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Role of diffusion-weighted imaging
in the diagnosis of gynecological diseases

Abstract Recent technical advances
in diffusion-weighted imaging (DWI)
greatly enhanced the clinical value of
magnetic resonance imaging (MRI) of
the body. DWI can provide excellent
tissue contrast based on molecular
diffusion and may be able to demon-
strate malignant tumors. Quantitative
measurement of the apparent diffusion
coefficient (ADC) may be valuable
in distinguishing between malignant
and benign lesions. We reviewed DWI
and conventional MRI of the female
pelvis to study the utility of DWI in
patients with gynecological diseases.
Although the ADC can help to differ-
entiate between normal and cancerous
tissue in the uterine cervix and endo-
metrium, its utility may be limited by

the large overlap of the uterine myo-
metrium and ovaries. On the other hand,
the ADC may be useful for monitoring
the therapeutic outcome after uterine
arterial embolizati (UAE), chemothera-
py and/or radiation therapy. In patients
with ovarian cancer, DWI demonstrates
high intensity not only at the primary
cancer site but also in disseminated
peritoneal implants. When added to
conventional MRI findings, DWI and
ADC values provide additional infor-
mation and DWImay play an important
role in the diagnosis of patients with
gynecological diseases.
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Introduction

Although diffusion-weighted imaging (DWI) now plays an
important role in the diagnosis of brain disorders [1–3], it
has not been fully applied to body imaging because the
images become distorted by its sensitivity, resulting in
misregistration attributable to chemical-shift artifacts.
Advances in parallel imaging techniques have reduced
image distortion and increased the signal-to-noise ratio
(SNR), rendering body DWI feasible [4]. DWI can
demonstrate abnormal signals emitted by pathologic foci
based on differences in molecular diffusion. It also permits
the quantitative evaluation of the apparent diffusion
coefficient (ADC) that may be useful for distinguishing
between malignant and benign tissues and for monitoring
therapeutic outcomes [5–11]. As there are few studies on
the utility of DWI for gynecological imaging [12–26], we
reviewed its applicability for examining the female pelvic

region and discuss the future of MRI in patients with
gynecological diseases.

Examination of the female pelvic region using DWI

DWI is obtained by measuring signal loss after a series of
two motion-providing gradient (MPG) pulses added to
both sides of a 180° refocusing RF pulse to enhance
differences in molecular diffusion between tissues. DWI
with echo-planar imaging (EPI) can yield an excellent
contrast-to-noise ratio (CNR), because the signal of most
organs is very low while that of lesions is high. The
intensity of MPG pulses is represented by the b-value, an
important parameter that affects the signal intensity on
DWI. DWI with an intermediate b-value (e.g., 500 s/mm2)
show increased intensity not only in tumors but also in
ascites. Since the signal intensity on DWI can be

T. Namimoto (*) . K. Awai .
T. Nakaura . Y. Yanaga . T. Hirai .
Y. Yamashita
Department of Diagnostic Radiology,
Graduate School of Medical Sciences,
Kumamoto University,
1–1–1, Honjo,
Kumamoto, 860–8556, Japan
e-mail: namimottoo@yahoo.co.jp
Tel.: +81-96-3735261
Fax: +81-96-3624330



