograph is a consequence of
the extension of bone across the intervening gap
between the shaft and ep iphysis. Greater than
half the growth plate is judged to be radiolu-
cent. This indicates that the union has begun
centrally but has not as yet commenced on the
remainder of the growth plate. If an investigator
is uncertain about what stage to assign after

assessing both radiographic views, the later
stage should be selected [2].

Stage 2 9 active union (fig. 3). The epiphy-
sis and diaphysis now cap each other. 'Capping
'refers to how the epiphysis overlaps the met-
aphysis as maturation proceeds [2]. The termi-
nal plate of the epiphysis is no longer distin-
guishable. A fusion line or zone of greater densi-
ty than the adjacent bone replaces the epiphys-
eal cartilage. The presence of the radio -dense
region indicates that fusion is actively occurring
(arrow). Small area s of radiolucency separating
the epiphysis and diaphysis may be evident to-
wards the margins of the bone. Less than half
the growth plate is judged to be radiolucent.
This indicates that union is actively occurring
but has not yet reached the margins of the
bones [2].

Stage 3 & recent union (fig. 4). The epiphy-
sis and diaphysis have united to form a single
unit of bone, i.e. there is complete capping. The
position of the former epiphysis and diaphysis
can still be distinguished. A fine line of fusion of
greater density may remain between the epiphy-
sis and diaphysis (arrow). There is discontinuity
of trabecular between the former epiphysis and
diaphysis. Although the epiphysis caps the di-
aphysis there may still be a slight notch (arrow)
at the margin ofthe growth plate (lessthan 2
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Fig.3 ( ¢3 3.
Fig. 3. X-rays, knee joint.
Lateral and anteroposterior projections. X -ray stage 2.
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Fig. 4. X-rays, knee joint.
Antero -posterior and lateral projections. X  -ray stage 3.
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mm) that has not yet completely calcified. The
combination of discontinuity of trabecular be-
tween the epiphysis and diaphysis and the
notches at the peripheral margins of the bone
indicates that the bone is recently united.

Stage 4 & complete union (fig. 5). The
epiphysis and diaphysis are united as a si ngle
unit of bone. Remodeling has taken place and
there is continuity of trabecular from shaft to
former epiphysis. This presents a uniformity of
internal bone pattern throughout the end of the
long bone up to the articular surface. All trace
of epiphyseal differentiation has been lost.
There are no radiolucent notches evident at the
peripheral margin of the bone, indicating that
the growth plate has now completely ossified
and the bone is fused in its entirety. A thin ter-
minal line, the epiphyseal scar, wh ich marks
part of the location of the former epiphyseal -
metaphyseal junction may remain in some cas-
es [2].

Results.

At first, 4 cases (2 males and 2 females)
had radiographs of both left and right knees
taken concomitantly.On examination of these 4
cases it was found no statistically significant
difference in the stage of fusion between right
and left sides for three Epiphysis. All statistical
results were base d on only the right sides and

were included for statistical analysis to avoid
duplication of results. The study was carried

out on 55 cases referred to the medico  -legal di-
rectorate in Bagdad. Males in the total study
cases constituted 55% (30 cases) while females
constitute 45 % (25 cases). There were 2 cases
for each gender at 9 years of age while there
were 6 male cases and 4 female cases at 19
years of age as shown in

The frequency of subjects in each age
group from 9 -19 years was most frequent  at age
19 there were 10 subjects (fig. 6). The maximum
age number was recorded at stage 0 (14 among
55 subjects) as shown in table 2 while the per-
centage of each stage is shown in Figure 7, as
follows:

Stage 0 0: 14 cases (25%),

Stage & 1: 8 cases (15%),

Stage & 2: 9 cases (16%),

Stage 0 3: 11 cases (20%),

Stage 0 4: 13cases (24%).

The distribution of the sample at each
stage of union for each age group is presented
in Tables t 3, t4 and (5
Tables t 6, t7 and 8 for
the three epiphyses for both males and females,
the progression of epiphyseal union through
several definite stages of union with increasing
chronological age is visible.

Fig.5( ¢0% .

Fig. 5. X-rays, knee joint.
Anteroposterior and lateral projections, X
¢03. f¢assgyaaay3Rasf,
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Table { 1. A number of cases for both gender.
Age _ Total
9 |10 1 |12 13 14 |15 16 |17 18 19
Gender Male 2 4 2 2 3 2 3 6 30
Female 2 2 2 2 2 2 3 4 25
Total 4 6 + 4 5 + 6 10 55
Table 1 2. Numbers of individuals at each stage.
Gender Total
Male Female
Stages stage0 10 4 14
stagel 4 4 8
stage?2 5 4 9
stage3 5 6 11
stage4 6 7 13
Total 30 25 55

Frequency

age

Mean = 14 55
Std. Dev. = 3452
N=35

Fig.6( ¢ o6 . Fig.7( ¢ 08 .

Fig. 6. Diagram. FHg. 5. Diagram.
Percentage of each stage.

¢023. OoRy3Ro9R.

Frequency of each age group.
¢023. OcsRy3Ro9R.

cea> Yab3sR3goahol¢gR3e3arvadasaosa € 3IBReIt 9.
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[www.rejr.ru| REJR. 2023; 133[:83-96  DOI: 10.21569/2227415202313-3-83-96 90


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Table t 3. Numbers of individuals at each stage of union for the distal end of the
femur, for each age group for female subjects.
Age (Years) Femur stagef union(female)
stageD |stagel stage? stage3 staged [Total
Female 9-10 4 0 0 0 0 4
11-12 0 3 1 0 0 4
1314 0 0 4 0 0 4
1516 0 0 0 4 0 4
17-18 0 0 0 1 4 5
>18 0 0 0 0 4 4
Total 4 3 5 5 8 25
Table t 4 . Numbers of individuals at e ach stage of union for the proximal end of the
tibia, for each age group for female subjects.
Age (Years) Tibia stageof union(female) Total
stage0  |stagel stage? [stage3 staged
Female [9-10 4 0 0 0 0 4
11-12 0 4 0 0 0 4
1314 0 0 4 0 0 4
1516 0 0 0 4 0 4
17-18 0 0 0 2 3 5
>18 0 0 0 0 4 4
Total 4 4 4 6 7 25
Table t 5. Numbers of the individual at each stage of union for the proximal end of
the fibula, for each age group for female subjects.
Age (Years) Fibula stag®f union (female)
stage O |stagel |stage?2 [stage3 |stage4
Total
Female [9-10 4 0 0 0 0 4
11-12 1 3 0 0 0 4
1314 0 0 4 0 0 4
1516 0 0 0 4 0 4
17-18 0 0 0 3 2 5
>18 0 0 0 0 4 4
Total 5 3 4 7 6 25
Table { 6. Number of individuals at each stage of union for the distal of the femur,
for each age group for males.
Age (Years) Femurstage otunion(male) Total
stage0 |stagel [stage? [stage3 |staged
Male 9-10years 5 0 0 0 0 5
11-12 years 4 1 0 0 0 5
13-14years 0 4 0 0 0 4
15-16years 0 0 5 0 0 5
17-18years 0 0 0 3 2 5
>18 years 0 0 0 0 6 6
Total 9 5 5 3 8 30
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Table { 7. Number of individuals at each stage of union for the proximal end of the
tibia, for each age group for males.
Age (Years) Tibia stageof union(male) Total
stage 0 |[stage 1l [stage? [stage3 |staged
Male [9-10years 5 0 0 0 0 5
11-12years 5 0 0 0 0 5
13-14years 0 4 0 0 0 4
15-16years 0 0 5 0 0 5
17-18years 0 0 0 5 0 5
>18 years 0 0 0 0 6 6
Total 1(Q 4 5 5 6 30
Table t 8. Number of individuals at each stage of union for the fibula, for each age
group for males.
Age (Year$ Fibulastage ofunion(male) Total
stage0 stagel stage? stage3 staged
Male/9-10 years 5 0 0 0 0 5
11-12 years 5 0 0 0 0 5
13-14 years 0 4 0 0 0 4
1516 years 0 2 3 0 0 5
17-18 years 0 0 0 5 0 5
>18 years 0 0 0 0 6 6
Total 10 6 3 5 6 30

In females in the age group (9 - 10), the
three bones (distal end of the femur and proxi-
mal ends of tibia and fibula in the 4 subjects
were in stage 0O as shown
t 5. At t he agel2g3ob4asubjettd 1
were in stage 1 and 1 subject was in stage 2 re-
garding the distal end of the femoral bone as
shown in table 3 while
stage 1 for the proximal end of tibia as shown in
table t4 and 1 subject
subjects were in(stage 1 regarding the proximal
end of the fibulaass hown iin table
age group (13 - 14) the three bones in the 4
subjects were in stage 2. In the age group (15
16) the three bones in the 4 subjects were in
stage 3. In the age group (17 - 18) 1 of 5 sub-
jects was in stage 3 and 4 subjects were in s tage
4 regarding the distal end of the femoral bone,
while 2 of 5 subjects were in stage 3 and 3 sub-
jects were in stage 4 for the proximal end of tib-
ia, and 3 subjects were in stage 3 and 2 sub-
jects were in stage 4 for the proximal end of the
fibula. At th e age group (18 - 19) all 4 subjects
for both the distal end of the femur and the
proximal ends of the tibia and fibula were in
stage 4. In both males and females beginning
union of the distal femoral epiphysis was earlier
than the proximal epiphysis of both tibia and

[www.rejr.ru| REJR. 2023; 133§:83-96  DOI: 10.2

fibula mostly observed in between stages 1 and
2, while the beginning of the proximal epiphysis
of the fibula was later than the femur and tibia
nmostly obsetved ans betyve®n staged 3and 4 as
shown in table 5 and 8.

The chronological age (years) of
youngest and oldest subjects for each stage of

the

a luhion 4or saohbgf ¢he theee epphyses at rihe

knee for males and females was recorded. The

w a mean age (years) and theGstanaandddeviation for

each stage of fusion are also presented. For ex-

t anple, in nmalesh tae youngest subject recorded
as having a beginning union of the distal femo-
ral epiphysis was aged 9 years, and the oldest
subject was 12 years. However, the mean age of
male subjects demonstrating beginning union
was 10.5 years. The mean ages show  a gradual
increase with each stage of union and vary be-
tween male and female subjects. A statistically
significant difference in mean age was noted
between each stage when compared with the
stage previous to it (P < 0.05). In females, there
was no differe nce in mean age between the fe-
mur and tibia in stages 0 and 3 and between
tibia and fibula in stage2 and 4, and all three
bones in stage 1. In males, there was no signifi-
cant difference in mean age between all three
bones in stages 0, 2, and 3. The proxim al fibu -
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Table t 9. Mean, SD, and range in age for each stage of a union at each of the epiph-
ysis at the knee for males and females.

