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Purpose: The aim was to establish normal values and 
to compare the apparent diffusion coefficient (ADC) 
of the uterine zones in postmenopausal and repro-
ductive age women in the three phases of the men-
strual cycle.  
Materials and Methods: This retrospective study in-
cluded 194 women. All magnetic resonance imag-
ing (MRI) examinations were performed on a 1.5 T 
scanner. Diffusion-weighted imaging (DWI) was per-
formed using a single shot, multislice spin-echo dif-
fusion planar sequence and b-values of 0 and 800 s/
mm2. ADC of normal endometrium/myometrium 
was classified into four groups according to men-
strual status: Menopause, menstrual, proliferative 
and secretory phase. Analysis of Variance followed 
by the Least Significant Difference (LSD) test was 
used for statistical analysis.  
Results: The mean and SD (standard deviation) of 
ADC (×10−3 mm2/s) of the endometrium was: meno-

pause: 1.36 ± 0.18; menstrual phase: 1.24 ± 0.22; pro-
liferative phase: 1.38 ± 0.20; and secretory phase: 
1.50 ± 0.18 (F: 12.317, P <0.001). The LSD test showed 
differences between menopause and menstrual 
phase (P: 0.020) and between menopause and se-
cretory phase (P: 0.001), but not between meno-
pause and proliferative phase (P: 0.643). The mean 
and SD (standard deviation) of ADC (×10−3 mm2/s) of 
the myometrium was: menopause: 1.60 ± 0.15; men-
strual phase: 1.92 ± 0.28; proliferative phase: 1.72 
± 0.24; and secretory phase: 1.86 ± 0.27 (F: 16.034, 
P <0.001). Significant difference was observed be-
tween all phases (P < 0.05).
Conclusion: A wide variation of ADC of normal en-
dometrium/myometrium was found between post-
menopausal and reproductive age women. A stand-
ard reference of ADC of normal uterine zones is 
helpful, serving as a baseline when interpreting 
uterine diseases.
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1. Introduction
Diffusion-weighted imaging (DWI) is a functional im-
aging technique that provides information about wa-
ter mobility, tissue cellularity and the integrity of the 
cellular membranes [1]. It is now considered part of the 
standard MRI protocols for the evaluation of the female 
pelvis [2-16]. Clinical applications of DWI related to en-
dometrial carcinoma have been mainly focused on de-
tection, differentiation from benign endometrial lesions 
and preoperative staging of the disease [2-13]. DW se-
quences are particularly helpful in assessing the depth of 
myometrial invasion by endometrial cancer in challeng-
ing conditions, such as coexistence of leiomyomas and/
or adenomyosis, thinning of the myometrium, poor tu-
mor-to-myometrium contrast, loss of the junctional zone 
definition, and extension of the neoplasm into the cor-
nua [2-12]. DWI is also beneficial in staging of advanced 
carcinoma of the endometrium, in depicting extrauter-
ine pelvic disease, in assessing tumor response to chemo-
therapy and in the detection of tumor recurrence [2-12]. 
Compared with benign uterine lesions, and also with nor-
mal endometrium/myometrium, the mean ADC of endo-
metrial cancer has been shown to be lower [2-13]. How-
ever, no definite cut-off predictive of the presence of 
carcinoma of the endometrium has yet been established. 

It is known that normal uterus undergoes distinctive 
morphologic and functional changes during the differ-
ent phases of the menstrual cycle and aging [17-20]. The 
width and MR signal intensity of the normal endome-
trium/myometrium changes during the menstrual cy-
cle [17-20]. In postmenopausal women, the uterine cor-
pus shrinks and zonal anatomy becomes indistinct [17]. 
There are few studies reporting significant intraindivid-
ual and interindividual variations of normal uterine ADC 
values in reproductive women during the menstrual cy-
cle [21-24]. As to the author’s knowledge, there are no re-
ports in the English-language literature comparing the 
ADC of normal uterus between postmenopausal and pre-
menopausal women. 