influenced by the signal intensity on T2-weighted images
(T2-WI), high-intensity tissues on T2-WI may exhibit
increased signal intensity on DWI (the so-called T2 “shine-
through” effect) [27, 28]. Thus, DWI with a higher b-value
(e.g., 800 or 1,000 s/mm2) may be required for the female
pelvic region. In body regions, optimization of other
sequence parameters is crucial, since EPI is highly
susceptible to distortions in the spatial field due to air-
containing bowel loops. To minimize susceptibility
artifacts, shorter echo times (TE) and smaller numbers of
echo train lengths (ETLs) are preferable; this can be
achieved by the use of parallel imaging techniques. Unlike
sequential acquisitions, parallel imaging is based on the use
of coils with multiple small detectors that operate simul-
taneously to acquire MR data. Each of these detectors
contains spatial information that can be used as a substitute
for time-consuming phase-encoding steps, thereby allow-
ing both the acquisition time and the ETL to be reduced. In
particular, DWI with parallel imaging reduces the number
of phase-encoding steps, the effective TE can be shortened
and susceptible components of the ETL can be eliminated.
This keeps the susceptibility effect to a minimum. Although
a wider receiver band-width reduces the SNR, its use is
recommended because it shortens theMR signal acquisition
duration and reduces susceptibility artifacts. In our standard
protocols for pelvic DWI, we use a 3-T magnet unit
(Achieva 3T, Philips Medical System), a six-channel
SENSE body coil, and an EPI sequence (TR, 3,000–3,200
ms; TE, 37–40 ms; flip angle, 90°; field of view, 280 mm;
two excitations; slice thickness, 5 mm; interslice gap, 1 mm;
acquisition matrix 128 × 128; ETL, 37; and bandwidth

3,018 Hz/pixel) with a chemical shift selective (CHESS) fat
suppression and parallel imaging technique (SENSE factor
of 2). Imaging time of DWI was 90 s for 20 slices.

Detection of uterine malignancy

The ADC values of uterine cancers are lower than of
normal tissue. On the other hand, in sarcomas the ADC
may play a limited role due to a large overlap between
sarcomas and benign leiomyomas (Table 1).

Uterine cervix

Vaginal access renders the detection and biopsy of uterine
cervix tumors straightforward. For the diagnosis of tumor
spread, conventional T1- and T2-WI provide fairly good
information and dynamic contrast-enhanced images can
provide details on tumor spread and vascularity (Fig. 1)
[24, 29–34]. According to Naganawa et al. [12], the mean
ADC value of cervical cancer lesions was lower than of
normal cervical tissue (1.09 × 10−3 vs 1.79 × 10−3 mm2/s);
it returned to the normal range after chemotherapy and/or
radiation therapy. However, this study showed, with a
small number of patients (12 cervical cancers with nine
chemotherapy and/or radiation therapy, ten controls).
Further study using larger numbers of patients is needed
to establish the accuracy of ADC measurement in
monitoring the effect of therapy for uterine cervical cancer.
For the diagnosis, McVeigh et al. [13] reported with larger

Table 1 DW studies with ADC values in uterine diseases

Authors of Study Year of Publication Journal Tumour & Tissue (no. of subjects) b-values ADC (10−3 mm2/s)

Naganawa S. et al. [12] 2004 Eur Radiol cervical cancer (12) 0, 300, 600 1:09� 0:20
1:79� 0:24

�
�

normal cervix (10)

McVeigh PZ. et al. [13] 2008 Eur Radiol cervical cancer (47) 0, 600 1:09� 0:20
2:09� 0:46

�
�

normal cervix (26)

Tamai K. et al. [14] 2007 J Magn Reson endometrial cancer (18) 0, 500, 1000 0:88� 0:16
1:53� 0:10

�
�

Imaging normal endmetrium (12)

Fujii S. et al. [15] 2007 Eur Radiol endometrial cancer (11) 0, 1000 0:98� 0:21
1:58� 0:45

�
�

endometrial polyp (4)

Shen SH. et al. [16] 2008 AJR endometrial cancer (11) 0, 1000 1:86� 0:31
1:27� 0:22

�
�

endometrial polyp or hyperplasia (7)

Tamai K. et al. [17] 2007 Eur Radiol uterine sarcoma (7) 0, 500, 1000 1.17±0.15

leiomyoma (51) 0.88±0.27

normal myometrium 1.62±0.11

* p<0.01
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number of patients (47 cervical cancers, 26 normal cervix)
that the average median ADC of cervical cancers was
significantly lower than normal cervix (1.09 × 10−3 vs
2.09 × 10−3 mm2/s). These studies suggested that ADC
measurement has a potential ability to differentiate between
normal and cancerous tissue in the uterine cervix. Further
study into its predictive value for long-term outcome will
determine the ultimate clinical utility.