Female
Stage  |Age(years) ofyoungest (a) and Mean
of union [oldest (b)showindusion age(years) SD
(a) (b)
Femur 0 9 10 9.5 0.7
1 11 12 11.5 0.7
2 12 14 13 1
3 15 17 16 1
4 17 19 18 1
Tibia 0 9 10 9.5 0.7
1 11 12 115 0.7
2 13 14 135 0.7
3 15 17 16 1
4 18 19 18.5 0.7
Fibula 0 9 11 10 1
1 11 12 11.5 0.7
2 13 14 135 0.7
3 15 18 16.5 1.29
4 18 19 18.5 0.7
Males
Stage  |Age(years) ofyoungest (a) and Mean SD
of union [oldest (b)showindusion age(years)
(a) (b)
Femur 0 9 12 10.5 1.29
1 12 14 13 1
2 15 16 15.5 0.7
3 17 18 17.5 0.7
4 18 19 18.5 0.7
Tibia 0 9 12 10.5 1.29
1 13 14 135 0.7
2 15 16 15.5 0.7
3 17 18 17.5 0.7
4 19 19 19 i
Fibula 0 9 12 10.5 1.29
1 13 15 14 1
2 15 16 155 0.7
3 17 18 17.5 0.7
4 19 19 19 B
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Table { 10. Relation between

tibia, fibula) in females.

age and stages of the union of three bones (femur,

Female age PearsorCorrelatiof 1 0.976° 0.982° 0.97F
Sig. (2tailed) 0.0001 [0.0001  0.0001
N 25 25 25 25
Femur stagef PearsorCorrelatiof 0976° [1 0.982"  10.968"
union(female)  Igiq "2tailed) 0.0001 0.0001  0.0001
N 25 25 25 25
Tibia stag®f uniorPearson 0.982° 0982 1 0.982"
(female) Correlation
Sig. (2tailed) 0.0001 |0.0001 0.0001
N 25 25 25 25
Fibula stagef PearsorCorrelation 0.973° 0.968° 0.982" Q1
union(female)  Isiq " 2tailed) 0.0001 [0.0001  [0.0001
N 25 25 25 25
Table t 11. Relation between age and stages of union for the three bones (femur,
tibia, fibula).
Male age PearsorCorrelation |1 0.970 0.977 0.961
Sig. (2-tailed) 0.0001 0.0001 0.0001
N 30 30 30 30
Femur stage PearsorCorrelation 0.970° |1 0.987" 0.977"
of union(male)  Sig. (2-tailed) 0.0001 0.0001 0.0001
N 30 30 30 30
Tibia stage PearsorCorrelation |0.972° (0.982 1 0.987"
of union(male)  Sig (2-tailed) 0.0001 [0.0001 0.0001
N 30 30 30 30
Fibula stage PearsorCorrelation [0.961° [0.977 0.987" 1
of union(male)  [sjg. (2-tailed) 0.0001 [0.0001 0.0001
N 30 30 30 30
Table t 12. Appearance and union of ossification centers in the knee joint (in males).
Bone Center of Age of Appearanc(Stage®f Age of
ossification union Union (Years)
Femur Lowerend 9 months Stage6l 10.513
IUL(At birth)
Stage2-3 15.517.5
Staged 18.5
Tibia Upperend At birth Stage0-1 10.513.5
Stage2-3 15.517.5
Staged 19
Fibula Upperend 4 years Stagel-1 10.514
Stage2-3 15517.5
Staged 19
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lar epiphysis can also be seen to commence un-

ion at a later stage t han the epiphyses of the
femur and tibia. Six male and 10 female sub-
jects were recorded as having reached the state

of completed union of the fibula by comparison

with one and two subjects for the femur, and

two and three subjects for the tibia, respective ly
as shown in table t9.

There were positive relationships between
age groups and stages of unions for all three
bones (femur, tibia, fibula) and the significance
or p (value) was less than 0.01* as shown in Ta-
ble t10 and Table t11.
cant at the 0.01l level 2 -t ai | ed) .
shows a useful summary of the appearance and
union of ossification centers in the knee joint for
practical application.

Discussion.

At present day, clinical and forensic inves-
tigations demand techniques that ca n provide
estimates of chronological age. Persistent revi-
sion of the techniques in practice must be un-
dertaken to maintain the accuracy of these es-
timations of age.

The cardinal basis of age estimation tech-
nigues in juveniles is that the skeleton is not
static and is constantly changing in small in-
crements until the adult state is reached. How-
ever, it appears that rather than examining the
process as a whole, there has instead been a
focus on the endpoint of development similar to
a previous study [10].

Mal es in our total study cases were higher
than females. This was similar to the study
done previously male predominance may be due
to; the percentage of male reviewers in the fo-
rensic directorate being greater than that of fe-
males [6].

According to statisti cal results, the vast
majority of cases were in the age group of more
than 18 years and the reason for this is that
this age group is more in need of citizenship or
civil status ID for work, travel, and marriage.
This finding agrees with a study done previ

[5].

ously

As similar to this study Kausar, and Var-
ghese utilized the information that ordered
changes occur at the growth plate during epi-
physeal fusion and this was applied to produce
a method that sub -divides the process of epi-
physeal union into five di  fferent stages by plain
X-ray [11]. Others subsequently adapted this
method for use on a skeletal sample. It was as-
sumed that if the continuum of development
could be divided into anatomical specimens,
then similarly this process of epiphyseal union
could be divided on radiograph [1, 6].

In this study, we referred to fusion as the
age category at which 75% or more of the group
showed complete union while Johnston refers to

[www.rejr.ru| REJR. 2023; 133}:83-96

fusion as the age category at which 50% or
more of the group show complete union. Au-
thors place the age of complete union at the age
group showing greater than 85% of cases unit
ed, whereas others referred to the age of com-
plete union when 100% of cases are united [8,
9]. There is a visible inconsistency between au-
thors in providing a  range in age for the time of
complete union. As a result, it makes the com-
parison between the age ranges provided quite
difficult.

In both males and females, the beginning

* ¢ aunian eflthe tistabfemoral epiphysigwas darlier
T a btHare thefpdo@mal epiphysis of bot

h tibia and
fibula mostly observed in between stages 1 and

2, while the beginning of the proximal epiphysis

of the fibula was later than the femur and tibia
mostly observed in between stages 3 and 4. This
finding agrees with a study done previously by
O'Connor and disagrees with a study done by
Paterson which found that the beginning union

of the proximal epiphysis of the tibia was later
than the femur and fibula [2, 12].

The study showed that females develop at
a younger age than their male counterparts
about 1.5 -2 years. This is in agreement with the
results of previous studies which found that fe-
males typically develop approximately two years
in advance of males and this is related to the
estrogen hormone [13, 14].

The mean age indicated the typical age at
which each stage of union occurs. It showed a
gradual increase with each stage of union with
variation between males and females, this find-
ing agrees with the study

The study showed that the mean age for
stage 0 in females was earlier t han in males,
this finding agrees with a previous study done
by O6Connor , whi | e
by comparison. This difference might be due to
the large number of cases included in their
studies [2, 11].

It was also found that the mean age for
beginning union (stage 1) was also earlier in fe-
males. This finding agrees with studies and dis-
agrees with the study done by, the difference
might be due to the type of samples he was
based on the skeletal remains of human bodies
[14 - 16].

Females showed active union (stage 2) at
an earlier age than males in all three bones.
This finding is slightly lower than the finding of
a previous study done by about two years [4].
This difference might be due to differences in
time and place. While agreeing with the finding
of Keshave Soni and

The study also revealed that the mean age
for recent union (stage 3) for all 3 bones was
also earlier in females than males as well as the
mean age for complete union (stage 4) for the
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distal end of the femur  and the upper end of the
tibia and fibula. The findings in this study were
following different authors as Oladuniand

O6Connor who stated that
curs at age (18 - 19) years of age [2]. The finding
in this study was slightly higher than [17, 18].

This difference might be due to the sample size
and the difference in time and place.

Conclusion.

The stages of an epiphyseal union of the
knee joint were correlated with chronological
age in both males and females. The fusion of
various epiphyses wa s found earlier in females
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eniscal lesions are damages that occur at the menisci insertions, which are considered

the major orthopedic issue regarding knee joint biomechanics. The imaging modality of
choice for meniscal lesions is magnetic resonance imagi ng (MRI), which has the highest
sensitivity, specificity, and accuracy.

Purpose. To evaluate the percentage of MRI abnormalities of the knees in asymptomatic and
symptomatic people with suspected meniscal and other lesions.

Methods. A comparative cross -sectional study was conducted; two MRI machines were used:
one in the oncology Teaching Hospital 1.5 Tesla Siemens system (Magnetom Aera; Siemens Healthi-
neers, Erlangen, Germany) and the other is 1.5 Tesla unit (Avanto, Siemens Healthineers, Germany)
in X -ray Institute). A total of 100 participants, fifty symptomatic meniscal lesions (33 males and 17
females) and fifty asymptomatic meniscal lesions (24 males and 26 females) were enrolled in this
study. The age of participants ranged from 46 years to 67 year S.

Results. The mean age of symptomatic meniscal l esi ons (
an 53 years), ranging from 46 years to 66 years, while the mean age of asymptomatic meniscal le-
sions was 56.96N5.284 years (median 5@ yeams.aviales)sympto-an g e d
matic meniscal lesions were 33 (66%), whereas females were 17 (34%). Whereas in asymptomatic
meniscal lesions, males were 24 (48%), whereas females were 26 (52%). Painful knee (96%), discom-
fort (100%) and reduce joint motions (100%) are the most common manifestations recorded. The
asymptomatic meniscal lesions patients age is higher than the age of symptomatic meniscal lesions
cases with a strong statistically significant difference (P<0.0001). On the other hand, the comorbidity
has a high statistically significant difference (P=0.009), between the two groups. Furthermore, joints
effusion, bone marrow and soft tissue edema, horizontal meniscal lesions, and complex meniscal le-
sions have a statistically significant difference (P=0.004), (P<0.0001), (P=0.04), (P=0.002), respective-
ly, to be more in symptomatic knees. Medial meniscus tears are more prevalent than lateral in both
horizontal and complex meniscal lesions and both symptomatic and asymptomatic knees. In symp-
tomatic, the most comm on tears were reported in the posterior horn of the medial meniscus among
horizontal meniscal lesions and complex meniscal lesions [(11, 25.6%), and (5, 55.6%)], respectively.

In asymptomatic, the most common tears were reported in the anterior horn of the Medial meniscus
of horizontal meniscal lesions (8, 18.6%).

Conclusions. The old -age and comorbid conditions have a positive correlation with meniscal
lesions in symptomatic more than in asymptomatic knees. Gender, BMI, and trauma history have a
negative a ssociation with the development of meniscal lesions in symptomatic and asymptomatic
knees meniscal lesions. Joint effusion, bone marrow or soft tissue edema, meniscal tear (horizontal),
meniscal tear (complex, vertical, radial), and ACL in symptomatic meni scal lesions represent the
most common MRI findings seeing more than in asymptomatic meniscal lesions. Horizontal medial
meniscal tears are frequently the most common meniscal lesions in symptomatic and asymptomatic
knees. Complex lateral meniscal tears ar e the least common observation.

