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Abstract  

Background: Ovarian cancer is a leading cause of death  

among gynecological malignancies and the fifth most common  

cause of cancer deaths in women.  

Aim of Study:  To determine whether the addition of DW  

sequences to a conventional MR imaging protocol can help  

in the prediction of the nature of suspicious ovarian masses  

which are detected previously by conventional ultrasound.  

Patients and Methods:  Thirty-five female patients with  
initial undetermined ovarian lesions were included in this  
study during the period from December 2019 to September  

2020. Women who present with an ovarian mass on previous  

US examination and were referred to the Radiology Department  

of Alexandria Main University Hospital and Radiology De-
partment of Ain Shams University Hospitals for further  
assessment and characterization by MRI imaging with adding  

DW-MR imaging Sequence.  

Results:  In the current study, the mean patient age was  

41.00± 13.37 years. 17 (48.57%) of 35 ovarian masses were  
benign, and 12 (34.29%) were malignant, and 6 (17.14%)  

were borderline. Diffusion-weighted MRI findings of the  

different histopathological types showed restricted diffusion  

in 83.3% of borderline lesions and 91.7% of malignant lesions  
while only 17.6% of benign lesions showed restriction diffusion  
with a statistically significant difference at p-value 0.025*.  
DWI had shown 91.7% sensitivity and low specificity 82.4%.  

Combined DWI and conventional MRI sequences had the  
highest accuracy 93.1%, and sensitivity at 95.3%.  

Conclusion:  Our results concluded that the DWI can help  

and increase the confidence of MRI in assessment or exclude  
potential malignancy in ovarian masses.  

Key Words:  Ovarian mass – MRI – Diffusion-weighted – 
ADC.  

Introduction  

OVARIAN  cancer is a leading cause of death  

among gynecological malignancies and the fifth  

most common cause of cancer deaths in women.  

Because most patients with ovarian cancer present  

in an advanced stage of the disease due to its silent  
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clinical course, a non-invasive and accurate diag-
nostic tool would be highly desirable [1] .  

Ovarian masses represent a special diagnostic  
challenge when imaging findings cannot be cate-
gorized into benign or malignant pathology [2] .  
Excessive surgical procedures such as bilateral  

oophorectomy with or without hysterectomy have  

sometimes been performed in patients with benign  
ovarian tumor because the preoperative diagnosis  

was inaccurate [3]  so a preoperative diagnosis of  

ovarian tumors based on imaging is important as  
the biopsy is not commonly applied [4] .  

Ultrasound (US) is the first-line imaging inves-
tigation for suspected adnexal masses helping in  
the detection and characterization of ovarian tumors  

[2] . Computed tomography (CT) is commonly per-
formed for evaluation of suspected ovarian malig-
nancy, but it exposes patients to radiation. Magnetic  
resonance image (MRI) can be a valuable problem-
solving tool, an adjunctive modality for evaluating  
adnexal lesions, useful to give also surgical plan-
ning information without radiation exposure [5,6] .  

MRI is able to identify different types of tissue  

contained in pelvic masses, distinguishing benign  
from malignant ovarian tumors, with an overall  
accuracy of 88% to 93% [2] . MRI can specifically  
diagnose certain pathologic types by providing  
accurate information on fat, collagen, and haemor-
rhage [7] . However, the only definitive diagnosis  
of an ovarian mass is through histology [8] .  

Diffusion-weighted imaging is a functional  

MRI technique that measures the random micro-
scopic water molecules movement (Brownian mo-
tion) [9] . Any pathological processes that affect  
intracellular and extracellular water mico-diffusivity  

will be reflected in DWI [10] . Diseases altering  
cell membranes, tissue cellularity, the viscosity of  
intracellular or extracellular water, and extracellular  
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space tortuosity will cause changes in DWI [11] .  
High signal on DWI reflects restricted diffusion  
[12] .  

Typically, DW-MRI permits a quantitative eval-
uation by assessing apparent diffusion coefficient  

(ADC) values which measure the random motion  
rate of water molecules and decreases with in-
creased tumor cellularity [13] . In general, malignant  
tumors have higher cellularity than benign tumors;  

therefore, DWI can assist in differentiating malig-
nant from benign tumors [14] .  

The purpose of this study is to determine wheth-
er the addition of DW sequences to a conventional  
MR imaging protocol can help in the prediction  

of the nature of suspicious ovarian masses which  

are detected previously by conventional ultrasound.  

Patients and Methods  

Patients:  
Thirty-five females patients with initial unde-

termined ovarian lesions were included in this  
study; their ages ranged between 19-65 years with  

a mean value of 41 ± 13.37 years. The patients were  
referred from gynecology outpatient clinics to the  

Radiology Department of Alexandria Main Uni-
versity Hospital and Radiology Department of Ain  
Shams University Hospitals for MRI examination  
during the period from December 2019 to Septem-
ber 2020.  

Inclusion criteria:  

Women who present with an ovarian mass on  

previous US examination and were referred for  

further assessment and characterization by MRI  

imaging with adding DW-MR imaging Sequence.  

Exclusion criteria:  
-  Patients with any contraindication to MRI e.g.  

prosthetic heart valves.  
- Patients with any contraindication to contrast  

media administration e.g. patients with GFR  
below 30mL/min/1.73m2 .  

Ethical considerations:  Official permissions  
were obtained from the Radiology Department,  
Faculty of Medicine, Ain Shams University. Each  

included patient was informed about the nature of  

the study and written consent was obtained. The  
privacy of participants and confidentiality of data  

were guaranteed during the various phases of the  

study.  

Methods:  
All participated women in the study were sub-

jected to full history taking, revision of the patient's  

laboratory investigations as tumor markers, MRI  
examination, and the final diagnosis was reached  

by surgical (laparoscopic) findings and histopatho-
logical examination.  