The aim of this retrospective study was to establish 
normal values and to compare the ADC of the uterine 
zones in postmenopausal and reproductive age women 
in the three phases of the menstrual cycle.

2. Materials and Methods
2.1 Study group
This was a retrospective study conducted at a single in-
stitution. The study cohort included 194 women (age 
range: 21-86 years, mean age: 45.4 years) referred to the 
Gynaecology clinic with various clinical indications, 101 
of which were included in a previous report [22]. One 
hundred and thirty eight women were premenopausal 
(age range: 21-56 years, mean age: 39.9 years), each with 
regular menstrual cycle, of approximately 28 ± 3 days and 
56 were postmenopausal (age range: 48-86 years, mean 
age: 66.5 years).  Postmenopausal status was defined as 
date of last menstrual period more than one year before 
the present study. Among reproductive age group, 31 
women were in the menstrual phase, 46 were in the pro-
liferative phase and 61 in the secretory phase. The men-
strual phase included the first four days of menstrua-
tion. The proliferative phase started on the fifth day until 
ovulation and the secretory phase lasted for the remain-
ing two weeks. Patients with histologically confirmed en-
dometrial carcinoma of FIGO stage>IB, cases undergone 
pelvic irradiation and women with recent use of oral 
contraceptives or hormonal replacement therapy were 
excluded from the analysis. 

MRI and/or histopathologic findings included the 
following: normal findings (n=72, including 26 wom-
en with cervical intraepithelial neoplasia examined 
before [n=21] and/or after [n=5] large loop excision of 
the transformation zone), uterus leiomyomas (n=36, in 
one case with coexisting adenomyosis), benign ovari-
an cystic lesions (n=26), endometriosis (n=12), benign 
ovarian tumors (mature cystic teratoma: n=5, cystade-
nofibroma: n=1, stromal ovarian tumors: n=2), ovarian 
torsion (n=1), pelvic inflammatory disease (n=4), endo-
metrial polyp (n=8), cervical polyp (n=1), adenomatous  
endometrial hyperplasia (n=1), endometrial cavity flu-
id (n=3), endometrial carcinoma (n=7, with tumor limit-
ed to the endometrium or invading less than 50% of the 
myometrium), other female pelvic malignancies (cervi-
cal carcinoma: n=6, ovarian carcinoma: n=3, tubal car-
cinoma: n=1, and vulvar carcinoma: n=4), and rectal 
cancer (n=1). Histopathologic confirmation of normal 
endometrium/myometrium was obtained in 67 cases. 
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In the remaining 127 cases, uterine zones were charac-
terized as ‘normal’ based on MRI appearance and the 
absence of uterine disease during subsequent clinical 
and/or imaging follow-up studies. 

The study protocol was approved by the institution-
al ethics committee and written informed consent 
was obtained from all participants, prior to the MRI 
examinations. 

Twenty seven ADC calculations of the endometrium 
were not included in the analysis, due to the following: 
Endometrial carcinoma (n=7), endometrial polyp (n=8), 
adenomatous endometrial hyperplasia (n=1), endometri-
al cavity fluid (n=3), multiple leiomyomas distorting the 
endometrial cavity (n=1), and thin normal endometrium, 
difficult to measure (n=7). Excluded were also four ADC 
calculations of the myometrium, due to the presence of 
multiple leiomyomas.

2.2 MRI protocol 
All MRI examinations were performed on a 1.5 T In-
tera scanner (Philips Medical Systems, Cleveland, OH, 
USA), using a pelvic phased-array coil. Transverse spin-
echo T1-weighted images, transverse and sagittal tur-
bo spin-echo T2-weighted images were used for data in-
terpretation. DWI was performed along the axial plane, 
during quiet breathing using a single shot, multi-slice 
spin-echo planar diffusion pulse sequence with b-val-
ues of 0 and 800 s/mm2. The total acquisition time was 
29 sec. The orientation and location of DWI slices were 
identical to the conventional transverse slices. The MR 
protocol used for data interpretation in this study is 
presented in Table 1.