Keywords: meniscal tears, anterior cruciate ligament, fat suppression, knee joint.
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eniscal tears are lesions that occur
at the menisci insertions, which
are considered the major orthope-
dic issue regarding knee joint bio-
mechanics. The proper load trans-
mission to the joint need menisci integrity [1].
Knee menisci have several important roles as
shock absorption and distributing load, in-
creasing stability, providing nutrition to the
cartilage, limitation of extreme movement, and
movement control [2]. The menisci lesions lead
to changes in knee joint weight -bearing load
due to resistance failure of the meniscus
against compression. These injuries are classi-
fied into two main categories include acute (lat-
eral meniscus) and chronic mostly (medial me-
niscus) [1].

It is challenging to diagnose these le-
sions, which may require radiographic X -rays,
MRI, an d arthroscopy [3]. The x -ray is unable
to demonstrate pathology of the meniscus, its
ability limit to exclude bony pathologies and
assess the narrowing joint space width, loose
bodies, chondrocalcinosis, osteophytes, sub-
chondral cysts, bone sclerosis, and other de-
generative changes [4].

The imaging modality of choice for menis-
cal lesions is the MRI, which has the highest
sensitivity and specificity [1, 3]. MRI represents
the gold standard diagnostic method for any
pathology of the knee joint, and it is wide ly
used for assessing meniscal tears [3]. Several
previous MR studies have reported the high
accuracy of knee MRI [5]. It is a non  -invasive
approach. It performs by obtaining an exquisite
image using a magnetic field in which electrons
of the atoms are dis turbed by an external radio
frequency energy [6]. There are two different
sequences can be used, Tl -weight and T2 -
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weight. De Smet and Mukherjee 2008, con-
cluded that MRI has a 100% diagnostic rate for

meniscal lesions, showing a 93% sensitivity,
and 100% sp ecificity and with a predictive val-
ue reach to 100% [7].

Recently, a meta -analysis based on twen-
ty-two studies described an overall sensitivity
and specificity of 88% and 94%, respectively,
for the detection of meniscal lesions [8]. The
T2-weighted sequen ces of axial, sagittal, and
coronal images are the most common and pref-
erable way to visualize and assess a tear [9].
Others, spin -echo or fast spin -echo proton
density with or without fat saturation, T1, and
gradient echo can be used [6]. Also, MRI plays
a role as a guided diagnostic test to distinguish
the exact area of the joint affected to perform
the suitable treatment options [10]. Statistically
speaking, the accuracy range of 82  895% of MRI
for diagnosing meniscal tears, with sensitivity
and specifici ty are 93% and 88%, respectively
for medial tears, and 79% and 95%, respective-
ly for lateral tears [11].

Many studies, reported that meniscal tear
incidence may be as high as six per 1000 popu-
lation with a 2.5 to 4 times male predomi-
nance. Age of traumatic  meniscal tear peaks at
20029 years [12]. The overall M:F ratio range
from 2.5:1 to 4:1, with a peak incidence occur-
ring in men between 21 and 30 years of age
and in women between 11 - and 20 years old
[13]. Medial is more common than lateral me-
niscal tears at 81% and 19%, respectively [14].
Meniscal lesions can happen from an acute
trauma, and an acute blowout hit to the knee
or also can occur as consequence of a chronic
and degenerative conditions like rheumatoid
arthritis, spontaneous osteonecrosis, and o ste-
oarthritis [1]. The most common risk factors for

DOI: 10.21569/22227415202313-3-97-109 99


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

degenerative meniscal ruptures are genetic
predisposition, female gender, high BMI, older
age, activity level, smoking status, and varus
alignment condition [14]. Generally, the tears
are caused by a comb ination of axial loading
and rotational (twisting) forces that result in a
shear load on the meniscus. Traumatic condi-
tions occur in younger, and more active indi-
viduals, whereas the degenerative tears may
reflect cumulative stress, chondral -malacia,
and e Iderly people [15].

The main categories of meniscal tears ac-
cording to the morphology include vertical lon-
gitudinal, radial (transverse), horizontal (cleav-
age), complex (degenerative), and bucket han-
dle tears [16]. Recently, a classification by
LaPrade et al. was made by a combination be-
tween clinical approach, outcome, and arthro-
scopic assessment. There are five types [17]:

AType 1: partial and stable root tears
(7%)

AType 2: A complete radial tear within
the root attachment (68%)

AType 3:
complete detachment (6%)

AType 4: complex tear with complete de-
tachment (10%)

AType 5: a root bony avulsion (7%).

The study aims to study MRI findings of
the knee in asymptomatic and symptomatic
people with suspected meniscal lesions and
associated abnormalities. The explanations for
these purposes are most of Iragi patients are
neglected and don't care about their knee le-
sions. As a result, these groups are specially
recruited or enrolled for comparison. Most pa-
tients obese, comorbid, lo w socioeconomic, low
educated and unaware about their conditions.
The study initially based on the experiences of
orthopedics, rheumatologists and radiologists
that suspected of the meniscus lesions who
distinguished lesions from history, clinically or
rad iography.

Methods.

Study Design and setting

A comparison cross -sectional study con-
ducted in Baghdad city, Irag in Baghdad Medi-
cal City Complex and X -Ray institute, from 1st
March 2021 to 30th December 2021.

Participants .

A total of 100 participants, fift y-
symptomatic meniscal lesions (33 males and
17 females) and fifty -asymptomatic meniscal
lesions (24 males and 26 females) were enrolled
in this study. The age of participants ranged
from 46 years to 67 years. Those who were re-
ferred for possible meniscal  lesions were cross -
sectionally examined with an MRI of their
knees. Most of the patients were referred by
orthopedic (n=70), the rest by rheumatologists
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(n=21), and general practitioners (n=9).

Inclusion criteria .

APatients with symptomatic and asymp-
tomat ic meniscal lesions.

APatients were recruited regardless of
their history of trauma.

APatients accept to assign written in-
formed consent.

Exclusion criteria.

AcContraindications for MRI examination
(pacemaker, implants, claustrophobia, and
pregnancy).

APatients who refused to do the MRI ex-
amination.

AMalignancy.

APatients with a history of knee surgery.

Variables .

History and investigation data were doc-
umented and recorded for each participant in
his/her file, the variables studied included age
(years), gender, BMI, history of knee trauma,
and comorbid conditions. In symptomatic pa-
tients, ask about pain, swelling, locking, catch-
ingweind giving away the knee. On examination,
look for mass, redness, tenderness, discomfort,
effusion, scar, and decrease in ~ motion.

MRI lesion data measurement

All the studied patients underwent for
MRI examination, which was done before any
intervention. Joints effusion, bone marrow, soft
tissue edema, meniscal tears [horizontal, com-
plex, vertical, radial], medial and lateral MLs,
and ligamentous tears (anterior cruciate liga-
ment (ACL)) were evaluated and analyzed.

MRI protocols .

MRI examination was estimated utilizing
the 1.5 Tesla Siemens system (Magnetom Aera;
Siemens Healthineers, Erlangen, Germany) and
(1.5 Tesla unit Av anto, Siemens Healthineers,
Germany). The protocol applied in examined
patients included:

ASagittal proton density (PD).

TR 3200 ms, TE 30 ms, 3mm slice thick-
ness.

ASagittal proton density with fat sup-
pression.

TR 3500 ms, TE 39ms, 3mm slice thick-
ness.

AcCoronal proton density.

AcCoronal proton density with fat sup-
pression.

AAxial T2 weighted images.

TR5800 ms, TE 68ms, 3mm slice thick-
ness.

Signals of intra meniscal

Four grades on MRI signals, which are
first described by Stoller and Colleagues (Fig-
ure 1) [4, 18].

AGrade 0 is normal.

AGrade 1 is rounded or  amorphous  sig-
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Fig. 1. Meniscal lesions grading.

A - Grade 0, normal intact meniscus;

B - Grade |, intra -substance globular -appearing signal not extending to the articul ar surface;
C - Grade ll, linear increased signal patterns not extending to the articular surface;

D - Grade lll, abnormal signal intersects the superior and/or inferior articular surface of the meniscus, an
arthroscopically confirmable tear [4].

¢03l. tdR330dodqRGcoat e€aY3apneasaos 90823dR.
O-tecacasi 0, oa39Rdi ofhsc oacaYsabpeaosohs oa003d;

0-tegaoeaai I, a2YyRyaYaa o0bsasasaosa 39yaRAR Yo 832 9a8d3dR
Yaosgoea3xei 9a08933dR;

O-tcacsasi {1 dosagoaa J3odooo@caapoRdB3eadYNVAO3IRGBE3 I
38RYa)} 1 e€oaYas3goaazxrBi 950823dR;

0-tLeacaat 11, J3o0dasaosa 39yaRAdR coaYhrvyaoaoaae D208060832Yda3
3} 38RYa} I ¢e€oaYa3goaa3xei 90023dR; R3eg3a3zdaeoya3dd eaeB8Yaasi(

nal intensit y without disruption of the articular perpendicular to the TP and parallel to the ori-
surface. entation of the circumferential fibers.
AGrade 2 is a liner signal correlated with ARadial, defined as a vertical tear that
disrupting the surface. began in the central free margin and was per-
AGrade 3 is a signal that extended to the pendicular both to the TP and the circumferen-
articular surface and represents a meniscal tial fiber orientation
tear [6]. AcComplex, it is multiple tears in more
Assessment of meniscal tears . than one configuration.
Tears were g rouped as follows: AA root is a tear in the posterior or ante-
AHorizontal, defined as a tear parallel to rior central meniscal attachment [19].
the tibial plateau (TP) separating the meniscus Ethical considerations
into two parts upper and lower. Written informed consent was obtained
AOblique (parrot -beak), is defined as a from all participants, to i  nvolve in this study.
tear oblique to the circumferentially oriented The scientific Committee at Iraqi Board for
collagen fibers. Medical Specializations/Diagnostic Radiology
AlLongitudinal, defined as a vertical tear approved this study.
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Table t 1. Age groups of
MLs patients (n=50).
Age group No. %
>45-55 33 66
>55-65 17 34
>65 0 0
Table { 2. Age groups of asymptomatic
MLs patients (n=50).
Age group No. %
>4555 24 48
>55-65 22 44
>65 4 8
Table t 3. Distribution of symptomatic

patients according to the clinical fea-
tures.

