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Functional imaging is becoming increasingly important in the evalua-
tion of cancer patients because of the limitations of morphologic im-
aging, particularly in the assessment of response to therapy. Diffusion-
weighted magnetic resonance (MR) imaging has been established as a 
useful functional imaging tool in neurologic applications for a number 
of years, but recent technical advances now allow its use in abdominal 
and pelvic applications. Diffusion-weighted MR imaging studies of 
female pelvic tumors have shown reduced apparent diffusion coeffi-
cient (ADC) values within cervical and endometrial tumors. In addi-
tion, this unique noninvasive modality has demonstrated the capacity 
to help discriminate between benign and malignant uterine lesions 
and to help assess the extent of peritoneal spread from gynecologic 
malignancies. Potential pitfalls can be avoided by reviewing diffusion-
weighted MR imaging findings in conjunction with anatomic imaging 
findings. Increasing familiarity with ADC calculation and manipula-
tion software will allow radiologists to provide new information for the 
care of patients with known or suspected gynecologic malignancies.
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Introduction
Diffusion-weighted magnetic resonance (MR) 
imaging is a functional imaging technique whose 
contrast derives from the random motion of wa-
ter molecules within tissues. Although its use in 
intracranial imaging has been established for a 
number of years (1), problems with motion and 
susceptibility artifacts have limited its applica-
tion in abdominal and pelvic imaging. However, 
the development of new imaging techniques, 
particularly novel methods of data acquisition 
and parallel imaging, has allowed much faster 
data acquisition with fewer artifacts, resulting in 
significant improvement in image quality in body 
applications. Because image contrast is derived 
from inherent differences in the restriction of 
the movement of water molecules, no exogenous 
contrast medium administration is required, so 
that diffusion-weighted sequences can now be in-
cluded in routine patient assessment.

When diffusion-weighted MR imaging is used 
in gynecologic applications, cervical cancers have 
been shown to have significantly lower apparent 
diffusion coefficient (ADC) values compared 
with normal cervical tissue (2,3). Similar find-
ings have been noted in endometrial cancers, 
with a tendency toward lower ADC values in 
higher-grade lesions (4,5). In addition, diffu-
sion-weighted MR imaging shows promise as a 
biomarker for treatment response, with increas-

ing ADC values noted in cervical carcinomas 
responding to radiation therapy (2). Diffusion-
weighted MR imaging also shows promise in 
discriminating between benign and malignant 
lesions within the myometrium and endometrial 
cavity (6,7) and in detecting peritoneal dissemi-
nation of gynecologic tumors (8). In this article, 
we review the means of acquiring diffusion-
weighted MR images, discuss and illustrate the 
clinical applications of this modality in women 
with gynecologic malignancies, provide image 
interpretation guidelines, and discuss potential 
pitfalls.

Measurement and Analysis with 
Diffusion-weighted MR Imaging

Use of MR imaging to demonstrate the contribu-
tion of water diffusion to image contrast was first 
described by Stejskal and Tanner (9), who ap-
plied symmetric pairs of equally weighted diffu-
sion sensitizing gradients about the 180° refocus-
ing pulse of a spin-echo T2-weighted sequence. 
Static water molecules develop additional phase 
incoherencies from the application of the first dif-
fusion gradient, but these incoherencies are elimi-
nated by the application of the second gradient, 
resulting in no additional net loss of signal (aside 
from normal T2 decay). However, mobile water is 
not completely rephased by the second gradient 
owing to movement to a different microenviron-
ment during the application of the first gradient, 
so that a subsequent reduction in signal intensity 
is observed. Altering the gradient amplitude, 

Table 1 
Protocol for Diffusion-weighted MR Imaging of the Pelvis

Purpose of Acquisition

Parameter ADC Calculation Creation of Fusion Images

Repetition time (msec) 3500 3500
Echo time (msec) 98 92
Bandwidth (Hz/pixel) 1010 1000
b values (sec/mm2) 0, 50, 100, 250, 500, 750 900, 1100, 1300
Field of view (cm) 22.4 or 26 22.4 or 26
Image matrix* 120 × 190 83 × 156
Acceleration factor 2 2
Number of signals acquired 6 6
Acquisition time (min) 6.48 4.7

