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introduCtion

Endometrial cancer is the most common gynecological 
malignancy among women in developed countries. Worldwide, 
it ranks as the 6th most common malignancy among women.[1] 
In Singapore, the incidence of endometrial cancer has increased 
significantly with an average annual rate of increase at 3.1% 
over a 50-year period from 1968 to 2017,[2] overtaking cervical 
cancer as the most common gynecological malignancy. Today, 
it ranks as the 4th most common malignancy among women 
after breast, colorectal, and lung cancers. The risk factors for 
endometrial cancer include unopposed exposure to estrogen 
or prolonged exposure to estrogen, obesity, increasing age, 
diabetes, and hereditary nonpolyposis colorectal cancer.[1,3,4]

The most common presentation for endometrial malignancy 
is postmenopausal bleeding. However, in premenopausal 
women, it may manifest as menorrhagia, metromenorrhagia, 
or intermenstrual bleeding, symptoms that may also be caused 
by other gynecological conditions such as uterine fibroids and 
adenomyosis.

Transvaginal ultrasound is the main imaging modality to assess 
for endometrial pathology in women with abnormal vaginal 
bleeding. Endometrial thickness, vascularity, and heterogeneity 
in the appearance are used as the ultrasonographic indicators of 
pathology.[5-7] More recently, the assessment of tissue stiffness 
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using sono-elastography has been found to be efficacious in 
a number of applications in various organ tissues.[8-10] It is an 
established application for assessing hepatic and breast lesions. 
In contrast, the application of elastography in gynecological 
ultrasound is less well established. There are two main 
ultrasound elastographic techniques used in conjunction 
with conventional ultrasound, namely, strain and shear-wave 
elastography. Currently, most machines are equipped to perform 
transvaginal strain elastography. The technique assesses tissue 
elasticity by measuring the degree of distortion by the external 
compression and decompression of soft tissues.[11] Pathological 
changes in tissues may affect their elasticity and such changes 
may be used to distinguish diseased from the normal tissues. 
Increased tissue stiffness has been found to be associated with 
malignant lesions.[12]

The aim of this study is to assess the features of transvaginal 
sono-elastography in endometrial cancer in comparison to 
normal endometrium.

MAtEriAls And MEthods

The study was reviewed and approved by the Singhealth 
Centralized Institutional Review Board on August 4, 2015 
(Ref number 2015/2451). Written informed consent was 
obtained from all study participants.

This case–control study was conducted at a single institution, 
KK Women’s and Children’s Hospital, Singapore, from 
November 2015 to October 2018 in women who attended the 
ultrasound imaging service. The inclusion criteria were age of 
at least 18 years, ability to comprehend the study constraints, 
provide informed consent and undergo transvaginal ultrasound. 
The cases were randomly recruited patients with histologically 
proven endometrial cancer according to results from 
microcurettage or hysteroscopic biopsy and scheduled for total 
hysterectomy within a month of the ultrasound. Patients who 
would not provide consent, did not have subsequent surgery 
at the hospital, or who were unable to tolerate transvaginal 
scanning were excluded from the study. Controls were 
randomly recruited asymptomatic women who attended the 
clinic for routine screening ultrasound examination and had 
normal ultrasound findings.

Demographic and clinical data were collected through a 
routine questionnaire, including age, weight, menopausal 
status, and symptoms. Transvaginal ultrasonography and 
real-time transvaginal sono-elastography were performed on 
all patients within a month before the surgery. These findings 
were correlated to the histopathological findings from the 
hysterectomy. All ultrasound examinations were performed 
using the Philips iU22 (Philips Medical Systems, Bothell, 
WA, USA) ultrasound system and a 4–9 MHz endovaginal 
transducer. A select group of three sonographers, each with more 
than 5 years of experience in gynecological ultrasound were 
trained to acquire the elastography images in a standardised 
method before the commencement of the study. A standardized 
preprogrammed scanning protocol with optimized B-mode 

and elastography scanning parameters were used as per 
the recommended guidelines to ensure consistency of the 
results obtained.[13,14] The examination was performed using 
a bimanual compression method. External transabdominal 
compression was applied to limit the mobility of the uterus. 
The second compression was a steady high frequency, low 
intensity compression applied infero-superiorly on the uterus 
using the vaginal transducer, similar to the dynamic steady state 
technique described by Stoelinga et al.[15] The intensity of the 
pressure should not result in a visible displacement of the uterus 
on real-time observation and the pressure indicator [Figure 1] 
was maintained at a steady level of approximately 70% that 
we found to be optimal for displaying the endometrium using 
the specified ultrasound unit.

