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Abstract 

Background: The thickness and signal intensity (SI) of normal uterine endometrium on 

T2-weighted images (WI) changes depend on the menstrual cycle phase. Cases of normal 

endometrium that appear similar to endometrial lesions sometimes occur, and may result 

in misdiagnosis.  

Purpose: To investigate normal endometrial appearance in luteal phase (LP) compared to 

that in follicular phase (FP), and to differentiate these appearances with those of 

endometrial lesions. 

Material and Methods: Thirty-two normal volunteers prospectively underwent MR 

examinations during LP and FP. Patients with pathologically confirmed endometrial 

polyps (n=9), hyperplasia (n=7) and cancer (n=15), who underwent MR examinations, 

were evaluated for comparison. Endometrial appearance was categorized into the 

following five types on sagittal T2-WI and compared between LP, FP and endometrial 

lesions: type 1) homogeneous higher SI, type 2) homogeneous iso SI, type 3) a bright 

midline and a peripheral iso SI layer, type 4) a lower/iso SI central line, type 5) 

heterogeneous lower/iso SI. Endometrial thickness and SI were measured and also 

compared.  

Results: Endometrial lesions were more frequently categorized as type 5 than normal 

endometrium (p<0.05). Endometrial thickness in LP (mean: 1.0cm) was significantly 

greater than that in FP (0.6cm), but not significantly different from polyps (1.1cm), 

hyperplasia (1.0cm) and cancer (0.9cm). SI in FP was significantly higher than that in LP 

and that of all endometrial lesions.  

Conclusion: Differentiation between normal endometrium in LP and endometrial lesions 

may be difficult based on thickness alone. Heterogeneous low SI may help to differentiate 

normal endometrium from endometrial lesions. Performing MRI during FP may also help 

due to higher SI of normal endometrium. 
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Introduction 

The initial imaging modality of choice for evaluating abnormal uterine 

endometrium or abnormal uterine bleeding is generally ultrasonography. Magnetic 

resonance imaging (MRI) may be a useful problem-solving tool when ultrasonography 

findings are inconclusive (1-3). Thickened endometrium on MRI is indicative of 

endometrial lesions (4-8); however, normal endometrial thickness can increase to a mean 

peak of over 1.0 cm in the luteal phase (9, 10). Signal intensity (SI) on T2-weighted 

images (WI) is also known to change from the early proliferative to the mid-secretory 

phase (11). This can result in imaging findings of “thickened endometrium with 

decreased SI” on T2-WI, which is in fact normal variation but mimics other endometrial 

lesions and may lead to over-diagnosis. For accurate MRI diagnosis of endometrial 

abnormalities, it is important to known the range of variation in “normal endometrial 

appearance”. However, there are a limited number of studies investigating normal 

variation of the endometrium and its differentiation from endometrial lesions. 

The aim of this study was to evaluate the appearance of normal endometrium in 

the luteal phase (LP) and follicular phase (FP), as well as the appearance of endometrium 

with lesions including endometrial cancer, endometrial polyps and endometrial 

hyperplasia, and to compare the endometrial thickness and SI of the endometrium with 

and without endometrial lesions on T2-WI. 

 

 



 

 

 

Material and Methods 

Study population 

 The protocol of this study was approved by the Ethics Committee of our institute. 

The study population consisted of two groups: prospectively recruited healthy volunteers 

and patients with confirmed endometrial lesions who were retrospectively selected. 

 For the group of healthy volunteers, the inclusion criteria were as follows: 

healthy females having regular menstrual cycles. A regular menstrual cycle was defined 

as a range of 24-35 days (12). A total of 38 females with regular menstrual cycles (mean 

age: 30.8 years, age range: 20-44 years) were recruited from May 2012 to January 2014 

and written informed consent was obtained from all subjects. The exclusion criteria were 

as follows: taking exogenous hormones, having endometrial lesions or distortion of 

uterine cavity on MRI, and having inadequate MR image quality for evaluation. Distorted 

endometrium was excluded as the thickness of the endometrium could not be measured 

accurately or the area of the endometrium was not large enough for evaluation of the 

appearance and SI. From the 38 subjects, six were excluded for the following reasons: 

taking an emergency contraceptive pill (n=1), accompanying endometrial lesion (n=1), 

endometrial distortion on MRI (n=3) (submucosal uterine leiomyoma (n=1), multiple 

leiomyoma (n=1), large adenomyosis in the anterior uterine wall (n=1)), and poor image 

quality due to severe bowel motion artifacts (n=1). As a result, 32 subjects were included 

in the study.  