Note.—This protocol was developed for studies conducted with a 1.5-T imager and the fol-
lowing additional parameters: single-shot, fat-suppressed T2-weighted echoplanar imaging 
with diffusion weighting and parallel imaging acceleration; non-breath-hold technique; 6-mm 
section thickness; and 90° flip angle. 
*Increase matrix size if needed.
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Figure 1.  Calculation of ADC from signal intensity data obtained in a 26-year-old woman 
who had given birth 10 days earlier. T2-weighted MR image, b-value images (b = 0, 50, 100, 
250, 500, and 750 sec/mm2), and corresponding ADC map show a poorly differentiated 
vaginal squamous cell carcinoma (arrow). Graphs illustrate how ADC values were calcu-
lated in terms of the natural logarithm (Ln) of signal intensity (SI) (y axis) versus trace b 
values (b = 0–750 sec/mm2) (x axis). AU = arbitrary units. Note the biexponential behavior 
of the perivaginal venous plexus. Interestingly, urine does not appear to demonstrate mono-
exponential decay. Calculated ADC values were as follows: urine = 3044 × 10−6 mm2/sec, 
perivaginal venous plexus = 2500 × 10−6 mm2/sec, myometrium = 15,474 × 10−6 mm2/sec, 
and tumor = 852 × 10−6 mm2/sec.

duration, and time interval (b value, measured in 
seconds per square millimeter) between paired 
diffusion gradients will alter sensitivity to the de-
gree of water motion (1).

Tissues containing water that is moving the 
most freely (eg, within blood vessels, ducts, or the 
bladder) will demonstrate greater signal losses 
after the application of the smallest diffusion gra-
dients (<100 sec/mm2). Signal losses caused by 
water motion in the extracellular space of tumors 
occur at higher b values because water motion is 
modified by interactions with hydrophobic cell 
membranes and macromolecules (increased ex-
tracellular space tortuosity) (10). In solid tumors 
of high cellularity, there are additional significant 
reductions in extracellular space, resulting in fur-
ther restrictions to free water movement.

In clinical practice, diffusion-weighted MR 
imaging is usually performed at two or more b 
values, which always include one or more low b 

values (0 or 50 sec/mm2) and a very high b value 
(usually ~1000 sec/mm2). In our practice, we 
perform two separate data acquisitions for two 
distinct purposes (Table 1). In the first acquisi-
tion, we acquire images at six b values to calculate 
an accurate ADC value. In the second acquisi-
tion, we acquire images at much greater b values 
to completely eliminate all background signal and 
reduce T2 shine-through (defined later). Details 
concerning fat-suppression schemes, different 
ways of applying diffusion gradients to minimize 
artifacts, sequence optimization, and strategies 
for maximizing signal-to-noise ratio can be found 
in an excellent recent article by Koh et al (11).

The ADC value (measured in square mil-
limeters per second) is usually calculated by the 
slope of the line of the natural logarithm of signal 
intensity (y axis) versus b values (x axis) (Fig 1). 
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Table 2 
Scheme for the Interpretation of Diffusion-weighted MR Imaging Findings

Signal Intensity on 
T2-weighted Images

Signal Intensity 
on High b-Value 
Source Images*

Values on 
ADC Maps Interpretation of Findings

Isointensity, hyper-
intensity

Hyperintensity Decreased Generally, high-cellularity tumor; rarely, coagulative 
necrosis, highly viscous fluid, or abscess

Hyperintensity Hyperintensity Increased T2 shine-through; often, proteinaceous fluid
Hypointensity, iso-

intensity
Hypointensity Decreased Fibrous tissue with low water content with or without 

viable tumor cells
Hyperintensity Hypointensity Increased Fluid, liquefactive necrosis, lower cellularity, gland 

formation

*b > 800 sec/mm2.