MRI examination was performed by using a  
1.5 T machine (Achieva Philips medical system)  

using eight-channel surface coil. The examination  

time was 35-50 minutes. Slice thickness ranged  

from 3-5mm with a 1mm gap.  

MRI Study protocol:  

-  Axial T1WI (TR/TE, 500/10ms) and axial T2WI  
(TR/TE, 3300/100ms), slice thickness (6mm),  
Gap (1mm), FOV (32-42cm), Matrix (256x256).  

- Sagittal T2WI and Coronal T2WI, Slice thickness  

(8-10mm), Gap (1mm), FOV (40-50cm), Matrix  

(256x256).  
- Axial T1-weighted fat suppressed gradient-echo  

(GRE) sequence (TR/TE (180/2,1), flip angle  
(80° ), section thickness (6mm), interslice gap  
0.6mm; bandwidth (62.5) kHz; field of view  
(38cm), matrix (256x224).  

- Post enhancement T 1 WI (axial and coronal) with  

fat suppression after injection of 0.1mmol/kg of  

body weight of Gd-DTPA.  
- DW-MRI in the axial plane by using a single-

shot echo-planar imaging sequence with b  values  
(0, 300, 600), TR/TE (5000/70), Slice thickness  
(6mm), Gap (1mm), FOV (36cm), Matrix  
(128x128).  

Study interpretation:  
Images were analyzed and signal intensity (SI)  

assessment was performed on picture archiving  
and communication system (PACS) workstation.  

The morphological features of each lesion were  

recorded. Malignant MR criteria were applied  

according to Valentini et al.'s criteria [2]  of malig-
nancy. Signal intensity on diffusion images with  
measurement of ADC values was assessed. All  
imaging findings of DW-MRI were correlated to  
the final diagnosis of histopathological examination.  

Statistical analysis:  
Recorded data were analyzed using the statis-

tical package for social sciences, version 20.0  
(SPSS Inc., Chicago, Illinois, USA). Quantitative  

data were expressed as mean ±  standard deviation  
(SD). Qualitative data were expressed as frequency  

and percentage. The following tests were done:  

ANOVA test when comparing between more than  
two means. Chi-square (x2) test of significance  
was used to compare proportions between qualita-
tive parameters. Receiver operating characteristic  
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(ROC curve) analysis was used to find out the  
overall predictivity of parameters and to find out  
the best cut-off value with detection of sensitivity  
and specificity at this cut-off value.  

The confidence interval was set to 95% and the  

margin of error accepted was set to 5%. So, the p-
value was considered significant when ≤ 0.05,  
highly significant when ≤0.001, and insignificant  
when >0.5.  

Results  

Table (1) shows the mean age of the studied  
group was 41 ± 13.37 years. The histopathological  
classification shows nearly half of the cases were  
benign (48.57%). The most common clinical pres-
entation was pelvic pain in 29 (82.86%).  

Table (2) shows the right side lesions (77.14%)  

are more frequent than the left side lesions  
(22.86%). The mean mass size is 20.5 ±25.6. The  
unilateral lesions (62.86%) are more common than  
bilateral lesions (37.14%). The commonest mass  

descriptions were unilocular cyst, multilocular  

cysts, and complex cystic and solid, representing  

37.14%, 31.43%, and 28.57%, respectively.  

MRI T1WI showed Hypointense ovarian masses  
in 16 (45.71%) patients (Figs. 1,2), Hyperintense  

ovarian masses found in 11( 31.43%) patients  

Intermediate signal ovarian masses found in 4  
(11.43%) patients (Fig. 3), Heterogenous hyperin-
tense ovarian masses found in 3 (8.57%) patients  

Heterogeneous hypo intense ovarian masses in 1  
(2.86%) patients. MRIT2WI showed Hyperintense  
ovarian mass: in 22(62.86%) patients (Figs. 1,3).  

Heterogeneous hyperintense ovarian masses in 11  
(31.43%) patients (Fig. 2). Hypointense ovarian  

mass: in 2 (5.71 %) patients. MRI T 1 fat suppression  

showed fat suppression in 5 (14.29%) patients and  

no suppression in 30 (85.71%) patients. Post-
contrast MRI showed enhancing wall in 18  
(51.43%) patients, enhancing septation in 17  

(48.57%) patients, enhancing mass found in 10  

(28.57%) patients, and enhancing nodule in 10  

(28.57%) patients (Table 3).  

Table (4) demonstrates the MRI DWI findings.  

There are Restricted diffusion in 19 (54.29%)  
patients (Fig. 1) and no Restricted Diffusion in 16  

(45.71%) patients (Figs. 2,3). ADC value of the  

Solid Component was ranged between 0.6-1.5 with  
a mean value of 1.03±0.28 (x 10 -3  mm2/s).  

Laparoscopic study of ovarian masses revealed  
extra findings illustrated in Table (10). The most  

common extra finding was the ascitic fluid positive  
for malignant cells in 3 patients (8.57%) (Table  

5).  

The histopathological diagnosis of benign,  
borderline, and malignant lesions are described in  
Table (6). The most common benign lesions are  
endometriotic cyst (14.29%) and mature cystic  
teratoma (14.29%) (Fig. 2). The most common  

borderline lesions are mucinous tumor (5.71%)  

and Papillary serous tumor (5.71 %). While the  
most common malignant lesions are Krukemburg  

tumor (5.71%), Mucinous cystadenocarcinoma  
(5.71 %), and Papillary serous cystadenocarcinoma  

(5.71%) (Fig. 1). (Table 6s).  