 Data from patients with endometrial lesions was extracted from the computer 

databases of the Departments of Pathology, Gynecology and Radiology between August 

2008 and December 2013. The inclusion criteria were patients who were pathologically 

confirmed to have endometrial lesions and patients who underwent MR examinations on 

3.0-T magnet units before surgical procedures. Patients with the following three 

endometrial lesions were included in this study: 15 patients with endometrial cancer 

which was limited within the endometrium (mean age: 53.2 years, age range: 41-66 

years) (5 pre-menopausal and 10 post-menopausal patients), seven patients with 

endometrial hyperplasia (mean age: 38.0 years, age range: 22-51 years), and nine patients 

with endometrial polyps (mean age: 47.0 years, age range: 29-70 years). Endometrial 



 

 

hyperplasia was confirmed with dilation and curettage in four patients and with 

hysterectomy in three patients. The exact phases of patients’ menstrual cycles on MR 

examination could not be determined retrospectively, as sequential menstrual cycle was 

not written in the patients’ charts and abnormal bleeding made it difficult to distinguish 

from menstruation.  

 

MR scanning protocols 

 MR examinations for the 38 healthy female subjects were performed during LP 

(Cycle Day (CD) 14-34, 1-12 days before the next cycle (late LP in 27/32 women, early 

LP in 5/32 women)) and FP (CD 6-16, 12-30 days before the next cycle) of the next or 

after the next cycle. The number of days between the two examinations was 12-46 days. 

Among the 32 subjects, 28 underwent MR examinations at sequential menstrual cycles. 

The other four subjects underwent the second MR examinations two menstrual cycles 

later. All subjects were asked to note the beginning of the subsequent menstrual cycle to 

allow menstrual cycle phase confirmation. MR examinations were obtained using a 3-T 

MR unit (Toshiba Medical Systems, Otawara, Japan) with a phased-array coil. Sagittal 

T2-weighted fast spin-echo (FSE) images, axial T2-weighted fast-advanced spin echo 

(FASE) images and sagittal T1-weighted FSE images were obtained. Sagittal T1 and 

T2-WI were obtained in mid-plane of the uterus. Acquisition parameters for each 

sequence are summarized in Table 1. Pre-medication, including anti-cholinergic drugs, 

were not administered.  

 MR examinations for the 31 patients with endometrial lesions were performed 

using 3.0-T magnet units (MAGNETOM Trio and Skyra, Siemens, Erlangen, Germany) 

with phased-array coils. Sagittal T1-weighted spin-echo (SE) images and sagittal and 

axial T2-weighted FSE images were obtained. Acquisition parameters for each sequence 

are summarized in Table 1. Anti-cholinergic drugs (Buscopan; Nippon Boehringer 

Ingelheim, Tokyo, Japan) were administered in 14 of 15 patients with endometrial cancer, 

in all 7 patients with endometrial hyperplasia, and in 7 of 9 patients with endometrial 

polyps. 

 

Image analysis  



 

 

 The MR images of the 32 healthy subjects and 31 patients were independently 

interpreted for the appearance of the endometrium, including endometrial lesions, by two 

radiologists with six years (F.S. reader A) and 17 years (A.K. reader B) of experience in 

female pelvic MRI, respectively. The readers were blinded to the pathological findings 

but were aware that there were patients in the group of healthy subjects because of the 

different image protocols between the healthy subjects and patients. The readers visually 

evaluated the normal endometrium of the healthy subjects in LP and FP, and the 

endometrium of the patients with lesions, on sagittal T2-WI to categorize as the following 

five types: type 1) homogeneous higher SI than endocervical mucosa, type 2) 

homogeneous iso SI to endocervical mucosa, type 3) two layer appearance with a bright 

midline and a peripheral iso SI layer compared to endocervical mucosa, type 4) the 

presence of a lower/iso SI central line within the endometrium compared to endocervical 

mucosa, type 5) heterogeneous lower/iso SI areas within the endometrium compared to 

endocervical mucosa (Fig. 1). 

