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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 preoperative 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 46.39±10.59 years. Most of ovarian masses sized more than 4 cm 

(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 was <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 isointense 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 had 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, homogeneous 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 hypointense. 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). 
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СПЕЦИФИЧЕСКИЕ КРИТЕРИИ ДИФФЕРЕНЦИАЛЬНОЙ ДИАГНОСТИКИ ОБРАЗОВАНИЙ 

ЯИЧНИКОВ ПРИ ПРОВЕДЕНИИ МРТ И УЗИ 

 

Абед К.Ф., Джасим Х.А. 

 
Кафедра лучевой диагностики Медицинского колледжа Вавилонского университета. г. Вавилон, Ирак. 

 

иагностика образований яичников представляет собой особую сложность, если резуль-

таты методов визуализации не могут быть дифференцированы на доброкачественный 

и злокачественный процесс. Ультразвуковое исследование (УЗИ) используется в каче-

стве предоперационной визуализации, тогда как магнитно-резонансная томография 

(МРТ) применима для диагностики сложных образований.  

Цель исследования. Определение конкретных критериев дифференциальной диагности-

ки образований яичников при МРТ и УЗИ.  

Материалы и методы. В проспективном исследовании приняли участие 62 женщины в 

период с 22 октября 2022 г. по 26 мая 2023 г. в отделении лучевой диагностики. Во всех случа-

ях было проведено УЗИ (Samsung HS50-абдоминальное и трансвагинальное УЗИ) и МРТ (Philips 

N.V.2021 МРТ, аппарат 1,5 Тесла, SRN: 32534).   

Результаты. Средний возраст составил 46,39±10,59 года. Большинство образований яич-

ников встречалось размером более 4 см (71,0%). Солидный компонент обнаружен в (32,3%) при 

проведении МРТ органов малого таза. Из 62 образований при МРТ в 43 случаях (69,4%) выявля-

лось контрастное усиление. Однородная структура образований встречалась в 31 (50,0%) случае, 

а гетерогенная – в 12 случаях (19,4%). Кистозные образования с нечеткими контурами обнару-

жились у 32,3% пациентов при МРТ. Простые кисты наблюдались в 14,5% случаев. Внутренние 

кистозные образования выявляли в 53,2% случаев. Толщина перегородки (стенки) составляла <3 

мм (83,9%) и >3 мм (16,1%). Гипоинтенсивный сигнал преобладал на Т1-взвешенных изображе-

ниях преимущественно в 77,4% образований, гиперинтенсивный на Т2-взвешенных изображе-

ниях преобладал в 88,7% случаях. При этом, подавление сигнала от жировой ткани наблюдалось 

как гиперинтенсивное в 35 случаях (56,5%), как единичное снижение – в 17 (27,4%), как гипо-

интенсивное – в 5 (8,1%) и изоинтенсивное в – 4 (6,5%). Последовательность с подавлением сиг-

нала от жировой ткани считается лучшим индикатором для дифференциации образований 

яичников с высокой AUC = 0,828, за которой следуют T2-взвешенные изображения (AUC = 

0,493). Статистика Каппа по сравнению результатов МРТ и УЗИ показала, что выявление кисты 

яичника с помощью МРТ имело полное совпадение (k = 0,968), чем при УЗИ (k = 0,581), со зна-

чительной разницей (p = 0,049).  

Выводы. Врачи-рентгенологи должны принимать решение, используя несколько последо-

вательностей МРТ. Большинство образований яичников, выявляемых при МРТ, имеют размер 

более 4 см, без солидного компонента, с однородным контрастным усилением, имеют кистозную 

структуру с нечеткими контурами, толщину перегородки <3 мм, без кальцификации, некроза, 

LVI или перитонеальной имплантации. Характерными особенностями последовательностей МРТ 

являются гипоинтенсивность на Т1-взвешенных изображениях, гиперинтенсивность на Т2-

взвешенных изображениях, гиперинтенсивность при подавлении сигнала от жировой ткани и 

гипоинтенсивность на FLAIR изображениях. Последовательность с подавлением сигнала от жи-

ровой ткани считается лучшим индикатором для дифференциации образований яичников с 

высокой AUC = 0,828. Статистически выявление образований яичника с помощью МРТ имело 

полное совпадение (k = 0,968), чем при сравнении с УЗИ (k = 0,581). 
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ntroduction 