Comparing different histopathological types  

group according to patient's conventional MRI (T1  
fat sat.) study showed no fat suppression in 100%  
of both malignant and borderline types while 70%  
in the benign group with a statistically significant  

difference at p-value 0.046*. While comparing  
different histopathological types according to the  

patient's conventional MRI (Contrast Study)  

showed that the presence of enhancing (mass,  

septation, wall and nodule) was more common  

with malignant and borderline masses. At the same  

time, it was 0% in benign masses with a statistically  

significant difference at p-value 0.001 *, 0.012*,  
0.001 *, 0.001 * respectively. DW MRI findings of  

the different histopathological types showed re-
stricted diffusion in 83.3% of borderline lesions  

and 91.7% of malignant lesions while only 17.6%  

of benign lesions showed restriction diffusion with  
a statistically significant difference at p-value  
0.025*. (Table 7).  

Comparing different histopathological types  

according to the ADC value of the solid component  
of the lesions showed that there were statistically  

significant differences at p-value 0.038*, while  
the ADC value of the cystic component of the  

lesions showed that there were no statistically  

significant differences at p-value 0.267. (Table 8).  

Table (9) demonstrates ROC curve analysis to  
predict the accuracy of conventional MRI by T1  

Fat Sat. in the characterization of ovarian masses  

in comparison to histopathology. The accuracy in  

predicting borderline and benign were 47.8% with  
sensitivity and specificity of 100% and 29.4%  
respectively. While the accuracy to predict border-
line and malignant were 100% with 100% sensi-
tivity. The accuracy to predict malignant and benign  
were 58.6% with sensitivity and specificity of  
100% and 29.4% respectively.  



Restricted Diffusion  
No Restricted Diffusion  

19 (54.29%)  
16 (45.71%)  

Total (n=35)  

1.03±0.28  

41± 13.37  

Total (n=35)  
17 (48.57%)  
6 (17.14%)  
12 (34.29%)  

Total (n=35)  
3 (8.57%)  
2 (5.71%)  
29 (82.86%)  
1 (2.86%)  

ADC value of the Solid Component  

(x10 -3  mm 2/s):  
Mean ±  SD  

Data are presented as mean ±  SD or number (%).  

Table (5): Descriptive statistical data of different radiological  

findings in the studied population.  

Age (years):  
Mean ±  SD  

Histopathological classification:  
Benign  
Borderline  
Malignant  

Clinical presentation:  
Abdominal Pain  
Abdominal Swelling  
Pelvic Pain  
Vaginal Bleeding  
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Table (1): Demographic data, histopathology, and clinical  
presentation of the studied population.  

Table (4): Descriptive data of DWI and ADC value (x10 -3 
 

mm2/s) of the Solid Component.  

Demographic data Total (n=35) Diffusion-weighted MR imaging Total (n=35)  

Laparoscopic findings Total (n=35)  

Ascitic fluid positive for malignant cells 3 (8.57%)  
Positive carcinoma cells in the peritoneal 1 (2.86%)  

wash fluid, papillary errosive cervicitis  
Proliferative endometrial polyp, Interstitial 1 (2.86%)  

leiomyoma, Endometriosis  
Metastic nodule on the omentum and posterior 

 

1 (2.86%)  
wall of the uterus  

Ovary, Both tubes omentum are positive for 1 (2.86%)  
tumor tissue  

Ovarian follicular cysts 1 (2.86%)  
Endocervicitis, nabothian cysts 1 (2.86%)  

Table (6): Descriptive statistical data for histopathological  
findings.  

Histopathological diagnosis (n=35)  

Table (2): Descriptive statistical data of mass site, size,  
laterality, and morphology by MRI.  

Mass Total (n=35)  

Site:  
Left 8 (22.86%)  
Right 27 (77.14%)  

Mass size:  
Mean±SD 20.50±25.60  

Laterality:  
Unilateral 22 (62.86%)  
Bilateral 13 (37.14%)  

Mass description: Total (n=35)  
Unilocular cyst 13 (37.14%)  
Multilocular cyst 11 (31.43%)  
Complex cystic and Solid 10 (28.57%)  
Papillary projection 6 (17.14%)  
Solid 2 (5.71%)  

Benign:  
Emdometritic cyst  
Inclusion cyst  
Infarcted simple serous cyst surrounded by  

infarcted tubo ovarian tissue  
Mucinous cyst adenoma  
Pelvic inflammatory process (PID) tubo  

ovarian abscess  
Serous cyst adenoma complicated by  

ovarian torsion  
Mature cystic teratoma  

Borderline:  
Mucinous tumor  
Borderline mucinous cystadenocarcinom  
Borderline serous cystadenocarinoma  
Papillary serous tumor  

Malignant:  
Krukemburg tumor  
Moderately differentiated mucinous  

carcinoma grade 2(G2)  
Mucinous carcinoma high grade  
Mucinous cyst adenocarcinoma  
Papillary serous carcinoma, high grade with  

rupture capsule  
Papillary serous cystadenocarcinoma  
Sex cord tumor  
Undifferentiated ovarian carcinoma  

Serous cyst adenocarcinoma high grade  

Table (3): Descriptive statistical data of MRI T1, T2 signal  
intensity, T1 fat sat, and contrast study of the  

ovarian masses in the study population.  