 For all subjects, the maximum thickness of the endometrium was measured on 

sagittal T2-WI by one radiologist. As for the measurement of SI in the endometrium, 

polygonal regions of interest (ROIs) were drawn to delineate the contour of the 

endometrium at the mid-sagittal plane of the uterus. Reference ROIs were drawn on the 

paraspinal muscles and subcutaneous fat in the hip, avoiding vessels and ghosting 

artifacts. Since MR units and acquisition parameters were different between the 

volunteers and the patients, the SI of each ROI was converted to the relative SI (rSI) by 

the following formula according to a previous report (13): 

 rSI = (mean SI of each uterine region - mean SI of paraspinal muscle) / (mean SI 

of fat - mean SI of paraspinal muscle) x 100 

  

Statistical analysis 

 The difference in the five types of endometrial appearance between normal 

endometrium in LP and FP was examined in each of the five types using Fisher’s exact 

test (MedCalc Software, version 12.7.2.0, Ostend, Belgium). Each endometrial lesion 

was also compared with normal endometrium in LP and FP in each of the five types using 

Fisher’s exact test.   



 

 

 The maximum thickness and rSI of the normal endometrium was compared 

between LP and FP by paired Student’s t-tests (MedCalc Software, version 12.7.2.0). 

 The maximum thickness and the rSI of the normal endometrium in LP and FP 

were compared with each of the three types of endometrial lesions by unpaired Student’s 

t-tests. 

 The maximum thickness of endometrium with endometrial cancer were 

compared between pre and post-menopausal patients by an unpaired Student’s t-test. 

 A P value of less than 0.05 was regarded as statistically significant. 

 Concordance of the two readers’ results of the appearance of the endometrium 

was measured by the kappa coefficient. A kappa value less than 0.00 signified poor 

agreement; 0.00-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60; moderate 

agreement; 0.61-0.80, substantial agreement; 0.81-1.00, almost perfect agreement (14). 



 

 

 

Results 

 The results of the evaluation of the appearance of the endometrium are shown in 

Table 2. Type 1 was identified more frequently in the normal endometrium in FP than that 

in LP and endometrial lesions by both readers. A significant difference was observed 

between normal endometrium in FP and LP (p<0.05) by both readers, and between 

normal endometrium in FP and endometrial cancer (p<0.05) by reader B.  More than half 

of the cases of endometrial cancer were categorized as type 2 by both readers, but a 

significant difference between endometrial cancer and normal endometrium in LP was 

only observed (p<0.05) by reader B. Another significant difference was observed 

between normal endometrium in FP and endometrial polyps (p<0.05). Type 3 was 

observed more frequently in the normal endometrium in LP by both readers. A significant 

difference was observed between normal endometrium in LP and endometrial cancer 

(p<0.05) and between normal endometrium in LP and FP (p<0.05) by reader A.  Type 4 

was more frequently identified in the normal endometrium in LP, and a significant 

difference was observed between normal endometrium in LP and endometrial cancer 

(p<0.05) by both readers. Type 5 was observed significantly more in each of the 

endometrium with endometrial lesions than in normal endometrium (p<0.05) by both 

readers.  

 Interobserver agreement was substantial or almost perfect for the evaluation of 

the endometrial appearance in FP and LP and endometrial hyperplasia, polyps, and cancer 

(κ = 0.67, 0.68, 0.78, 0.81 and 0.89, respectively). 

 The maximum thickness of the normal endometrium in LP and FP compared 

with that of each endometrial lesion is shown in Fig. 2. The mean maximum thickness of 

the normal endometrium was 1.04 cm (range: 0.39-2.04 cm) in LP and 0.65 cm (range: 

0.21-1.40 cm) in FP, and the difference was significant (P<0.05) (Table 3). There was no 

significant difference in the maximum thickness between the normal endometrium in LP 

and that of all endometrial lesions including endometrial cancer, hyperplasia and polyps 

(p = 0.14, 0.74 and 0.88, respectively). When compared to the normal endometrium in FP, 

a significant difference was observed with endometrial hyperplasia and with endometrial 

polyps (p<0.05), but not with endometrial cancer (p = 0.07). With respect to endometrial 



 

 

cancer, there was no significant difference in the maximum endometrial thickness 

between pre and post-menopausal women (p = 0.90) (mean: 0.83 mm, range: 0.31-1.48 

cm, mean: 0.87mm, range: 0.10-1.70 cm, respectively). 

