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Background and Aims: Ovarian masses are common and due to the risk of dissemi-
nation, biopsy is not recommended before surgery; thus, imaging techniques can play 
a crucial role in differentiating benign from malignant lesions. Diffusion weighted mag-
netic resonance imaging (DW-MRI) is now considered a part of the standard evaluation 
of pelvis. The aim of this study was to investigate the role of DW-MRI in distinguishing 
between benign and malignant ovarian tumors and its comparison with pathology re-
sults.

Materials and Methods: In this diagnostic study, 85 non-pregnant women of childbear-
ing age with an ovarian mass who were referred to Imam Hossein hospital in 2018 were 
evaluated. All patients underwent MRI before surgery and apparent diffusion coefficient 
(ADC) value was calculated for each. In addition, demographic data and postoperative 
pathology results were recorded. The acquired data were then entered into the SPSS 
software for statistical analysis.

Results: The mean age of the participants was 39.01 ± 6.98 years. Mean ADC value 
was calculated as 1.14 ± 0.67 × 10-3 mm2/s. Mean ADC value was significantly lower 
in malignant lesions compared to borderline and benign ones (P<0.001). Mean ADC 
value was the highest in cysts and the lowest in metastatic lesions (with the exception 
of serous cystadenocarcinoma (P=0.267) compared to other types of lesions (P<0.05). 
The optimal cutoff point for ADC to differentiate between benign and malignant ovarian 
lesions was 1.16 × 10-3 mm2/s with 95% sensitivity, 100% specificity, 100% positive 
predictive value (PPV), 98% negative predictive value (NPV), and 99% accuracy.

Conclusion: ADC value in DW-MRI is highly sensitive and specific in differentiation 
between benign and malignant ovarian tumors.
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INTRODUCTION
Ovarian masses are a common clinical finding and may be 
symptomatic or asymptomatic with incidental detection. In 
addition, ovarian cancer, as one of the most common types 
of cancer, is found in 3.6% of women worldwide [1]. Ther-
apeutic procedures differ when ovarian lesions are benign 
or malignant and this is challenging since many lesions are 
only found to be malignant during or after surgery based 
on pathology and not preoperatively. On the other hand, 
due to the risk of dissemination, biopsy is not recommend-
ed before surgery; therefore, imaging techniques can play 
a significant role in differentiating benign from malignant 

lesions preoperatively [2]. Many diagnostic imaging tech-
niques have been used to determine the characteristics of 
malignant ovarian masses, namely ultrasonography (US), 
computed tomography (CT), and magnetic resonance im-
aging (MRI) [3]. CT is now considered to be the preferred 
method due to its efficacy in the assessment of the benig-
nity or malignancy of ovarian masses; however, it involves 
radiation exposure [4, 5]. 
MRI can be used to locate the origin of a pelvic lesion and 
determine the characteristics of an adnexal mass, especially 
when the lesion is undetermined with regard to malignancy 
[6, 7]. One of the major advantages of MRI is lack of expo-
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and malignancy of the lesion was reported postoperatively. 
The study was approved by the ethics committee of Shahid 
Beheshti University of Medical Sciences (IR.SBMU. MSP.
REC.1397.27).   
Data analysis method
Statistical analysis of data was performed using SPSS soft-
ware version 25 (SPSS Inc., Chicago, IL, USA). Descrip-
tive statistics were used to report frequencies, percentages, 
and mean values. Since age and ADC values were not nor-
mally distributed (evaluated by Kolmogorov-Smirnov test), 
comparison was made using non-parametric tests such as 
Kruskal-Wallis and Mann-Whitney; however, mean values 
were used as measures of central tendency in tables. A re-
ceiver operating characteristic (ROC) curve was created to 
calculate sensitivity and specificity. 