The elastogram is a color-coded strain map that can be 
displayed together with the gray scale image. In our study, the 
gray scale images and elastographic images were displayed in 
a duplex format for the comparison of the endometrium. The 
elastography window covered the entire field of the ultrasound 
image on the sagittal plane to include the entire length of the 
endometrium for the comparison of thickness. The machine 
preset the color map with areas of softest consistency in red, 
intermediate consistency as yellow/green, and tissues with 
hardest texture as blue. A video clip of the elastography was 
recorded and processed for the strain and thickness ratios. 
Based on the elastogram, the strain ratio was obtained by 
measuring the strain of the myometrium over the strain of 
the stiffest region within the endometrium, at the same depth 
from the transducer [Figure 2]. From the strain ratio plot, 
three points along the steadiest acquisition were randomly 
selected and the average was the final recorded strain ratio. The 
thickness ratio was obtained from the ratio of the endometrial 
thickness measured on grayscale image over the thickness 
of the endometrium on the elastography map (color-coded 
in green, yellow or red to indicate softer texture) at the same 
corresponding sagittal plane [Figure 3a and b]. Myometrium 
was color coded in blue. All the elastographic measurements 
were performed by two readers (CLO and LEC).

Statistical analysis
The data were summarized under cases (patients with 
endometrial cancer) and controls (normal patients) using the 
mean (standard deviation) for the continuous variables and 
number (proportions) of patients for the categorical variables. 
For the comparisons between groups, Student’s t-test or 
Fisher’s exact test were used, as appropriate. The receiver 
operating characteristics (ROCs) curve was fitted, and the area 
under the ROC curve (AUC) with 95% confidence interval (CI) 
was used to determine the cutoff value to differentiate between 
normal and malignant endometrium. Significance level was 
set at 5%, and all tests were two-sided. IBM SPSS Statistics 
19 software (IBM Corporation, Armonk, USA) was used 
for the analyses. The intraclass correlation coefficient was 
used to analyze the agreement between the two readers. For 
all analyses, P < 0.05 was considered to indicate statistical 
significance.
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rEsults

There were a total of 28 controls and 33 endometrial cancer 
patients (cases) recruited. Out of the 33 cases, four patients 
had no residual tumor in the histopathological results of 
their hysterectomy specimens and were excluded from the 

comparative analysis. Data from 28 controls and 29 cases 
were analyzed.

Demographic characteristics of the patients and controls 
are summarized in Table 1. There was no significant 
difference in mean age between controls and cases, but 
the mean body weight and body mass index (BMI) were 
statistically significantly higher in the cases (P = 0.002 and 
P < 0.001, respectively). There were almost equal numbers 
of premenopausal and postmenopausal cases, whereas there 
were more premenopausal women (64.3%) among the control 
group. We performed a comparison of strain ratios between 
pre- and postmenopausal women in both the case and control 
groups and found no significant difference [Table 2]. This 
corroborated with the findings in a study by Manchanda 
et al.[16] who used shear-wave elastography that also showed no 
significant difference in endometrial elasticity between pre- and 
postmenopausal normal women. In that study, they also found 
no difference in endometrial elasticity within the menstrual 
cycle of premenopausal women. In our comparison of the strain 
ratios between pre- and postmenopausal cases, we also did not 
find significant difference in the strain ratios of the malignant 
endometrium. The main clinical presentations among our cases 
were menorrhagia (n/%: 8/28%), metromenorrhagia (7/24%), 
and postmenopausal bleeding (14/48%).