 The rSI of the normal endometrium in LP and FP compared with that of each 

endometrial lesion is shown in Fig. 3. The rSI of the normal endometrium was 

significantly lower in LP than in FP (P<0.05). The rSI of the normal endometrium in LP 

was significantly higher than that of patients with endometrial cancer (P<0.05) and 

endometrial polyps (P<0.05), but not with endometrial hyperplasia (p = 0.09). Forty-eight 

percent of the range of the rSI of the normal endometrium in LP and 55 percent of the 

range of the rSI of endometrial cancer overlapped. The rSI of the normal endometrium in 

FP was significantly higher than that of all patients with endometrial lesions (P<0.05). 

Representative sample cases are shown in Fig. 4. 



 

 

 

Discussion 

 This study demonstrated that there is a considerable overlap in the endometrial 

thickness and SI between normal subjects and patients with endometrial lesions. 

 From the results of this study, differentiation of normal endometrium, both in LP 

and FP, from endometrial cancer by thickness alone was difficult regardless of 

menopausal state. The mean maximum thickness of endometrial cancer was 0.86cm. The 

mean maximum thickness of the normal endometrium was 0.64cm in FP and 1.04cm in 

the LP, which is in agreement with previous reports (9-11, 15). However, there was a 

significant difference in the mean thickness of the two phases. In addition, the range of 

the endometrial thickness was 0.21-1.40 cm in FP and 0.39-2.04 cm in LP, despite the fact 

that the upper limit of the normal endometrium at reproductive age is believed to be 1cm 

(11, 16). These results suggest that the distinction between normal endometrium and 

endometrial lesions only by the endometrial thickness may be difficult depending on the 

menstrual cycle. Differentiation between normal and abnormal endometrial thickness 

might be easier if MRI is not performed during LP. Thus, scheduling recommendations 

might suggest MR examination prior to ovulation.  

 With respect to the SI of the endometrium, a significant difference was observed 

between all but normal endometrium in LP and endometrial hyperplasia, although 

considerable overlap was observed between the SI of normal endometrium and those of 

the endometrium with lesions as shown in Fig. 3. Difficulties due to normal low 

endometrial SI might also be reduced by performing MRI before ovulation. This 

recommendation might be important in premenopausal woman, as the incidence or 

prevalence of endometrial hyperplasia and polyps increases with age over age 30 (17, 18). 

In addition to SI, our study also suggested the use of endometrial appearance as an 

additional differential point. It is well known that endometrial cancer typically shows 

medium to low SI relative to the normal endometrium on T2-WI (5, 16, 19-23). 

According to our results, heterogeneous low SI endometrium (type 5) was more 

frequently observed in each of endometrial lesions than in normal endometrium. 

Heterogeneity of the endometrium can also be a differential point. In the case of 

endometrial polyps, the presence of a central fibrous core and intratumoral cysts are 



 

 

known to be key imaging findings (4, 24), and may also be a cause of the heterogeneity of 

the endometrium. The SI and its inhomogeneous appearance may be useful to 

differentiate endometrial cancer from normal endometrium, since endometrial cancer is 

most frequently diagnosed at perimenopausal/ postmenopausal age, but up to 10% to 15% 

of cancers can occur in premenopausal patients (25, 26). 

In the normal endometrium, a significant difference was observed in the SI 

between the two phases. Homogeneous high SI endometrium on T2-WI could be 

observed in FP, but only in less than 10% of subjects in LP. A pattern of iso/low SI area, 

such as peripheral or central iso/low SI, was observed in most of the endometrium in LP. 

The reason for the appearance of this pattern could not be determined as there was no 

correlation with the pathology observed in this study. One possible cause may be the 

peridecidualization of the endometrial stroma, which can be observed after cycle day 

22-23 (27). In the present study, most of the MR images in LP (27/32 women) were 

obtained in late LP, which corresponds to the period of peridecidualization. Pathological 

correlation with MRI will be required for the next steps. 