RESULTS
Sixty-five non-pregnant women of childbearing age with 
an ovarian mass were evaluated in this study. The mean 
age of the participants was 39.01±6.98 years. Mean ADC 
value was calculated as 1.14 ± 0.67 × 10-3mm2/s. Most 
of the ovarian masses/tumors were malignant (61.2%), 
followed by benign (23.5%) and borderline (15.3%) le-
sions. Teratomas were the most common type of ovarian 
masses (17.6%), followed by mucinous cystadenocarcino-
mas (16.5%), endometriomas (15.3%), and cysts (15.3%), 
while serous cystadenocarcinomas were the least common 
(2.4%) (Table 1). Malignant lesions had the lowest mean 
ADC (0.70±0.17 × 10-3mm2/s), followed by borderline 
(1.61±0.54 × 10-3mm2/s), and benign ovarian masses 
(1.98±0.52 × 10-3mm2/s) (P<0.001). Furthermore, patients 
with malignant lesion were the oldest (41.25±5.50 years), 
followed by patients with borderline (37±7.74 years), and 
benign lesions (34.5±7.65 years) (P<0.001); however, in 
a two-by-two comparison, the age difference between pa-
tients with benign and borderline lesions was not statisti-

sure to radiation, which is of great importance in women of 
childbearing age [2]. Furthermore, MRI is 76 % sensitive, 
and 97 % specific in the diagnosis of ovarian cancer, espe-
cially when indeterminate ovarian masses on US are con-
cerned [8]. DWI is also thought to be a helpful technique 
in the evaluation of ovarian masses. This method basically 
evaluates the extent of water diffusion in tissues and it can 
quantitatively measure the random motion of water mole-
cules by ADC values [9, 10]. DW-MRI and ADC have been 
shown to be effective in differentiating benign from malig-
nant ovarian tumors in multiple studies [11-13]; however, 
the efficacy of DW-MRI remains controversial, whereas 
some other studies have found this technique ineffectual 
in distinguishing between malignant and benign lesions of 
ovary [14, 15]. Further studies are required to determine the 
true value of DW-MRI and ADC in this regard; therefore, 
in this study we have investigated the role of DW-MRI in 
differentiation of benign from malignant ovarian tumors 
and appointed a cutoff point for ADC, while calculating its 
sensitivity and specificity.

MATERIALS and METHODS
Participants
This diagnostic study was conducted in Imam Hossein Hos-
pital, Tehran, in 2018. The study sample consisted of 85 
non-pregnant women of childbearing age (15-45 years) in 
whom an ovarian mass was diagnosed using US or other 
diagnostic methods. The exclusion criteria were pregnancy 
and unavailability of postoperative pathology results. 
Study Design
This study was performed according to the Declaration 
of Helsinki issued by the World Medical Association. Af-
ter obtaining written informed consent and recording de-
mographic data, before surgery, participants underwent 
conventional MRI using a 1.5 tesla MRI scanner (Avanto, 
manufactured by Siemens) and DWI sequence was used to 
calculate ADC. During surgery, a specimen was collectd 
from the lesion and the pathology finding regarding type 
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Table 1. Frequency of ovarian masses with respect to malignancy 
and type of lesion

BMI Number (%)
Malignan-
cy of the 
tumor

Benign 20 (23.5%)

Borderline 13 (15.3%)

Malignant 52 (61.2%)
Types of 
lesions

Teratoma 15 (17.5%)

Mucinous cystadenocarcinoma 14 (16.5%)

Endometrioma 13 (15.3%)

Cyst 13 (15.3%)

Adenoma 7 (8.2%)

Adenocarcinoma 7 (8.2%)

Germ cell tumor 7 (8.2%)

Metastatic tumor 4 (4.7%)
Clear cell carcinoma 3 (3.5%)

Serous cystadenocarcinoma 2 (2.4%)

 

Figure 1. ROC curve of sensitivity and specificity of ADC
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cally significant (P=0.250) (Table 2). Table 3 shows the 
comparison of mean ADC values among different types of 
ovarian masses; cysts had the highest, and metastatic tu-
mors the lowest ADC values (P<0.001). Figure 1 shows the 
ROC curve for the cutoff point of ADC that best differen-
tiates malignant from benign ovarian tumors. The optimal 
cutoff point for ADC was 1.16 × 10-3mm2/s with 95% sen-
sitivity, 100% specificity, 100% PPV, 98% NPV, and 99% 
accuracy.