The masses of ovary represented a special 

challenging in the diagnosis if radiological 

imaging findings cannot be distinguished 

into benign or malignant lesions [1]. An 

inaccurate diagnosis preoperatively leads to 

more surgical interventions as bilateral oopho-

rectomy with or without hysterectomy that 

caused influencing in the patient’s treatment 

[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 (GI-RADS), published 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 

characteristics 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) 

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-

lution and is the most basic sequence for evalu-

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–RADS MRI). This system has 

high sensitivity (93.5%) and a specificity (96.6%) 

for stratify the risk of malignancy [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 disturbances 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: zero, 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: 

• T2 sagittal:  TR= 3000 ms, TE= 80 ms, 

FOV= 330x 292 mm, Matrix= 245 x 181, Thick-

ness= 5 mm 

• T2 axial: TR= 3400 ms, TE= 90 ms, 

FOV= 240x 240 mm, Matrix= 245 x 181, Thick-

ness= 5 mm 

• T1 axial: TR= 400ms, TE= 7 ms, 

FOV=300 x 300 mm, Matrix= 263 x 171, Thick-

ness= 5 mm 

• T2 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 lymphadenopathy (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 

Committee of College of Medicine, Baghdad Uni-

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-

quencies 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 used 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 46.39±10.59 years with median equal to 46 

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 bleeding (VB), 26 

(41.9%) patients had VB+ other and 25 (40.3%) 

patients diagnosed incidentally (Table №1).    

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  
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№2). 

In relation MRI signals (Table №3), T1 was 

mostly hypointense in 48 (77.4%) of masses 

with very low sensitivity (38.46%), specificity 

(2.04%) and accuracy (9.68%) in detection of 

ovarian masses. T2 was mostly hyperintense in 

55 (88.7%) of masses with high sensitivity 

(93.22%), very low specificity (33.33%) and high 

accuracy (90.32%) in the diagnosis of ovarian 

masses. Flair signals showed median sensitivity 

(50.00%), very low specificity (12.50%) and very 

low accuracy (20.00%) in the diagnosis of ovari-

an masses. Although, fat saturation observed as 

hyperintense in 35 (56.5%), single drop in 17 

(27.4%), hypointense in 5 (8.1%) and Isointense 

4 (6.5%) with sensitivity (89.74%), specificity 

(77.27%) and accuracy (85.25%) in the diagno-

sis of ovarian masses.  

According to ANOVA, there was a high 

statistical significant difference (p= 0.017). In 

relation to the area under curve (AUC), the fat 

saturation might be considered as better indica-

tor in the distinguish of ovarian masses with 

high AUC= 0.828, followed by T2 images (AUC= 

0.493) while the lowest value seen in flair signal 

(AUC= 0.286) (fig. 1). 

Based on MRI findings, dermoid lesion 

was noticed more frequent 22 (35.5%), followed 

by endometrioma 10 (16.1%) (fig. 2, 4, 5). One 

case diagnosed as hemorrhagic cyst (fig. 3) and 

other as complicated cyst (fig. 8). Ovarian ab-

scess seen in one case (fig. 7). Thecoma detected  

Table №1.    Demographic of the study. 

Variables   No.  % 

Age (years) 

Mean±SD (Median) 

= 46.39±10.59 (46) 

19-30 6 9.6 

31-40 11 17.9 

41-50 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 №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 19.4 

No  19 30.6 

Cyst  ill-defined 20 32.3 

Simple 9 14.5 

Internal 33 53.2 

Septal (wall) thickness (mm) <3 52 83.9 

>3 10 16.1 

Calcification, lymphovascu-

lar invasion and peritoneal 

implantation 

Yes  1 1.6 

No  61 98.4 
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in one case (fig. 9). Simple cyst was seen in 5 

(8.1%) of cases (fig. 10). About 21 (33.9%) unde-

fined masses (fig. 6, 11).  

Ultrasonography findings in this study 

were listed in Table №4. The mean maximum 

mass diameter was (50.15 ±11.35 mm) with 

median of (51 mm) and ranged from 26 mm to 

75 mm. Ascites was observed in 8 (12.9%) of 

patients. Irregular cystic mass shape seen in 21 

(33.9%) of cases. Bilateral ovarian masses seen 

in 9 (14.5%) of cases while 53 (85.5%) of US 

showed unilateral mass. Cystic mass showed a 

septum in 7 (11.3%) cases (Figure 2). Acoustic 

shadows observed in 20 (32.3%). Avascular 

masses seen by Doppler in most cases (61, 

98.4%). However, one case showed hypo-

vascular image. In addition, there was no fluid 

in POD detected. 