Table 3 shows the summary of ultrasound imaging and 
elastographic characteristics. Strain ratio obtained by 
measuring the strain measurements of myometrium over 
that of the endometrium was significantly higher in 
cases (P < 0.001) indicating increased stiffness in endometrial 
cancer. Distance (thickness) ratio by measuring the ratio 
of endometrial thickness on gray scale over that obtained 
on elastography scale was significantly higher in the cases 
compared to controls (P = 0.006). Both parameters indicate 
that endometrium in cancer patients is stiffer than in the 
normal population. In three cases (two postmenopausal 
and one premenopausal), the elastographic image of the 
endometrium was totally replaced (color coded blue) and we 
defined the elastographic thickness in these patients as zero. In 
two cases, we were unable to obtain the elastographic image 
of the endometrium due to technical issues. In five controls 
(all postmenopausal women), the endometrium was too thin, 
and assessment of strain ratios could not be reliably obtained.

Normal endometrium showed low to intermediate 
stiffness [Figure 4a and b] on elastography as depicted on 
the color scale in red, yellow, or green. In the presence of 
malignancy, there was reduction in the thickness of the normal 
color stripe and replacement by harder tissues [Figure 5a and b] 
which were color coded in blue.

In the subgroup analysis based on menopausal status [Table 4], 
the results showed that both in pre- and postmenopausal cases, 
the strain ratio was statistically significantly higher in cases 
compared to controls (P < 0.001 and P = 0.016), whilst the 
distance ratio was significantly higher in cases (P ≤ 0.05) 
only among the postmenopausal cases, using the ratio of 

Figure 2: Images show regions where the strain measurements are 
obtained: Strain 1 was positioned on the endometrium and strain 2 was 
placed in the myometrium at the same depth from the transducer. The 
graph below the images show the strain ratio plot

Figure 3: A 47‑year‑old with 2 months of menorrhagia. Histopathology 
showed 21% invasion by the endometrial carcinoma. The images 
demonstrate measurements of the endometrium on the grey scale 
and elastogram for the calculation of the distance ratio. (a) Gray 
scale ultrasound image showed endometrial thickness of 13.5 mm, 
some heterogeneity. (b) Sonoelastography showed reduced soft 
endometrial tissue thickness (within calipers) compared to gray scale 
measurement at 6.5 mm

ba

Figure 1: Duplex images of conventional ultrasound (a) and elastogram 
(b) taken from a normal control. The green bar (circled in white) shows 
the optimal level of compression achieved

a b
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endometrial thickness measured on gray scale over that of 
elastography.

The results of analysis of correlation between elastographic 
features, endometrial thickness, histopathology, and depth 
of invasion in cases are shown in Table 5. We did not find 
significant correlation between elastographic features and other 
ultrasonographic features such as endometrial thickness and 
vascularity or histopathologic features. The majority of the 
cases in this study had histological Grade 1 disease (64%) and 
no invasion or <50% invasion (82%). As this study focused 
mainly on the local aspects of endometrial cancer in the uterus, 
we did not include information on nodal or distant disease 
required in staging of the disease.

The inter-rater reliability test is showed in Table 6. The 
intraclass coefficients between the two raters of the appearance 
of the endometrial stripe on the elastography color map, 
measurability of the endometrial stripe on the elastography 
map, endometrial vascularity, the measurements of the 
endometrial strip on gray scale and elastography color map, 
and the distance ratio were all above 0.70, indicating good 
agreement between two raters.

The demographic, B-mode ultrasound imaging and 
elastographic characteristics for four patients without residual 
tumor are shown in Table 7.

The ROC curve based elastography strain ratio is shown in 
Figure 6 where the overall AUC is 0.823, with 95% CI between 
0.694 and 0.952. The ROC curve for elastographic thickness 
ratio shown in Figure 7 has an AUC of 0.884 with 95% CI 
ranging from 0.786 to 0.982. Using the ROC curve, the best 
cut-off value for elastography strain ratio, overall, was 0.62 with 
a sensitivity of 75% and specificity of 82.6% and for thickness 
ratio of gray scale/elastography, it was 1.15 with a sensitivity 
of 79.2% and specificity of 87% for all cases.

There were two patients with malignancies who had “soft” 
endometrial stripes on elastography. One of them had 

carcinosarcoma with large mucin pools, and the other had 
tumour confined to the cornual region.

disCussion

The incidence of endometrial cancer is rising, particularly in 
developed countries. Although the majority of affected women 
are postmenopausal, between 5% and 30% of endometrial 
cancer were diagnosed in premenopausal women.[17] One 
of the risk factors identified among the premenopausal age 
group is obesity.[4,18] Moreover, this factor was observed 
even in our small cohort of premenopausal cases who were 
randomly recruited for the study. In contrast, there was no 
significant BMI difference between the controls and cases in 
the postmenopausal group.