DISCUSSION
Much effort has been made to find a suitable and harmless 
diagnostic tool to evaluate ovarian masses regarding benig-
nity or malignancy, because this can guide therapeutic pro-
cedures and patients’ management. DW-MRI has been used 
in multiple studies for the differentiation of malignant from 
benign ovarian lesions; however, results have been contro-
versial. Furthermore, different ADC cutoff point have been 
suggested. The differential value of ADC to distinguish be-
tween benign and malignant lesions has also been investi-
gated in various organs and it has been shown to be benefi-
cial to differentiate between benign and malignant lesions 
in several organs such as liver, uterus, and breast while in-
effective in other organs such as thyroid, pancreas, and sal-
ivary glands [16]. The results of our study showed that the 
optimal cutoff point for ADC was 1.16 × 10-3mm2/s which 
was 95% sensitive and 100% specific for the diagnosis of 
malignant ovarian masses, in addition to 100% PPV, 98% 
NPV, and 99% accuracy.
US is usually the first diagnostic imaging tool when an 

ovarian lesion is suspected, mostly due to its avail-
ability [17]. Sensitivity and specificity of Doppler 
US has been reported as 84% and 82%, respectively 
for the diagnosis of ovarian cancer [8].
CT after contrast administration is mostly beneficial 
when spread of malignancy and response to therapy 
are concerned; however, its value is limited in the 
primary diagnosis of ovarian masses. Furthermore, 
its limitation regarding exposure to radiation and use 
of contrast media in patients with renal dysfunction 
should be taken into consideration. In case of unde-
termined adnexal masses, CT has shown 81% sensi-
tivity and 87% specificity in the diagnosis of ovarian 
malignancy [8]. In a case-control study by Fan et al. 
the sensitivity, specificity, PPV, NPV, and accuracy 
of CT for diagnosis of ovarian cancer were 84.48%, 
76.67%, 87.50%, 71.88%, and 81.82% respective-
ly, while those in DW-MRI were 93.10%, 83.33$, 
91.53%, 86.21%, and 89.77%, respectively; thus 
DW-MRI was superior to CT regarding sensitivity, 
specificity, and accuracy [18]. In addition, the com-
bined sensitivity and specificity of DW-MRI in the 
diagnosis of malignant versus benign ovarian tumors 
in 10 studies has been reported as 93% and 88%, 
respectively [9, 10, 19-26]. However, in some stud-
ies DWI was not proven effective in distinguishing 
between malignant and benign ovarian masses [14, 
15, 27]. 

The results of our study showed significantly lower ADC 
values in malignant ovarian lesions compared to benign or 
borderline lesions. Contrarily, in a meta-analysis conduct-
ed by Kim et al., ADC values measured in DWI were not 
significantly different between malignant and benign ovari-
an lesions [28]. The difference between studies may be due 
to different stages of malignant tumors, the accuracy of the 
MRI device, and the sample size. On the other hand, consis-
tent with the findings of our study, Kovac et al. found that 
lower ADC values were highly suggestive of endometroid 
adenocarcinomas compared to other malignant ovarian le-
sions [29]. Additionally, Li et al. showed that the mean ADC 
value of benign ovarian lesions was significantly higher 
than malignant masses. In the same study, an ADC cutoff of 
1.25× 10-3mm2/s was associated with sensitivity of 90.1% 
and specificity of 89.9% for differentiation between malig-
nant and benign ovarian surface epithelial tumors [9]. Since 
the lower ADC cutoff in our study has higher sensitivity and 
specificity, ours appears to be more appropriate in this re-
gard. In another study which was performed by Oh et al., an 
ADC value of 1.09× 10-3mm2/s was 94.4% sensitive and 
85.7% specific for distinguishing between grade I and grade 
II or III ovarian cancer [30]. The cutoff point suggested by 
this study is slightly lower than ours and it has similar sen-
sitivity; however, its specificity is much lower than ours. Al-
though the application of the ADC cutoff point in this study 
is quite different compared to ours, the ADC cutoff in our 
study seems to be superior regarding specificity. 
Besides, Davarpanah et al. found that ovarian lesions with 
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Table 2. Comparison of age and ADC values among malignant, borderline, and 
benign ovarian tumors (SD= Standard deviation)