Symptoms No. %
Pain 48 96
Swelling 27 54
Locking 33 66
Catching 38 76
Giving away 18 36
Tenderness 40 80
Discomfort 50 100
Effusion 22 44
Decrease motion | 50 100
Redness 32 64

Statistical analysis

All analyses were conducted by using
SPSS version 20.0 for Windows (SPSS Inc.,
Chicago, | llinois, USA). Descriptive statistics
consist of numbers and percentages measured.
Mean and SD for categorical data were also
calculated. Comparisons analysis performed
between the two groups was made with the use
of the chi -square test or the t -test as re quired.
A two -sided P value of 0.05 or less was consid-
ered statistically significant.

Results.

The mean age of symptomatic cases with

meniscal lesions (MLS) in this study was
52.96N3.854 years (median
from 46 years to 66 years. Approxim  ately, the
mean age for symptomatic males was
53.18N3.087 years (median

47059 years, while the mean age for sympto-
matic females was
55), ranging from 46 860 years. In addition,
66% of patients aged >45 -55 years, a nd the
rest (17%) aged >55 -60 years, showed in Table

t 1.

The mean age of asymptomatic cases
with MLs was 56.96N5. 284
years), ranging from 48 years to 67 years. Ap-
proximately, the mean age for asymptomatic
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mal es was 56. 12N5. 7an B5),year :
ranging from 48 -67 years, while the mean age
for sympt omatic femal es
years (median 56.5), ranged from 50 -67 years.
In addition, 66% of patients aged >45 -55 years,
and the rest (17%) aged >55 -60 years, showed
in Table 2.

Among sympt omatic MLs, males were 33
(66%), whereas females were 17(34%) with M:F
ratio (1.94:1). Whereas in asymptomatic MLs,
males were 24 (48%), whereas females were 26
(52%) with M:F ratio (1:1.08).

The mean BMI of symptomatic patients
with MLs was 2 8mXB(0alibi27.6
Kg/m2), ranging from 17.4 Kg/m2 to 38.6
Kg/m2. Approximately, the mean BMI for
sympt omati c mal es was
(median 27.24), ranged from 17.4  838.6Kg/m2,
while the mean BMI for symptomatic females
was 29.565N4. 014Kg/ m2 ),
ranged from 24.5 &38.2Kg/m2.

In this study, the mean BMI of asympto-
mat i c patients wi t h
Kg/m2 (median 27.9 Kg/m2), ranging from
17.4 Kg/m2 to 38.4 Kg/m2. Approximately, the
mean BMI for asymptomatic males was
28. 093N4. 58Kg/ m27.3%),mmardjingan 2
from 20 & 38.4Kg/m2, while the mean BMI for
asymptomatic females was
(median  29.25), ranged from 17.4 o}
38.2Kg/m2.

Associated symptoms and signs of symp-
tomatic MLs in the current study were listed in
Table t 3.

A comparison analysis between sympto-
matic and asymptomatic MLs according to de-
mographic characters showed in Table 4. The
mean age of asymptomatic MLs patients
G6. 96N5. 284 years) was
age of symptomatic MLs
years) with a strong statistically significant dif-
ference (P<0.0001). Concerning gender, there
was no significant difference between males
and females among symptomati ¢ and asymp-
tomatic MLs patients (P=0.069). There was no
significant difference between the mean BMI of
&Y Mpetaorma)t,i cr Migi @t i ents
the mean BMI of symptomatic MLs patients
(28.303N4.9), (P=0.982).
igugy)(trauma) athe g renvgs ng sigaifipant differ-
ence between both groups, (P=0.15). Regarding
gomagbidity,ethere gvas @ mighdstatistically sig-
nificant difference (P=0.009) between the two
groups.

The prevalence of joints effusion, bone
marrow, and soft tissue edema, meniscal t
(horizontal), meniscal tear (complex, vertical,
yaglial)r (Eigure A e3d4 and 5(B))6 and ACL in
symptomatic MLs were 50(100%) (Figure 5(A)),
23(46%), 27(54%), 9(18%), and 11  (22%). Oth -
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cording to demographic characters.

Table t 4. Comparison analysis between symptomatic and asymptomatic MLs ac-

Variables Symptomatic MLs | Asymptomatic P value
MLs
No. (%)

Age (years) MeanN{52. 96N3. §56. 96 N5 . |<0.0001*
Gender Male 33 (33) 24 (24) 0.069**

Female 17 (17) 26 (26) '
BMI(Kg/m?) MeanN{28. 303N4.28. 281N4|0.982*
History of knee in-{ Yes 23 (23) 16 (16) 0.15%*
jury (trauma) No 27 (27) 34 (34) ]
Comorbidity Yes 44 (44) 33 (33)

No 6 (6) 17 (17) 0.009%#

*t-test significant, #chsquare significant, **nossignificant

Table t 5. Compari son analysis between sympt omg
cording to MRI findings.
MRI findings Symptomatic | Asymptomatic P value
No. (%)

Joints effusion Yes 50 (100) 42 (84) 0.004*
No 0 8 (16) '

Bone marrow and soft tig Yes 23 (46) 2 (4) 0.0001*

sue edema No 27 (54) 48 (96) '

Meniscal tear (horizontal) | Yes | 27 (54) 16 (32) 0.04*
No 23 (46) 32 (68) ]

Meniscal tear (complex Yes 9 (18) 0 0.002*

vertical, radial) No 41 (82) 50 (100) '

ACL Yes 11 (22) partial tear| 6 (12) mucoid

degeneation 0.133*

No 39 (78) 44 (88)

*t-test significant, *norsignificant

erwise, the prevalence of the same MRI findings types. Accordingly, 19(44.2%) of horizontal

in asymptomatic MLs were 42(84%), 2(4%),
16(32%), 0(0%), and 6 (12%).

The comparison analysis revealed that
joint effusion has a strong statistically signifi-
cant difference (P=0.004) between the two cate-
gories. There was a strong statistically signifi-
cant difference between symptomatic and
asymptomatic MLs (P<0.0001) concerning bone
marrow and soft tissue edema. Regarding hori-
zontal meniscal tears, there was a highly signif-
icant difference between symptomatic and
asymptomatic MLs (P=0.04). Also, regarding
meniscal tears (complex, vertical, radial), there
was a highly significant difference between
symptomatic and asymptomatic M
Furthermore, there was no significant differ-
ence between symptomatic and asymptomatic

MLs (P=0.133) concerning ACL lesions (Table

ts).
On the other hand,

comparison analysis between symptomatic and

asymptomatic MLs accordi ng
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Ls (P=0.002).

to meniscus

tears were in MM in symptomatic knees, while
12(27.9%) of lesions were in asymptomatic
knees. Laterally, the horizontal tears presented
in symptomatic and asymptomatic knees as

8(18.6%) and 4(9.3%) |,
relation (P=0.743).

significant

respectively, without
Furthermore,

seven tears (77.8%) of complex MLs were seen
in MM, whereas two lesions (22.2%) were re-
ported in LM and no complicated asymptomatic
MLs, with no significant difference (P=0.425).
Grading for meniscal injuries was shown
sympt omati c
3(6%), Gll in 11(22%), and Gl in 36(72%).
However, asymptomatic cases were normal in

i n

tabl e

t 7. I n

nificant difference (P=0.0008).

Tabl

e t 8

compared

5(10%), Gl in 8(16%), Gll in 21(42%), and GllI
in 16(32%). There was a high statistically si

S

asymptomatic MLs according to morphology. In
t a b | symptdnatis, the mesdcomniore tears were re-
ported in the posterior horn of MM among hori-
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zontal MLs and complex MLs [(11, 25.6%), and
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Table t 6. Comparison analysis between symptomatic and asymptomatic MLs ac-
cording to meniscus types.
MRI findings Symptomatic | Asymptomatic P value
No. (%)
Horizontal MLs (n=43) MM 19 (44.2) 12 (27.9) 0.743*
LM 8 (18.6) 4 (9.3) '
Complex MLs (n=9) MM 7 (77.8) 0 0.425*
LM 2 (22.2) 0 '
*non-significant
Table { 7. Grading of meniscal tears in this study.
Grades Symptomatic | Asymptomatic P value
No. (%)
0 (normal) 0 5 (10)
I 3 (6) 8 (16)
Il 11 (22) 21 (42) 0.0008
11! 36 (72) 16 (32)
Chi-square is 16.535
Table t 8. Comparison analysis betw een symptomatic and asymptomatic MLs ac-
cording to morphology.
MRI findings Symptomatic Asymptomatic P value
Anterior Posterior Anterior Posterior
horn horn horn horn
No. (%)
Horizontal MLs| MM 8 (18.6) 11 (25.6) 8 (18.6) 4 (9.3) 0.899*
(n=43) LM 4 (9.3) 4(9.3) 2 (4.6) 2 (4.6) '
Complex MLs| MM 2 (22.2) 5 (55.6) 0 0 0.646*
(n=9) LM 2 (22.2) 0 0 0 ]

*non-significant chisquare is 1.66

(5, 55.6%)], respectively. In asymptomatic, the
most common tears were reported in the ante-
rior horn of MM  of horizontal MLs (8, 18.6%),
whereas no complex lesions were reported.

Discussion.

In this study, one hundred patients (57
men and 43 women) were sub
fifty 0 symptomatic MLs (33 males and 17 fe-
males), and fifty & asymptomatic MLs (24 male
and 26 females).

Regarding age, the mean age of sympto-
matic MLs cases was 52.96 years (median 53
years), ranging from 46 years to 66 years and
the mean age of asymptomatic MLs was 56.96
years (median 56 years), ranging from 48 years
to 67 years. The ove rall age of patients in this
study is much higher than that reported by
Shukri and Musalah study in the Department
of Surgery and MRI unit/ Azadi teaching hospi-
tal/ Duhok, Iraq [20]. They conducted a cross
sectional study of 58 males and 22 females to
docu ment MRI yield in knee injuries clinically
suspected as possible meniscal lesions [26].
Also, disagreement was observed in a prospec-
tive study of Zanetti and colleagues. They stud-
ied one hundred patients (59 men and 41

[www.rejr.ru| REJR. 2023; 133§:97-109

-categorized into

women; the mean age was 42.7 years; a

ge

ranged between, 18 9873 years) referred for sus-
pected meniscal lesions were examined with
MRI [21]. This could be explained by the avail-
ability of facilities to detect MLs and the long
life expectancy of individuals in other coun-

tries.

Moreover, Englund

et al., studied 2582

S people, who were 50 years of age or older [22].
Of them, 991 were women, with a mean age
was 62.3 years (range, 50.1 to 90.5), which is
higher than we observed. The prevalence of
meniscal tears increased with increasing age in
both sex es and the occurrence of meniscal

damage was more liable in the middle

group [23].
In the current study, both sexes com-
plained of MLs in symptomatic, males were 33
(66%), whereas females were 17 (34%), and in
males were 24 (48%),
whereas females were 26 (52%), with no signifi-
cant difference between both groups (P=0.069).
These results disagree with Shukri and Musa-

- asymptomatic MLs,

lah, who found

that

-aged

male predominance

(72.5%) and disagree with Magee and Williams,

who reported that males

DOI: 10.21569/22227415202313-3-97-109

were common (73%)
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Fig.2( ¢ 02 .

