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Abstract

Aim: This study aimed to investigate the differences in magnetic resonance imaging (MRI) findings and various apparent
diffusion coefficient (ADC) measurements between benign and malignant gynecologic masses.

Material and Methods: MRI images of 102 patients with pelvic masses, examined between June 2016 and November 2018,
were retrospectively reviewed. Patients were categorized histopathologically as benign or malignant, by lesion composition
(cystic, solid, mixed), and according to anatomical location (ovary, uterus, tube, cervix). Three ADC measurement methods
were applied: diffuse ADC (dADC) from large ROIs covering the entire lesion, focal ADC (FADC) from small ROIs placed on the
darkest regions of each slice, and specific ADC (sADC) calculated as the mean of the three lowest fADC values.

Results: According to lesion composition, solid lesions demonstrated lower ADC values than mixed lesions, yet no
differences were observed between benign and malignant categories within each lesion composition. In ovarian and
uterine masses, the value of ADCs showed no significant differences between benign and malignant groups. For cervical
masses, the mean ADCs were higher in benign masses compared to malignant masses (dADC: 2.4+0.2 vs. 1.1+0.3, p=0.002;
fADC:2.3£0.2 vs. 0.7+0.1, p=0.001; sADC: 2.2+0.2 vs. 0.6+0.02, p=0.001).

Conclusion: Among various ADC measurement strategies, focal and specific ADC values more clearly reflected diffusion
differences between benign and malignant gynecologic masses, particularly in cervical lesions. ADC values were affected
by lesion composition, yet within each composition subgroup, benign and malignant lesions exhibited comparable values.

Keywords: Gynecologic masses, diffusion-weighted imaging, apparent diffusion coefficient, malignant, cervical cancer

Corresponding Author*: Biisra Seker, Department of Radiology, Cumhuriyet University, Faculty of Medicine, Sivas, Turkey
E-mail: busrasoylu.obs@gmail.com

Orcid: 0000-0001-7766-4276

Doi: 10.18663/tjcl.1724174

Recevied: 23.06.2025 accepted: 30.06.2025

377


https://orcid.org/0000-0001-7766-4276
https://orcid.org/0000-0003-4073-0668
https://orcid.org/0000-0003-4240-6001
https://orcid.org/0000-0002-7166-3130
https://orcid.org/0000-0002-2298-5440

A~
RajsN

Seker et al.
I Apparent diffusion coefficients in gynecologic masses

0z
Amag: Bu calisma, benign ve malign jinekolojik kitleler arasinda manyetik rezonans goriintiileme (MRG) bulgulari ve cesitli
gorinen diflizyon katsayisi (ADC) dl¢timleri agisindan farklari arastirmayr amacglamaktadir.

Gereg ve Yontemler: Haziran 2016 ile Kasim 2018 tarihleri arasinda incelenen, pelvik kitleye sahip 102 hastanin MRG
goruntdleri retrospektif olarak degerlendirildi. Hastalar histopatolojik olarak benign (n=82) veya malign (n=20) seklinde,
lezyon kompozisyonuna (kistik, solid, mikst) ve anatomik lokalizasyona (over, uterus, tiip, serviks) gére siniflandirildi. Ug
ADC 6l¢lim yontemi uygulandi: tim lezyonu kapsayan genis ROl'lerden elde edilen diffiiz ADC (dADC), her kesitteki en
koyu bdlgelere yerlestirilen kiiciik ROl'lerden elde edilen fokal ADC (fADC) ve en dusuk tic fADC degerinin ortalamasi
olarak hesaplanan spesifik ADC (sADC).

Bulgular: Lezyon kompozisyonuna gore solid lezyonlar, mikst lezyonlardan daha diisiik ADC degerleri gosterdi, ancak her
bir lezyon kompozisyonunda benign ve malign kategoriler arasinda farkllik g6zlenmedi. Over ve uterin kitlelerde, ADC
degerleri benign ve malign gruplar arasinda anlamli fark gostermedi. Servikal kitlelerde benign lezyonlarin ortalama ADC
degerleri malign gruba kiyasla daha yiiksekti (dADCi¢in 2,4+0,2 ve 1,1+0,3, p=0,002; fADC icin 2,3+0,2 ve 0,7+0,1, p=0,001;
sADCi¢cin 2,2+0,2 ve 0,6+0,02, p=0,001).