Uterine endometrium

Endometrial cancer is usually demonstrated on T2-WI
(Fig. 2). However, conventional MRI does not always

demonstrate the tumor focus because the signal intensity of
endometrial cancer ranges from high to low and is
sometimes indistinguishable from normal endometrium
or adjacent myometrium [34–38] Therefore, intravenous
dynamic contrast enhancement is necessary at MRI study
of endometrial carcinoma. The reported diagnostic accu-
racy of dynamic contrast-enhanced MRI is higher than of
T2-WI (85–93% vs 58–77%) [24, 34–37]. DWI can
demonstrate uterine endometrial cancer and the ADC
may help to differentiate between benign and cancerous
endometrial tissue (Figs. 2, 3). The ADC value of
endometrial cancer (0.88–0.98 × 10−3 mm2/s) is signifi-
cantly lower than of endometrial polyps (1.27–1.58 × 10−3

mm2/s) and of normal endometrium (1.53 × 10−3 mm2/s)

�

�

a b

c d

Fig. 1a–d A 44-year-old woman with stage Ib squamous cell
carcinoma of the uterine cervix. a Axial T2-WI of the uterus shows
cervical cancer (arrow) involving the anterior lip of the cervix. b
Dynamic contrast-enhanced T1-WI with fat suppression shows a
strongly enhancing cervical cancer (arrow). The tumor invades the
cervical stroma (arrowhead). c DWI with b = 1,000 s/mm2 shows a

well-defined hyperintensity mass in the cervical area. The shape of
the uterine cervix is distorted in the DWI (arrowhead). d On the
ADC map the tumor is hypointense (arrow) and the normal cervix is
hyperintense. Note that the contrast on the ADC map is opposite that
seen on DWI with b = 1,000 s/mm2. The ADC value within the mass
is 0.67×10–3 mm2/s
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[14–16]. Tamai et al. [14] showed that there was no overlap
between ADC values of endometrial cancers and those of
normal endometrium. According to Fujii et al. [15], the
diagnostic accuracy of the ADC was 84.6%. Shen et al.
[16] reported that the diagnostic accuracy for myometrial
invasion of DWI compared with gadolinium-enhanced T1-
weighted 3D fat-suppressed spoiled gradient-recalled echo
images in the same patients. The diagnostic accuracy
for myometrial invasion was 61.9% for DWI and 71.4% for
gadolinium-enhanced T1-weighted images. DWI has
potential as a method for differentiating benign from
malignant endometrial lesions. It also provides valuable

information for preoperative evaluation and should be
considered part of routine preoperative MRI evaluation for
endometrial cancer. Further study using larger numbers of
patients and long-term follow-up is needed to establish the
accuracy of ADC measurement for uterine endometrial
cancer.

Uterine myometrium

In order of frequency, malignant tumors of the myo-
metrium are leiomyosarcoma and endometrial stromal

a b

c
d

Fig. 2a–d A 52-year-old woman with grade 2 adenocarcinoma of
the endometrium. a Axial T2-WI of the uterus shows intermediate
signal intensity filling the endometrial cavity. b Contrast-enhanced
T1-WI with fat suppression shows a weakly enhancing mass. The
regular endometrial/myometrial interface suggests that the tumor is
limited to the endometrium. c DWI with b = 1,000 s/mm2 shows a