Fig.3( ¢03%.

Fig. 2. MRI, knee, sagittal view, proton density,
15T.

46-years-old asymptomatic male, grade Il degenera-
tion of the posterior horn of the medial meniscus
(yellow arrow).
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Fig. 3. MRI, knee, sagittal view, proton density,
fat suppression, 1.5 T.

A 48-year-old male presented with knee pain, send
for a suspected meniscal lesion. Horizontal tear grade
Il of the anterior horn of the lateral meniscus (yellow
arrow).
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Fig. 4. MRI, knee, sagittal view, proton density,
fat suppression, 1.5 T.

A 46 -year-old male presented with knee pain and
locking. Degeneration grade Il of the posterior horn
(white arrow) and horizontal te  ar grade Il of the an-
terior horn of the lateral meniscus (yellow arrow).
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[20, 24]. Furthermore, Englund et al., found
that women were more exposed to MLs in 57%.
This could be explained by the difference be-
tween the two genders functionally and physio-
logically [22].

Several studies revealed a positive asso-
ciation between the female gender and MLs as
the strongest risk factor, whic ~ h may be due to
hormonal changes in females, pregnancy, sed-
entary lifestyle, obesity, and genetics [18, 23].

In fact, the functions of the knee menis-
cus are shock absorption and distributing the
load of the weight of the body, stability, and
movements cont rol [3]. High BMI is a predis-
posing factor for the development MLs [14].

In this study, the overweight value of BMI
is the most common in both groups of the
study. The mean BMI of symptomatic patients
with MLs was 28.303RN4.9
BMI of asymptomatic patients with MLs was
28.28N4. 74
ence (P=0.982) concerning MLs types (whether
symptomatic or asymptomatic) and about sex
(male or female). The results of this study were
similar to data recorded by Englund et al., they

Kg/ m2 ifieanttdtifer-n o

found that the mean BMI was 28.5 (range, 16.6
to 55.6) [ 22]. In addition, they mention that
women with MLs had a higher BMI than wom-
en without meniscal damage (29.9 vs. 27.9,
P<0.001), but among men, there was no signifi-
cant difference in the BMI between the group
with damage and the group without damage
(28.7 and 28.6, respectively; P = 0.83) [22].

In addition, Ding and others agree with
this study, in multivariable analysis, the preva-
lence of meniscal tears was significantly asso-
ciated with age (OR 1.06 to 1.12 years), BMI
(OR 1.06 to 1.11 kg/m2), sex (women VS. men:
OR 4.14 to 4.23), and family history of OA (OR
1.97 to 2.01) [23].

In the current study, among a history of
knee injury (trauma), there was no significant
difference between both groups, (P=0.15), but

K g /con@erniaghcomotbitity, theme avas a high sta-

tistically significant difference (P=0.009) be-
swieam rthe two groups. The mechanism of MLs
either traumatic or degenerative. The traumatic
MLs is mostly occurring in the younger age
group and their rate decreased with increasing
age due to decrease activities. The degenerative

Fig.5( ¢ 0% .

of the medial meniscus (yellow arrow).

Fig. 5. MRI, 55-years -old asymptomatic male patient.
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A 0 MRI, knee, sagittal view, proton density, fat suppression, 1.5 T. Mild joint effusion (white circle) an d mu-
coid degeneration of anterior cruciate ligament (ACL) (yellow arrow).

B 0 MRI, knee, sagittal view, proton density, fat suppression, 1.5 T. Vertical tear grade Il of the anterior horn

¢o3. d¢g¥, s)pydaR, bBED ddosoyaszdog e€3at Ydasoe.
Odd¢g T, doadassahs 3} 38RY, 3RyoeeRdi oRt ecdasdeszei, odbar 3R
ceaeRYdaaoas 3oyaRAIR &8 DI23aYae 68dRa0, 1,5 7. so03099fse
9Rt vayosa3RGcOIt erprasROeast3 ¥t bhdo (padeRt 383addR) .
60db¢g ¥, dodasahe 3 36RY, 3Ryo286Rdi aRt esdaszde3zei, 2bafr i3RI
ceaeRYdaaoas 3o2yaRAIR &6 DO23aYae 68dRa0, 1,5 7T. OascaodRdi

[www.rejr.ru| REJR. 2023; 133§:97-109

DOI: 10.21569/22227415202313-3-97-109 106


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

cause of damage occurred mainly in the mid-
dle-aged group [20]. These findings are not
supported by data from a study done in Erbil
city [25]. The authors concluded that traumatic
MLs more commonly occurred in patients of
lower BMI while d egenerative tears were more
common in obese patients [20, 26].

Painful knee (96%), discomfort (100%),
and reduce joint motions (100%) are the most
common manifestations in this study. We also
recorded swelling, locking, catching, giving
away knee, tendern ess, mass, effusion, scar,
and redness. Englund et al. documented the
same results, the presence of MLs was more
common in persons who had knee pain, ten-
derness, or stiffness on most days than in
asymptomatic cases (45% vs. 26%, P<0.001)
[22].

The present study results revealed the
prevalence of MRI findings as joints effusion
(100%), bone marrow and soft tissue edema
(46%), meniscal tear (horizontal) (54%), menis-
cal tear (complex, vertical, radial) (18%), and
ACL (22%) in symptomatic MLs. Otherwise, the
prevalence of the same MRI findings in asymp-
tomatic MLs were 42 (84%), 2 (4%), 16 (32%), O
(0%), and 6 (12%). The study findings suggest
that symptomatic patients have a higher preva-
lence of MRI radiological signs than asympto-
matic. These results are like t  he results of Zan-
etti et al., meniscal tears were found in fifty -
seven symptomatic knees and thirty  -six
asymptomatic knees (p < 0.001) [21].

According to the current study results,
44.2% of horizontal tears were in MM in symp-
tomatic knees, while 18.6% of |  esions were in
asymptomatic knees. Whereas the lateral hori-
zontal tears presented in symptomatic and
asymptomatic knees as 12 (27.9%) and 4
(9.3%), respectively, without significant relation
(P=0.744). Furthermore, seven tears (77.8%) of
complex MLs were s een in MM, whereas two
lesions (22.2%) were reported in LM and no
complicated asymptomatic MLs were seen, with
no significant difference (P=0.425). Shukri and
Musalah showed different proportions for each
lesion as followed: medial meniscus (MM) tear
(80%), lateral meniscus (LM) tear (20%), isolat-
ed anterior horn tear of LM (12.5%), isolated
anterior horn tear of MM (1.25%)), isolated pos-
terior horn tear of MM (66.25%), isolated poste-
rior horn tear of LM (7.5%), horizontal tear
(50%), vertical longitudinal t ear (10%), Bucket
handle tear (12.5%), and complex tears (27.5%)
[20]. These differences could be explained by
differences in the sample studied, different in
locality, equipment, and facilities.

Englund et al., [22], mentioned that the
prevalence of menis cal tears in the symptomat-
ic knee was 35%. Damage to the MM was more

[www.rejr.ru| REJR. 2023; 133§:97-109

common than damage to the LM. The tear in-
volved the posterior horn of the meniscus
(66%), the body segment (62%), and the anteri-
or horn (11%). About other findings, they found
that 40% pr esented as horizontal tears, 37% as
complex tears, 12% as oblique tears, 15% as
radial tears, 7% as longitudinal tears, and 1%
as root tears.

Zanetti and colleagues recorded horizon-
tal tears MM in 32 and 11 in LM in symptomat-
ic knees, and 29 in MM and 8 in LM in asymp-
tomatic cases with no significance. Complex
tears were found medially in 18 and laterally in
five symptomatic cases [21].

Joint effusion has a strong difference
(P=0.004) between the two categories in the
current study. There was a strong stat istically
significant difference between symptomatic and
asymptomatic MLs (P<0.0001) concerning bone
marrow and soft tissue edema. These results
are consistent with Zanetti et al. [21], who
found a significant difference between pericap-
sular edema in sympt omatic and asymptomatic
cases (P<0.001), additionally to, edema -like
bone marrow (P<0.001).

The pericapsular edema is represent an
indirect sign for meniscal lesions, but this
statement is not confirmed [27  -29]. De Smet et
al. [30] believed it is because  of hemorrhage
from capsular stretching or damage that may
be associated with knee OA (KOA).

Bone marrow edemas are called "bone
bruises" they are associated with traumatic in-
jury. It is a rare entity, since; there are few re-
ports about these findings [21] . In terms of his-
topathology, it appears as necrosis, fibrosis,
trabecular bone abnormalities, and fragments
of cartilage, rather than edema [27, 29, 30].

Horizontal meniscal tears are more fre-
quently recorded in symptomatic than asymp-
tomatic MLs (P=0.04) . The same for complex
meniscal tears (vertical, radial), they are more
predominant in symptomatic than asympto-
matic MLs (P=0.002). These results are disliked
with that concluded by Zanetti et al. [21], who
concluded horizontal MLs are mostly encoun-
tered i n both asymptomatic and symptomatic
cases and may not always be related to symp-
toms.

On the other hand, other kinds of litera-
ture agree with the findings of this study,
which mentioned that radial, vertical, and
complex are found almost and exclusively on
the symptomatic knees and practically appear
to be clinical benefits [24, 28].

Lastly, there was no significant difference
between symptomatic and asymptomatic MLs
(P=0.133) concerning ACL lesions. Guimaraes
et al., disagree with this study's results, the y
concluded that intra -meniscal signal -intensity
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alterations are a common finding in subjects
with an ACL tear [18]. Primary ruptures of ACL
are increasingly symptomatic than asympto-
matic knees, and radiologists should be famil-
iar with such tears. Which re  quired an over-
view of the normal and abnormal appearances
after these ruptures at MRI follow  -up [31]. ACL
injury incidence was fairly consistent and more
frequent in players [6]. This discrepancy could
be explained by the there are no sportsmen or
women in this study sample, therefor we sug-
gest further future studies in such a situation.

Limitations of this study include, firstly,
this study has limited cooperation among
asymptomatic people (as they do not have any
complaints) and did not want to find new i s-
sues in unexpected (painless) organs. Lastly,
the COVID -19 pandemic also affected the
number of people (especially the asymptomatic)
in this study.

Conclusion.

The old -age and comorbid conditions cor-
relate with MLs in symptomatic more than in
asymptomatic knees. Gender, BMI, and history
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SPECIFIC CRITERIA INHE RADIOLOGICAL DFFERENTIAL DIAGNOSISF OVARIAN
MASSES IN MRI AND ULRASOUND

Abed K. F., Jasim H. A.

Department of Radiol  ogy, College of Medicine, University of Babylon. Babylon, Irag.

he ovarian masses represent a special challenge in the diagnosis if radiological imaging
findings cannot be differentiated into benign or malignant. Ultrasonography (US) is useful
as preope rative imaging while magnetic resonance imaging (MRI) is helpful in identifying the
complex masses.