Sonug: Farkli ADC o6lciim yontemleri arasinda, ozellikle servikal lezyonlarda, fokal ve spesifik ADC degerleri benign
ve malign jinekolojik kitleler arasindaki difuizyon farkhliklarini daha agik sekilde yansitmistir. ADC degerleri lezyon
kompozisyonundan etkilense de her kompozisyon alt grubunda iyi huylu ve koti huylu lezyonlar benzer degerler gosterdi.

Anahtar kelimeler: Jinekolojik kitleler, difizyon agirlikli goriintiileme, gortinen diflizyon katsayisi, malign, servikal kanser

Introduction

Gynecological masses originating in the ovaries, uterus,
fallopian tubes, or cervix present a common diagnostic
challenge, as accurate preoperative differentiation between
benign and malignant lesions is crucial for guiding appropriate
management. The main goal of imaging evaluation is to
distinguish malignant tumors from benign ones and thereby
determine the optimal surgical or therapeutic strategy [1,
2]. Magnetic resonance imaging (MRI) provides excellent
soft-tissue contrast and detailed anatomical information
for characterizing pelvic masses; however, even with high-
resolution conventional MRI, reliably predicting malignancy
can be difficult [3-5]. This limitation has prompted growing
interest in advanced MRI techniques such as diffusion-weighted
imaging (DWI) to improve lesion characterization.

DWI is an MRI sequence that quantifies the random motion
of water molecules within tissues, and the derived apparent
diffusion coefficient (ADC) values offer a quantitative measure
of tissue cellularity and integrity. Malignant tumors often
contain densely packed, hypercellular tissue that restricts
water diffusion, causing markedly lower ADC values relative
to less cellular benign lesions [6-8]. By incorporating ADC
measurements into routine pelvic MRI protocols, radiologists
can move beyond purely morphological assessment and
potentially improve the distinction between benign and

malignant gynecologic masses. In addition to its diagnostic
value, ADC is also used to determine treatment response and
prognosis during chemotherapy [9-11].

We hypothesize that malignant gynecological masses
exhibit distinct quantitative ADC values and conventional
MRI characteristics compared to benign lesions, and that
ADC measurements can improve diagnostic accuracy in
differentiating these entities. Therefore, the aim of this study
is to investigate whether conventional MRI findings and
quantitative ADC values differ between benign and malignant

gynecological masses.
Material And Methods

This retrospective study was conducted using data from patients
who underwent magnetic resonance imaging (MRI) with a
preliminary diagnosis of pelvic mass at the Department of
Radiology, Cumhuriyet University Faculty of Medicine, between
June 2016 and November 2018. The study was approved by
the Cumhuriyet University Non-Interventional Clinical Research
Ethics Committee (Date: 20.02.2019, Approval No: 2019-02/26)
and was carried out in accordance with the relevant ethical
guidelines and the Helsinki Declaration (2013 Brazil revision). The
need for informed consent was waived under the approval of the
Local Ethics Committee due to the retrospective design.

During the study period, 115 patients who underwent MRI
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examinations due to a preliminary diagnosis of pelvic mass
were retrospectively evaluated. Inclusion criteriaencompassed
individuals aged from 15 to 94 years who had pelvic masses
identified, accompanied by postoperative histopathology
results and clinical follow-up data. After applying exclusion
criteria, specifically the absence of pelvic mass detection (n =
7) or missing histopathological and clinical follow-up records
(n=6), a total of 102 patients were enrolled in the final analysis.

Study Protocol

The hospital’s electronic information system and patient
files were used to gather demographic and clinical data.
Imaging findings of the patients were collected via the Picture
Archiving and Communication System (PACS).