MRI signal Total (n=35)  

MRI signal T1 W1:  
Hyperintense 11 (31.43%)  
Hypointense 16 (45.71%)  
Heterogeneous hypointense 1  (2.86%)  
Heterogenous hyperintense 3 (8.57%)  
Intermediate signal 4 (11.43%)  

MRI signal T2 W1:  
Hypointense 2 (5.71%)  
Hyperintense 22 (62.86%)  
Heterogeneous hyperintense 11 (31.43%)  

Conventional MRI:  
T1 Fat Sat.:  

No Suppression 30 (85.71%)  
Suppression 5 (14.29%)  

Contrast Study:  
Enhancing Mass 10 (28.57%)  
Enhancing Septation 17 (48.57%)  
Enhancing Wall 18 (51.43%)  
Enhancing Nodule 10 (28.57%)  

5 (14.29%)  
1 (2.86%)  
1 (2.86%)  

2 (5.71%)  
2 (5.71%)  

1 (2.86%)  

5 (14.29%)  

2 (5.71%)  
1 (2.86%)  
1 (2.86%)  
2 (5.71%)  

2 (5.71%)  
1 (2.86%)  

1 (2.86%)  
2 (5.71%)  
1 (2.86%)  

2 (5.71%)  
1 (2.86%)  
1 (2.86%)  
1 (2.86%)  

Data are presented as mean ±  SD or number (%).  



(A) (B) (C)  

(D) (E)  

(F) (G)  
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Fig. (1): 65 years old female complaining of increasing abdominal pain that began in the periumbilical region and then  

localized to the right lower quadrant. Physical examination tenderness in the right lower quadrant. Results of laboratory studies  

showed a markedly elevated level of cancer antigen, at 351 U/mL (normal range, 0-34 U/mL). MRI examination showed (A)  

Axial T 1 WI showed right ovarian mltilocular complex cystic lesion, the cystic component shows T 1 hypointense signal intensity  

(white arrow) (B) Axial T2WI shows right ovarian lesion with T2 hyperintense signal intensity of cystic component diameter  

with multiple intracystic mural nodules. (C,D) Coronal and sagittal T2WI shows a right ovarian lesion with T2 hyperintense  

signal. (E) Axial T 1 WI postcontrast with fat suppression where the solid nodules show moderate enhancement. (F) DWI where  

the solid nodules shows diffusion restriction (G) ADC map shows ADC value of the solid component (0.1 x 10 -3  mm2/s) (red  
arrow), ADC of the cystic component (2x 10 -3  mm2/s) while Omental nodule with diffusion restriction, ADC value (1.3 x 10 -  
3  mm2) (white arrow). Histopathology revealed papillary serous carcinoma of right ovary high grade with rupture capsule and  

extension to the external surface. Omental tumor deposits of epithelial invasive type.  



(A) (B) (C)  
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(D) (E)  

Fig. (2): 47 years old female patient presented with a complaint of swelling and pain of right lower abdomen for the last  

two months, no previous history of any illness. Serum alpha-fetoprotein (AFP) and beta-human chorionic gonadotropin (HCG)  

levels were normal. MRI examination shows (A) T1WI axial cut shows right ovarian cyst measuring about (11x7.5cm) showing  

hypointense signal intensity of cystic component with solid nodule of very high signal intensity (red arrow) (B) T2WI shows  

mixed hyperintense signal intensity (C) T 1 W 1 post-contrast with fat suppression showing suppression of the solid nodule  

denoting its fatty nature. (white arrow). (D) DWI shows no diffusion restriction (white arrow), (E) on ADC map ADC of solid  

component (1.5 x 10 -3  mm2/s) while ADC of cystic component (1.9 x 10 -3  mm2/s). Histopathology revealed right mature cystic  

teratoma neither immature element nor malignancy can be detected.  

Table (10) showed ROC curve analysis to pre-
dict the accuracy of MRI contrast study regarding  

enhancing mass, enhancing septation, enhancing  

wall, and enhancing nodule in the characterization  

of ovarian masses compared with histopathology.  

ROC curve analysis to predict the accuracy of  
DWI in the characterization of ovarian masses  

compared with histopathology showed that the  

accuracy to predict borderline and benign were  

82.6% with sensitivity and specificity of 83.3%  

and 82.4% respectively. While the accuracy to  

predict borderline and malignant were 66.7% with  
sensitivity and specificity of 91.7% and 16.7%  

respectively. Also, the accuracy in predicting ma-
lignant and benign was 86.2% with sensitivity and  

specificity of 91.7% and 82.4% respectively (Table  

11).  

ROC curve analysis to predict the accuracy of  
ADC of the Solid component in characterization  

of ovarian masses compared with histopathology  

shows that the accuracy to predict borderline and  
benign was 63.3% with sensitivity and specificity  

of 66.7% and 60% respectively. While the accuracy  

to predict borderline and malignant was 77.8%  
with sensitivity and specificity of 88.9% and 80%  

respectively. Also, the accuracy in predicting ma-
lignant and benign was 88.9% with sensitivity and  

specificity of 88.9% and 100% respectively (Table  

12).  

ROC curve analysis to predict the accuracy of  
ADC of the cystic component in characterization  

of ovarian masses compared with histopathology  

show that the accuracy in predicting borderline  

and benign was 54.9% with sensitivity and specif-
icity of 64.2% and 52.9% respectively. While the  
accuracy to predict borderline and malignant was  

61.7% with sensitivity and specificity of 40.0%  

and 83.3% respectively. Also, the accuracy in  
predicting malignant and benign was 68.2%with  
sensitivity and specificity of 50.0% and 64.7%  

respectively (Table 13).  



(A) (B) (C)  

(D) (E)  

(F) (G)  
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Fig. (3): 21-years-old female Patient with a history of surgical excision of right ovarian serous cyst-adenoma. MRI examination  

shows (A) T1WI axial cut shows right para-ovarian multilocular collection with T1 isointense (B,C,D) T2WI axial, sagittal,  

and coronal show right ovary is seen bulky harboring a T2 hyperintense unilocular cyst (white arrow) and right para-ovarian  

multilocular T2 hyperintense collection showing thin internal septations which Incasing the right ovary and extending to the  

Doglous pouch (red arrow). (E) T1WI FS postcontrast showing no contrast enhancement of the collection. (F,G) DWI shows  

no diffusion restriction & on the ADC map ADC value of the cystic component (1.4x10 -3  mm2/s). Histopathology: Right ovarian  
and para-ovarian cyst.  