Purpose. The study aimed to determine specific criteria in the radiological differential diagno-
sis of ovarian masses in MRI and US.

Materials and methods. A prospective study of total of 62 women were enrolled in the re-
search at a period from 22th October 2022 to 26th May 2023 at Department of Radiology. All the
studied cases underwent trans abdominal US (Samsung HS50 -abdominal and endo -vaginal US) and
MRI (Philips N.V.2021 MRI unit 1.5 Tesla, SRN: 32534) examination.

Results. The mean age was 46.39N10.59 years. Most of
(71.0%). Solid component found in 32.3% of pelvic MRI. Out of 62 MRI, 43 (69.4%) showed en-
hancement by mass. Homogeneous masses accounted 31 (50.0%) whereas heterogeneous masses
were (12, 19.4%). The ill -defined cystic masses found in 32.3% of MRI. Simple cyst was seen in
14.5% of cases. Internal cystic mass was scanned in 53.2%. Septal (wall) thickness wa s <3 mm in
83.9% and >3 mm in 16.1%. T1 was mostly hypointense in 77.4% of masses. T2 was mostly hyperin-
tense in 88.7% of masses. Although, fat saturation observed as hyperintense in 35 (56.5%), single
drop in 17 (27.4%), hypointense in 5 (8.1%) and isoint ense in 4 (6.5%). The fat saturation is consid-
ered as better indicator in distinguishing ovarian masses with high AUC=0.828, followed by T2 imag-
es (AUC=0.493). Kappa statistic of MRI finding versus US images revealed that detection of ovarian
cyst by MRI h ad perfect agreement (k=0.968) than US (k=0.581) with significant difference (p=0.049).

Conclusions.  Radiologists must make a judgment by using multiple MRI sequences. Most of
ovarian masses observed by MRI are sized more than 4 cm, no solid component, ho mogeneous en-
hancement, ill -defined cystic, septal thickness <3 mm, without calcification, necrosis, LVI or perito-
neal implantation. The characteristic features of MRI sequences are T1 hypointense, T2 hyperin-
tense, fat saturation hyperintense and FLAIR hypo intense. Fat saturation consider as better indica-
tor in the distinguish of ovarian masses with high AUC=0.828. Statistically, the detection of ovarian
masses by MRI had perfect agreement (k=0.968) than US (k=0.581).

Keywords: ovarian masses, fat saturatio  n, MRI, ultrasonography.
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The masses of ovary represented a special

challenging in the diagnosis if radiological

imaging findings cannot be distinguished

into benign o r malignant lesions [1]. An
inaccurate diagnosis preoperatively leads to
more surgical interventions as bilateral oopho-
rectomy with or without hysterectomy that
caused influencing in t
[2].

The first -line imaging option for detection
of adnexal masses is ultrasonography (US). Par-
ticularly, it is useful as preoperative imaging for
the distinguish of non -complex masses. While
magnetic resonance imaging (MRI) is helpful in
identify the malignant masses prior to surgery,
especially when US results are indeterminate
[3].

Clinically, in daily practice, ovarian le-
sions are a most common finding diagnose in
symptomatic women and also that masses are
discover incidentally. MRI is providing useful
information for the ovarian masses properties
as benign or malignant. Therefore, radiologists
playing a great role in the team approaching of
the management of ovarian masses [4].

Carcinoma of the ovary account for 3.3%
of all cancers types in females. The majority of
ovarian masses are benign. The goals  of an ear-
ly detection are to decrease unnecessary proce-
dures of surgery and to minimize unfavorable
prognosis and outcomes [5].

Generally, US is the method of choice un-
til now for assessment of adnexal abnormalities
adequately and no superior method above it [6].
The American College of Radiology (ACR) men-
tioned that duplex, trans -vaginal and trans -
abdominal US are appropriate options for detec-
tion of non -acute adnexal masses [7]. In 2019,
the Gynecology Imaging Reporting and Data
System (Gl -RADS), publish ed the classification
system for diagnosis of adnexal masses by US
which has a high sensitivity (92.9%) and speci-
ficity (97.5%) [6]. The Ovarian Adnexal Report-
ing and Data System (O -RADS) designed the
standardization of definitions of ovarian masses
charac teristics by US [8].

Usually, US analyzed low and high risk
adnexal masses accurately. Additionally, the
most important morphological characters of a
high risk lesions include (a) solid/cystic or solid
lesions with a maximum diameter > 4 cm; (b)
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irregular, non -fatty, solid vascularized regions >
28mm in diameter; (c) papillary projection (vege-
tation) presence with thick wall and septa >
3mm [9].

MRI is considered as a better radiologic
method for distinguishing between benign and
malignant ovarian tumors [ 10]. T2 -weighted im-
aging (T2WI) has high soft -tissue contrast reso-
lutignandiisehe mdssbasit sequantenfar avalu-
ation of anatomy. Diffusion -weighted imaging
(DWI) and apparent diffusion coefficient (ADC)
values are sensitive and specific tools for distin-
guishing benign from malignant ovarian masses
[11].

In 2013, Thomassin -Naggara and col-
leagues published the scoring system of adnexal
masses of MRI (O 6RADS MRI). This system has
high sensitivity (93.5%) and a specificity (96.6%)
for stratify the risk of ma  lignancy [12].

When US results are non -diagnostic or
been equivocal, MRI can be a valuable issue
solving tool, an adjunctive option for evaluation
of adnexal masses, also helpful to give surgical
planning data without radiation exposure [13].
MRI is able to provide accurate data about in-
crease protein content, regions of hemorrhage,
collagen tissues and fat, by identified different
tissue types in the pelvis, differentiating benign
from malignant ovarian masses, with high accu-
racy of 88 -93% [14, 15].

The study aimed to determine specific cri-
teria in the radiological differential diagnosis of
ovarian masses in MRI and Ultrasound.

Methods.

Study design and setting.

A prospective study of total of 62 women
with history of lower abdominal pain or men-
strual dist urbances or pelvic pain were enrolled
in the research at a period from 22th October
2022 to 26th May 2023 at Department of Radi-
ology, Al -Hillah General Teaching Hospital.

Data collection.

Data collected including age (years), mari-
tal status, parity, family history of pelvic mass,
contraceptive history, education levels and
symptoms. MRI findings include: lesion size,
solid components, enhancement, cystic mass,
thickness of wall (septa), lobulated mass, calci-
fications, necrosis, papillary projections, tumor
vessels, lymph node, peritoneal implantation.
MRI signals include T1, T2, flair, Fat saturation
and Gadolinium enhancement. Ultrasonography
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findings include maximum diameter of mass
(mm), fluid in pouch of Douglas (POD) (mm),
ascites, irregular papillary, irregular cyst, later-
ality, septum, and acoustic shadows. Doppler
(colour) findings include non  -vascular (avascu-
lar) and vascular.

All the studied cases underwent trans ab-
dominal US (Samsung HS50 -abdominal and
endo-vaginal US) and MRI (Philips N.V.2021
MRI unit 1.5 Tesla, SRN: 32534) examination,
which was done before any intervention.

Inclusion criteria.

1. Age above 18 years

2. Complex cystic ovarian masses

3. Solid masses

4. Atypical findings in US

5. Ill -defined mass origin

Exclusion criteria.

1. Any contraindication for MRI examina-
tion (pregnancy, shells and allergy to contrast).

2. Women unwilling to do the MRI.

3. Women with renal insufficiency.

MRI protocols.

The following sequences were performed,;
T2WI sagittal, axial and coronal images. T1WI
transverse images (with and without fat sup-
pression). Then intravenous gadolinium che-
lates (with a dose of 0.1 mmol/kg) was injected.
MRI was done in the axial oblique plane (full
capacity) to detected masses. Masses of interest
scanned using the b values: z ero, 300, 600,
1000 and 1500 s/mm2. Women were imaged in
the supine position using pelvic phased -array
coil with eight channels. MRI protocol per-
formed in the current study are:

AT2 sagittal: TR= 3000 ms, TE= 80 ms,
FOV= 330x 292 mm, Matrix= 245 x 181, T hick-
ness=5mm

AT2 axial: TR= 3400 ms, TE= 90 ms,
FOV= 240x 240 mm, Matrix= 245 x 181, Thick-
ness=5mm

AT1 axial: TR= 400ms, TE= 7 ms,
FOV=300 x 300 mm, Matrix= 263 x 171, Thick-
ness=5mm

AT2 SPAIR: FOV=280 x 231 mm, Matrix=
180 x 150, Thickness=4 mm

Images analysis.

Our MRI findings focused on MRI signals
and The MRI images were scrutinized for later-
ality, location, size, configuration, signal inten-
sity, pattern of enhancement, extension to sur-
rounding structures, and the presence of ascites
or lymph adenopathy (LAP), which are interpre-
tation performing by qualified consultants of
radiology.

Ethical approval.

Written informed consent was obtained
from the cases for participating in this research.
The study was approved by The Medical Ethical
Committe e of College of Medicine, Baghdad Uni-
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versity.

Statistical analysis.

Statistical package for social science
(SPSS version 24.0, Chicago: SPSS, Inc.) was
used. Results were described in the form of fre-
guencies and percentage for qualitative data,
and mean with standard deviation (SD) and
median measured for quantitative data. ANOVA
(2-sided) test was used to detect the relationship
between groups. Sensitivity, Specificity, Accura-
cy, positive predictive value (PPV) and negative
predictive value (NPV) were us ed for assessed
the quality of diagnostic sequences of MRI. Re-
ceiver operating characteristic (ROC) curve
analysis was assessed diagnostic performance.
The area under the receiver operating character-
istic curve (AUC) was compared between groups
with. Inter -observer agreement was assessed via
weighted -kappa statistic. A one -sided P value of
0.05 or less was considered statistically signifi-
cant.

Results.

The most commonly recorded age group
was that between (41 -50 years) in 21 (33.9%),
followed by group (51 -60 years). The mean age
was 46.39N10.59 years
years. Of 62 women, 59 (95.25) were married
and only 3 (4.8%) were single. Nulliparous
found in 5 ladies. However, 33 (53.2%) of cases
had 1 -4 children and 21 (33.9%) had more than
4 children. About 16 (25.8%) of cases used con-
traception. Regarding level of education, 51.6%
recorded in secondary, 35.5% in primary, 11.3%
had high educated level and only one case read
and writes. Symptomatically speaking, 11
(17.7%) cases had vaginal bleed ing (VB), 26
(41.9%) patients had VB+ other and 25 (40.3%)
patients

Most of ovarian masses sized more than 4
cm (44, 71.0%), whereas the rest sized below 4
cm (18, 29.0%). In relation to solid component,

20 (32.3%) of pelvic MRI showed this finding
while 42 (67.7%) lesions had no solid compo-
nent. Out of 62 MRI, 43 (69.4%) showed en-
hancement by mass. Homogeneous masses ac-
counted 31 (50.0%) whereas heterogeneous
masses were (12, 19.4%). However, no en-
hancement seen in 19  (30.6%) of cases. In term
of cystaion, the ill -defined cystic masses found
in 20 (32.3%) of MRI. Simple cyst was seen in 9
(14.5%) of cases. Internal cystic mass was
scanned in 33 (53.2%) of patients.