2.3 MRI data interpretation
MRI data were interpreted by two radiologists (reader 1: 
Three years of experience, and reader 2: Twelve years of 
experience) and any discrepancy was resolved by con-
sensus. DW images were read in conjunction with the 
transverse T2-weighted images. The ADC maps were cre-
ated on a workstation (Philips Medical Systems, Cleve-
land, OH, USA). Signal intensity mean ADC values of cir-
cular regions of interest (ROIs) were calculated on the 
ADC maps that contained the largest cross-section of the 
normal endometrium/myometrium, so that the largest 
ROI could be drawn. Three measurements were made and 
averaged.

2.4 Statistical analysis  
The ADC of normal endometrium/myometrium was classi-
fied into four groups according to menstrual status: meno-
pause, menstrual, proliferative and secretory phase. The 
Kolmogorov-Smirnov test was used to assess normality 
of the parameters. The ADC of normal endometrium and 
myometrium for each phase separately was compared us-
ing one-way analysis of variance (ANOVA) followed by the 
Least Significance Difference (LSD) test. Statistical analy-
sis was performed using IBM SPSS version 20.0. Statistical 
significance was set at P-value’s of <0.05.

3. Results
The ADC of normal endometrium was measured in 167 
cases, including 32 in the menopause, 31 in the men-
strual phase, 44 in the proliferative phase and 60 cas-
es in the secretory phase. The mean ± s.d. of ADC values 
(x 10-3 mm2/s) of normal endometrium were the follow-

Table 1. MR protocol

Sequences spin-echo T1 turbo spin-echo T2 DW

Plane

TR (msec)

TE (msec)

Slice thickness

Gap

FOV (cm)

Matrix (mm)

b values s/mm2

transverse

500

16

3-5 mm

0.3-0.5 mm

28

256×256

transverse, sagittal

4,000

120

3-5 mm

0.3-0.5 mm

28

256×256

transverse

4,132

116

3-5 mm

0.3-0.5 mm

28

256×256

0, 800
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ing: menopause: 1.36 ± 0.018 (Fig. 1), menstrual phase: 
1.24 ± 0.22, proliferative phase: 1.38 ± 0.20, and secreto-
ry phase: 1.50 ± 0.18 (Fig. 2). The data followed a normal 
distribution as evaluated using the Kolmogorov-Smirnov 
test. The magnitude of variations of ADC values of nor-
mal endometrium during the different phases is present-
ed in Table 2. ANOVA revealed differences of mean ADC 
between groups (F=12.31, P<0.001). The LSD test showed 
significant difference of the ADC of normal endometri-
um between menopause and menstrual phase (P: 0.020) 
and between menopause and secretory phase (P: 0.001). 
No difference was found between the ADC of endometri-

um during the menopause and the proliferative phase (P: 
0.643). Significant difference of the ADC of normal endo-
metrium was found in the reproductive age groups, be-
tween menstrual and proliferative phase (P: 0.003), be-
tween menstrual and secretory phase (P<0.001), and 
between proliferative and secretory phase (P: 0.003). 

The ADC of normal myometrium was measured in 190 
cases, including 54 women in the menopause, 30 women 
during menstruation, 45 in the proliferative phase and 
61 in the secretory phase. The mean ± s.d. of ADC (x 10-3 
mm2/s) of normal myometrium was: menopause: 1.60 ± 
0.015 (Fig. 1), menstrual phase: 1.92 ± 0.28, proliferative 

Fig. 1. Transverse (a) turbo spin-echo T2-weighted image and (b) the corresponding ADC map in a 62-year old woman. MRI find-
ings were unremarkable. The ADC of endometrium (long arrow) and myometrium (circle) was 1.63×10−3 mm2