Pelvic MRI and diffusion MRI examinations were conducted
using a 1.5 Tesla MRI system (Magnetom Aera, Siemens,
Erlangen, Germany) equipped with a dedicated body coil. The
standard pelvic MRI protocol included T1A-weighted imaging
(TR=484 ms, TE=12 ms, slice thickness 5 mm), T2A-weighted
imaging (TR=3880 ms, TE=96 ms, slice thickness 5 mm), fat-
suppressed T2 sequences (TR=4210 ms, TE=95 ms, slice
thickness 5 mm), HASTE imaging from T2 sequences (TR=1400
ms, TE=102 ms, slice thickness 6 mm), and VIBE imaging from
fat-suppressed T1 sequences (TR=6.69 ms, TE=2.39 ms, slice
thickness 3 mm). DWI was performed with TR=5700 ms,
TE=104 ms, and slice thickness 5 mm.

MRI Evaluation of Pelvic Masses

Pelvic masses detected via MRI were categorized based on
anatomical origin into four groups: uterine, ovarian, tubal,
and cervical. Additionally, lesions were classified according
to their nature as solid, cystic, or mixed. Lesion sizes were
measured in three dimensions (transverse, anterior-posterior,
and craniocaudal), and their volumes were calculated. T1-
and T2-weighted signal characteristics of lesions, along with
the presence of hemorrhagic foci, were also assessed. After
intravenous contrastadministration, lesions were evaluated for
staining characteristics and classified into four enhancement
patterns: homogeneous, heterogeneous, circumferential, and
septal enhancement.

Diffusion-weighted Imaging and ADC Measurement

DWI was routinely performed before contrast administration
using single-shot echo-planar imaging with diffusion-
sensitive gradients applied at three b-values (50, 400, and 800
mm?/s) along the x, y, and z axes. ADC maps were generated
automatically. Three different ADC measurement approaches
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were used. First, a circular region of interest (ROI) =37 mm?*was
placed in each axial slice covering the lesion, and the average
ADC value (diffuse ADC; dADC) was calculated. Second, focal
ADC (fADC) was measured by placing a smaller ROI of 10 mm?
specifically on the darkest region within each axial slice. Lastly,
the specific ADC (sADC) was calculated as the arithmetic mean

of the three lowest focal ADC values (Figure 1-4).

Figure 1. Solid lesion located in the uterine cervix. The lesion is
hypointense on T1-weighted (A) and T2-weighted (B) images,
measuring 504327 mm (transverse X anterior-posterior X
craniocaudal). It demonstrates intense homogeneous enhancement
on post-contrastT1-weighted images (C). Areas of diffusion restriction
are observed at b=1000 s/mm?* on DWI (D), with a mean ADC value
of 0.66x10° mm?/s measured on the ADC map (E). Histopathological
diagnosis: Squamous cell carcinoma.

PR

Figure 2. Mixed solid-cystic lesion located in the pelvic region. The

lesion has lobulated contours and measures 156x102x122 mm
(anterior-posterior x medial-lateral x craniocaudal), demonstrating
hypointensity on T1-weighted images (A) and heterogeneous
hyperintensity on T2-weighted images (B). Solid components and



septa show intense enhancement on post-contrast T1-weighted
imaging (C). Prominent diffusion restriction is observed in the solid
components at b=1000 s/mm?” on DWI (D), with an average ADC value
of 1.13x10° mm?/s measured on the ADC map (E). Histopathological
diagnosis: Tubal serous carcinoma.

Figure 3. A pelvic mass originating from the uterine parenchyma, filling
the pelvic cavity. The lesion measures 242x125x271 mm (craniocaudal
X anterior-posterior X transverse) and is characterized as expansile
and solid with well-defined borders. It is hypointense on T1-weighted
(A) and heterogeneously hyperintense with cystic necrotic areas
on T2-weighted images (B). On post-contrast T1-weighted imaging
(C), heterogeneous enhancement is observed predominantly in the
central regions. DWI at b=1000 s/mm? (D) shows diffusion restriction,
with an ADC value of 2.18x10-* mm?/s measured on the ADC map (E).
Histopathological diagnosis: Cystic degenerated leiomyoma.