Inter-observer agreement Kappa statistic 

of MRI finding versus ultrasonographic images 

revealed that detection of ovarian cyst by MRI 

had perfect agreement (k= 0.968) than US (k= 

0.581) with significant difference (Table №5).  

Discussion.  

In the present study, the most commonly 

age group ranged between (41-50 years) in 

(33.9%) with mean age of 46.39±10.59 years. 

This is greater than mean age reported by 

Mansour et al, the mean patient age was 

(39.3±12.5) years [1]. They studied 235 solid 

ovarian masses in 197 females. Joori et al in 

Baghdad examined 89 women with age ranged 

(12-64) years [16]. Whereas it is lower than Sai-

da et al, who studied 465 women (mean age, 50 

years ranged between 20–90 years) [10]. This is 

could be explain by different number of women 

in study sample. 

The results of this study of pelvic MRI 

showed, most of ovarian masses sized more 

than 4 cm (71.0%), no solid component (67.7%), 

homogeneous enhancement (50.0%), ill-defined 

cystic masses (32.3%), internal cystic mass 

(53.2%), septal (wall) thickness <3 mm (83.9%), 

no calcification, no LVI and no peritoneal im-

plantation, no lobulated mass, no necrosis, no 

papillary projection or tumor invasion. Mansour 

et al considered features for ovarian malignancy 

include cystic masses with thickness (>3 mm) of 

the walls and septa, internal structure, papil-

lary projections, nodularity, solid components, 

necrosis and hemorrhage [1]. Which are far 

from our findings. Mass size > 4 cm is one of the 

primary appearance of malignant lesions [17].  

Joori et al found right ovary was more 

common site (32.5%) of cases, the bridging vas-

cular sign (13/14 cases of pedunculated fi-

broids), and all the malignant lesions larger 

than 4 cm [16]. Also, they found that most 

masses site were ovarian (64%), uterine (17.9%), 

extra-ovarian  or   extra-uterine  (12.1%),  tubo- 

Table №3.     MRI signals analysis. 

      MRI signals 

 

 

Appearance 

 

T1 T2 Flair  Fat saturation 

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 
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Fig. 1 (Рис. 1) 

Fig. 1.   ROC curves of MRI signals.  

A – T1,  

B – T2,  

C – Flair,  

D – Fat saturation. 

Рис. 1.    ROC-кривые МР-сигнала.  

A – T1-ВИ,  

B – T2-ВИ,  

C – Flair,  

D – Fat saturation.  
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Fig. 2 (Рис. 2) 

Fig. 2.    A-F – MRI, pelvis, 1.5T with contrast. J – US, pelvis. 67-years-old woman with incidental ovari-

an mass (bilateral complicated ovarian cystadenoma).  

A – T1-WI, axial view, shows bilateral ovarian mass. Hypointense cystic lesion seen in right ovary (yellow ar-

row). Heterogeneous hyperintense 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 – 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 – Fat suppression, sagittal view, shows hyperintense cystic lesion in right ovary (yellow arrow).  

F – T1-WI with contrast, axial view, shows hyperintense cystic mass with septal enhancement of right ovary 

(yellow arrow) with heterogeneous contrast enhancement of mass seen in left ovary (red arrow).  

J – Pelvic ultrasound, shows right ovary cystic mass with internal septa with avascular mass in colour dop-

pler study (yellow arrow). 

Рис. 2.     A-F – МРТ малого таза, 1,5 Т, с контрастным усилением. J – УЗИ органов малого таза. 

Женщина, 67 лет, случайная находка – образование яичника (двусторонняя осложненная 

цистаденома яичника).   

A – T1-ВИ, аксиальная плоскость, двустороннее поражение яичников. В правом яичнике отмечается 

гипоинтенсивное кистозное образование (желтая стрелка). Гетерогенное гиперинтенсивное сложное об-

разование визуализируется в левом яичнике (красная стрелка). 