Classification of the appearance of the endometrium has not been previously 

reported. Advancements in MR units may contribute to improve detailed contrast within 

the endometrium. Here, we used 3.0-T MR units, resulting in higher signal to noise ratio 

(SNR) than the 1.5-T, 0.35-T or 0.15-T MR units previously reported for evaluation of 

endometrial visualization in MRI (9, 15, 19, 20, 28, 29). According to increased SNR, the 

slice thickness can be made thinner with increased matrix, and thus improved spatial 

resolution can be obtained on 3.0-T MR units. Therefore, this demonstrated that detailed 

structure of the endometrium could be distinguished using 3.0-T MR units. Likewise, our 

T2-WI were obtained with FSE, while T2-WI in previous studies were obtained with SE 

(9, 15, 19, 20, 28, 29). Since image acquisition time of a FSE sequence is shorter than that 

of a SE sequence, the images may be less affected by motion artifacts such as bowel 

peristalsis and breathing motion. 

There are some limitations to the present study. First, the population with 

endometrial lesions was small. Although the patients were collected retrospectively, the 

study could be improved if patients were collected prospectively. Second, we determined 

the menstrual cycle phases at MR examination based on their menstrual cycle. A more 



 

 

accurate method for determining the exact phase would be to perform hormonal or 

temperature measurements. Third, we could not correlate the imaging of the normal 

endometrium with its pathological state. It may be possible to pathologically examine 

patients with normal endometrium undergoing operation for other diseases, such as 

ovarian tumors.  

In conclusion, distinction between normal endometrium in LP and endometrial 

lesions may be difficult using only endometrial thickness. Heterogeneous low SI may 

help to differentiate the normal endometrium from those with lesions. Performing MRI 

during FP may also help due to higher SI of normal endometrium. 
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Table 1: Acquisition parameters for MR imaging examinations for normal volunteers and patients. 

 

Abbreviation: FSE = fast spin-echo, WI = weighted image, FASE = fast-advanced spin echo, TR = repetition time, 

TE= echo time, FOV = field of view, FA = flip angle. 

  normal volunteers   patients 

  sagittal FSE T2-WI sagittal FSE T1-WI axial FASE T2-WI   sagittal FSE T2-WI sagittal SE T1-WI axial FSE T2-WI 

TR/TE (msec) 5756/80  571/12 15000/80   4000-4500/81-83 600-608/11 4500/81-83 

FOV (mm) 260 x 260 260 x 260  300 x 330   260 x209-212 260 x 204-208 320 x 320 

slice thickness (mm) 4 4 5   4 4 4 

matrix  512 x 256 320 x 256 256 x 352   448 x 288-328 384 x 230-240 512 x 512 

FA (deg) 90 90 90   90 80 90 

refocusing FA (deg) 170 180 160   150 180 150 



 

 

 

Table 2: Categorization of the appearance of the normal endometrium in periovulatory and luteal phase and the 

endometrium with lesions as evaluated by two readers. 

Reader A             

  type 1 type 2 type 3 type 4 type 5 total 

normal endometrium (FP)  6 (19%) 15 (47%)  4 (13%)  7 (22%) 0  (0%) 32 (100%) 

normal endometrium (LP) 0  (0%)  8 (25%) 14 (44%)  9 (28%) 1  (3%) 32 (100%) 

endometrial hyperplasia 0  (0%)  3 (43%)  1 (14%) 0  (0%)  3 (43%) 7  (100%) 

endometrial polyp  1 (11%) 0  (0%)  1 (11%)  1 (11%)  6 (67%) 9  (100%) 

endometrial cancer 1  (7%)  8 (53%) 1  (7%)  0  (0%)  5 (33%) 15 (100%) 

              

             

Reader B             

  type 1 type 2 type 3 type 4 type 5 total 

normal endometrium (FP) 10 (31%)  8 (25%)  6 (19%)  8 (25%) 0  (0%) 32 (100%) 

normal endometrium (LP)  2  (6%) 3  (9%) 13 (41%) 12 (38%) 2  (6%) 32 (100%) 

endometrial hyperplasia  0  (0%)  2 (29%)  2 (29%)  0  (0%)  3 (43%) 7  (100%) 

endometrial polyp   1 (11%) 0  (0%)  2 (22%)  1 (11%)  5 (56%) 9  (100%) 

endometrial cancer  0  (0%)  8 (53%)  2 (13%)  0  (0%)  5 (33%) 15 (100%) 

*p<0.05. Abbreviation: FP = follicular phase, LP = luteal phase. 