Figure 4. Solid uterine lesion characterized as a well-circumscribed,

expansile mass measuring 93x53x52 mm (transverse x anterior-
posterior x craniocaudal). It demonstrates hypointensity on T1-
weighted (A) and heterogeneous hyperintensity on T2-weighted
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images (B). Post-contrast T1-weighted imaging (C) reveals cystic
necrotic areas and intense enhancement within the solid portions of
the lesion. Areas of diffusion restriction are seen at b=1000 s/mm? on
DWI (D), with an ADC value of 1.13x10” mm?/s measured on the ADC

map (E). Histopathological diagnosis: Leiomyosarcoma.

MRI and DWI findings, including ADC values, were compared
between histologically confirmed benign and malignant
pelvic masses. Additionally, separate comparative analyses
were performed to assess the diagnostic accuracy of MRI, DWI,
and ADC metrics specifically for ovarian and uterine lesions.
Statistical Analysis

The SPSS 26.0 (IBM Corporation, Armonk, New York, United
States) program was used to analyze the variables. The
conformity of the data to the normal distribution was
evaluated with the Shapiro-Wilk test. Quantitative variables
standard deviation (SD)
and categorical variables as frequency and percentage.

were summarized as mean =+

Continuous variables were compared between benign and
malignant groups using the Independent-Samples T-test
for normally distributed data and the Mann-Whitney U test
for non-normally distributed data. A p-value below 0.05 was
considered statistically significant.

Results

A total of 102 masses were evaluated, including 82 benign and
20 malignant cases. Out of 102 cases, 91 underwent surgery,
while 11 were followed clinically. Among the 55 ovarian lesions
assessed, benign lesions accounted for 48 cases, including
14 endometriomas, 10 simple ovarian cysts, 7 mature cystic
teratomas, 5 hemorrhagic cysts, 5 fibrothecomas, 3 mucinous
cystadenomas, 3 serous papillary cystadenofibromas, and
1 serous cystadenoma. The 7 malignant lesions included
4 serous carcinomas, 2 Krukenberg tumors, and 1 Sertoli-
Leydig cell tumor. Thirty-three uterine lesions comprised 28
leiomyomas, 3 endometrial cancers, and 2 leiomyosarcomas.
Of the 11 cervical masses identified, 6 benign lesions were
Nabothian cysts, and the remaining 5 were malignant

squamous cell cervical cancers.

The mean age of patients with malignant masses was higher
than those with benign masses (54.3 £ 19.1 vs. 40.3 + 13.6
years, p=0.001). Malignant masses were predominantly mixed
(60.0%), while benign masses were mostly cystic (57.3%). The
ovary was the most common localization overall (53.9%),
although malignancies occurred notably more frequently in
cervical (25.0%). Regarding pitting patterns, malignant masses
most commonly showed heterogeneous patterns (85.0%),
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while no pitting pattern was detected in 47.6% of benign
lesion. There was no significant difference between benign
and malignant masses in terms of mean dADC values (both 1.7
+ 0.7, p = 0.903). However, mean fADC (1.1 £ 0.6 vs. 1.5 £ 0.7,
p = 0.025) and mean sADC values (0.9 £ 0.5vs. 1.4+ 0.7, p =
0.026) were significantly lower in malignant masses compared
to benign ones. The demographic and clinical characteristics
of patients are given in Table 1.

In solid and mixed masses, the mean ADC values showed
no significant differences between benign and malignant

groups (Table 2). In ovarian and uterine masses, the value of
ADCs showed no significant differences between benign and
malignant groups. For cervical masses, the mean ADCs were
higher in benign masses compared to malignant masses
(24 £0.2vs. 1.1 £ 0.3, p = 0.002 for dADC; 2.3 £ 0.2 vs. 0.7 +
0.1, p = 0.001 for fADC; 2.2 + 0.2 vs. 0.6 + 0.02, p = 0.001 for
sADC) (Table 3). Additionally, the normal cervical stroma of
10 control cases without cervical involvement was evaluated,

and the mean ADC values were as follows: diffuse ADC, 1.7 +
0.3x10® mm?/s; focal ADC, 1.7+ 0.2x10° mm?/s; specific ADC,
1.7 £0.7x10° mm?/s.
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Discussion

