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Abstract 
Background: The differential diagnosis between uterine fibroid and adenomyosis is sometimes difficult; a precise 
diagnosis is required in women with infertility because of the different choice of treatments. Ultrasound elastography 
(UE) is a novel technique to evaluate the elasticity or the stiffness of the tissue of interest. The present study aims to 
compare UE shear wave velocity (SWV) among normal uterine myometrium, uterine fibroid, and adenomyosis, and 
assess the accuracy of shear wave elastography in the diagnosis of adenomyosis.

Materials and Methods: This cross-sectional study recruited 25 subjects for each group (control, adenomyosis, and 
fibroid) from April 2019 to April 2020. Transvaginal UE using an Aplio 500 (Toshiba Medical Systems, Japan) with 
ultrasound mapping for point of tissue biopsy was performed for all subjects. The diagnosis was confirmed by histol-
ogy. Masson’s trichrome staining for collagen was performed and quantified. 

Results: The mean ± standard deviation (SD) for SWV was 3.44 ± 0.95 m/seconds (control group), 4.63 ± 1.45 m/
seconds (adenomyosis group), and 4.53 ± 1.07 m/seconds (fibroid group). The mean SWV differed when comparing 
normal myometrium and adenomyosis after adjustments for age and endometrial pathology (P=0.019). The cut-off 
point of SWV at 3.465 m/seconds could differentiate adenomyosis from the normal uterus with an 80% sensitivity, 
80% specificity, and an area under the curve (AUC) of 0.80 (95% confidence interval [CI]: 0.68-0.93) (P<0.001).  No 
significant difference in SWV between the adenomyosis and fibroid groups was detected. 

Conclusion: Shear wave elastography could be an alternative tool to distinguish between normal myometrium and adeno-
myosis; however, it could not differentiate adenomyosis from uterine fibroid or uterine fibroid from normal myometrium.  
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Introduction
Uterine fibroids and adenomyosis are common gynae-

cologic problems, with reported incidences of 20-70% and 
5%-70%, respectively (1-3). Both diseases have unspecific 
and similar clinical symptoms, including abnormal uterine 
bleeding, cyclic and non-cyclic pelvic pain, dyspareunia, and 
infertility (4-8). Management for both diseases overlap and 
depend on clinical features, age, fertility desire, and prefer-
ence of patients. Although differential diagnosis between 
these two diseases is sometimes difficult, the precise diag-

nosis is important, especially in women with infertility or 
incomplete childbearing because of the different choice of 
treatments. Ultrasonography (USG) is the most common in-
vestigation for distinguishing these two conditions; however, 
there is a wide range of accuracy for USG results (mostly 
attributed to technician experience), thus requiring an addi-
tional tool to overcome this problem (9, 10). 

Ultrasound elastography (UE) is a novel technique to 
evaluate the elasticity or the stiffness of the tissue of inter-
est. UE is now available in some sonogram machines. The 
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UE measurement depends on the excitation methods (man-
ual, acoustic radiation force impulse or external vibration) 
and the imaging technique (strain or shear wave imaging). 
In strain imaging, the stimuli trigger the longitudinal wave 
to move through the tissue, whereas in elastography or 
shear wave imaging, the stimuli cause shear wave propaga-
tions, which move up and down throughout the tissue (11).

Adenomyosis is typically diagnosed when ectopic glands 
and stroma are observed in the myometrial with surrounding 
hyperplasic and hypertrophic smooth muscle cells in a hyper-
fasciculate trabecular pattern. The histology shows extensive 
fibrosis and increased microvascularisation. The progression 
of fibrosis in advanced adenomyosis has been demonstrated 
in a mouse study (12). The microscopic pathology of uter-
ine fibroid shows the hypertrophy and hyperplasia of the 
smooth muscle cells with a prominent nucleus surrounded 
by an abnormal increase in the fibrous extracellular matrix. 
These changes in the tissue ultrastructure might modify the 
stifness of the myometrium, which may be detected by UE. 
The tissue elasticity of normal myometrium, adenomyosis, 
and fibroids are assumed to be different.  