In effect, this yields a monoexponential “fit” for 
the raw signal intensity data, although in practice, 
water diffusion in tissues is biexponential, the first 
exponent representing water movement in vessels 
and the second representing extravascular water 
movement. ADC maps are usually displayed para-
metrically as gray-scale images. Areas of restricted 
diffusion have lower ADC values and therefore are 
a darker shade of gray on ADC maps, whereas ar-
eas of freely moving water (eg, within cysts or the 
bladder) will be a lighter shade of gray. The oppo-
site is true with the source high b-value images 
(b = 800–1000 sec/mm2), on which areas of re-
stricted diffusion mostly appear bright. It is impor-
tant to remember that ADC maps and high b-value 
images should never be interpreted in isolation, 
but should be interpreted together with anatomic 
images according to the scheme outlined in Table 
2 so as to avoid the pitfalls that will be discussed 
shortly. Figure 2 shows a typical series of images 
from an examination of a normal female pelvis.

There are a number of ways to display very 
high b-value images (on which fat and back-
ground suppression is maximal). Because the sig-
nal is essentially nonquantitative, an inverted gray 
scale or arbitrary color scales (false color map) 
are often used. Data sets can be visualized with 
use of multiplanar reconstruction and maximum 
intensity projection and are amenable to volume 
rendering. Such data are also amenable to fusion 
imaging to allow coregistration to anatomic im-
ages. Fusion imaging is performed in three steps: 
(a) superimposition (data sets do not need to 
be in the same plane or to have identical fields 
of view or matrix sizes); (b) alignment with so-
phisticated computer algorithms, usually on the 
basis of anatomic landmarks; and (c) blending 
of gray-scale anatomic and pseudocolor b-value 
images, with the ability to adjust the balance 
between the two superimposed data sets. It is im-
portant to remember that internal organ motion 
in the time interval between data acquisitions 
may necessitate additional manual or automated 
registrations.
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Figure 2.  T2-weighted MR image (a), ADC 
map (b), and source diffusion images acquired at 
increasing gradients—with b equal to 0 (c), 300 (d), 
and 800 (e) sec/mm2—show the normal female pel-
vis. Note the low signal-to-noise ratio on the high 
b-value image but the persistent high signal inten-
sity of the normal endometrium on all images.
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images have traditionally been used because the 
junctional zone required for determining depth 
of invasion with T2-weighted sequences may not 
always be readily appreciated, particularly in post-
menopausal patients or in patients with myome-
trial thinning. Dynamic sequences are helpful for 
visualizing depth of invasion because the majority 
of tumors are hypovascular relative to the vascular 
myometrium. However, a significant number of 
tumors are either iso- or hypervascular relative 
to the myometrium. Because diffusion-weighted 
imaging is essentially independent of differences 
in vascularity, it is useful for determining T stage 

Clinical Applications  
of Diffusion-weighted MR  

Imaging of Gynecologic Tumors

Determining Depth of Invasion
Because high b-value images show tumors of high 
cellularity to be very bright, they can be fused with 
anatomic T2-weighted images to improve visual-
ization of the depth of tumor invasion, particularly 
invasion of the myometrium by endometrial can-
cer. Contrast material–enhanced fat-suppressed 

Figure 3.  T1a endometrial carcinoma in a 
62-year-old woman. (a, b) Coronal T2-weighted 
MR image (a) and false color map derived from a 
high b-value image (b = 800 sec/mm2) (b) show a 
T1a endometrial carcinoma. (c) Fused image (b 
superimposed on a) clearly shows the absence of 
myometrial invasion.
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Figure 4.  T1c endometrial carcinoma in a 74-year-old woman who underwent a staging examination. Axial 
T2-weighted MR image (a), fused high b-value (b = 1000 sec/mm2)–axial T2-weighted MR image (b), ADC 
map (c), and gadolinium-enhanced fat-saturated T1-weighted MR image (d) show deep myometrial invasion 
but no serosal involvement. The mass is hypovascular and shows significant restriction to water diffusion, find-
ings that indicate that the mass is highly cellular. The mass was confirmed to be a high-grade papillary serous 
carcinoma at histologic analysis.