Ultrasound plays an important role in the initial assessment 
of women presenting with abnormal uterine bleeding. 
Endometrial thickness measured on ultrasonography has been 
studied and used as a criterion to decide on whether to perform 
invasive testing in women presenting with postmenopausal 
bleeding.[19-22] On the other hand, there is no well-established 
criteria for endometrial thickness or any ultrasound features in 
premenopausal women whose risk and management depend 
on clinical features such as age, BMI, family history, and 
presentation of abnormal bleeding.[23]

Elastography has developed into a useful adjunct to ultrasound 
for evaluating tissue stiffness. It is well established in 
evaluating chronic liver disease and breast nodules. Studies 
in gynaecological ultrasound have shown potential utility 
in evaluating cervical cancers,[24] and distinguishing uterine 
leiomyomas from adenomyomas.[25]

This study shows that sonoelastography may be a useful 
adjunct to detect endometrial malignancy. An early study by 
Preis et al.[26] alluded to differences in elastographic properties 
of different endometrial pathologies. Subsequent studies using 
strain ratios found increased endometrial stiffness associated 
with endometrial malignancy when compared to benign 
endometrial pathology and hyperplasia.[27-29] Strain elastography 
is a semi-quantitative technique of measuring tissue stiffness. 
Strain resulting from the external compression is inversely 
related to tissue stiffness, with stiffer tissues showing less 
strain. In the present study, we also performed separate analyses 
on pre- and postmenopausal women.

An increase in strain ratio which compared the strain ratio 
of adjacent tissue (in this case, the myometrium) and the 
affected endometrium showed increased endometrial stiffness 
in cases. However, there are differences in the values of strain 
ratio in this study as well as among previous studies.[27-29] The 
ultrasound equipment used in the previous studies as well 
as our study was all different. There were also differences in 
technique, for example, both Latif et al.[27] and Metin et al.[28] 
performed manual compression during sonoelastography. 
Metin et al.’s technique of mild repetitive compression and 
decompression appears similar to our technique. In Che et al.’s 

Table 1: Demographic characteristics for control and 
patients with endometrial cancer

Variables Control 
(n=28)

Case 
(n=29)

P of 
t‑test

Age (years), mean (SD) 44.8 (11.0) 49.5 (8.8) 0.077
Weight (kg), mean (SD) 61.2 (10.4) 75.3 (20.5) 0.002*
BMI (kg/m2), mean (SD) 24.7 (3.9) 30.5 (7.5) <0.001*
Menopausal status, n (%) 0.412

Premenopause 18 (64.3) 15 (51.7)
Postmenopause 10 (35.7) 14 (48.3)

Presentation, n (%)
Menorrhagia NA 8 (27.6) NA
Metromenorrhagia NA 7 (24.1) NA
Postmenopausal 
bleeding

NA 14 (48.3) NA

*P<0.05 as significant, t-test or Fisher’s exact test. SD: Standard 
deviation, BMI: Body mass index, NA: Not applicable
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Table 2: Comparison of strain ratios between pre‑ and post‑menopausal women

Premenopausal n Postmenopausal n P
Controls

Strain ratio, mean (SD) 0.42 (0.14) 18 0.54 (0.17) 5 0.131
Minimum-maximum 0.20-0.70 0.32-0.68

Cases
Strain ratio, mean (SD) 1.04 (0.65) 14 1.09 (0.71) 14 0.683
Minimum-maximum 0.13-2.34 0.14-2.96

SD: Standard deviation

study,[29] the authors did not describe the use of compression 
and elastographic images were generated by breathing 
movements and arterial pulsation. The differences in technique, 
use of manual compression, and equipment likely contributed 
to the differences in the values of strain ratio.

Therefore, the absolute values for strain ratios may not 
be applicable to different institutions. This limitation may 
be addressed through the use of shear-wave elastography that is 
able to provide more objective measurements of tissue stiffness.[14]

We have not included cases with endometrial hyperplasia without 
malignancy in the study. Both Metin et al. and Che et al.[28,29] 

did not find any significant difference in the elastographic 
characteristics between endometrial hyperplasia and benign 
endometrial abnormalities and normal endometrium. Latif 
et al.,[27] however, found significant difference in the strain 
ratio between atypical endometrial hyperplasia, a precancerous 
condition, and typical endometrial hyperplasia in their small 
study cohort.