B – T1-ВИ, аксиальная плоскость, гипоинтенсивное кистозное образование с внутренней перегородкой в 

правом яичнике (желтая стрелка) и гетерогенное гиперинтенсивное сложное образование в левом яич-

нике (красная стрелка). 

C – T2-ВИ, аксиальная плоскость, гиперинтенсивная киста с внутренними перегородками в правом 

яичнике (желтая стрелка) с гетерогенным гиперинтенсивным образованием в левом яичнике (красная 

стрелка). 

D – Fat suppression, сагиттальная плоскость, визуализируется гетерогенное гиперинтенсивное образова-

ние в левом яичнике (красная стрелка).  

E – Подавление жира, сагиттальная плоскость, гиперинтенсивное кистозное поражение правого яични-

ка (желтая стрелка). 

F – T1-ВИ с контрастным усилением, аксиальная плоскость, гиперинтенсивное кистозное образование с 

перегородкой, накапливающей контрастный препарат в правом яичнике (желтая стрелка), образование 

в левом яичнике, неоднородно накапливающее контрастный препарат (красная стрелка). 

J – УЗИ органов малого таза, кистозное образование правого яичника с внутренними перегородками и 

аваскулярное образование в режиме цветного допплеровского исследования (желтая стрелка)..  
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Fig. 3 (Рис. 3) 

Fig. 3.   A-D – MRI, pelvis, 1.5 T; E – US, pelvis.  Female, 53 y.o., with abdominal pain and menorrhagia 

(right ovarian hemorrhagic cyst) (yellow arrow).  

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

B – T2-WI, axial view, shows hyperintense cystic lesion seen in right ovary.  

C – 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.  

Рис. 3.      A-D – МРТ малого таза, 1,5 Т; E – УЗИ органов малого таза. Женщина, 53 года, с боля-

ми в животе и меноррагией (геморрагическая киста правого яичника) (желтая стрелка). 

А – Т1-ВИ, аксиальная плоскость, гипоинтенсивное кистозное образование правого яичника. 

B – T2-ВИ, аксиальная плоскость, гиперинтенсивное кистозное образование правого яичника.  

C – Fat suppression, сагиттальная плоскость, гиперинтенсивное кистозное образование правого яични-

ка. 

D – Fat suppression, сагиттальная плоскость, гиперинтенсивное кистозное образование правого яични-

ка.  

E – УЗИ органов малого таза, киста правого яичника с множественными внутренними эхосигналами c 

аваскулярным образованием.  
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Fig. 4 (Рис. 4) 

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

row). 

A – T2-WI, axial view, show bilateral hyperintense ovarian masses.  

B – Fat suppression, axial view, show bilateral ovarian masses with signal drop (fat drop). 

C – T1-WI, axial view, shows bilateral heterogeneous hyperintense cystic mass.   

Рис. 4.    МРТ малого таза, 1,5 Т. Женщина, 33 года, меноррагия (двусторонняя дермоидная 

киста) (желтая стрелка). 

А – Т2-ВИ, аксиальная плоскость, двусторонние гиперинтенсивные образования яичников. 

B – Fat suppression, аксиальная плоскость, двусторонние образования яичников с выпадением сигнала 

(fat drop).    

C – T1-ВИ, аксиальная плоскость, двустороннее гетерогенное гиперинтенсивное кистозное образование.   
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Fig. 5 (Рис. 5) 

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

A, B – T1-WI, axial view, shows hyperintense cystic lesion in the right ovary (yellow arrow) 66*47 mm in size, 

with heterogeneous hypointense cystic mass in the left ovary (red arrow).  

C – 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 (red 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, shows heterogeneous hyperintense cystic lesion seen in the left ovary (red 

arrow).   

Рис. 5.  МРТ малого таза, 1,5 Т, с контрастным усилением. Женщина, 30 лет, дисменорея 

(двусторонняя эндометриома). 

A, B – Т1-ВИ, аксиальная плоскость, гиперинтенсивное кистозное образование правого яичника (желтая 

стрелка) размером 66*47 мм, гетерогенное гипоинтенсивное кистозное образование в левом яичнике 

(красная стрелка). 

C – T1-ВИ, с контрастным усилением, в аксиальной плоскости; двусторонние гиперинтенсивные образо-

вания яичников с накоплением контрастного препарата в области стенки в правом яичнике (желтая 

стрелка), а также в области пристеночных узлов в левом яичнике (красная стрелка).  