Malignancy 
of the tumor

Age (Years)
Mean±SD

P-value*
ADC (×10-3mm2/s)

Mean±SD
P-value*

Benign 34.50±7.65 <0.001 1.98±0.52 <0.001
Borderline 37.00±7.74 1.61±0.54
Malignant 41.25±5.50 0.70±0.17

* Analyzed by Kruskal-Wallis test

Table 3. Comparison of ADC values among different types of ovarian masses 
(SD= Standard deviation)

Types of lesions
ADC (×10-3 mm2/s)

Mean±SD
P-value*

Cyst 2.25±0.40

<0.001

Endometrioma 1.61±0.54

Adenoma 1.49±0.31

Teratoma 0.84±0.81

Mucinous cystadenocarcinoma 0.71±0.16

Germ cell tumor 0.68±0.12
Clear cell carcinoma 0.63±0.15

Adenocarcinoma 0.61±0.13

Serous cystadenocarcinoma 0.56±0.08

Metastatic tumor 0.43±0.06
* Analyzed by Kruskal-Wallis test
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ADC values of higher than 1.55 × 10-3mm2/s have a more 
than 99.9% chance of being benign [31]. Obviously, the 
1.16 × 10-3mm2/s ADC cutoff in our study for benign le-
sions covers the cutoff suggested in this study.
In comparison with other studies, the ADC cutoff suggested 
by our study appears to be the most sensitive, specific, and 
accurate to distinguish between malignant and benign ovar-
ian tumors, while maintaining the highest PPV and NPV.

CONCLUSION
Our results showed that DW-MRI together with ADC mea-
surements are beneficial in the diagnosis of malignant ovar-
ian lesions and their differentiation from benign masses. 
Moreover, ADC values of lower than 1.16 × 10-3mm2/s are 
highly suggestive of malignancy. DW-MRI and ADC mea-
surements should be included in the assessment protocol of 
ovarian lesions preoperatively.

CONFLICT OF INTERESTS
None declared. 

ACKNOWLEDGMENTS
This study has been funded by Shahid Beheshti University 
of Medical Sciences, Tehran, Iran. We sincerely appreciate 
the dedicated efforts of the investigators, the coordinators, 
the volunteer patients who participated in this study, and 
the Clinical Development Research Center of Imam Hos-
sein Hospital.

REFRENCES
1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, 
Mathers C, et al.GLOBOCAN 2012 v1. 0, Cancer Incidence 
and Mortality Worldwide: IARC CancerBase No. 11. In-
ternational Agency for Research on Cancer, Lyon, France. 
2013.globocan iarc fr.2015.
2. Foti PV, Attinà G, Spadola S, Caltabiano R, Farina R, 
Palmucci S, et al.MR imaging of ovarian masses: clas-
sification and differential diagnosis.Insights into imag-
ing.2016;7(1):21-41.
3. Pierce N, Narayanan P, Sahdev A, Reznek R and Rock-
all A.OVARIAN LESIONS POSE DIAGNOSTIC DI-
LEMMAS-Cross-sectional imaging proves vital for lesion 
characterization, despite some overlap in appearance of 
benign and malignant masses.Diagnostic Imaging Eu-
rope.2008;24(3):14.
4. Jamil Y, Hafeez S, Alam T, Beg M and Awais M.Ovarian 
masses: is multi-detector computed tomography a reliable 
imaging modality?2013.
5. Mubarak F, Alam MS, Akhtar W, Hafeez S and Ni-
zamuddin N.Role of multidetector computed tomography 
(MDCT) in patients with ovarian masses.International jour-
nal of women’s health.2011;3:123.
6. Chilla B, Hauser N, Singer G, Trippel M, Froehlich 
JM and Kubik-Huch RA.Indeterminate adnexal masses at 
ultrasound: effect of MRI imaging findings on diagnos-
tic thinking and therapeutic decisions.European radiolo-