Distance or size ratio is another technique described in 
sonoelastographic breast studies to distinguish malignant from 
benign lesions. Our technique differs from previous studies[9,30] 
using distance ratio where the lesion’s elastographic size 
was measured against its gray scale size. The reason for this 
is that from preliminary observations, stiff lesions within 

Figure 6: Receiver operating characteristic curve based on elastography 
strain ratio. AUC is 0.823 (95% confidence interval 0.694–0.952)

Figure 7: Receiver operating characteristic curve based on thickness 
ratio (gray scale thickness over elastographic thickness). AUC is 
0.884 (95% confidence interval 0.786–0.982)

Figure 4: (a) Gray scale image of normal endometrium. (b) Elastography 
of normal endometrium color coded in red and green indicating softer 
tissues. Myometrium is shown predominantly in blue

a b

Figure 5: A 45‑year‑old with 88.3% invasion by endometrial 
carcinoma as shown on histopathology. (a) Gray scale ultrasound 
image showing markedly thickened endometrium measuring 33 mm. 
(b) Sonoelastography showing near complete replacement of endometrial 
stripe by “hard” tissues color‑coded in blue

a b
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the endometrium tended to approach the elasticity of the 
myometrium, i.e., blue. This resulted in reduction in contrast 
between the endometrium and the myometrium. Distance or 
thickness ratio in this study, therefore compared the thickness 
of the endometrium on gray scale and the elastographic stripe 
shown in red, yellow, or green. Soft endometrial tissues were 
depicted in various colors ranging from red, yellow, and green. 
In the presence of malignancy, the endometrium lost these 
colors and was gradually replaced by colors (blue) indicating 
increasing stiffness. The use of thickness ratio combined the 
observation of the endometrium on gray scale with that on 
the elastogram. Thickness ratio was increased in patients with 
endometrial malignancy compared to normal participants. This 
was due to increased endometrial thickness on conventional 
grayscale ultrasonography, combined with reduction in the 
thickness of the endometrium on elastography. In three 

patients (two postmenopausal and one premenopausal), 
there was complete obliteration of the endometrial stripe 
on elastography. For these cases, the thickness ratio was 
nonmeasurable. However, thickness ratio was found to be 
significantly different between controls and cases only in 
the postmenopausal group. This might be due to a higher 
proportion of tumor in the endometrium resulting in significant 
increased thickness of endometrium on grayscale imaging 
amongst postmenopausal cases, as shown in the subgroup 
analysis. The quality of the elastogram was dependant on the 
quality of the conventional gray scale image. Without optimal 
visualisation of the endometrium, it was not possible to study 
it on elastography, as shown by one of the cases.

The use of strain ratio and thickness ratio may be incorporated 
into studies of women with abnormal uterine bleeding, along 
with the standard conventional ultrasonographic assessment. 
Detection of increased stiffness or loss of the normal 
endometrial stripe on elastography may provide another 
indication of possible pathology.

The limitations of this study, apart from the small sample size, 
included false-negative results from tumor histology or tumor 
location, such as that shown in the case of carcinosarcoma with 
large mucin pools. In that case, there were other abnormal 
ultrasonographic features such as markedly thickened 
endometrium of 25 mm that helped in the detection. We did 
not evaluate whether heavy vaginal bleeding during the time of 
the scan would affect the elastographic findings. It is possible 

Table 5: The correlation coefficient between two variables 
in patients (cases)

Variables Endometrial 
thickness

Depth of invasion 
(%)

Coefficient P Coefficient P
Strain ratio 0.144 0.464 0.209 0.297
Distance ratio (gray/green) 0.557 0.005 0.594 0.003
Depth of invasion (%) 0.435 0.023 1 -
Vascularity 0.667 <0.001 0.562 0.003

Table 3: B‑mode ultrasound imaging and elastographic characteristics for control and patients with endometrial cancer