well-defined high-signal intensity mass in the endometrial area. The
hyperintense mass is clearly depicted on DWI with b = 1,000 s/mm2.
d ADC map demonstrates the tumor as hypointense and the normal
endometrium as hyperintense (arrows). The ADC value within the
mass is 0.81×10–3 mm2/s
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sarcoma [39]. On T2-WI MRI, uterine sarcomas often
manifest intermediate to high signal intensity (Fig. 4) [38–
42]. Although MRI usually yields a specific diagnosis of
the much more common benign leiomyomas, they are
occasionally associated with various types of degeneration
or cellular histologic subtypes and this may result in
increased signal intensity on T2-WI (Fig. 5). Therefore,
the differentiation between benign and malignant myo-
metrial tumors on non-enhanced and post-contrast MRI
sequences may be difficult [38–48]. Tamai et al. [17]
reported that DWI may be an additional tool for
distinguishing uterine sarcomas from benign leiomyomas.
The ADC values (× 10−3 mm2/s) of uterine sarcomas
(1.17) were lower than those of the normal myometrium
(1.62) and degenerated leiomyomas (1.70) without any
overlap; however, they were overlapped with those of
ordinary leiomyomas (0.88) and cellular leiomyomas
(1.19) (Figs. 4, 5). Because ordinary leiomyomas tend to
contain hyalinized collagen, the signal intensity of
ordinary leiomyomas is hypotintensity on T2-weighted
images. DWI can be explained with “T2 blackout effect”,
which indicates hypointensity on DWI caused by
hypointensity on T2-WIs, resulting in a decrease in the
ADC of ordinary leiomyomas [28]. ADC measurement
may have a limited role due to a large overlap between
sarcomas and benign leiomyomas. Leapi et al. [19]
showed that the mean ADC value of leiomyomas (n = 32)
was 1.74 × 10−3 mm2/s before uterine arterial embolization
(UAE) treatment, and significantly decreased to 1.22 × 10−3

mm2/s after treatment. Jacob et al. [18] showed DW imaging
and ADC mapping are feasible for identification of ablated
tissue after focused ultrasound treatment of uterine leiomyo-
mas (n = 14). Posttreatment ADC values for nontreated
leiomyomas significantly differed from posttreatment ADC
values for leiomyomas (1.68 × 10−3 vs 1.08 × 10−3mm2/s). A
significant difference between ADC values for nontreated
and treated (1.44 × 10−3 vs 1.91 × 10−3 mm2/s), at 6-month
follow-up was observed. The ADC value may also have a
role in monitoring therapeutic outcomes after UAE or
focused ultrasound ablation [18, 19].

Differentiation of ovarian tumors

There are some reports about the clinical application of
DWI to diagnose cystic ovarian tumors (Table 2) [21–23].
The cystic components of endometrial cysts and malignant
ovarian cystic tumors exhibited lower ADC values than
other benign ovarian cysts without bleeding and benign
cystic neoplasms (Figs. 6, 7, 8) [21, 22]. However, there is
controversy regarding the usefulness of this technique in
cystic ovarian tumors, particularly as applied to differ-
entiating benign from malignant lesions. Nakayama et al.
[23] applied to 131 cystic ovarian masses and assessed their

a

b

c

Fig. 3a–c A 71-year-old woman with endometrial polyps. a Axial
T2-WI shows a mass with high signal intensity filling the
endometrial cavity. b DWI with b = 1,000 s/mm2 shows an ill-
defined slightly hyperintense mass in the endometrial area. The DWI
with b = 1,000 s/mm2 shows marked signal loss in the endometrial
area. c ADC map demonstrates the tumor as a heterogeneous
hyperintensity. The ADC value within the mass is 1.76×10–3 mm2/s
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potential usefulness in the differential diagnosis. The cystic
components of mature cystic teratomas had significantly
lower ADC values than endometrial cysts, malignant
neoplasms, and benign neoplasms. Differences between
endometrial cysts and neoplasms, whether malignant or
benign, were also significant. No significant difference in
the ADC value was seen between benign and malignant
cystic neoplasms. Because endometrial cysts tend to
contain blood and some hemosiderin, the T1 values are
shortened, resulting in a decrease in the ADC [21, 22, 28,
49]. The mean ADC of mature cystic teratomas was lower
than of malignant ovarian cystic tumors (Figs. 6, 8)
[22,23]. The cystic components of mature cystic teratomas
usually contain fat. Because DWI with EPI sequences
usually uses a fat saturation RF pulse, the low ADC values
of the cystic component of mature cystic teratomas have