Figures 3 and 4 illustrate typical appearances 
of endometrial carcinoma. Note the differing ap-
pearances of the superficial tumor in Figure 3 
and the mass in Figure 4, which demonstrates 
deeper myometrial invasion.

in such cases. Shen et al (12) also found that 
diffusion-weighted imaging depicted tumor foci 
that were not appreciated with T2-weighted or dy-
namic sequences, such as elsewhere in the uterus 
or in peritoneal spread. In addition, it may not 
always be possible to perform contrast-enhanced 
imaging due to factors such as renal failure.
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Figures 5, 6.  (5) Extensive poorly differentiated squamous carcinoma of the cervix in a 48-year-old woman. 
(a) Axial T2-weighted MR image shows a bulky tumor with parametrial extension. (b) ADC map shows a very 
low ADC value within the tumor (arrow), a finding that is consistent with a hypercellular lesion. (c) Photomi-
crograph (hematoxylin-eosin stain) of a cone biopsy specimen shows vascular invasion of the entire specimen. 
(6) Endometrial carcinoma in a 68-year-old woman. (a) T2-weighted MR image from the staging examination 
shows a complex cystic mass arising from the left ovary. (b) On the corresponding ADC map, restriction is 
visible only at the edge of the solid component (arrow). (c) Photomicrograph (hematoxylin-eosin stain) shows 
a well-differentiated endometrioid carcinoma. Glandular elements are also visible.
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Figure 7.  Prolapsed submucosal leiomyoma in a 37-year-old woman who presented with a vaginal mass. 
(a) Sagittal T2-weighted MR image shows a large, pedunculated lesion arising from the anterior part of the 
myometrium and prolapsing through the external os of the cervix. (b) Fused image (high b-value image [b = 
800 sec/mm2] superimposed on a) shows no significant restriction. No suspicious findings were noted at 
histologic analysis.

Lesion Characterization
With increasing tumor cellularity and architec-
tural distortion, there is a reduction in extracel-
lular space, which also becomes increasingly 
tortuous. These changes are reflected by a re-
duced ADC value. High-grade adenocarcinomas 
typically have high cellular density and so would 
be expected to have lower ADC values. A trend 
toward lower ADC values in higher-grade en-
dometrial cancers was noted by Tamai et al (4), 
although this trend did not achieve statistical 
significance in their study. Figure 5 shows a cer-
vical carcinoma extending through the cervical 
stroma into the parametrium and upper third of 
the vagina. A markedly low ADC value (930 × 
10-6 mm2/sec) was measured within the tumor.

Unfortunately, there is no definite ADC cut-
off value that is predictive of the presence of 
malignancy in the pelvis, partly because the cal-
culated ADC value is dependent on the range of 
b values used for calculations. Low ADC values 
can be seen in some normal tissues (eg, periph-
eral nerves, normal lymph nodes, and, occasion-
ally, normal endometrium and bowel) as well as 
in areas of fibrosis. It should also be noted that 
well-differentiated tumors and necrotic poorly 
differentiated tumors can both have increased 
ADC values (10). Figure 6 illustrates a well-dif-
ferentiated endometrioid carcinoma of the ovary 

with cystic and solid components. It should be 
noted that cellularity is only one feature used to 
determine tumor grade, and that other indica-
tors such as nuclear atypia are also important 
but are not assessed with diffusion-weighted MR 
imaging. Necrosis (an indicator of poor differen-
tiation) is a further confounding factor because 
it increases ADC values.

The possibility of discriminating between 
benign and malignant lesions of the uterus 
with diffusion-weighted MR imaging has been 
investigated (6,7). Tamai et al (6) found that 
the mean ADC value of uterine sarcomas was 
significantly lower than that of normal myome-
trium and of leiomyomas. A variety of lesions of 
the endometrial cavity were evaluated by Fujii 
et al (7), who found that malignant lesions such 
as endometrial carcinoma and carcinosarcoma 
had lower ADC values than did benign lesions, 
including submucosal leiomyomas (Fig 7) and 
endometrial polyps.

Node Assessment
The use of node size alone to determine the 
presence of metastatic lymphadenopathy has 
been shown to be a poor discriminator in pelvic 
imaging (13). Several investigators have studied 
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usually occurring after one to two cycles of che-
motherapy. Radiation therapy may also initially 
cause increased ADC values due to hyperemia. 
Changes in ADC values following tumor embo-
lization are often not seen until several days after 
treatment. Therefore, we have found that diffu-
sion-weighted imaging and contrast-enhanced 
imaging are complementary in assessing response 
to therapy and should be interpreted with full 
knowledge of the patient’s treatment schedule.