Variables Control n Case n P of t‑test
Strain ratio, mean (SD) 0.45 (0.15) 23 1.03 (0.67) 28 <0.001*
Endometrial thickness grey scale (mm), mean (SD) 4.51 (2.69) 28 12.1 (8.81) 28 <0.001*
ED, (mm), green scale, mean (SD) 4.25 (3.18) 28 6.25 (5.80) 26 0.118
Distance ratio, grey/green, mean (SD) 0.93 (0.29) 23 1.98 (1.70) 23 0.006*
1. When the endometrium was totally replaced by tumor, the elastographic thickness was defined as 0 in 3 cases (2 postmenopausal and 1 premenopausal). 
In these cases, the distance ratio of elastographic distance/gray scale thickness = 0, while the distance ratio of grey/elastographic distance is invalid, 2. 
There were also three cases (one premenopausal and two postmenopausal), where the distance ratio could not be obtained due to technical difficulty in 
measuring due to either the axial position of the uterus or the appearance of the elastographic image. SD: Standard deviation, ED: Elastography distance

Table 4: Demographic, B‑mode ultrasound imaging, and elastographic characteristics for control and patients with 
endometrial cancer based on menopausal status

Variables Premenopause Postmenopause

Control n Case n P Control n Case n P
Age, mean (SD) 38.3 (7.3) 18 42.6 (4.3) 15 0.052 56.3 (5.7) 10 56.8 (5.8) 14 0.730
Minimum-maximum 25-48 34-49 49-66 48-69
Weight (kg), mean (SD) 58.8 (9.5) 18 79.5 (26.8) 15 0.004* 65.6 (10.9) 10 70.7 (9.5) 14 0.612
BMI (kg/m2), mean (SD) 23.7 (3.3) 18 33.2 (9.7) 15 0.001* 26.7 (4.4) 10 28.6 (3.6) 14 0.208
Strain ratio, mean (SD) 0.42 (0.14) 18 1.04 (0.65) 14 <0.001* 0.54 (0.17) 5 1.09 (0.71) 14 0.016*
Endometrial thickness (mm), gray scale, mean (SD) 5.69 (2.66) 18 12.3 (9.03) 14 NA 2.39 (0.74) 10 11.9 (8.9) 14 0.003*
Minimum–maximum (mm) 2.6-12.5 3.6-32.7 1.3-3.8 2.4-30.6
Elastography distance (mm), green scale, mean (SD) 5.74 (2.89) 18 6.39 (4.65) 14 0.584 1.57 (1.47) 10 6.07 (7.24) 12 0.057
Distance ratio, gray/green, mean (SD) 0.99 (0.29) 17 1.96 (2.12) 13 0.073 0.75 (0.22) 6 2.00 (1.03) 10 0.012*
When the endometrium was totally replaced by tumor, the elastographic distance was defined as 0. In these cases, the distance ratio of gray/green was 
invalid. NA: Not applicable in premenopausal women due to cyclical changes during the menstrual cycle, SD: Standard deviation, BMI: Body mass index
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that presence of blood clots in the endometrial cavity may be 
a confounding factor in elastographic assessments. However, 
all our patients underwent full sonographic examination 
incorporating color Doppler before the performance of the 
elastography.

Lesions located mainly in the cornual regions of the uterus 
were less amenable for detection by the technique due to 
artefacts caused by its proximity to bowel. Although it was not 
quantified, the technique was more susceptible to interference 
from bowel gas and movements with obscuration of uterine 
anatomy and the structures under evaluation.

Sonoelastography may be a useful adjunct to conventional 
ultrasonography for the evaluation of endometrial pathology 
despite its limitations. There is currently a lack of uniformity 
in practice. The method has limitations that include selection 
bias of the areas for measurements, lack of standardisation in 
use of compressive pressures, and challenges in reproducibility. 
The use of shear wave elastography that does not rely on the 
use of external compression for measurements may potentially 
overcome some of the limitations. Visual assessment and 
objectively quantifying the changes in the endometrium using 
thickness ratio may help to expand the use of elastography in 
evaluating the endometrium. Additional studies with larger 
cohorts are required to further evaluate this observation.

ConClusion

Our study showed that endometrial cancer demonstrated 
increased stiffness compared to normal endometrium using 
strain elastography. This was observed in both pre- and 

postmenopausal cases. We could demonstrate significant 
difference in thickness ratio in postmenopausal cases using 
our technique described. Standardization of methodology is 
required for sonoelastography to be more widely applied in 
gynecological ultrasonography.
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