The few previous studies on uterine pathologic elas-
tography reported inconsistent results (13-16). Several 
limitations from these studies included the use of strain 
elastography (SE), which required uncontrolled external 
force from the user; lack of tissue pathology; and limited 
sample size. The present study aims to compare the ultra-
sound elastographic shear wave velocity (SWV) among 
normal uterine myometrium, uterine fibroids, and adeno-
myosis confirmed diagnoses with histology. 

Materials and Methods
The present cross-sectional study was approved by the 

Ethical Clearance Committee on Human Rights Related 
to Research Involving Human Subjects, Faculty of Medi-
cine, Ramathibodi Hospital, Bangkok, Thailand (MURA 
2019/195). The study was conducted at the Department 
of Obstetrics and Gynaecology, Ramathibodi Hospital 
Faculty of Medicine, Mahidol University in Bangkok, 
Thailand. All patients with benign gynaecologic diseas-
es who were candidates for abdominal, vaginal, laparo-
scopic hysterectomy or conservative surgery from April 
2019 to April 2020 were assessed for enrolment (Fig.1). 
Finally, 75 patients were recruited for study participation 
and they provided informed consent. The patients were 
recruited into one of three groups: normal myometrium, 
adenomyosis, or fibroid. The participants of these three 
groups were not matched. The inclusion criteria were 
women (20-70 years old); uterus length 16 cm or less; 
a lesion in the myometrium with a diameter of 1 cm or 
more; and willingness to co-operate for transvaginal ul-
trasonography (TVS). The participants were excluded if 
there was a suspected myometrial cyst; degeneration of fi-
broids or calcified fibroids; gynaecologic cancer; or refus-
al to provide consent. Pelvic examination and TVS were 
performed for all participants one day before surgery. 
The following ultrasonographic features were criteria for 
suspicion of adenomyosis: globular uterine configuration, 

heterogeneous myometrial echotexture, myometrial ante-
rior-posterior asymmetry, poor definition of the junctional 
zone, and subendometrial cysts (17, 18). Adenomyosis is 
suspected to be present in the uterus when there are three 
or more ultrasonographic features. Focal adenomyosis is 
defined when normal myometrium surrounds the adeno-
myosis lesion by more than 25% (4, 19). Uterine fibroid 
ultrasonographic features are defined as well-defined 
hypoechoic masses (normal myometrium surrounds the 
uterine fibroid lesion by more than 75%) with possible 
calcifications and acoustic shadowing (20). During the 
TVS procedure, SWV was measured at the point of in-
terest (POI) (Fig.2). TVS and SWV were performed by 
one trained gynaecologist (S.P.). After the surgery, tissue 
at the POI that was approximately 0.5×0.5×0.5 cm was 
collected and kept in 10% formaldehyde. The biopsied 
tissue was sent for haematoxylin and eosin (H&E) and 
Masson’s trichrome staining, while the remaining opera-
tive tissue was sent for routine histopathological diagno-
sis. Both tissues were verified and definitely diagnosed by 
clinical pathologists (T.C.). Participants whose biopsied 
tissue results were negative for adenomyosis or myoma 
were excluded from the study. Biopsied tissue stained 
with Masson’s trichrome was evaluated for the ratio and 
area of collagen or fibrous tissue compared to overall tis-
sue area with ImageJ software. The data (age, menstrual 
phase [identified by histology], parity, uterine volume, 
pre-operative diagnosis, indication for surgery, type of 
surgery, and type of adenomyosis [focal or diffused]) 
were collected and analysed.

Fig.1: Study flow chart.

Sample size
We converted the elastographic shear wave medians and 

95% interquartile ranges (IQRs) of: 72.7 (22.6-274.2, adeno-
myosis), 28.3 (12.7-59.5, fibroid), and 24.4 (17.9-32.4, nor-
mal uterus), which were reported by Acar (14), into the fol-
lowing mean ± standard deviation (SD): 110.6 ± 72 (adeno-
myosis), 32.2 ± 13.5 (fibroid), and 24.8 ± 4.2 (normal uterus). 
These values were subsequently used to calculate the sample 
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size by formulation testing of two independent means.  