been attributed to artifacts caused by coexisting fat within
the tumor [21, 22]. Furthermore, mature cystic teratoma is
lined with keratinized squamous epithelium in most cases
[23]. The restricted Brownian movement of water
molecules within the keratinoid substance results in a
high signal on DWI and a low ADC value, which was first
utilized in the diagnosis of intracranial epidermoid cyst
[50]. Detecting the keratinoid substance by means of DWI
and the ADC value may be useful and serve as an
adjunctive tool to ensure the accuracy of the diagnosis,
particularly in patients with fatless mature cystic teratoma
[23]. Among malignant ovarian tumors, the ADC varied
widely (Figs. 6, 9), a phenomenon attributable to their
morphologic variety [21–23]. The ADC is useful for
distinguishing mature cystic teratomas and endometrial
cysts from other cystic tumors. However, it is difficult to

a b

c d

Fig. 4a–d A 78-year-old woman with leiomyosarcoma of the
myometrium. a Axial T2-WI shows an ill-defined myometrial mass
of heterogeneous high signal intensity invading the endometrial
cavity. b Post-contrast axial T1-WI shows heterogeneous enhance-

ment within the tumor. c DWI with b = 1,000 s/mm2 demonstrates a
hyperintensity mass. d ADC map demonstrates the tumor as
hypointensity and the normal myometrium as hyperintensity
(arrow). The ADC value within the mass is 0.87×10–3 mm2/s
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identify the ADC threshold for differentiating among cystic
ovarian tumors. The role of DWI in distinguishing between
benign and malignant cystic tumors may thus be limited
[21–23]. The ADC values calculated from the DWI may
add useful information to the differential diagnosis of
ovarian cystic masses in limited populations, such as those
with mature cystic teratomas with a small amount of fat
[23]. To our knowledge, the utility of DWI and ADC for
solid ovarian tumors has not previously been investigated.

Detection of peritoneal dissemination

The peritoneal cavity is a common site of metastatic spread
of gynecological malignancies, especially in patients with
ovarian cancer (Figs. 9, 10) [51–56]. The sensitivity and
specificity of contrast-enhanced computed tomography
(CT) were 85–93% and 78–96%, respectively [52,53]; they
were 95% and 80% on contrast-enhanced MRI [54].
Clinically, the detection of peritoneal dissemination is
rendered difficult by the poor contrast resolution vis-a-vis
surrounding organs. DWI clearly discriminates the abnor-
mal signal intensity of peritoneal dissemination from the
signal arising from surrounding organs such as the bowel
(Figs. 9, 10). Fujii et al. [57] showed that DWI was highly
sensitive (90%) and specific (95.5%) for the evaluation of
peritoneal dissemination and was of equal value as
contrast-enhanced imaging in gynecological malignancy
(n = 26). This technique is also expected to be useful for
detecting recurrent gynecological tumors. However, this
study population was relatively small, and sensitivity and
specificity was measured per patient and not per lesion. A
larger prospective study is needed to establish the accuracy
of DWI for peritoneal dissemination.

Detection of lymph node metastasis and bone
metastasis

The presence of lymph node metastasis is an important
issue for patients with gynacological cancers, since it
influences the 5-year survival and affects treatment
planning [58]. A threshold diameter of 10 mm in the
short axis is commonly applied in MRI for distinguishing
metastatic from benign nodes, with sensitivity ranging
from 24% to 73% [59–61]. It follows that this cutoff cannot
be considered completely satisfactory in the evaluation of
nodal status in this patient group. Since the highly cellular
tissue in reactive lymph nodes may also show increased
intensity, the role of DWI and ADC in distinguishing
between benign and malignant lymph nodes may be
limited. Lin et al. [62] reported the combination of size and
relative ADC values was useful in detecting pelvic lymph
node metastasis in 50 patients with cervical and uterine
cancers (Fig. 11). They showed that the ADC value of the