D – Т2-ВИ, корональная плоскость, в правом яичнике визуализируется гиперинтенсивное кистозное об-

разование (желтая стрелка). 

E – Fat suppression, сагиттальная плоскость, гиперинтенсивное кистозное образование правого яичника 

(желтая стрелка).  

F – Fat suppression, сагиттальная плоскость, гетерогенное гиперинтенсивное кистозное образование в 

левом яичнике (красная стрелка).      
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Fig. 6 (Рис. 6) 

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

tional cyst) (yellow circle). 

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

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

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

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

Рис. 6.   МРТ малого таза, 1.5 Т, с контрастным усилением. Пациент, 9 лет, дисменорея 

(функциональная киста правого яичника) (желтый кружок). 

А – Т1-ВИ, аксиальная плоскость, гипоинтенсивное кистозное образование в правом яичнике. 

Б – Т2-ВИ, аксиальная плоскость, гиперинтенсивное кистозное образование в правом яичнике. 

C – T2-ВИ, корональная плоскость, гиперинтенсивное кистозное образование в правом яичнике. 

D – Fat suppression, сагиттальная плоскость: гиперинтенсивное кистозное образование в правом яични-

ке.        
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Fig. 7 (Рис. 7) 

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

ovarian abscess).   

A – T1-WI, axial view, shows thick wall fluid filled right adnexa with heterogeneous hypointense signal inten-

sity (yellow arrow).  

B – Fat suppression, sagittal view, shows dilated right adnexa with heterogeneous hyperintense signal inten-

sity (yellow arrow).  

C – T2-WI, coronal view, shows dilated right adnexa with heterogeneous hyperintense signal intensity (yellow 

circle). 

Рис. 7.    МРТ малого таза, 1.5 Т, с контрастным усилением. Женщина, 44 года, с болями в жи-

воте и повышением температуры тела (тубоовариальный абсцесс справа).  

А – Т1-ВИ, аксиальная плоскость, визуализируются утолщенные стенки правого придатка, заполненные 

жидкостью, с неоднородным гипоинтенсивным сигналом (желтая стрелка).   

B – Fat suppression, сагиттальная плоскость, расширение правого придатка с гетерогенным гиперин-

тенсивным сигналом (желтая стрелка).  

C – T2-ВИ, корональная плоскость, расширение правого придатка с гетерогенным гиперинтенсивным 

сигналом (желтая стрелка).         
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Fig. 8 (Рис. 8) 

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

ed cyst) (yellow circle).    

A – T1-WI, axial view, shows heterogeneous hypointense cystic mass seen in left ovary.  

B – T2-WI, axial view, shows hyperintense cystic mass in left ovary.  

C – T2-WI, coronal view, shows hyperintense cystic mass in left ovary.  

D – T1-WI, with contrast, sagittal view, shows heterogeneous hyperintense cystic mass with mild wall en-

hancement.  

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

Рис. 8.  МРТ малого таза, 1.5 Т, с контрастным усилением. Женщина, 42 года, случайная 

находка – образование (осложненная киста левого яичника) (желтый кружок).  

А – Т1-ВИ, аксиальная плоскость, гетерогенное гипоинтенсивное кистозное образование в левом яични-

ке. 

Б – Т2-ВИ, аксиальная плоскость, гиперинтенсивное кистозное образование в левом яичнике. 

C – T2-ВИ, корональная плоскость, гиперинтенсивное кистозное образование в левом яичнике.  

D – T1-ВИ, с контрастным усилением, в сагиттальной плоскости, гетерогенное гиперинтенсивное ки-

стозное образование с умеренным контрастным усилением стенок.    

E – Fat suppression, сагиттальная плоскость, гетерогенное гиперинтенсивное кистозное образование в 

левом яичнике (красная стрелка). 
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Fig. 9 (Рис. 9) 

Fig. 9.    MRI, pelvis, 1.5 T, with contrast. Female, 40 y.o., with abdominal pain (right ovarian solid 

mass – thecoma) (red circle).    

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

B – T2-WI, sagittal view, shows heterogenous hypointense mass in the right ovary.  

C – 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. 

Рис. 9.   МРТ малого таза, 1.5 Т, с контрастным усилением. Женщина, 40 лет, с болями в живо-

те (солидное образование правого яичника – текома) (красный кружок).   