  Sample size = 2   Z1-α/2 + Z1-ß   2 

           
 

The sample size was 19 subjects per group. The sample 
size with 20% sample loss was at least 23 subjects per 
group. The final sample size was 25 subjects per group.

Shear wave velocity measurement
The TVS shear wave was measured by ultrasound (Aplio 

500, Toshiba Medical  Systems, Tochigi, Japan). A transvagi-
nal curve arrayed probe with an operative frequency range of 
3.0-11.0 MHz was placed adjacent to the uterus in the true sag-
ittal plane. The POI was located by measuring from the upper 
border, serosal border, inner endometrial border, and junction 
between the uterine corpus and cervix (Fig.2A). The region of 
interest was placed over the measuring point; then, the SWV 
was created as a single shot elastography map (Fig.2B, left) 
and shear wave propagation map (Fig.2B, right). In order to 
obtain an accurate SWV measurement, the propagate wave 
lines must be parallel and usually no more than 3 cm from the 
tip of the transvaginal probe (Fig.2B, C). The POI was meas-
ured using a circular cursor, which was adjusted to the small-
est possible size, while still covering the parallel wave line 
(Fig.2D). The wave speeds were measured at the same point 
for at least ten values per patient before calculating the mean 
velocity. While the diffuse type adenomyosis was measured 
in the same way as the normal uterus, the mass was mapped 
by bright mode ultrasound and then measured for SWV at the 
centre of the focal adenomyosis or fibroids. If the location of 
the mass was determined to be questionable during surgery, 
then the case was excluded from the study.

Tissue biopsy
The uterus was removed from the patient and subse-

quently cut at the midsagittal plane. Then, the POI was 
identified using the previous measurement by USG. We 
used a scalpel to remove a 0.5×0.5×0.5 cm section of the 
tissue for biopsy. This specimen was sent with the remain-
der of the tissue for processing.

Fig.2: Method used to locate and measure shear wave velocity (SWV). 
A. Locating the point of interest (POI) by bright mode transvaginal ultra-
sonography (TVS) at the sagittal view of the uterus. B. Left side: elastogra-
phy mapping. Right side: shear wave propagation mapping. C. The white 

arrow points to the propagation waves which are parallel and considered 
suitable for SWV measurement. The blue arrow points to the propagation 
waves, which are chaotic and not suitable for shear wave speed measure-
ment. D. The cursors are placed at the POI.

Fibrous area measurement 
The tissue slides stained with Masson’s trichome were 

examined and ten fields per glass slide were photographed 
under X40 light microscopy. The pictures were analysed 
using ImageJ software to detect the presence of blue stain-
ing, which represents fibrotic/collagen tissue. The fibrous 
area ratio was estimated as the measured fibrous area di-
vided by the total area for ten whole tissue areas. 

Statistical analysis 
Statistical analyses were performed using IBM SPSS 

for Windows version 18 (IBM Corp., Armonk, NY, USA). 
The Kolmogorov-Smirnov test was used to determine the 
distribution of the data. For baseline characteristics, the 
results are written as mean ± SD for continuous normally 
distributed data, median (25th-75th percentile) for continu-
ous non-normally distributed data, and number (%) of pa-
tients in each group for categorical data. The SWV and 
continuous normally distributed data were compared us-
ing one-way analysis of variance (ANOVA) and multiple 
comparisons. The continuous non-normally distributed 
data and uterine volume were compared using Kruskal-
Wallis and pairwise comparison. Fisher’s exact test was 
used for categorical data wherever small, expected cell 
counts (less than 5) were present for more than 20% of the 
cells (e.g, endometrial pathology, menopausal status, par-
ity, type of surgery). For any independent factors with a 
significant difference among the three groups, the depend-
ent outcomes were adjusted for these factors by univariate 
analysis. The relationship between SWV and the area of 
fibrous tissue was analysed by Pearson’s correlation. The 
receiver operating characteristic (ROC) curve and area 
under the curve (AUC) were analysed. The cut-off point 
value for differentiation between the three groups was 
defined using ROC with sensitivity and specificity. The 
SWVs between pre- and post-menopausal women and 
continuous normally distributed data were compared us-
ing the student’s t test. The level of statistical significance 
was set as P<0.05.