This study provides valuable insight into the role of diffusion-
weighted MRI in characterizing pelvic masses by employing
three distinct ADC measurement strategies. We defined dADC
as the average ADC from a large ROl encompassing the entire
lesion, fADC as the ADC from small ROIs placed on the darkest
(most diffusion-restricted) region of the lesion on each slice,
and sADC as the mean of the three lowest fADC values. This
approach captures tumor heterogeneity by comparing whole-
lesion diffusion with the most restricted areas. ADC values did not
differ significantly between benign and malignant groups based
on the nature (solid, cystic, mixed) of the lesions. However, a
significant difference was noted in ADC values according to lesion
localization, specifically within cervical lesions, where malignant
lesions exhibited lower ADC values compared to benign lesions.

In our cohort, patients with malignant masses were significantly
older on average than those with benign lesions (mid-50s vs.
early 40s), and the malignant tumors more frequently exhibited
complex mixed (solid-cystic) morphology with heterogeneous
internal characteristics. These clinical and imaging features are
recognized red flags for malignancy and are consistent with
prior observations that adnexal and cervical malignancies tend
to occur at older ages and often present with solid components
on imaging [12-14]. Despite these features, our diffusion MRI
results highlight a nuanced picture. Despite solid masses having
lower ADC values than mixed masses, these values did not
significantly differ between benign and malignant groups. Also,
ovarian and uterine lesions showed no ADC value differences
between benign and malignant classifications. However,
malignant cervical lesions exhibited significantly lower ADC
values compared to their benign counterparts.

Solid masses tend to have markedly lower ADC values than

lesions with cystic portions. The reason is that a completely
solid tumor affords little free space for water movement —
water molecules are hindered by cell membranes, intracellular
organelles, and sometimes fibrous matrix. By contrast, if a
tumor is mixed (solid-cystic) or contains cystic areas (fluid-
filled regions), the fluid allows relatively unhindered Brownian
motion of water, which drives the ADC upward in those areas.
In practical terms, a simple fluid-filled cyst will appear bright
on an ADC map (high ADC) since water diffusion is nearly
free, whereas a densely cellular solid tumor nodule appears
dark on the ADC map (low ADC) due to restricted diffusion
[15, 16]. Numerous studies have confirmed this dichotomy:
cystic tumor components exhibit higher ADC values than
solid tumor components (this holds true for both benign and
malignant lesions) [1]. Rousell et al. evaluated 54 pelvic masses,
measuring ADC separately from cystic and solid components.
Mean ADC values for benign and malignant lesions from cystic
components were 2.+0.5x10° mm?*/s and 2.£0.5x10° mm?/s,
without significant differences. Similarly, solid component
ADC values for benign and malignant lesions were 1.2+0.6x10°
* mm?/s and 1.0+0.2x10° mm?/s, respectively, also showing
no significant difference [17]. The results of our study are
consistent with these observations.

In ovarian and uterine masses, the differences in diffusion
metrics between benign and malignant lesions were not
statistically significant. One likely explanation is the overlap
in ADC values caused by lesion heterogeneity. Certain
benign ovarian tumors such as fibromas, teratomas and
endometriomas) can exhibit unusually low ADC values due
to their contents, overlapping with the restricted diffusion
seen in malignancies [1, 18]. Granular studies have found,
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for example, that the mean ADC of solid components was
not significantly different between benign and malignant
ovarian tumors in some series [16]. Similarly, benign uterine
fibroids with dense fibrous tissue may show very low ADC (a
“T2 blackout” effect), mimicking the diffusion restriction of
uterine sarcomas [19]. Tamai et al. observed that sarcomas
had lower average ADC values than normal myometrium and
degenerated leiomyomas with no overlap. However, they
noted overlapping ADC values with ordinary and cellular
leiomyomas [20]. These overlapping diffusion patterns
diminish the statistical separation between benign and
malignant groups, which aligns with recent studies reporting
conflicting or inconclusive ADC findings in ovaries and uterus
when lesion composition is diverse.