* * 
* 

* 

* 

* 

* 
* 

* * 

* 

* 
* * * 

* 

* * * 
* 
* 



 

 

 

Table 3: The maximum thickness and relative signal intensities (rSI) of the normal endometrium and endometrial 

lesions. 

 

  maximum thickness (cm) rSI (%) 

normal endometrium (FP) 0.64 (0.21-1.40) 83.1 (56.1-112.8) 

normal endometrium (LP) 1.04 (0.39-2.04) 75.9 (56.4-109.4) 

endometrial hyperplasia 0.99 (0.35-1.89) 64.8 (43.1-88.9)   

endometrial polyp 1.06 (0.50-1.95) 63.2 (43.6-86.2)   

endometrial cancer 0.86 (0.10-1.70) 57.2 (36.0-81.7)   

Abbreviation: FP = follicular phase, LP = luteal phase. 



 

 

 

Figure Legends 

Fig. 1: The sagittal FSE T2-weighted images of the normal endometrium in luteal and 

periovulatory phase and those with endometrial lesions were categorized as the 

following five types: type 1) homogeneous higher signal intensity than that of 

endocervical mucosa, type 2) homogeneous iso signal intensity to that of endocervical 

mucosa, type 3) two layer appearance with a bright midline and a peripheral iso SI layer 

compared to endocervical mucosa, type 4) the presence of a lower/iso signal intensity 

central line within the endometrium compared to the signal of endocervical mucosa, 

type 5) heteorogeneous lower/iso signal intensity areas within the endometrium 

compared to the signal of endocervical mucosa. 

 

Fig. 2: Maximum thickness of the normal endometrium in luteal and follicular phase and 

of those with each endometrial lesion. *p<0.05. The endometrial thickness in LP was 

significantly greater than that in FP. There was no significant difference between the 

normal endometrium in LP and that of all endometrial lesions including endometrial 

cancer, hyperplasia and polyps. There was a significant difference between the normal 

endometrium in FP and endometrial hyperplasia and between the normal endometrium 

in FP and endometrial polyps. There was no significant difference between the normal 

endometrium in FP and endometrial cancer.  

FP = follicular phase, LP = luteal phase. 

 

Fig. 3: Relative signal intensity (rSI) of the normal endometrium in luteal and follicular 

phase and of those with each endometrial lesion. *p<0.05. The rSI of the normal 

endometrium was significantly lower in LP than in FP. The rSI of the normal 

endometrium in LP was significantly higher than that of patients with endometrial 

cancer and endometrial polyps, but not with endometrial hyperplasia. The rSI of the 

normal endometrium in FP was significantly higher than that of all patients with 

endometrial lesions. 

FP = follicular phase, LP = luteal phase. 

 



 

 

Fig. 4 (a) – (e): Representative sagittal T2-weighted images: (a) 33-year-old woman 

with normal endometrium in luteal phase, (b) The same woman as Fig. 4 (a) in follicular 

phase, obtained 17 days later, (c) 41-year-old woman with endometrial hyperplasia, (d) 

41-year-old woman with endometrial polyp, and (e) 41-year-old woman with 

endometrial cancer. Fig. 4 (a) was classified as type 3, and Fig. 4 (b) was classified as 

type 4. Fig. 4 (c), (d) and (e) were classified as type 5. In Fig. 4 (d), a prominent low 

signal intensity spot in T2-WI called the fibrous core of endometrial polyp can be 

recognized within the endometrium. In endometrial cancer (Fig. 4 (e)), the endometrial 

thickness was similar to that in Fig. 4 (a), but the appearance was heterogeneous. 



 

 

 

 



 

 

 



 

 

 