Benign  
(n=17)  

MRI T1 Fat Sat.  
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Table (7): Comparison between different histopathological types according to conventional MRI and diffusion-weighted MRI.  

MRI  

Histopathological classification  
Chi-square  

test  Benign Borderline  
(n=17) (n=6)  

Malignant  
(n=12)  

No.  %  No.  %  No.  %  x2 p-value  

Conventional MRI:  
T1 Fat sat.:  

No Supression  12  70.6  6  100.0  12  100.0  6.176  0.046*  
Supression  5  29.4  0  0.0  0  0.0  

Contrast study:  
Enhancing Mass  0  0.0  3  50.0  7  58.3  13.358  <0.001**  
Enhancing Septation  5  29.4  2  33.3  10  83.3  8.861  0.012*  
Enhaning Wall  2  11.8  5  83.3  11  91.7  20.930  <0.001**  
Enhancing Nodule  0  0.0  3  50.0  7  58.3  13.358  <0.001**  

Diffusion-weighted MR I:  

Restricted Diffusion  3  17.6  5  83.3  11  91.7  8.296  0.025*  
No Restricted Diffusion  14  82.4  1  16.7  1  8.3  

x2 : Chi-square test.  *p-value <0.05 S.  **p-value <0.001 HS.  

Table (8): Comparison between different histopathological types according to ADC value (x10 -3  mm2/s) of the Solid Component.  

Benign  
(n=17)  

Borderline  
(n=6)  

Malignant  
(n=12)  ANOVA  p-value  

ADC value of the solid component (x10 -3  mm 2/s):  
Mean±SD  1.15±0.25  1.27±0.15  0.89±0.26  3.499  0.038*  
Range  0.74-1.4  1.1-1.4  0.6-1.5  

ADC of the cystic component (x10 -3  mm 2/s):  
Mean±SD  1.88±0.49  1.85±0.35  1.58±0.46  1.381  0.267  
Range  0.80-2.80  1.50-2.50  0.80-2.10  

F-One Way Analysis of Variance. *p-value <0.05 S. **p-value <0.001 HS.  

Table (9): Diagnostic performance of conventional MRI (T1 Fat Sat) in the characterization of  

ovarian masses compared with histopathology.  

Histopathological classification  

Borderline  
(n=6)  

Malignant  
(n=12)  

No. % No. % No. %  

No Suppression 12 70.6 6 100.0 12 100.0  

Suppression 5 29.4 0 0.0 0 0.0  

Borderline & Borderline & Malignant &  
Benign Malignant Benign  

Sensitivity  

Specificity  

Positive predictive value  

Negative predictive value  

Accuracy  

100.0%  

29.4%  

33.3%  

100.0%  

47.8%  

100.0% 

– 

100.0% 

– 

100.0%  

100.0%  

29.4%  

50.0%  

100.0%  

58.6%  



E
nh

an
ci

ng
 

N
od

ul
e 

E
nh

an
ci

ng
 

Se
pt

at
io

n 

E
nh

an
ci

ng
 

W
al

l 

E
nh

an
ci

ng
 

Se
pt

at
io

n 

E
nh

an
ci

ng
 

W
al

l 

E
nh

an
ci

ng
 

M
as

s 

E
nh

an
ci

ng
 

N
od

ul
e 

E
nh

an
ci

ng
 

M
as

s 

E
nh

an
ci

ng
 

N
od

ul
e 

E
nh

an
ci

ng
 

Se
pt

at
io

n 

E
nh

an
ci

ng
 

W
al

l 

E
nh

an
ci

ng
 

M
as

s 

Omnia A. Kamal, et al. 1517  

Table (10): Diagnostic performance of conventional MRI (Contrast Study) in the characterization of ovarian masses compared  

with histopathology.  

MRI Contrast Study  

Histopathological classification  

Benign  
(n=17)  

Borderline  
(n=6)  

Malignant  
(n=12)  

No.  %  No.  %  No.  %  

Enhancing Mass  0  0.0  3  50.0  7  58.3  
Enhancing septation  5  29.4  2  33.3  10  83.3  
Enhancing Wall  2  11.8  5  83.3  11  91.7  
Enhancing Nodule  0  0.0  3  50.0  7  58.3  

Borderline & Benign Borderline & Malignant Malignant & Benign  

Sensitivity  50.0%  33.3%  83.3%  50.0%  58.3%  83.3%  91.7%  58.3%  58.3%  83.3%  91.7%  58.3%  
Specificity  100.0%  70.6%  88.2%  100.0%  50.0%  66.7%  16.7%  50.0%  100.0%  70.6%  88.2%  100.0%  
Positive  

predictive  
value  

100.0%  28.6%  71.4%  100.0%  70.0%  83.3%  68.8%  70.0%  100.0%  66.7%  84.6%  100.0%  

Negative  
predictive  
value  

85.0%  75.0%  93.8%  85.0%  37.5%  66.7%  50.0%  37.5%  77.3%  85.7%  93.8%  77.3 %  

Accuracy  87.0%  60.9%  87.0%  87.0%  55.6%  77.8%  66.7%  55.6%  82.8%  75.9%  89.7%  82.8%  

Table (11): Diagnostic performance of DWI in differentiating benign, borderline, and malignant  

ovarian masses.  