 /s and 1.82×10−3 mm2
 /s, 

respectively

a b

Fig. 2. Transverse (a) turbo spin-echo T2-weighted image and (b) the corresponding ADC map in a 33-year old woman with a his-
tory of endometriosis, examined during the secretory phase. The ADC of normal endometrium (long arrow) and myometrium was 
1.63×10−3 mm2

 /s and 1.9×10−3 mm2
 /s, respectively. Bilateral endometriomas (arrowheads) appear with very low signal intensity on 

both T2-weighted images and ADC maps 

a b
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phase: 1.72 ± 0.24, and secretory phase: 1.86 ± 0.27 (Fig. 2). 
Table 3 shows number of cases, mean ADC, standard de-
viations, minimum and maximum ADC for myometrium 
in postmenopausal and reproductive women. ANOVA re-
vealed differences of mean ADC between groups (F=16.03, 
P<0.001). The LSD test showed a significant difference 
of the ADC of normal myometrium between menopause 
and different phases of the menstrual cycle (menopause 
and mestrual phase, P<0.001; menopause and prolifer-
ative phase, P: 0.015; menopause and secretory phase, 
P<0.001). Significant difference of the ADC of normal 
myometrium was found between menstrual and prolif-
erative phase (P: 0.001), and between proliferative and 
secretory phase (P: 0.004). No difference was found be-
tween the menstrual and the secretory phase (P: 0.257). 
The inter-group variations of ADC of normal endometri-
um/myometrium are shown on Figures 3 and 4 with the 
help of bar diagrams. 

4. Discussion
DWI is emerging as a promising complementary tool in 
a broad range of clinical applications in the female pel-
vis, including uterine diseases [1-16]. Due to its relative-
ly short acquisition time, DWI can easily be added to rou-
tine MR protocols and is particularly useful in patients 
with contraindications to intravenous gadolinium-based 
contrast agents [1-16]. DW sequences are able to measure 
the random motion of water in tissues, thus helping to 
detect, characterize, stage and predict aggressiveness of 
endometrial carcinoma [3-12]. DWI has also been proved 
useful in the characterization of myometrial tumors [14-
16]. Thomassin-Naggara et al. in a retrospective study of 
51 myometrial tumors reported a diagnostic accuracy of 
92.4% in differentiating benign from uncertain or malig-
nant myometrial neoplasms by combining conventional 
and high b value DWI [16]. However, to help in the accu-
rate diagnosis of uterine diseases, standard references of 

Table 2.  ANOVA analysis between the ADC of the normal endometrium during the menopause, menstrual, 
proliferative and secretory phase

Menopause
(n=32)

Menstrual 
phase
(n=31)

Proliferative 
phase
(n=44)

Secretory 
phase
(n=60)

F P

mean ± SD
(x 10-3 mm2

 /s) 1.36 ± 0.18 1.24 ± 0.22 1.38 ± 0.20 1.50 ± 0.18

12.31 0.000maximum
(x 10-3 mm2 /s) 1.80 1.79 1.96 1.86

minimum
(x 10-3 mm2

 /s) 1.07 0.88 1.10 0.96

Table 3.  ANOVA analysis of the ADC of the normal myometrium during the menopause, menstrual, proliferative 
and secretory phase

Menopause
(n=54)

Menstrual 
phase
(n=30)

Proliferative 
phase
(n=45)

Secretory 
phase
(n=61)

F P

mean ±SD
(x 10-3 mm2/sec) 1.60 ± 0.15 1.92 ± 0.28 1.72 ± 0.24 1.86 ± 0.27

16.03 0.000maximum
(x 10-3 mm2/sec) 1.92 3.00 2.39 2.49

minimum
(x 10-3 mm2/sec) 1.20 1.47 1.18 1.31
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the normal ADC of the uterine zones should exist. 
T2-weighted images of the normal uterus in repro-