А – Т1-ВИ, сагиттальная плоскость, изоинтенсивное солидное образование в правом яичнике. 

Б – Т2-ВИ, сагиттальная плоскость, гетерогенное гипоинтенсивное образование в правом яичнике.  

C – Fat suppression, сагиттальная плоскость, изоинтенсивное образование с гиперинтенсивным краем в 

правом яичнике.   

D – T1-ВИ, с контрастным усилением, сагиттальная плоскость, отмечается однородное умеренное кон-

трастное усиление.     
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Fig. 10 (Рис. 10) 

Fig. 10.     MRI, pelvis, 1.5 T, with contrast. Female, 28 y.o., lady with incidental mass (right ovarian 

simple cyst) (red circle).    

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

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

C – T1-WI, with contrast, axial view, hypointense cystic mass in right ovary with no contrast enhancement. 

D – Fat suppression, sagittal view, hyperintense cystic mass in left ovary. 

Рис. 10.   МРТ малого таза, 1.5 Т, с контрастным усилением. Женщина, 28 лет, случайная 

находка – образование (простая киста правого яичника) (красный кружок).   

А – Т1-ВИ, аксиальная плоскость, гипоинтенсивное кистозное образование в правом яичнике. 

Б – Т2-ВИ, аксиальная плоскость, гиперинтенсивное кистозное образование в правом яичнике.  

В – Т1-ВИ, с контрастным препаратом, аксиальная плоскость, гипоинтенсивное кистозное образование 

в правом яичнике без контрастного усиления. 

D – Fat suppression, сагиттальная плоскость, гиперинтенсивное кистозное образование в левом яичнике.        
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Fig. 11 (Рис. 11) 

Fig. 11.   MRI, pelvis, 1.5 T, with contrast. Female, 65 y.o., with abdominal distention (ascites), lym-

phadenopathy and peritoneal implantation (ovarian tumor?) (yellow arrow).    

A – T1-WI, axial view, shows heterogeneous hypointense ovarian mass measure (59x55x35mm). 

B – T2-WI, coronal view, shows heterogeneous hyperintense ovarian mass.  

C – Fat suppression, sagittal view, shows heterogeneous hyperintense ovarian mass. 

D – T1-WI, with contrast, axial view, shows heterogeneous hypointense ovarian mass with heterogeneous 

contrast enhancement.  

Рис. 11.    МРТ малого таза, 1.5 Т, с контрастным усилением. Женщина, 65 лет, с увеличением  

живота (асцит), лимфаденопатией и перитонеальной имплантацией (опухоль яичника?) 

(желтая стрелка).    

А – Т1-ВИ, аксиальная плоскость, неоднородное гипоинтенсивное образование яичника (59х55х35 мм). 

B – T2-ВИ, корональная плоскость, неоднородное гиперинтенсивное образование яичника. 

C – Fat suppression, сагиттальная плоскость, неоднородное гиперинтенсивное образование яичника.   

D – T1-ВИ, с контрастированием, аксиальная плоскость, гетерогенное гипоинтенсивное образование 

яичника с неоднородным контрастным усилением.             

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY 

| www.rejr.ru | REJR. 2023; 13 (3):110-130       DOI: 10.21569/2222-7415-2023-13-3-110-130                    127 
 

 

ovarian (6.7%), hydrosalpinx (3.4%), pelvic in-

flammatory diseases (PID) (4.5%), hydatid cyst 

(2.2%), Müllerian anomalies (2.2%) and perito-

neal inclusion (4.5%). This difference could be 

attributed to the different study sampling.  

The internal thin and regular septae en-

hancement seen in benign conditions, thus the 

thick or irregular septal enhancement or mural 

vegetation t seen in 90% of malignant masses. 

The solid enhancement mass is helpful in differ-

entiation of masses. Solid mass without en-

hancement or homogenous is benign, while that 

with heterogeneous enhancement is malignant 

[16]. As a result, Joori et al [16], and Adusumilli 

S et al diagnosed fibroids in the most of cases 

[18]. Furthermore, Joori et al, detected 32 le-

sions as benign hemorrhagic masses (hemor-

rhagic cysts, endometriosis, Mullerian atresia 

and ectopic pregnancy) [16].   