Results
There were significant differences between age, uterine 

volume, endometrial phase/pathology, and menopausal 
status among the control, adenomyosis, and uterine 
fibroid groups (Table 1). Multiple comparisons showed 
that the mean age of subjects with normal myometrium 
was 62.5 years, which was significantly higher than the 
adenomyosis (48.1 years) and fibroid (46.9 years) groups 
(P<0.001). The majority of the endometrial pathology 
in the control group was inactive endometrium (84%), 
while this proportion was 40% in the fibroid group. 
The mean uterine volume was significantly larger in the 
adenomyosis and fibroid groups when compared to the 
normal myometrium group.

Shear Wave Elastography with Fibrioid and Adenomyosis
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The SWV values were 3.44 ± 0.95 m/seconds (control 
group), 4.63 ± 1.45 m/seconds (adenomyosis group), 
and 4.53 ± 1.07 m/seconds (fibroid group). Participants 
in the adenomyosis and fibroid groups had significantly 
higher mean SWV than those with normal myometrium 
(P<0.001, Fig.3A). However, the mean SWV was not 
significantly different between the adenomyosis and 
fibroid groups. Only the mean SWV was significantly 
different when comparing the normal myometrium and 
adenomyosis, which was adjusted for age and endometrial 
pathology (P=0.019, Fig.3B).

Fig.3: Mean shear wave velocity (SWV) of all patients. A. Mean SWV of 
the adenomyosis, fibroid and normal control groups. B. Mean SWV of the 
three groups adjusted by age and endometrial histology. *; P<0.001 and 
**; P=0.019.

The mean SWV between pre- and post-menopausal 
participants was also compared. No difference in SWV 
was detected when comparing these two groups of patients 
(P=0.390). There was no difference in mean SWV between 
pre- and post-menopausal participants in the adenomyosis 
(P=0.061) and fibroid (P=0.843) groups (Table S1, See 
Supplementary Online Information at www.ijfs.ir). The 
relationship between mean SWV and uterine volume in each 
group was also analysed, but no correlation was found (data 
not shown). Subgroup analysis was performed by comparing 
the mean SWV between focal (n=3) and diffuse adenomyosis 
(n=22). The mean SWV values were 5.59 ± 1.84 m/seconds 
(focal adenomyosis) and 4.47 ± 1.38 m/seconds (diffuse 
adenomyosis) (P=0.211). There was no correlation between 
the fibroid maximum diameter and SWV (data not shown). 

ROC was analysed to distinguish adenomyosis from 
normal uterus (Fig.4). The cut-off SWV value of 3.465 m/
seconds could differentiate adenomyosis from a normal 
uterus with 80% sensitivity and 80% specificity, at an AUC 
of 0.80 (95% confidence interval [CI]: 0.68-0.93) (P<0.001).

Fig.4:  ROC curve of SWV of adenomyosis and normal uteri. ROC; Receiver 
operating characteristic, SWV; Shear wave velocity, AUC; Area under the 
curve, and CI; Confidence interval.

Pongpunprut et al.

Table 1:  Demographic data

P value 
(betweengroups)

P value
(three-groupcomparison)

Fibroid (n=25) Adenomyosis
(n=25)

Control
 (n=25)

Variables

<0.001*,**<0.00146.9 ± 16.148.1 ± 27.962.5 ± 15.5Age (Y)
0.001*,**

0.0017 (28)
4 (16)
10 (40)
2 (8)
2 (8)

16 (64)
2 (8)
6 (24)
1 (4)
0 (0)

3 (12)
1 (4)
21 (84)
0 (0)
0 (0)