Septal (wall) thickness was divided into <3
mm in 52(83 .9%) and >3 mm in 10 (16.1%). Re-
garding calcification, lymphovascular invasion
and peritoneal implantation, all MRI did not
show these features (61, 98.4%) except one case
(1.6%). In addition, there were no lobulated
mass, necrosis, papillary projection or tumor
invasion overall MRI images in this study (Table

DOI: 10.21569/22227415202313-3-110-130 113

wi t h

di agnosed incidenta


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Table { 1 . Demographic of the study.

Variables No. %
Age (years) 1930 6 9.6
MeanNSD ( Medi a| 3140 11 17.9
=46. 39N10. 59 (]|4150 21 33.9
51-60 18 28.9
>60 6 9.6
Marital status Married 59 95.2
Single 3 4.8
Parity 0 3 4.8
Nulliparous 5 8.1
1-4 33 53.2
>4 21 33.9
Contraception Yes 16 25.8
No 46 74.8
Education Read and write 1 1.6
Primary 22 35.5
Secondary 32 51.6
High 7 11.3
Symptoms VB 11 17.7
VB+ other 26 41.9
Incident 25 40.3
Table t 2. MRI findings.
Variables No. %
Mass size (cm) >4 44 71
<4 18 29
Solid component Yes 20 32.3
No 42 67.7
Enhancement Homogeneous 31 50
Heterogeneous 12 194
No 19 30.6
Cyst ill -defined 20 32.3
Simple 9 14.5
Internal 33 53.2
Septal (wall) thicknesg(mm) | <3 52 83.9
>3 10 16.1
Calcification, lymphovascu-| Yes 1 1.6
lar invasion and peritoneal| No 61 98.4
implantation
t2). (77.27%) and accuracy (85.25%) in the diagno-
I n relation MRI signal s siofawdridnenasge3.) , T1 was
mostly hypointense in 48 (77.4%) of masses According to ANOVA, there was a high
with very low sensitivity (38.46%), specificity statistical significant difference (p= 0.017). In
(2.04%) and accuracy (9.68%) in detection of relation to the area under curve (AUC), the fat
ovarian masses. T2 was mostly hyperintense in saturation might be considered as better indica-
55 (88.7%) of masses with high sensitivity tor in the distinguish of ovarian masses with
(93.22%), very low specificity (33.33%) and high high AUC= 0.828, followed by T2 images (AUC=
accuracy (90.32%) in the diagnosis of ovarian 0.493) while the lowest value seen in flair signal
masses. Flair signals showed median sensitivity (AUC= 0.286) (fig. 1).
(50.00%), very low specificity (12.50%) and very Based on MRI findings, dermoid lesion
low accuracy (20.00%) in the diagnosis of ovari- was noticed more frequent 22 (35.5%), followed
an masses. Although, fat saturation observed as by endometrioma 10 (16.1%) (fig. 2, 4, 5). One
hyperintense in 35 (56.5%), single drop in 17 case diagnosed as hemorrhagic ¢ yst (fig. 3) and
(27.4%), hypointense in 5 (8.1%) and Isointense other as complicated cyst (fig. 8). Ovarian ab-
4 (6.5%) with sensitivity (89.74%), specificity scess seen in one case (fig. 7). Thecoma detected
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Table { 3. MRI signals analysis.

MRI signals T1 | T2 | Flair | Fat saturation
Appearance No. (%)
Hyperintense 5(8.1) 55 (88.7) - 35 (56.5)
Hypointense 48 (77.4) - 7 (11.3) 5 (8.1)
Isointense 8 (12.9) 2(3.2) - 4 (6.5)
Intermediate intense |~ 4 (6.4) 4 (6.5) -
Heterointense 1 (1.6) 1(1.6) - 1(1.6)
Signal drop } - - 17 (27.4)
Sensitivity (%) 38.46 93.22 50.00 89.74
Specificity (%) 2.04 33.33 12.50 77.27
Accuracy (%) 9.68 90.32 20.00 85.25
PPV (%) 9.43 96.49 12.50 87.50
NPV (%) 11.11 20.00 50.00 80.95

ANOVA= 37.5,p= 0.017

in one case (fig. 9). Simple cyst was seen in 5 ovarian masses in 197 females. Joori et al in
(8.1%) of cases (fig. 10). About 21 (33.9%) unde- Baghdad examined 89 women with age ranged
fined masses (fig. 6, 11). (12-64) years [16]. Whereas it is lower  than Sai-
Ultrasonography findings in this study da et al, who studied 465 women (mean age, 50
were | isted in Table t4. yea&reranged betweem20x d90nyeans) [10]. This is
mas s di ameter was (50. 15 coulbe ex@ain oy mijferenw numter of women
median of (51 mm) and ranged from 26 mm to in study sample.
75 mm. Ascites was observed in 8 (12.9%) of The results of this study of pelvic MRI
patients. Irregular  cystic mass shape seen in 21 showed, most of ovarian masses sized more
(33.9%) of cases. Bilateral ovarian masses seen than 4 cm (71.0%), no solid component (67.7%),
in 9 (14.5%) of cases while 53 (85.5%) of US homogeneous enhancement (50.0%), ill  -defined
showed unilateral mass. Cystic mass showed a cystic masses (32.3%), internal cystic mass
septum in 7 (11.3%) cases (Figure 2). Acoustic (53.2%), septal (wall) thickness <3 mm (83.9%),
shadows observed in 20 (32.3%). Avascular no calcification, no LVI and no peritoneal im-
masses seen by Doppler in most cases (61, plantation, no lobulated mass, no ne crosis, no
98.4%). However, one case showed hypo - papillary projection or tumor invasion. Mansour
vascular image. In addition, there was no fluid et al considered features for ovarian malignancy
in POD detected. include cystic masses with thickness (>3 mm) of
Inter -observer agreement Kappa statistic the walls and septa, internal structure, papil-
of MRI finding versus ultrasonographic images lary projections, nodularity, solid components,
revealed that detection  of ovarian cyst by MRI necrosis and hemorrhage [1]. Which are far
had perfect agreement (k= 0.968) than US (k= from our findings. Mass size > 4 cm is one of the
0.581) with significant di primayappearance (fmalignard lesiobs)17].
Discussion. Joori et al found right ovary was more
In the present study, the most commonly common site (32.5%) of cases, the bridging vas-
age group ranged between (41 -50 years) in cular sign (13/14 cases of pedunculat ed fi-
(33. 9%) with mean age of bdols),3a8ddlOthe5m8alignaet desisns larger
This is greater than mean age reported by than 4 cm [16]. Also, they found that most
Mansour et al, the mean patient age was masses site were ovarian (64%), uterine (17.9%),
(39.3N12.5) year s [17] . T h exyra -osatian d dr e ektra itere $18.1%),d tubo -
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D 9 Fat saturation.
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Fig.2( ¢ 02 .

Fig. 2. A-F0 MRI, pelvis, 1.5T with ¢ ontrast. J 0 US, pelvis. 67-years -old woman with incidental ovari-
an mass (bilateral complicated ovarian cystadenoma).

A 8 T1-WI, axial view, shows bilateral ovarian mass. Hypointense cystic lesion seen in right ovary (yellow ar-
row). Heterogeneous hyperint ense complex mass seen in left ovary (red arrow).

B & T1-WI, axial view, shows hypointense cystic mass with internal septation seen in right ovary (yellow ar-
row) with heterogeneous hyperintense complex mass seen in left ovary (red arrow).

C 0 T2-WI, axial view, shows hyperintense cyst with internal septa in right ovary (yellow arrow) with hetero-
geneous hyperintense mass in left ovary (red arrow).

D & Fat suppression, sagittal view, shows heterogeneous hyperintense mass in left ovary (red arrow).
E 0 Fat suppression, sagittal view, shows hyperintense cystic lesion in right ovary (yellow arrow).

F 0 T1-WI with contrast, axial view, shows hyperintense cystic mass with septal enhancement of right ovary
(yellow arrow) with heterogeneous contrast enhancement o f mass seen in left ovary (red arrow).

J 0 Pelvic ultrasound, shows right ovary cystic mass with internal septa with avascular mass in colour dop-
pler study (yellow arrow).

¢032. A-FoddbgT sRdeya @RDR, 1,5 7T, 3 deéB3 RexnwRREbaly®o C
YaayoaeR, 67 daag, >d) pBesa3aRbaovRygm»edROYSI2IdqR (eY) 3680
Go3B8ReaeaasR toysaodR) .

A 8 T1-0O}J, , Rd3oRdi aRt edea3da3ai, eY) 38329900 ¢€a3Rpasoa ¢t
¥0€20989B680932Y8aa dO3a8abaaamRtarscRebmddR®)dr.0 o maad3 ey asaaad ¥y I e(
3RbaYRao2a Yobjy Rdobosjae3t ¥ da¥Yas toyaosoda (d3RzaRt 383¢(

BoT1-OL, RdzoRdi eaRt edasdoaszei, yotcoad08a0932Yeaa doszgeaboaa
€e3RYas toyaoda (npoadeRt asaa3wdgiRd a0 yaBaxsPyxaa 3dapaaa o
9o2da (d3sR3aRt 383addR) .

C & T2-0} , Rd3oRdi aRt eda3da3zsi, ¥y2€03298680332YaRt dozsR
toyaoda (padeRt 383addR) 3 yoea3ayaaafs y¥o2eas3dasale@ExnRm
3e3addR) .

D o0 Fat suppression , 3Ry o286 Rdi aRt eda3da3e8i, YobjyRdobo3} agszt yaoc
920 Y da¥Yas toysaoda (d3aRz3aRt 383addR) .

EoZaeRYdasoa pDa23R, 3Ryo286Rdi aRt eda3zdea3ei, y2€03298680a8933
dRnadeRt 383addR) .

F8T1-O,F 3 daeae3R3eafs J3odasosas, RdazoRdi oRt edoeszdaszaei, ¥
ceas3ayo3aedes, aRqRedoYRIyae dqa963R3Bafhe €3a0deR3RB8 ¥ €3R
Y daYes toyasaoda, osasevooscevadsd3RRgRHdI ¥YRongRaRG (d3R3aRt

JOosy)] &3yReaa¥Y o9Rdeya 86RDHDR, dozeabasaaa afr3RDHDaYRaoa e€3RYa
RYR3d) dt3aaa af3RbaYRa2a0 Y 3a0ap29%50 GYoeoaayea evaecedas3a¥Ysdas
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Fig.3 ( ¢3) 3.