ductive age women show variations in endometrial and 
myometrial width and signal intensity [17-20]. The en-
dometrium is thin just after menstruation and progres-
sively thickens during the proliferative and the secre-
tory phase. The myometrium is also thin and relatively 
hypointense during menstrual and early proliferative 
phase, when compared to the higher signal intensity 
during the late proliferative and secretory phase [17-
20]. A wide variation of ADC for the normal endome-
trium/myometrium during the different phases of the 
menstrual cycle was found in the present study and this 
was in accordance with our previous report [22]. Histo-
pathologic changes of the normal uterus in premeno-
pausal women explain the variations of the ADC of the 
endometrium/myometrium during the menstrual cycle 
[25-27]. The ADC of the normal endometrium was low-
er during the menstrual phase when compared with the 
proliferative and the secretory phase, and during the 
proliferative phase when compared with the secretory 

phase. Kuang et al. in a retrospective study of 67 healthy 
premenopausal women on a 3-T magnet reported high-
er ADC for the endometrium during the midprolifera-
tive/midsecretory phase in women in their 30s than in 
their 20s and 40s, concluding that age factor should be 
taken into consideration when interpreting uterine pa-
thology [23]. The increased ADC for normal endometri-
um in the women in their 30s is probably related to the 
highest secretion of estrogen, progesterone, and gonad-
otropins [23]. For each age group, the authors reported 
lower ADC for the endometrium during the midprolif-
erative phase than during the midsecretory phase, and 
this is in accordance with our results [23].  In the pres-
ent study, the ADC of the normal myometrium was lower 
during the proliferative phase than during the menstru-
al and the secretory phase. A higher ADC for the myome-
trium was found during the menstrual phase when com-
pared with the other phases of the menstrual cycle, and 
this was also seen in our previous report [22].

In this series, we measured and compared the ADC of 
the normal uterine zones in postmenopausal and repro-

Fig. 3. Bar Diagram showing inter-group 
variations of ADC of normal endometrium  

Fig. 4. Bar Diagram showing inter-group 
variations of ADC of normal myometrium
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ductive age women. To our knowledge, such a compara-
tive study has not been previously reported. Our findings 
demonstrated a lower ADC for normal endometrium dur-
ing menopause when compared with the secretory phase 
of healthy women.  In reproductive age group, the nor-
mal endometrium consists of a single layer of columnar 
epithelium set in a highly vascular cellular stroma [25-
27]. Simple tubular glands, thick walled arteries, lym-
phocytes and lymphoid aggregates are present. The pre-
menopausal endometrium is composed of a thin basal 
layer (basalis), in proximity to the myometrium, and a 
functional layer, highly responsive to hormonal ovari-
an influence. The stroma of the basal layer is more cel-
lular than that of the functional layer, with high nucleo-
cytoplasmic ratios. [25-27]. In postmenopausal women, 
the endometrium becomes thin and atrophic, with loss 
of the functional layer, fewer endometrial glands with-
out any proliferative or secretory activity and with in-
crease of the fibrous connective tissue in the endometri-
al stroma [25-28]. 

Since the endometrium is thin during menopause, en-
dometrial biopsy samples are often scanty, depicting 
sparse remnants of narrow endometrial glands lined by 
a low epithelium with small inactive nuclei and support-
ed by a dense fibrous stroma [25-28]. The above changes 
probably account for the lower ADC seen in normal post-
menopausal endometrium, when compared to the secre-
tory phase of the menstrual cycle. On the other hand, 
during the secretory phase the functional layer of the en-
dometrium thickens, with the uterine glands becoming 
larger and wavy and the arteries more prominent [25-
28]. The increase of the interstitial fluid in the basal lay-
er during this phase and the lower number of cells may 
represent other possible explanation for the higher ADC 
of the endometrium during the secretory phase.

During the menstrual phase, periodic contractions of 
the walls of the uterine arteries, ischemia and necrosis 
of the functional layer are followed by rupture of the 
blood vessels and presence of blood into the endometrial 
stroma and into the uterine lumen, accompanied by the 
detached debris of the endometrium [25-28]. The men-
strual discharge consisting of blood, stromal tissue and 
glandular secretions probably account for the restrict-
ed diffusion of the normal endometrium during the men-
strual phase when compared with the other phases, in-
cluding the menopause [25-28].  