In relation MRI signals, T1 was mostly hy-

pointense in (77.4%) of masses with very low 

sensitivity (38.46%), specificity (2.04%) and ac-

curacy (9.68%) in detection of ovarian masses. 

T2 was mostly hyperintense in (88.7%) of mass-

es with high sensitivity (93.22%), very low speci-

ficity (33.33%) and high accuracy (90.32%). 

Flair signals showed median sensitivity 

(50.00%), very low specificity (12.50%) and very 

low accuracy (20.00%). Although, fat saturation 

observed as hyperintense in (56.5%), single drop 

in 17 (27.4%), hypointense in 5 (8.1%) and iso-

intense 4 (6.5%) with sensitivity (89.74%), speci-

ficity (77.27%) and accuracy (85.25%). Accord-

ing to ANOVA, there was a high statistical sig-

nificant difference (p= 0.017). Mansour et al re-

vealed that masses of intermediate SI on T2WI 

comprised 74% [1]. Bright SI was displayed on 

T2WI by 26%, about 29.5% of them were be-

nign, 50.8% borderline and 19.7% malignant 

masses (P<0.01). The sensitivity, specificity, 

PPV, NPV and accuracy yielded 93.3%, 85%, 

88.5%, 94.4% and 82.3%, respectively. This is 

more different from our findings, might be be-

cause Mansour et al adding DWI to the MR ex-

amination [1]. Also, a dislike with Joori et al, 

who showed that MRI had high sensitivity 

(91%), high specificity (93.6%) and high accura-

cy (93.3%) for characterizing malignant lesions 

of adnexal masses [16].   

Many previous studies examined the DWI 

adding to MRI protocol for detection benign 

from malignant adnexal masses [3]. Moreover, 

Table №4.     Ultrasonography findings in this study. 

Findings  No.  % 

US  maximum diameter 

(mm) 

<40  16 25.8 

40-60 35 56.5 

>60 11 17.7 

Ascites  Yes  8 12.9 

No  54 87.1 

Irregular shape Yes  21 33.9 

No  41 66.1 

Laterality Bilateral 9 14.5 

Unilateral 53 85.5 

Septum  Yes  7 11.3 

No  41 66.1 

Incomplete  14 22.6 

Acoustic shadows Yes  20 32.3 

No  42  67.7 

Doppler Avascular 61 98.4 

Hypo-vascular 1 1.6 
 

   
 

Table №5.     Kappa value in this study. 

Radiology *Kappa value   95%CI p-value 

MRI 0.968 0.923-1.000 
0.049 

US 0.581 0.438-0.724 

*Inter-observer agreement Kappa statistic 

fair, 0.21-0.40  

moderate, 0.41-0.60  

substantial, 0.61-0.80  
#perfect, 0.81-1.0 
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Inci et al dislike with these observations [19].   

A prospective study to evaluate the possi-

bility of DWI in differentiation of adnexal mass-

es by Thomassin-Naggara et al, they considered 

the SI at the DWI was the accurate tool for dis-

tinguishing benign from malignant masses and 

depend on the ADC values [12, 20]. Further-

more, DWI helpful in the differentiation and de-

tection of spreading of disease [1]. 

In the current study, we calculated the ar-

ea under curve (AUC), showed the fat saturation 

should be conceded as better indicator in the 

distinguish of ovarian masses with high AUC= 

0.828, followed by T2WI (AUC= 0.493). This is 

disagreeing with Saida et al who reported no 

significant difference was observed between ra-

diologists except for significantly higher AUCs 

on the DWI and ADC map [10]. A significantly 

lower AUC on the T2WI also reported. 

Mansour and co-authors considered DWI 

with (b value: 1000), for accepting image resolu-

tion. They observed High SI in (78.3%) of mass-

es. They calculated the mean ADC for benign 

masses (1.2+ 0.34 x 103 mm2/s), for borderline 

(1.1+ 0.06 x 103 mm2/s), and for malignant 

(0.83+ 0.15 x 103 mm2/s) [1]. Joori et al, con-

cluded that contrast – enhanced T1WI depict 

malignancy criteria [16].   

Several studies deeply use learning in the 

gynecological imaging fields. Urushibara et al 

[21], used Convolutional Neural Network as a 

good diagnostic performance of MRI T2WI for 

identifying the presence of cervical cancer. Jian 

et al. and Li et al., based texture analysis model 

constructed an MRI to differentiate between 

types of epithelial ovarian cancers by 

T2WI+DWI+ADC and CE-T1WI+T2WI [22, 23]. 