MRI Diffusion-weighted  

Histopathological classification  

Benign  
(n=17)  

Borderline  
(n=6)  

Malignant  
(n=12)  

No. %  No. %  No. %  

Restricted Diffusion  

No Restricted Diffusion  

3 17.6  

14 82.4  

5 83.3  

1 16.7  

11 91.7  

1 8.3  

Borderline &  
Benign  

Borderline &  
Malignant  

Malignant &  
Benign  

Sensitivity  83.3%  91.7%  91.7%  

Specificity  82.4%  16.7%  82.4%  

Positive predictive value  62.5%  68.8%  78.6%  

Negative predictive value  93.3%  50.0%  93.3%  

Accuracy  82.6%  66.7%  86.2%  
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Table (12): Diagnostic performance and accuracy of ADC value of the solid component in  

characterization of ovarian masses in different histopathological types.  

ADC value (x 10 -3  mm2/s) of  
the Solid Component  

Benign  
(n=17)  

Borderline  
(n=6)  

Malignant  
(n=12)  

Mean±SD  1.15±0.25  1.27±0.15  0.89±0.26  

Borderline &  Borderline &  Malignant &  
Benign  Malignant  Benign  

Cut-off  ≤ 1.2  ≤ 1  ≤ 1  
Sensitivity  66.7%  88.9%  88.9%  
Specificity  60%  80%  100%  
Positive predictive value  50%  88.9%  100%  
Negative predictive value  75%  80%  75%  
Accuracy  63.3%  77.8%  88.9%  

Table (13): Sensitivity, specificity, PPV, NPV, and overall accuracy of ADC of the cystic component  

in characterization of ovarian masses compared with histopathology.  

ADC of the cystic component  
(x 10 -3  mm2/s)  

Benign  
(n=17)  

Borderline  
(n=6)  

Malignant  
(n=12)  

Mean±SD  1.88±0.49  1.85±0.35  1.58±0.46  

Borderline &  Borderline &  Malignant &  
Benign  Malignant  Benign  

Cut-off  <1.8  <1.5  <1.6  
Sensitivity  64.2%  40.0%  50.0%  
Specificity  52.9%  83.3%  64.7%  
Positive predictive value  33.3%  80.0%  45.5%  
Negative predictive value  81.8%  45.5%  68.8%  
Accuracy  54.9%  61.7%  68.2%  

Discussion  

A reliable method to differentiate benign from  

malignant ovarian masses would be valuable as it  

allows for appropriate subspecialty referral, optimal  

preoperative planning, counselling of the patient,  

and informing them about possible surgical strate-
gies [15,16] .  

Magnetic Resonance Imaging (MRI) is an es-
sential problem-solving tool to determine the origin  
of a pelvic mass and then characterize an adnexal  

mass, especially in patients with indeterminate  

lesions [17,18] .  

The present study was conducted in 35 patients  

with an ovarian mass on a previous US examination  

to determine whether the addition of DW sequences  

to a conventional MR imaging protocol can predict  
the nature of suspicious ovarian masses detected  

previously by conventional ultrasound.  

In the present study, the mean patient age was  

41.00± 13.37 years, which disagreed with Alahwal  
et al., [19]  study that carried on 82 female patients  

concluded that the mean patient age was 51.52 ±  
11.31 years.  

In our study, pelvi-abdominal pain was the most  

common complaint of the patients (91%), which  

was in agreement with Liu et al., [20]  study which  
carried on 203 patients who presented with adnexal  

masses and found that pelvi-abdominal pain was  

the most common complaint of the patients  
(57.7%).  

Also, we found that lesions in the right side  

were more than the left side (77.14%, 22.86%  

respectively) and 37.14% bilateral lesions, which  
was in agreement with a study done by Taj-Aldean,  
[21]  which had 62.5% of the lesions in the right  

side and 37.5% in the left side, this agreement was  
a mere coincidence.  

In the current study, 17 (48.57%) of 35 ovarian  
masses were benign, and 12 (34.29%) were malig-
nant, and 6 (17.14%) were borderline, these results  

were similar to the study of Alahwal et al., [19]  
who found that Thirty-six (43.9%) of the 82 ovarian  
masses were benign, and 41 (50%) were malignant,  
and 5 cases (6.1%) were borderline.  

Histopathological examination revealed that  
the most common benign lesion was the mature  
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cystic teratomas, which was diagnosed in 5  
(14.29%) patients, followed by mucinous cystade-
noma in two (5.71 %) patients, and endometrioma,  

also in two (5.71%) patient.  

In a study done by Shadab et al., [22]  two hun-
dred sixty-seven ovarian masses undergo a his-
topathological examination. Of these, 163 (61.0%)  
were tumor-like, 96 (36.0%) were benign tumors  

and 8 (3.0%) were malignant. The most common  

tumor-like condition was the Corpus luteum cyst  
(43.4% cases). Among the benign and malignant  
tumors, mature cystic teratoma (17.2% of total)  

and Epithelial tumors (n=4) were the most common.  

There is a statistically significant positive relation  

between age and various ovarian masses (p=0.002).  

In the current study, 5.9% (1 of 17) benign  

cases showed solid component and 50.0% (6 of  

12) malignant cases showed solid component  

(p<0.05), which was in agreement with Li et al.,  
[23]  study which concluded that solid components  

were found in 11/46 (23.9%) benign and 37/85  
(43.5%) malignant masses (p<0.05). (5/12) 41.7%  
of malignant cases were cystic and (6/12) 50.0%  
of malignant cases were mixed cystic and solid,  
but 16.7% only (2/12) of malignant cases were  

solid only.  