1
2

a

b

c

Fig. 5a–c A 32-year-old woman with degenerated (1) and ordinary
(2) leiomyoma of the myometrium. a Axial T2-WI shows well-
defined myometrial masses as heterogeneous high intensity (1) and
homogeneous low intensity (2). b DWI with b = 1,000 s/mm2

visualizes both masses as heterogeneous hyperintensity. An inter-
mediate signal loss is detected in both leiomyomas. c ADC map
demonstrates the tumor as a slight hypointensity relative to the
normal myometrium. The ADC values within the mass are 1.47×
10–3 (1) and 1.16×10–3 mm2/s (2)
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Table 2 DWI studies with ADC values in ovarian diseases

Authors of Study Year of
Publication

Journal Tumour & Tissue
(no. of subjects)

b-values ADC (10–3 mm2/s)

Moteki. et al. [21] 2000 J Magn Reson Imaging Endometrial cyst (33) 2, 188

Serous cystadenomas (4)

Mucinous cystadenoma(4)

Malignant cystic tumor (12)

Katayama M. et al. [22] 2002 J Comput Endometrial cyst (18) 200, 400, 600 1.24±0.46

Assist Tomogr Mature cystic teratoma (29) 1.27±0.66

Serous cystadenoma (2) 1.64±0.14

Mucinous cystadenoma (7) 1.61±0.61

Malignant cystic tumors (10) 1.64±0.48

Nakayama T. et al. [23] 2005 J Magn Reson Imaging Endometrial cyst (35) 0, 500, 1000

Imaging Mature cystic
teratoma (54)

Benign cystadenoma (14)

Malignant cystic tumors (24)

* p<0.01, ** p<0.03

a b

c d

Fig. 6a–d A 60-year-old woman with right ovarian clear cell
carcinoma. a Axial T2-WI shows a multilocular solid- and cystic mass
(arrows) with heterogeneous hyperintensity. b Post-contrast T1-WI with
fat suppression reveals heterogeneous contrast enhancement within the

solid component. c DWI with b = 1,000 s/mm2 shows hyperintensity
within the solid component. d The ADCmap demonstrates the tumor as
intermediate intensity and urine in the bladder as hyperintensity. The
ADC value within the mass is 1.88×10–3 mm2/s

1.00-1.09 ±

±

±

±

0.57-0.60

2.74 0.37

1.59-1.88 0.89-0.99

1.55-2.00 0.59-1.01
*

*

**

1.37 0.66

0.89 0.55

2.52 0.32

2.28 0.71

*

*
*

*
*

±

±

±
±
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metastatic lymph nodes was higher than that of benign
nodes (0.83 × 10−3 vs 0.75 × 10−3 mm2/s), albeit not
significantly. However, the relative ADC values between
tumor and nodes were significantly lower in metastatic than
in benign nodes (0.06 × 10−3 vs 0.21 × 10−3 mm2/s: cutoff
value 0.10 × 10−3 mm2/s) (Fig. 11). For the development of
the relative ADC criterion, they assumed that regional
lymph nodes invaded by tumor cells would display similar
cellularity and/or microarchitecture, in a way similar to the
primary tumor. The ADC value in the malignant lymph
nodes would be similar to that of the primary tumor.
Furthermore, they defined that a metastatic lymph node
was possible for short axis diameter ≥5 mm with long axis
diameter ≥11 mm or a short axis to long axis ratio >0.6
(Fig. 11). Compared with conventional MRI, the method
combining size and relative ADC values resulted in better
sensitivity (25% vs 83%) and similar specificity (98% vs
99%) with region basis (n = 300). They concluded that the
combination of size and relative ADC values was useful in
detecting pelvic lymph node metastasis in patients with

cervical and uterine cancers. However, the method com-
bining size and relative ADC values was proposed by using
a combination of four complicated parameters: ADC of
primary tumor, ADC of lymph node, and short- and long-
axis diameters of lymph nodes. A larger prospective study
with simpler criterion is needed to establish the accuracy of
DWI for lymph node metastasis.