Wang et al, developed a guide to distin-

guish benign from malignant ovarian lesion de-

pend on T2WI, T1WI and clinical variables [24].   

MRI purpose is to differentiate malignant 

from benign lesions and infer histologies; how-

ever, in great manner the ovarian tumors imag-

ing findings differ based on their histological 

types. For example, high-grade serous carcino-

ma appears as small, bilateral masses with peri-

toneal spreading; mucinous tumors is very 

large; clear cell carcinoma, endometrioid and 

seromucinous cancer are associated with en-

dometriosis [25]. Moreover, the detection of bor-

derline from adenomas is difficult [26]. 

Regarding MRI diagnosis, dermoid lesion 

was noticed more frequent in (35.5%), followed 

by endometrioma (16.1%). Simple cyst was seen 

in 5 cases. One case diagnosed as hemorrhagic 

cyst and other as complicated cyst. Thecoma 

detected in one case. Ovarian abscess seen in 

one case. About 21(33.9%) undefined. This is 

disagreeing with Mansour et al which reported 7 

cyst adenofibromas, 12 Brenner masses and 38 

fibrothecomas. Nakai et al noticed fibrotheco-

mas, cyst adenofibromas and Brenner tumors 

by low SI in T2WI- DWI due to the high density 

of fibers, the low cellularity, and the low water 

content [1, 27]. A significant difference of MRI 

was detected between ADC values for mature 

teratomas, collision tumors and malignant 

masses (P = 0.002) [1].  

In past 2 decades, there was a primer ex-

perience tried for determining the feasibility of 

using ADC measurement for the distinguish 

ovarian malignancy from benign, but the work 

was descriptive not analytic. There were image 

motion artifacts. The research group concluded 

that ADC measurement, texture and intensity 

have the ability to differentiate malignancy in 

ovarian masses [1]. However, many studies re-

vealed a large overlap between ADC values of 

benign and malignant ovarian masses, due to 

that this quantitative analyses not performed in 

our findings [12].   

In this study, ultrasonography findings 

showed mean maximum mass diameter was 

(50.15 ±11.35 mm) with median of (51 mm) and 

ranged from 26 mm to 75 mm, ascites in 

(12.9%), irregular cysts in (33.9%), bilateral 

masses in (14.5%). Cystic mass showed a sep-

tum in (11.3%) and acoustic shadows in 

(32.3%). Avascular masses by Doppler in most 

cases (98.4%). Aramendía et al, developed a new 

technique for US images that can distinguish 

between benign and malignant adnexal masses 

[28]. Joori et al said vague adnexal masses by 

US will benefit from additional assessment with 

MRI, which is have high accuracy for identifying 

the origin of the mass, tissue contents features 

and planning the way of management [16].  

In the current study, inter-observer 

agreement Kappa statistic of MRI finding versus 

ultrasonographic images revealed that detection 

of ovarian cyst by MRI had perfect agreement 

(k= 0.968) than US (k= 0.581) with significant 

difference (p= 0.049). This is greater than Saida 

and colleagues study, who found that the κ be-

tween radiologists was (0.17–0.63) [10]. Joori et 

al, found an excellent agreement between MRI 

and the final diagnosis (0.97) which is higher 

than the results of Adusumilli et al (0.93) but it 

is as same as our k [16, 18]. 

Conclusions.  

Radiologists must make a judgment by 

using multiple MRI sequences. Middle age, mar-

ried and multiparous women are the most 

common reproductive age group presented with 

ovarian masses. Most of ovarian masses ob-

served by MRI are sized more than 4 cm, no sol-

id component, homogeneous enhancement, ill-

defined cystic, septal thickness <3 mm, without 

calcification, necrosis, LVI or peritoneal implan-

tation. The characteristic features of MRI se-
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quences are T1 hypointense, T2 hyperintense, 

fat saturation hyperintense and FLAIR hy-

pointense. Fat saturation consider as better in-

dicator in the distinguish of ovarian masses 

with high (AUC= 0.828), followed by T2 images 

(AUC= 0.493). Statistically, the detection of 

ovarian masses by MRI had perfect agreement 

(k= 0.968) than US (k= 0.581). 
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