Endometrial pathology
    Proliferative
    Secretory
    Inactive
    Progestin effect
    Unknown

<0.001*,**

<0.00119 (76)
6 (24)

20 (80)
5 (20)

4 (16)
21 (84)

Menopausal status
    Premenopausal
    Postmenopausal

0.4529 (36)
16 (64)

7 (28)
18 (72)

5 (20)
20 (80)

Parity
    Null
    Parous

0.001*,**<0.00123 (92)
2 (8)

25 (100)
0 (0)

25 (100)
0 (0)

Type of surgery
    Hysterectomy
    Excision

0.001*

<0.001**
<0.001232.2 ± 187.3219.5 ± 201.145.4 ± 48.2Uterine volume, cm3

N/AN/A22 (88)
3 (12)

N/A
Type of adenomyosis
    Diffuse
    Focal

Data are presented as mean ± SD. SD; Standard deviation, NA; Not available, *; Control vs. adenomyosis, **; Control vs. fibroid, and ***; Adenomyosis vs. fibroid.
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The analyses showed no correlation between the 
extension of fibrosis from Masson’s trichrome staining and 
mean SWV, regardless of whether we evaluated the whole 
group or individual groups (Fig.5). The means for fibrosis 
were 78.66 ± 13.01% (control group), 82.92 ± 13.95% 
(adenomyosis group), and 82.85 ± 14.04% (fibroid group). 
The mean difference was not statistically significant when 
comparing the three groups (P=0.492, data not shown). 

 
Fig.5: Masson’s trichrome staining and correlation between shear wave 
velocity (SWV) and fibrosis. A, D. Normal myometrium, B, E. Adenomyosis, 
C, and F. Fibroid.

Discussion
The present study demonstrates that the mean SWV 

for adenomyosis was significantly higher than normal 
myometrium, which resulted in improved differentiation 
of adenomyosis from normal myometrium. There was no 
significant mean SWV difference when comparing the 
fibroid and normal myometrium. Shear wave elastography 
could not differentiate adenomyosis/adenomyoma from 
uterine fibroids. Additionally, no significant correlation 
between myometrium stiffness (identified by SWV) 
and fibrosis (identified by collagen special histological 
staining) was detected.

Adenomyosis could be differentially diagnosed from 
normal myometrium by shear wave elastography with a 
high sensitivity and specificity. However, adenomyosis 
could not be differentiated from the fibroid group with 
this elastography. The stiffness of adenomyosis measured 
by SWV was higher than normal myometrium, but not 
significantly different when comparing the adenomyosis 
and fibroid groups. Interestingly, our results were consistent 
with the only two published studies that focused on shear 
wave elastography (14, 16). One previous study (14) used 
histopathology as a final diagnosis, which was similar to our 
study, while the other study (16) used magnetic resonance 
imaging (MRI) for the diagnosis of adenomyosis. 

The accuracy of conventional TVS for the diagnosis of 
adenomyosis depends on operator experience and USG 
image characteristics of the myometrium. Data from 
the literature show a wide range of USG sensitivity and 
specificity for the diagnosis of adenomyosis, which ranges 
from 80% to 90% and 60% to 80%, respectively (10). Image 
characteristics, such as myometrial echoic heterogeneity, 
provide high sensitivity (80.8%) but moderate specificity 
(61.4%), while sub-endometrial echogenic linear striations 

show very high specificity (95.5%) and unacceptable 
low sensitivity (30.8%). In addition, globular shape and 
disproportionate uterine wall provide only moderate 
sensitivity and specificity (70%) (21). However, few women 
who present with early-stage adenomyosis have typical USG 
characteristics for adenomyosis. In these cases, conventional 
USG could show a normal uterine appearance or only a 
slightly enlarged uterus. Data from the present study show 
that shear wave elastography could be useful for diagnosis 
in this situation, with up to 80% sensitivity and specificity. 
However, future work should investigate whether there are 
correlations between the early diagnosis of adenomyosis 
as well as stiffness assessment of adenomyosis and clinical 
outcomes (e.g., preterm labour pain, abortion).