This was in agreement with a previous study  
by Taj-Aldean, [21]  where histopathological findings  
of benign and malignant lesions revealed that out  
of 80 patients confirmed with surgery and histo-
logical evaluation, 64 (80%) of them were benign  
and 16 (20%) patients had malignant masses dis-
tributed as follow (1/16 (6%) was solid only, solid-
cystic in 13/16 (81.25%), and cystic only in 2/16  
(12.5%). Only 5.9% (1/17) of benign cases are  

complex, with a statistically significant difference  

(p-value <0.05).  

The current study showed 70.6% of the benign  
lesions were unilocular, while none of the malignant  

lesions were unilocular. This agreed with Foti et  
al., [5]  who reported that the unilocular cystic  
masses in the adnexal region are more likely benign.  

In the present study, the conventional MRI  
T2WI found that 70.6% (12 /17) of benign cases  

showed a high signal in T2WI. In comparison,  
only 41.7% (5/12) of malignant lesions showed  
high signal in T2WI images. This disagreed with  
Zhang et al., [16]  study, which found that 52.7%  
of the studied benign lesions (39/74) showed high  

signal in T2WI while 84.3% of studied malignant  
lesions (108/128) showed high signal in T2 weight-
ed images. It could be attributed to our more con- 

siderable number of benign cases than malignant  

ones.  

In the present study regarding Fat suppression  

sequence, 29.4% (5/12) of benign cases showed  

fat density, but none of the borderline or malignant  

cases showed fat, which was statistically significant  

(p-value 0.05). While concerning the vegetation  

and papillary projections, 100% of benign cases  

have no vegetations or papillary projections, 3 of  
6 (50.0%) of borderline lesions, and 3 of 12 (25.0%)  

of malignant cases showed papillary projections,  
which recorded a statistically significant difference  
(p-value <0.05). Also, the mean width of malignant  

lesions (27.70cm) was larger than in benign lesions  

(15.99cm), with no statistically significant differ-
ence as the p-value was 0.485.  

Considering the contrast enhancement pattern,  

the present study showed that 85.7% of heteroge-
neously enhanced lesions were malignant (6 out  

of 7 cases), 83.3% of malignant cases show en-
hancing septations.  

In coordinance with Taj-Aldean, [21]  lesions  
considered malignant should have complex solid-
cystic components, vegetation on the wall, and the  

lesion's large size heterogeneous enhancement,  

and septa presence inside the cystic adnexal lesion,  
the presence of ascites, and peritoneal invasion.  

Regarding DWI, the qualitative assessment of  

diffusion restriction was done by visual assessment  
for the presence of hyperintensity in b800 images  

and hypointensity in the corresponding ADC im-
ages. 91.7% of malignant lesions in the study (1 1  
from a total of 12 malignant lesions) showed re-
stricted diffusion with low ADC values. This agreed  

with Rajasri et al., [24]  study, which carried on 112  
female patients with initial undetermined complex  

adnexal masses referred for MRI based on ultra-
sound findings for further characterization and  

staging. They concluded that an adnexal mass with  

restricted diffusion usually is a malignant lesion.  
This finding, that of high signal intensity on DWI  
in solid components, may reduce both the extra-
cellular matrix and the diffusion space of water  

protons in the extracellular and intracellular dimen-
sions due to an increased nuclear to cytoplasmic  

ratio and hypercellularity. However, the low signal  

intensity on DWI in benign ovarian tumors such  
as fibrothecomas, cystadenofibromas, and Brenner  
tumors, may be due to the high density of fibers,  

the low cellularity.  

Qualitative DWI, in the present study, Hyper-
intense signal on DWI was observed in 11/12  
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(91.7%) of malignant, 5 of 6 (83.3%) of borderline  

tumors, and in only 3/17 (17.6%) of the benign  
lesions (p<0.05). The restricted diffusion in the  
solid components had a sensitivity of 91.7%, spe-
cificity 82.4%, PPV 78.6%, and NPV of 93.3%  
with overall accuracies of 86.2%.  

In the current study, we had 17 pathologically  

proven benign ovarian lesions, 14 cases showed  
facilitated diffusion, and 3 cases of the rest 17  

cases are two tub ovarian abscess and chocolate  

cyst (endometriomas) showed restricted diffusion  
due to high hemosiderin and pus content.  

This was in agreement with Nasr et al., [25]  
study which conducted on 30 cases of different  

ovarian lesions. Thirty-two cases were pathologi-
cally proved (classified to 12 benign and 11 ma-
lignant), seven cases showed facilitated diffusion  
(low signal in diffusion images, high signal on  
corresponding ADC map and high ADC values),  

five hemorrhagic cysts (diagnosed by MRI criteria  

and follow-up U/S) and two endometriomas (proved  

pathologically) showed high signal not only on  
diffusion images but also on corresponding ADC  
map and ADC values.  

Kim et al., [26]  in a meta-analysis review of 21  
studies, concluded that DWI could not differentiate  

between benign and malignant ovarian masses. In  
a recent literature review.  

In the present study, the cystic component's  
mean ADC value did not differ significantly be-
tween benign and malignant masses ( p=0.267). It  
was 1.88±0.49mm2/s for benign tumors, 1.85 ±0.35  
for borderline lesions, and 1.58±0.46x10 -3  mm2/s  
for malignant tumors, which also considered sta-
tistically insignificant.  

This was in agreement with Li et al., [23]  who  
carried out a study on 127 patients with pelvic  

masses (46 benign and 85 malignant). The purpose  

of this study was to evaluate differences in ADC  
values for differentiating benign versus malignant  

ovarian tumors preoperatively. They concluded  
that the mean ADC value of the cystic component  

= 2.58x10-3±0.27x10 -3  mm2/s for benign tumors,  
and 2.44x10 -3±0.33x10 -3  mm2/s for malignant  
tumors which found to be statistically insignificant.  