Fig. 3. A-D 8 MRI, pelvis, 1.5 T; Ed US, pelvis. Female, 53 y.o., with abdominal pain and menorrhagia
(right ovarian hemorrhagic cyst) (yellow arrow)

A 0 T1-WI, axial view, shows hypointense cystic lesion seen in right ovary.

B 0 T2-WI, axial view, shows h yperintense cystic lesion seen in right ovary.

C 0 Fat suppression, sagittal view, shows hyperintense cystic lesion seen in right ovary.

D & Fat suppression, sagittal view, shows hyperintense cystic lesion seen in right ovary.

E & Pelvic ultrasound, shows  right ovary cyst with multiple internal echoes with avascular mass.

¢033. ADODWDET sRdeyos cR¥R, 1,35 RbaY sRdaya 8RDR. Yas
990 Y poYaea 9 s509a33Ryode (yao9a33RyoyaszxdqRt doszeR

08110, RdzoRdi aRt egdaazdazei, yocad0960830Y0aa doazeaboaa
BdT2-0L, RdaoRdi Rt edasda3ei, yo0ta03020600930Yeaa do3aeaboao
C 0 Fat suppression , 3Ryo2e8eRdi aRt ede3zda3ai , ¥ 0 € 0390 96 0 ae330RYYoeyme ot
dR.
D o Fat suppression , 3Ryo26eRdi aRt edaszdeszasi, ¥y 2€032986803393Yaaa (
dR.

Edsy] &3y¥yRaa¥Y osRdaya> 8RDR, dqo3eR e€3RYaya toyaodR 3 9 acy
RYR3d) dt3ahs afr3RDbaYRaoaOa9.
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Fig. 4 (¢ 0 34)

Fig. 4. MRI, pelvis, 1.5 T. 33- years -old woman with menorrhagia (bilateral dermoid cyst) (yellow ar-
row).

A 0 T2-WI, axial view, show bilateral hyperintense ovarian masses.
B 0 Fat suppression, axial view, show bilateral ovarian masses with sign al drop (fat drop).
C 0 T1-WI, axial view, shows bilateral heterogeneous hyperintense cystic mass.

¢o034. d¢g¥T sRdeya 8RDOR, 1,5 7T. YasayoaR, 33 yaeR, 9
do3eR) (pbpadeRt 3683addR) .

08720), RdsoRdi aRt & d o 390099306 iy, 0 ceaY¥3 03096603088 0 Yo ha oafr 3 RBaYRoo#

BoFat suppression, Rd3oRdi aRt eda3de3e8i, ®©Y)] 3Ba3a990a0
(fat drop).
C8T1-0),, RdsoRdi oaRt ecdazde3zei, vY) 362320000 Y0GA3 YA aa
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Fig.5( ¢ 05) .

Fig. 5. MRI, pelvis, 1.5 T, with contrast. Woman, 30 y.o. with dysmenorrhea (bilateral endometrioma).

A, B 0 T1-WI, axial view, shows hyperintense cystic lesion in the right ovary (yellow arrow) 66*47 mm in size,
with heterogeneo us hypointense cystic mass in the left ovary (red arrow).

C o T1-WI, with contrast, axial view, shows bilateral hyperintense ovarian masses with wall enhancement
seen in the right ovary (yellow arrow) and mural nodule enhancement seen in the left ovary (r ed arrow).

D & T2-WI, coronal view, shows hyperintense cystic mass seen in the right ovary (yellow arrow).
E - Fat suppression, sagittal view, shows hyperintense cystic lesion seen in the right ovary (yellow arrow).

F & Fat suppression, sagittal view, sh  ows heterogeneous hyperintense cystic lesion seen in the left ovary (red
arrow).

¢o035 g7 osRdeya 68RDR, 1,5 ¥, 3 da9ae83R3eafhs J30da
(e¥Y) 3ea3a2009tt Loea9a68303a9R) .

A B3dT10),, Rda3oRdi aRt ecdasdasaei, yhoxsam omresnRRiBeYYRmwa (033RBa Yy
3e3a0ddR) 3Rbosasas 66*47 99, ¥y 0GBGO3ay¥099a0 ¥I2€d2029609307YH
(d3R3aRt 363addR) .

Co6T1-0,, & deaas3sRzeafs J3odasosas, Y RdsoRdiosaec cdoaszdaszaeod
YRaottoyaoda¥Y 3 aRdeedaosaosas (doae3R3eaaya €30eR3RBR Y o
33a0ddR), R 6Rdpna Y af+ dR3802 €323@09ayafg Jbdea¥Y Y da¥Yas

Dd720,, deseasaRdi aRt ecdasdeasei, Y £3RYas toysodadX¥adeRad
3RbaYRao2a (padeRt 383addR) .

EOFat suppression, 3Ry2@@Rdi aRt eda3de36i, y¥Y2€032380833]J
(npadeRt 383addR) .

FOFat suppression, Ryo2@6868Rdi aRt eda3zde3zai, ¥ 0B O3 aYy a9 aYo
daYas toysaodaoa (d3R3aRt 383addR) .
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A

Fig.6( ¢ 06 .

Fig. 6. MRI, pelvis, 1.5 T, with contrast. Patient, 9 y.o. girl, with dysmenorrhea (right ovarian func-
tional cyst) (yellow circle).

A 0 T1-WI, axial view, shows hypointense cystic mass seen in right ovary.

B 6 T2-WI, axial view, shows hyperintense cystic mass in right ovary.

C 0 T2-WI, coronal view, shows hyperintense cystic mass in right ovary.

D & Fat suppression, sagittal view, shows hyperintense cystic mass in right ovary.

¢036. dhgf osRdeya 8RDHR, 1.5 T, 3 deoae3R3eafs J3oda
(d)jadcecoaaRdi aRt do3eR e€3RYaya toyaodR) (pnpadefhe d3

08110, RdzoRdi aRt edaazdazei, ¥yocad0960830Y0aa doazesaboaa

68720, , Rd3oRdi aRt cdodggammi Yowpme aozceabasaaa af3RbaYRaoa

CdT2-0), dosaoaRdi oRt edoasdoesei, ¥0o0c0a30960930Y0aa0 doazasaba
DoFat suppression, 3Ry0268@Rdi aRt ede3da3e8i: ¥2€03296013 3]
da.
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Fig.7( ¢ 0% .

Fig. 7. MRI, pelvis, 1.5 T, with contrast. Female, 44 y.o., with abdominal pain and fever (right tubo
ovarian abscess).

A 0 T1-WI, axial view, shows thick wall fluid filled right adnexa with heterogeneous hypointense signal inten-
sity (yellow arrow).

B 0 Fat suppression, sagittal view, shows dilated right adnexa with heterogeneous hyperintense signal inten-
sity (yellow arrow).

C 6 T2-WI, coronal view, shows dilated right adnexa with heterogeneous hyperintense signal intensity (yell ow
circle).

¢o3l. g ¥ 9Rdeya> eRHR, 1.5 T, 3 desaes3Rzeafs |} 3o0daasd
Yaaeaa 9 eoaYhyaeaoas 8as5tet¢a3Re)3fh 8adR (e} feaaYR3OIRdAI 8

08710, Rd3zoRdi aRt edeszdessi, YobjRdobosjiest | eadyas adf
poedea3eiI, 3> osaaeraa3arafhs yo2ead289@Aa832Yafo 3oyaRdas (bpDad

B6Fat suppression, 3Ryo2e6e6Rdi aRt edazdeaszaei, 3R3YyY023a082a0a
Baa3xd2Yahos 3o0yaRdeaes (padeRt 383addR) .

C 3 T2-0}, , de3aaRdi aRt eda3da3zeiya 3eR339¥eoREadsR 03 €y30REYM3 &% 0 8 @ f) 4
30yaRdeas (padeRt 383addR) .
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Fig.8( £ 08&.

Fig. 8. MRI, pelvis, 1.5 T, with contrast. Female, 42 y.o., with incidental mass (left ovarian complicat-
ed cyst) (yellow circle).

A 0 T1-WI, axial vi ew, shows heterogeneous hypointense cystic mass seen in left ovary.
B 0 T2-WI, axial view, shows hyperintense cystic mass in left ovary.
C 0 T2-WI, coronal view, shows hyperintense cystic mass in left ovary.

D 0 T1-WI, with contrast, sagittal view, show s heterogeneous hyperintense cystic mass with mild wall en-
hancement.

E o Fat suppression, sagittal view, shows heterogeneous hyperintense cystic mass in left ovary (red arrow).

¢038. g o9Rdaya 8RDHR, 1.5 7T, 3 (deaae3R3eafhs }3o0da
9RgaoedpR 3 RbaYRa0a (a3depnsasaRt dozeR da¥Yeyoa toyaodd

06710, , RdzoRdi oaRt e£dazde36i, yoBa3aya9090a0 YI2€£a209G600PDY
da.

68720, , Rd3oRdi sRt tc£dazdezei, ¥020c0308608302Yaaa (do3a6aboa
CdT2-0), dosaoaRdi oRt edoasdesei, ¥0o0ca030960930Y0aa0 doazasaba

D d T1-O} , 3 dea9a683Raeafhs J3o0dasosas, Y 3 Ry oececeRud i yodeesa 380008830007
3@abhoaaa afr3RBbaYRoaO0a 3 Js5a3a99hs deae3R3eafls J 3odaaosas g

EoFat suppression, 3Ryo268eRdi aRt eda3da3zaei , ¥ 0B03 a3y a3 d
daYas toyaoda (d3R3aRt 3@3addR) .
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Fig.9( ¢ 0% .

Fig. 9. MRI, pelvis, 1.5 T, with contrast. Female, 40 y.o., with abdominal pain (right ovarian solid
mass 0 thecoma) (red circle).

A 0 T1-WI, sagittal view, shows isointense solid mass seen in right ovary.

B 0 T2-WI, sagittal view, shows heterogenous hypointen se mass in the right ovary.

C 0 Fat suppression, sagittal view, shows isointense mass with hyperintense rim in the right ovary.
D & T1-WI, with contrast, sagittal view, shows homogeneous mild contrast enhancement.

¢039. b¢gT sRdayes @RDR3R2e5hHF,) 30deasas. YasayosaR, 40
Ba (3adoeoaa ofr3RDaYRo2CEBRIIR)Y & d DR dOMPR 3} nad) .

08110, 3RyoeeRdi oaRt esdesdaszei, obadseasazdYesaa zadoesaa
68720, aRyoeeRdi aRt ¢ dosedoxydic,elpPBamBRBWEm of 3 RbaYRaoa

CoFat suppression, 3Ryo268eRdi aRt eda3da3e8i, o0bad28e8a0a832Y{
e3RYas toyaoda.

D 8 T1-0} , 3 dq@a9ae83R3eafhs J3odasaosas, 3Ry268eRdi aRt edoszxdmsad
3R3B89a0 J30daaoa.
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