gy.2011;21(6):1301-10.
7. Togashi K.Ovarian cancer: the clinical role of US, CT, 
and MRI.European radiology.2003;13(6):L87-L104.
8. Iyer VR and Lee SI.MRI, CT, and PET/CT for ovarian 
cancer detection and adnexal lesion characterization.Amer-
ican Journal of Roentgenology.2010;194(2):311-21.
9. Li W, Chu C, Cui Y, Zhang P and Zhu M.Diffu-
sion-weighted MRI: a useful technique to discriminate 
benign versus malignant ovarian surface epithelial tumors 
with solid and cystic components.Abdominal Radiolo-
gy.2012;37(5):897-903.
10. Kierans AS, Bennett GL, Mussi TC, Babb JS, Rusinek 
H, Melamed J, et al.Characterization of malignancy of ad-
nexal lesions using ADC entropy: comparison with mean 
ADC and qualitative DWI assessment.Journal of Magnetic 
Resonance Imaging.2013;37(1):164-71.
11. Medeiros LR, Freitas LB, Rosa DD, Silva FR, Sil-
va LS, Birtencourt LT, et al.Accuracy of magnetic res-
onance imaging in ovarian tumor: a systematic quan-
titative review.American journal of obstetrics and 
gynecology.2011;204(1):67-e1.
12. Zhang H, Zhang G-F, He Z-Y, Li Z-Y, Zhu M and 
Zhang G-X.Evaluation of primary adnexal masses by 
3T MRI: categorization with conventional MR imaging 
and diffusion-weighted imaging.Journal of ovarian re-
search.2012;5(1):33.
13. Zhao SH, Qiang JW, Zhang GF, Ma FH, Cai SQ, Li 
HM, et al.Diffusion-weighted MR imaging for differen-
tiating borderline from malignant epithelial tumours of 
the ovary: pathological correlation.European radiolo-
gy.2014;24(9):2292-99.
14. Fujii S, Kakite S, Nishihara K, Kanasaki Y, Harada T, 
Kigawa J, et al.Diagnostic accuracy of diffusion‐weighted 
imaging in differentiating benign from malignant ovarian 
lesions.Journal of Magnetic Resonance Imaging: An Offi-
cial Journal of the International Society for Magnetic Res-
onance in Medicine.2008;28(5):1149-56.
15. Katayama M, Masui T, Kobayashi S, Ito T, Sakahara 
H, Nozaki A, et al.Diffusion-weighted echo planar imaging 
of ovarian tumors: is it useful to measure apparent diffu-
sion coefficients?Journal of computer assisted tomogra-
phy.2002;26(2):250-56.
16. Vermoolen MA, Kwee TC and Nievelstein RAJ.Appar-
ent diffusion coefficient measurements in the differentia-
tion between benign and malignant lesions: a systematic 
review.Insights into imaging.2012;3(4):395-409.
17. Jeong Y-Y, Outwater EK and Kang HK.Imaging evalua-
tion of ovarian masses.Radiographics.2000;20(5):1445-70.
18. Fan X, Zhang H, Meng S, Zhang J and Zhang C.Role 
of diffusion-weighted magnetic resonance imaging in dif-
ferentiating malignancies from benign ovarian tumors.
International journal of clinical and experimental medi-
cine.2015;8(11):19928.
19. Michielsen K, Vergote I, Amant F, Leunen K, Moerman 