Potential Pitfalls in  
Image Interpretation

T2 Shine-through
It is important to remember that diffusion-
weighted images are intrinsically T2 weighted 
and that tissues with slow T2 relaxation rates 
can appear bright. T2 shine-through refers to 
persistent hyperintensity seen on high b-value 
images with a corresponding high ADC value. 
The high ADC value will, therefore, also appear 
bright on ADC maps (Table 2). This phenom-
enon can cause problems in image interpretation 
when high b-value images are viewed in isolation 
without reference to corresponding ADC maps. 
This fact should be borne in mind when using 
the fusion software to superimpose high b-value 
images onto anatomic images (Fig 10). Figures 11 
and 12 demonstrate two cases of vulval carcinoma. 

Figure 8.  Advanced endometrial carcinoma in a 
63-year-old woman. Fused image (false color map 
derived from a high b-value image [b = 800 sec/mm2] 
superimposed on a coronal T2-weighted MR image) 
shows very high signal intensity in the tumor periph-
ery, with central low signal intensity that represents 
necrosis. Despite the high signal intensity in the left 
obturator nodes, histologic analysis showed the nodes 
to be reactive only.

the use of diffusion-weighted MR imaging in 
the neck to evaluate visible lymph nodes and 
have found that the ADC value is significantly 
lower in lymphomatous nodes than in metastatic 
nodes (14,15). This observation is likely related 
to the hypercellular nature of the lymphomatous 
nodes and to the presence of necrosis noted in 
squamous cell head and neck carcinomas. To 
our knowledge, firm data on nodal diffusion-
weighted MR imaging of pelvic cancers have not 
appeared in the peer-reviewed literature, and 
in our experience with female pelvic cancers, 
both benign and metastatic lymph nodes appear 
bright on high b-value images, with correspond-
ing low ADC values (Figs 8, 9). Our criterion 
for identifying a suspect lymph node at diffu-
sion-weighted MR imaging takes into account 
its signal intensity on very high b-value images 
(b >1000 sec/mm2) relative to that of nodes 
that we “know” are benign (eg, groin nodes in 
patients with endometrial or cervical cancer). 
However, the presence of necrosis within in-
volved nodes is a potential pitfall and should be 
considered. Another approach is to compare the 
signal intensity of a lymph node with that of the 
primary tumor. It should be noted in passing 
that high b-value images can be used for node 
mapping and can help increase the visibility of 
pelvic nodes, which can be limited in women 
with ascites or a paucity of pelvic fat.

Assessment of Treatment Response
The measurement of change in tumor size is 
the standard method of evaluating treatment 
response in clinical practice but has a number 
of shortcomings (16). Because many therapies 
induce cellular lysis, it is expected that there 
will be an increase in water diffusion distances 
within tumors. A number of studies have dem-
onstrated increases in ADC value following 
successful therapy (17–19), although there is a 
paucity of data regarding female pelvic tumors. 
Naganawa et al (2) found significant increases in 
lesion ADC values in patients with cervical can-
cer who were treated with combined chemother-
apy–radiation therapy. The success of therapy 
can be assessed both quantitatively with ADC 
measurements and qualitatively by inspecting 
signal intensity on high b-value images.

Rapid increases in ADC values are seen fol-
lowing chemotherapy, resulting in cellular apop-
tosis, whereas changes in perfusion as depicted 
with dynamic sequences have a later onset, 
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Figure 9.  Advanced en-
dometrial carcinoma in a 
70-year-old woman with sig-
nificant restriction to water 
diffusion. T2-weighted (a), 
T2-weighted–ADC (b), 
ADC (c), T1-weighted (d), 
T2-weighted–high b-value 
(b = 1000 sec/mm2) (e), and 
high b-value (b = 1000 sec/
mm2) (f) images show an en-
dometrial carcinoma and en-
larged right obturator lymph 
nodes, which also demon-
strate marked restriction and 
have a signal intensity similar 
to that of the tumor.