To our knowledge, the utility of DWI for metastatic bone
tumor from gynecological diseases has not previously been
investigated. Moreover, reports of DWI for metastatic bone
tumor from other origins are limited [24, 25, 63, 64]. There
is controversy regarding the usefulness of DWI for the
detection of metastatic bone tumor.

Current status and future directions of DWI
for gynecological diseases

Figure 12 shows a decision-making diagram in the MRI
diagnosis of gynecological diseases. Both the conventional

a b

c d

Fig. 7a–d A 46-year-old woman with uterine leiomyomas and a
bleeding cyst. a Axial T2-WI shows an area of hypointensity in the
center of the cystic component (arrow). b On T1-WI with fat
suppression the area in the cystic component is hyperintense. (c) On
DWI with b = 1,000 s/mm2 the area in the cystic component is

hyperintense. d ADC map demonstrates the component as
hypointense (arrow) and the normal ovary as hyperintense (arrow-
head). The ADC value within the cystic component is 0.86×10–3

mm2/s
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a

c

b

d

e

Fig. 8a–e A 46-year-old woman with mature cystic teratoma. a
Axial T2-WI shows an area of hyperintensity on the anterior cystic
component (1, arrows) and hypointensity on the posterior cystic
component (2, arrowheads). b T1-WI shows hyperintensity on both
cystic components. c T1-WI with fat suppression reveals a marked
signal decrease on the anterior cystic component (1). d DWI with

b = 1,000 s/mm2 shows marked hypointensity on the anterior cystic
component due to fat suppression on the DWI. e ADC map
demonstrates marked hypointensity (arrows) of the anterior cystic
component. The ADC values within the cystic components are
0.32×10–3 (1) and 0.86×10–3 mm2/s (2)
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signal intensity characteristics and the ADC of the lesion
should be considered to distinguish between benign and
malignant gynecological diseases. However, there are
some overlaps between benign and malignant gynecoco-
logical diseases with using this chart. The ADC may make
it possible to differentiate between normal and cancerous
tissue in the uterine cervix and endometrium. In the uterine
myometrium, the ADC value may play a limited role due to
the large overlap between sarcomas and benign leiomyo-
mas. The role of DWI for the differentiation of benign and
malignant tumors may be limited in the ovary. Among
cystic ovarian lesions, most benign endometrial cysts and
mature cystic teratomas had lower ADC values than
malignant neoplasms. A combined evaluation of relative
ADC values and size criteria improves the preoperative
characterization of lymph node metastases compared with
conventional MRI. DWI has high sensitivity and specific-
ity for the evaluation of peritoneal dissemination.

DWI can be applied widely for tumor detection and
tumor characterization and for the monitoring of response
to treatment. Because DWI is an emerging technique, there
are few studies on the utility of DWI for gynecological
imaging. Thus, further prospective study using larger
numbers of patients and long-term follow-up is needed to
establish the potential ability of DWI for gynecological
diseases. More work is also needed to understand the
pathologic changes associated with features observed on
DWI. Furthermore, DWI in the gynecological diseases for
tumor assessment is the lack of standardization. The
techniques applied to acquire DWI, including the choice of
b-values, vary considerably. Consequently, considerable
differences in the ADC values of similar diseases have
been reported using different techniques. Clearly, future
standardization of protocols for both image acquisition and
data analysis across imaging platforms is important.
Reproducibility measurements are necessary to determine
the limits of error in obtaining quantitative ADC measure-
ments to better understand the magnitude of change that
can be confidently detected. Reproducibility is particularly
important if DWI measurements are to be routinely used
for monitoring therapeutic effects in the future. DWI allows
delineation of malignant tumors with excellent conspicuity
owing to generally suppressed background noise. Howev-
er, we consider that it was necessary to refer to other
imaging sequences for enough identification of the lesion
boundaries because DWI has relative poor spatial resolu-
tion. It is still necessary to require administration of
intravenous contrast media for assessment of the lesion
boundaries and tumor perfusion. For ADC to be used in a
clinical setting in gynecological diseases, further study into
its predictive value for long-term outcome, along with
technical developments to minimize spatial distortion and
demonstration of reproducible measurements will be
required.