DW MR Imaging in Differentiation of Ovarian Tumors



6 • School of Medicine Students‘ Journal (2021) 3:1

P, Deroose C, et al.Whole-body MRI with diffusion-weight-
ed sequence for staging of patients with suspected ovarian 
cancer: a clinical feasibility study in comparison to CT and 
FDG-PET/CT.European radiology.2014;24(4):889-901.
20. Espada M, Garcia-Flores JR, Jimenez M, Alva-
rez-Moreno E, De Haro M, Gonzalez-Cortijo L, et al.Dif-
fusion-weighted magnetic resonance imaging evaluation of 
intra-abdominal sites of implants to predict likelihood of 
suboptimal cytoreductive surgery in patients with ovarian 
carcinoma.European radiology.2013;23(9):2636-42.
21. Zhang W, Zou S, Shen D-H and Tong Y-X.The Value 
of MR diffusion-weighted imaging combined with serum 
CA 125 in the qualitative diagnosis of ovarian occupying 
lesion.Yixue Yingxiangxue Zazhi(Journal of Medical Im-
aging).2012;22(8):1348-53.
22. Zhang P, Cui Y, Li W, Ren G, Chu C and Wu X.Diag-
nostic accuracy of diffusion-weighted imaging with con-
ventional MR imaging for differentiating complex solid 
and cystic ovarian tumors at 1.5 T.World journal of surgical 
oncology.2012;10(1):237.
23. Cui YF, Li WH, Zhu MJ, Wang DB, Zhang P, Zhang ZY, 
et al.Clinical application and research of diffusion weight-
ed MR imaging in complex ovarian tumors.Journal of Chi-
na Clinic Medical Imaging.2012;23:856-59.
24. Yuan XC, Wang XF, Yao GH, Zheng LF, Hu YS and 
Zhang GX.The value of 3.0 t mri for the diagnosis of the 
ovarian tumor.J Prac Radiol.2011;27:1695-98.
25. Low RN, Sebrechts CP, Barone RM and Muller W.Dif-
fusion-weighted MRI of peritoneal tumors: comparison 
with conventional MRI and surgical and histopathologic 
findings—a feasibility study.American Journal of Roent-
genology.2009;193(2):461-70.
26. Han D-m, Yang X-p, Wang H-p and Li Y-x.Comparative 
study of CT and MRI in the diagnosis of ovarian neoplasms 
[J].Journal of China Medical Imaging.2005;8.
27. Bakir B, Bakan S, Tunaci M, Bakir VL, Iyibozkurt AC, 
Berkman S, et al.Diffusion-weighted imaging of solid or 
predominantly solid gynaecological adnexial masses: is it 
useful in the differential diagnosis?The British journal of 
radiology.2011;84(1003):600-11.
28. Kim H-J, Lee S-Y, Shin YR, Park CS and Kim K.The 
value of diffusion-weighted imaging in the differen-
tial diagnosis of ovarian lesions: A meta-analysis.PloS 
one.2016;11(2):e0149465.
29. Kovač JD, Terzić M, Mirković M, Banko B, Đikić-Rom 
A and Maksimović R.Endometrioid adenocarcinoma of the 
ovary: MRI findings with emphasis on diffusion-weighted 
imaging for the differentiation of ovarian tumors.Acta Ra-
diologica.2016;57(6):758-66.
30. Oh J-W, Rha SE, Oh SN, Park MY, Byun JY and Lee 
A.Diffusion-weighted MRI of epithelial ovarian cancers: 
correlation of apparent diffusion coefficient values with 
histologic grade and surgical stage.European journal of ra-
diology.2015;84(4):590-95.

31. Davarpanah AH, Kambadakone A, Holalkere NS, Guim-
araes AR, Hahn PF and Lee SI.Diffusion MRI of uterine and 
ovarian masses: identifying the benign lesions.Abdominal 
Radiology.2016;41(12):2466-75.

Mehri Rashidzadeh et al.


	REFRENCES 