Figure 10.  Cervical carcinoma. Axial T2-weighted 
MR image (a), high b-value (b = 800 sec/mm2) 
image (b), and ADC map (c) show a cervical carci-
noma (arrow). Note the high signal intensity in the 
normal left ovary (arrowhead), a finding that repre-
sents T2 shine-through and may cause confusion if 
ADC maps are not studied.
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Figures 11, 12.  (11) Vulval carcinoma in an 82-year-old woman. (a) On an axial T2-
weighted MR image, the tumor is difficult to visualize. (b) Fused image (false color map de- 
rived from a high b-value image [b = 800 sec/mm2] superimposed on a) clearly depicts the 
tumor. (c) Axial ADC map shows the tumor with low ADC values (arrowheads). (12) Vul-
val carcinoma in a 75-year-old woman in whom the primary tumor had been fully excised. 
Axial T2-weighted MR image (a), fused image (false color map derived from a high b-value 
image [b = 800 sec/mm2] superimposed on a) (b), and ADC map (c) show a lesion. The 
high-signal-intensity area in b (arrowhead) represents postexcision edema, with no corre-
sponding low-signal-intensity area on the ADC map. These findings contrast with those in 
Figure 11 and demonstrate the importance of viewing the entire examination.
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In Figure 11, the tumor is difficult to visualize on 
the T2-weighted image (Fig 11a) but is readily 
identified on the high b-value (b = 800 sec/mm2) 
image (Fig 11b) and has a correspondingly low 
ADC value (Fig 11c). The appearance of the le-
sion in Figure 12b is very similar to that in Figure 
11b, and the presence of residual tumor may be 
suspected. However, the high-signal-intensity 
area in Figure 12b has a high ADC value that re-
flects posttreatment edema.

Restriction in Normal Structures
Because diffusion-weighted MR imaging dem-
onstrates areas of restriction to water diffusion, 
any areas of high cellular density will have high 
signal intensity on high b-value images. Normal 
endometrium in women of reproductive age is 
composed of endometrial glands and of stromal 
cells with high cellular density and abundant 
cytoplasm. In a study comparing endometrial 

cancers with normal endometrium, Tamai et al 
(4) found normal endometrium to have high 
signal intensity on high b-value (b = 1000 sec/
mm2) images. However, quantitative discrimina-
tion between normal endometrium and cancer 
was possible due to the significantly lower ADC 
value of tumor; thus, the hyperintensity of en-
dometrium on high b-value images is due to T2 
shine-through. Figure 13 shows a cervical cancer 
with a separate focal area of hyperintensity in the 
endometrium, which proved to be normal at sub-
sequent hysterectomy.

Other normal structures with high cellular 
density that are also hyperintense on high b-
value images include normal or reactive lymph 
nodes and bowel mucosa. Node assessments 
were discussed earlier. The fact that bowel mu-
cosa can appear bright on high b-value images 

Figure 13.  Cervical carcinoma in a 39-year-
old woman. (a) Sagittal T2-weighted MR image 
shows a large tumor on the anterior lip of the 
cervix. (b) False color map derived from a high 
b-value image (b = 800 sec/mm2) shows high signal 
intensity in the tumor (arrow) and in the endome-
trium at the uterine fundus (arrowhead). (c) Fused 
image (b superimposed on a) helps confirm the 
location of the cervical tumor and the area of re-
striction in the fundal endometrium. No abnormal-
ity was seen in the uterine fundus at hysterectomy; 
thus, the endometrial findings are taken to repre-
sent restriction within the normal endometrium.



772  May-June 2009	 radiographics.rsnajnls.org

Figure 15.  Bilateral ovarian metastases from a well-differentiated endocervical adenocarcinoma. 
(a) Axial T2-weighted MR image shows bilateral complex adnexal cysts with predominantly high sig-
nal intensity. (b) ADC map shows the lesions with high ADC values, a finding that reflects free water 
diffusion due to the cystic nature of the lesions.

In malignant tumors with low cellularity (eg, 
well-differentiated adenocarcinomas or ovarian 
cancers with large cystic components), restriction 
to water diffusion is likely to be much more lim-
ited and may not be visible at diffusion-weighted 
MR imaging (Fig 15).