a

b

c

Fig. 9a–c A 49-year-old woman with peritoneal dissemination
from ovarian serous adenocarcinoma. T2-WI (a) and post-contrast
T1-WI (b) show a left ovarian cancer (arrowheads) and peritoneal
disseminated masses (arrows). c DWI with b = 1,000 s/mm2 clearly
demonstrates the ovarian cancer (arrowheads) and small peritoneal
disseminated masses as marked hyperintensity. Small omental
masses are difficult to detect on T2-WI and post-contrast images
(white arrows)
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3Fig. 10a–c A 67-year-old woman with peritoneal dissemination
from an ovarian serous adenocarcinoma. a On T2-WI it is difficult
to detect peritoneal dissemination. b Post-contrast T1-WI shows
peritoneal enhancement in the uterovesical space and posterior cul-
de-sac. c DWI clearly depicts peritoneal dissemination as marked
hyperintensity. For the evaluation of peritoneal dissemination, DWI
and post-contrast images with fat suppression are of equal value

a

b

c

a

b

c
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Conclusions

In combination with conventional MRI, DWI and ADC
findings provide additional information in patients with
gynecological diseases. We found that the combination of
DWI and conventional MRI identified additional sites of
pelvic tumors and improved the radiologist’s confidence in
image interpretation. Additional advantages of DWI
include its completely noninvasive nature and its cost-
effectiveness. DWI does not involve radiation exposure,
the oral or intravenous administration of contrast material,
and does not elicit patient discomfort. DWI can be easily
added to MR study protocols and loses no time to the
injection of contrast material. DWI may play an important
role in the diagnosis and follow-up of patients with
gynecological diseases.

Fig. 12 Flow chart of MRI diagnosis of gynecological diseases. Note some overlaps between benign and malignant gynecocological diseses
with using this chart (LN lymph node, SA short axis of the lymph node, LA long axis)

3Fig. 11a–c A 69-year-old woman with squamous cell carcinoma of
the uterine cervix with multiple lymph node metastases. a Axial T2-
WI of the uterus shows cervical cancer (black arrow) with multiple
lymph node metastases (white arrow). b DWI with b = 1,000 s/mm2

clearly demonstrates the cervical cancer with metastatic (arrows)
and reactive (arrowhead) lymph nodes as marked hyperintensity.
Small lymph nodes are difficult to detect on T2-WI. c On the ADC
map, the tumor and lymph nodes are hypointense. Lymph nodes are
noted in the external iliac region (arrows and arrowhead). The left
anterior and posterior nodes are 13 mm in the short axis, 20 mm in
the long axis and 6 mm in the short axis, 7-mm in long axis,
respectively (arrows). The absolute ADC values of both lymph
nodes are 0.77 × 10−3 and 0.73×10–3 mm2/s, and the ADC value of
uterine cervical tumor is 0.71×10–3 mm2/s; therefore, the relative
ADC values are 0.06 × 10−3 and 0.02×10–3 mm2/s, respectively.
These lymph nodes are predicted as metastases. Another lymph
node is noted in the right (arrowhead). The absolute ADC value of
the lymph node is 0.95×10–3 mm2/s; therefore, the relative ADC
value is 0.22×10–3 mm2/s. This lymph node is predicted as reactive
node
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