In the current study, the cystic component's  

DWI and ADC values were less valuable and less  
accurate in differentiation between benign and  
malignant masses, with considerable overlap in  
ADC value. These findings have been observed in  
previous studies [10,23] .  

On the other hand, we found that the mean  

ADC value of the solid component can differ  

significantly between benign and malignant masses  

(p<0.05) as it was 1.15±0.25x10-3  mm2/s for benign  
tumors, 1.27±0.15x10 -3  mm2/s for borderline tu-
mors and 0.89±0.26x10-3  mm2/s for malignant  
tumors which also considered statistically signifi-
cant which was in agreement with Li et al., [23]  
study which concluded that DWI is beneficial for  

differentiating between benign and malignant ovar-
ian lesions regarding to solid components as they  
found that the mean ADC value of the solid com-
ponent = 1.69x10 -3±0.25x10 -3  mm2/s for benign  
tumors, and 1.03x10 -3±0.22x10 -3  mm2/s for ma-
lignant tumors which found to be statistically  
significant.  

Also, the current study showed the sensitivity,  
specificity, PPV, NPV, and accuracy of conventional  
MR imaging all have increased from 87.5%, 86.4,  
70%, 95%, 86.7% respectively for conventional  

MRI to 88.9%, 100%, 100%, 75%, 88.9% respec-
tively for DWI according to ADC values of the  

solid components. In agreement with Li et al., [23]  
study concluded that the sensitivity, specificity,  
PPV, NPV, and accuracy of conventional MR im-
aging all have increased after adding DWI to the  

conventional MRI.  

In the present study, we found that ADC value  

<1x10 -3  mm2/s may be the optimal cut off for  

differentiating between benign and malignant mass-
es, which was in agreement with Zhang et al., [16]  
study carried on 191 female patients with different  
ovarian lesions underwent diffusion-weighted (DW)  

magnetic resonance (MR) imaging of 202 ovarian  

masses aiming to evaluate the role of DWI in  
differentiating between benign and malignant ovar-
ian lesions, they concluded that ADC value ≥ 1.20  
x10 -3  mm2/s might be the optimal cutoff for dif-
ferentiating between benign and malignant tumors.  

Our results are close to those of Zhuang et al.,  
[27] . They reported mean ADC value for benign  
masses 1.49±0.39 10 -3  mm2/s and for malignant  
ovarian masses 0.95±0.13 with a statistically sig-
nificant difference.  

Also, Hemat et al., [28]  reported an overall  
accuracy of MRI of 84%, similar to the current  

study. Based on morphological MRI criteria.  

Emad Eldin et al., [29]  reported a sensitivity of  
94.3% and an accuracy of 92.3% in differentiation  

between benign and malignant ovarian lesions,  
results higher than the current study.  
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In the current study, we studied the added value  

of quantitative and qualitative DWI in both the  
ovarian masses' solid and cystic components. We  
used ADC cut-off value ≥ 1.20x10

-3 
 mm2/s for  

differentiation between benign and malignant mass-
es in the current study. This cut-off value was  

suggested by several previous studies as the best  

cut-off value [23,30-32] .  

In the present study, the mean ADC value for  

benign masses was 1.52 ±0.65x10-3  mm2/s and for  
malignant masses 0.97±0.13x10 -3  mm2/s, with a  
statistically significant difference (p<0.01). Our  
results are close to those of Zhuang et al., 2019.  
They reported mean ADC value for benign masses  

1.49±0.39 10 -3  mm2/s and for malignant ovarian  
masses 0.95 ±0.13 with a statistically significant  
difference.  

The solid component's high signal intensity on  

DWI had a sensitivity of 94.44% and 92% accuracy  

in the current study. The low ADC had a sensitivity  
of 88.89% and an accuracy of 88% in differentiation  

between benign and malignant masses.  

Meng et al., [33]  in a systemic meta-analysis of  
10 studies included 1159 subjects, of which 559  
patients had malignant masses, and 600 had benign  
masses. They investigated DWI's efficiency in  

differentiation between benign and malignant mass-
es with a pooled sensitivity of 93% and a pooled  

specificity of 89%. Zhang et al., [16]  concluded  
that DWI is an excellent diagnostic tool for dis-
crimination between benign and malignant masses.  
There was some overlap in the ADC value in the  
current study between the benign and malignant  

groups, maybe due to the presence of dense colla-
gen fibers and the presence of fibroblasts in the  
benign masses decreasing ADC value.  

Also, malignant masses may exhibit elevated  
ADC value due to the presence of necrosis or cystic  

changes [34] . The presence of high signal intensity  

in DWI was the single most accurate criterion for  

differentiation between benign and malignant mass-
es in the current study. Our results are similar to  
those of Zhang et al., [16] .  

The high Signal in the solid component is due  
to hypercellularity and decreased extracellular  

space. On the other hand, the low SI in the benign  

masses is due to low cellularity and high density  
of fibers [23] .  

Combined DWI and conventional MRI sequenc-
es had the highest accuracy in the current study,  

with a sensitivity of 95.3% and accuracy of 93.1%.  

Our results similar to Mansour et al., 2015 who  
reported the sensitivity of combined DWI and MRI  
93.3%, but the overall accuracy in their study was  

less than the current study (82.3%) [35] .  

Conclusion:  

According to us, DWI has a sensitivity of (91%)  

but didn't improve the specificity (82.4%) or the  

accuracy (86.2%). DWI can help and increase the  
confidence of MRI in assessment of ovarian masses  

provided the inclusion of the conventional MRI  
data, combined analysis of DWI quantitative and  

qualitative criteria, and finally the awareness of  
the possible sequence pitfalls.  
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