No significant difference was seen between the ADC 

of the normal endometrium during menopause and the 
proliferative phase in the present report. It has been 
found that there is a proportion of postmenopausal en-
dometria which, despite being atrophic, retain a weak 
proliferative pattern for many years, probably due to a 
response to continuous low-level oestrogenic stimula-
tion [29-31]. Sivridis et al. in a histopathologic study of 
84 normal endometria from asymptomatic postmeno-
pausal women who undergone hysterectomy for uterus 
prolapse, reported in at least half of atrophic endome-
tria a proliferative pattern, both diffuse and focal [29]. 
The same authors speculated that these weakly prolifer-
ative endometria have a latent, although very small car-
cinogenic potential, while atrophic or inactive endome-
tria probably have no potential for tumor growth [29]. 
Previous studies from endometrial biopsies and curet-
tage specimens reported proliferative activity in approx-
imately 25% of asymptomatic postmenopausal endome-
tria [30-31]. These remarks could probably represent the 
explanations for the relatively less important decrease 
of the ADC observed during the menopause when com-
pared with the proliferative phase of the menstrual cy-
cle and might suggest that a high ADC in a postmenopau-
sal endometrium could serve as an alarming sign for the 
potential development of endometrial cancer.

The myometrium is a thick layer, representing the 
main bulk of the uterine wall [28]. In both age groups, the 
myometrium is composed of interlacing bundles of long 
and slender fibres arranged in ill-defined layers [28]. In 
postmenopausal women, the myometrium is thin, fi-
brous and atrophic [28]. These atrophic changes related 
to atrophy of the muscle fibres and increase in fibrous 
connective tissue probably explain the decrease of ADC 
of the normal myometrium observed during menopause.

There are some limitations inherent in the present 
study. The first is its retrospective design, which resulted 
in limited clinical information, such as laboratory find-
ings, including hormone levels, clinical symptoms and 
detailed patient’s history, including possible co-morbid-
ities and the use of medications other than oral contra-
ceptives and hormonal replacement therapy. Secondly, 
only calculations of the ADC of the normal endometri-
um/myometrium were performed, excluding the junc-
tional zone. Studies measuring the ADC of the normal 
junctional zone and possible variations with menstrual 
status are needed. Another potential criticism is the lack 
of histologic confirmation of the so-called ‘normal uter-
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ines zones’. In this study, we examined DWI using two b 
values of 0 and 800 s/mm2; to improve the accuracy of the 
ADC calculation, it will be necessary to conduct a study 
with multiple b values, both low and high. Reproduci-
bilty of obtaining DWI was not evaluated in this report. 
Furthermore, MRI interpretation data were performed 
by two radiologists in consensus, so interobserver relia-
bility was not assessed.

In concluding, a wide variation of the ADC of normal 
endometrium/myometrium was observed between men-
opause and different phases of the menstrual cycle in re-
productive age women. The mean ADC (×10−3 mm2/s) of 
the normal endometrium and myometrium during men-
opause was 1.36 ± 0.18 and 1.60 ± 0.15, respectively. The 

mean ADC (×10−3 mm2/s) of the normal endometrium on 
reproductive age was 1.24 ± 0.22, 1.38 ± 0.20 and 1.50 ± 0.18 
during the menstrual, the proliferative and the secretory 
phase, respectively. The normal ADC (x 10-3 mm2/s) of the 
myometrium in premenopausal women was 1.92 ± 0.28, 
1.72 ± 0.24 and 1.86 ± 0.27 during the three phases of men-
strual cycle. MR imaging, including DWI represents a val-
uable tool for examining uterine diseases. It is important 
for radiologists when interpreting uterine pathology to 
know the ADC of the normal uterine zones for a physiolog-
ic state, including menstrual cycle and aging. R
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