Other Causes of Hyper- 
intensity on High b-Value Images  
with Corresponding Low ADC Values
The combination of hyperintensity on source high 
b-value images and corresponding low ADC val-
ues is typically thought to be due to high cellular 
density in tumor tissue (with exceptions in normal 
tissue as described earlier). However, similar ap-
pearances can be seen in abscesses, areas of coag-

(Fig 14) may potentially confound the detection 
of microscopic peritoneal disease at high b-value 
diffusion-weighted MR imaging. For this appli-
cation, diffusion-weighted imaging is most reli-
able around the paracolic reflections and omen-
tum and in subdiaphragmatic areas.

Tumors with Low Cellular Density
Although diffusion-weighted MR imaging has 
been shown to be helpful in distinguishing nor-
mal tissue or benign lesions from malignant 
tumors (2,4–7), the success of the technique 
depends on the demonstration of restriction to 
water diffusion due to increased cellular density. 

Figure 14.  Endometrial carcinoma 
in a 69-year-old woman. Fused image 
(false color map derived from a high 
b-value image [b = 800 sec/mm2] su-
perimposed on an axial T2-weighted 
MR image from a staging examination) 
shows high signal intensity within the 
mucosa of the normal sigmoid colon, 
a finding that represents restriction to 
water diffusion.
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Figure 16.  Retained inspissated mucus within the endometrial cavity due to an obstructing cervical 
carcinoma. (a) Sagittal T2-weighted MR image shows a cervical tumor (arrowhead) with distention of 
the endometrial cavity by high-signal-intensity mucus (arrow). (b) ADC map shows the mucus (arrow) 
with a low ADC value, a finding that is likely due to the restriction of water molecules caused by the 
presence of macromolecules. In such cases, anatomic images are helpful in excluding the presence of 
tumor within the endometrial cavity.

ulative necrosis, and inspissated mucus (20–22). 
In coagulative necrosis, this finding is thought to 
be due to the retention of cellular outlines and 
architecture. In abscess and inspissated mucus, 
water restriction may be due to the presence of a 
large number of macromolecules. We have noted 
these appearances in patients with hydrosalpinx, 
in some ovarian cysts, and, occasionally, within an 
obstructed endometrial cavity (Fig 16).

Conclusions
High-quality diffusion-weighted MR imaging of 
the entire pelvis can now be performed as part 
of a gynecologic examination without greatly in-
creasing total imaging time. Diffusion-weighted 
MR imaging provides important new information 
noninvasively. This unique modality is helpful in 
initial staging of known malignancies, differen-
tiating benign from malignant lesions, assessing 
treatment response, and determining the pres-
ence of disease recurrence. To ensure accuracy, it 
is important to be aware of the potential pitfalls 
of diffusion-weighted MR imaging and to review 
findings in conjunction with findings obtained 
with anatomic sequences. Increasing familiarity 
with ADC calculation and manipulation software, 
including the ability to fuse anatomic and dif-
fusion data, will allow radiologists to gain con-
fidence and thus to provide new information to 
physicians who are caring for women with known 
or suspected gynecologic malignancies.
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Page 762 
It is important to remember that ADC maps and high b-value images should never be interpreted in 
isolation, but should be interpreted together with anatomic images according to the scheme outlined 
in Table 2 so as to avoid the pitfalls that will be discussed shortly. 
 
Page 762 
Data sets can be visualized with use of multiplanar reconstruction and maximum intensity projection 
and are amenable to volume rendering. Such data are also amenable to fusion imaging to allow 
coregistration to anatomic images. 
 
Page 767 
High-grade adenocarcinomas typically have high cellular density and so would be expected to have 
lower ADC values. 
 
Page 768 
The success of therapy can be assessed both quantitatively with ADC measurements and qualitatively 
by inspecting signal intensity on high b-value images. 
 
Page 772 
In malignant tumors with low cellularity (eg, well-differentiated adenocarcinomas or ovarian cancers 
with large cystic components), restriction to water diffusion is likely to be much more limited and 
may not be visible at diffusion-weighted MR imaging (Fig 15). 
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