Different types of USG elastography demonstrated 
different results for the diagnosis of a pathological uterus 
(e.g., adenomyosis and uterine fibroid). The most frequent 
elastography technique reported in the literature was strain 
elastography (SE) (13, 15, 22, 23). However, it is difficult 
to compare between studies because both qualitative (22, 
23) and quantitative (13, 15) measurements were used 
to evaluate the outcome. Until now, no standardized 
measurement for these techniques has been defined. 
However, the results from most of these studies concluded 
that SE could differentiate adenomyosis from fibroid and 
normal myometrium, which were not in line with studies 
on shear wave elastography, including our study. One 
bias could possibly occur during the examination, when 
applying pressure on the SE probe, which depends on the 
amount of pressure applied by the sonographer to the area 
being examined. Theoretically, shear wave elastography 
would provide more precise outcomes than SE because it 
records the propagation of shear waves after stimulation 
without the need for application of pressure on the probe.

In the present study, we did not detect any significant 
correlation between stiffness verified by SWV and 
fibrosis identified by collagen histological staining of 
both adenomyosis and fibroid tissues. There are multiple 
hypotheses that could explain this finding. First, different 
locations of measurement have different SWV values. 
The older adenomyosis lesions close to the endometrium-
myometrial junction (EMJ) or uterine serosa might have 
more advanced fibrosis than newer lesions at the mid-
uterine wall. Adenomyosis is reported to originate from 
the inside (endometrial invasion from EMJ) or from the 
outside (invasion of seeding peritoneal endometriosis from 
the uterine serosa) (24). The results of previous studies 
indicate that substantial fibrosis in fibroids increases with 
larger fibroid mass (25), while the ability of the shear wave 
elastography probe was limited depending on the distance 
from the tip of the probe. Second, there were heterogeneities 
of cellular and fibrotic components in each fibroid mass 
(26). Biopsy tissue at the centre of the mass might not 
represent the entire amount of fibrosis in the uterus. Third, 
the stiffness of the myometrium of adenomyosis might 
not be explained only by the collagen staining area but 
also by hyperplasia and hypertrophy of the myometrium 
that surrounds the endometrial gland. Fourth, the type of 
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elastography might influence the results. A study on SE 
demonstrated a correlation between SE lesion stiffness and 
extension of fibrosis in adenomyosis, fibroid, and benign 
pathologic uterus groups (15), while no correlation between 
fibroid stiffness and fibrotic extension was evaluated by 
directed tissue shear modulus rheometry (26).

The limitations of the present study included the limited 
distance for measurement of transvaginal elastography 
because the acoustic stimuli could pass through the tissue 
only by about 3 cm from the ultrasound probe. Therefore, 
the pathologic lesion had to be located at the middle to the 
lower part of the uterus or at the superficial part in case of a 
large lesion. Participants in the control group were older and 
more frequently post-menopausal. However, the data of our 
study show no mean shear wave difference when comparing 
pre- and post-menopause subgroups in each group.  

The strengths of this research included the use of shear 
wave elastography with acoustic radiofrequency impulse 
and the stimulation method, which minimized inter- and 
intra-observer bias. While most previous experiments have 
used SE, this is associated with an increased probe pressure 
that might lead to an overestimation of the results. The shear 
wave propagation mapping on shear wave elastography with 
parallel waveform and the ultrasound mapping for point of 
tissue biopsy improved assessment at the measuring point. 
However, a future study should be considered to compare SE 
and shear wave elastography on benign myometrial diseases. 
No previous studies have noted an effort to collect tissue 
as close as possible to the POI on the USG. Furthermore, 
this study provides a larger number of samples with 
histopathological confirmation, while most published studies 
have used MRI for the diagnosis of normal and pathologic 
uterus. 

Conclusion 
Shear wave elastography can be used as an alternative 

diagnostic tool to distinguish between normal myometrium 
and uterine fibroid located at the middle to lower part of 
the uterus by measuring SWV. This UE technique could 
not differentiate adenomyosis from uterine fibroid.  
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