In contrast, cervical lesions showed clear and significant
differences in all three ADC measures between benign and
malignant cases. Cervical cancers are typically highly cellular,
and this dense cell packing markedly restricts water diffusion,
resulting in much lower ADC values in malignant tumors
compared to normal or benign cervical tissue [21]. Previous
studies have identified mean ADC values of about 1.0-1.1x10°
> mm?/s, which are considerably lower than those observed
in normal cervical stroma, typically between 1.5-2.1x10°
* mm?/s [22-25]. Differences by histology have also been
observed - squamous cell carcinomas typically show slightly
lower ADC values than adenocarcinomas, a finding attributed
to histologic differences (e.g. squamous tumors often being
more densely cellular, whereas adenocarcinomas may have
glandular mucin that increases water diffusivity) [26]. The
current study did not allow comparisons across different
histological types because of insufficient sample numbers.
Although the dADC values for cervical lesions obtained in our
study were consistent with the literature, our findings indicate
that the fADC and sADC measurements demonstrated more
substantial differences. In effect, the true tissue diffusion
coefficient (slow ADC/dADC) drops in cancers, and even the
perfusion-related diffusion component is reduced: intravoxel
incoherent motion analysis confirms that both the pure
diffusivity D and the perfusion fraction f are significantly
lower in cervical carcinomas compared to normal cervical
tissue [27]. These microstructural differences make ADC a
valuable diagnostic biomarker in cervical cancer. Importantly,
ADC values also carry prognostic information. Lower ADC
tends to correlate with more aggressive tumor features - for
instance, well-differentiated (Grade 1) cervical cancers showed
significantly higher ADC (~1.04x10-3 mm?s) than poorly
differentiated Grade Ill tumors (approx. 0.67x10—3 mm?/s)
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[28]. Similarly, the most diffusion-restricted tumors often
indicate aggressive pathology: lesions with lymphovascular
space invasion have significantly lower minimum ADC than
tumors without lymphovascular invasion [29]. Consistently,
pretreatment ADC has been linked to outcomes: tumors with
very low ADC (high diffusion restriction) are associated with
greater risk of recurrence and poorer survival, whereas higher
ADC values tend to portend a more favorable prognosis [30].

This study has several limitations. First, its retrospective and
single-center design introduces a potential selection bias
and may limit the generalizability of the findings to broader
populations. Second, the sample size—especially the number
of malignant lesions—was relatively small, which may limit
the statistical power of subgroup analyses, particularly those
stratified by localization (e.g., cervix, ovary, uterus). Third, ROI
placement was performed manually, and despite efforts to
standardize it, some degree of subjectivity in selecting the
darkest areas or lesion borders is inevitable. Fourth, lesion
composition was heterogeneous within each group; for
example, benign ovarian lesions included both simple cysts
and endometriomas, which may have different diffusion
characteristics despite falling under the same histopathological
category. Finally, histological subtypes and tumor grades—
particularly among malignant cases—were not analyzed
separately, though these features are known to influence ADC
values and may partially explain intragroup variability. These
limitations suggest that further prospective studies with
larger, balanced cohorts and blinded, multi-reader designs
are warranted to validate the diagnostic and prognostic
performance of ADC metrics in gynecological masses.

Conclussion

ADC values in gynecologic masses can vary based on the
nature of masses and anatomical structures evaluated.
Solid

show lower ADC measurements. However, in ovarian and

lesions and malignant cervical masses typically
uterine lesions, considerable overlap in ADC values limited
diagnostic performance, highlighting the need for cautious
interpretation. While focal ROI strategies may enhance the
sensitivity of DWI for detecting malignancy, ADC values alone
are insufficient as stand-alone diagnostic tools due to lesion
heterogeneity and compositional variability. Therefore, ADC
metrics should be integrated with conventional MRI findings
and clinical context for a more accurate and comprehensive
evaluation of gynecologic masses.
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