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Abstract

Background Adenomyosis is a benign disorder characterized by the presence of ectopic endometrial glands and stroma
within the myometrium. The main clinical manifestations of adenomyosis are dysmenorrhea, menorrhagia, and infertility,
which affect patients’ quality of life. Recently, with advancements in imaging techniques, magnetic resonance imaging,
and ultrasonography have become the main diagnostic tools for adenomyosis. In addition to the diagnosis and differential
diagnosis of adenomyosis, ultrasonography can also be used to evaluate the severity of adenomyosis. The emergence of new
techniques, such as elastography and contrast-enhanced ultrasonography (CEUS), has significantly improved the accuracy
of ultrasound-based diagnosis of adenomyosis. These two imaging tools can also be used for the differential diagnosis of
adenomyosis and the evaluation of treatment efficacy after medication or ablation procedure.

Objective we review the efficacy of ultrasonography as a diagnostic tool for adenomyosis. We also aim to introduce the
potential of ultrasound imaging in the evaluation of the severity of this disease, as well as the application of elastography
and contrast-enhanced ultrasonography (CEUS) in its diagnosis.

Results and Conclusion Our findings reveal the potential value of ultrasonography combined with elastography and/or CEUS
as medication guidance and efficacy evaluation tools in the long-term management of adenomyosis.
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Introduction
What does this study add to the clinical work?
Early diagnosis and intervention for adenomyosis Adenomyosis is a common benign condition characterized
can help improve patients’ quality of life. The use by the infiltration of ectopic endometrial glands and stroma
of elastography and contrast-enhanced ultrasonog- within the uterus. The prevalence of adenomyosis, based on
raphy, as well as ultrasound-based staging of the histopathological diagnoses, ranges from 5 to 70% [1, 2].
se-verity of adenomyosis, can help diagnose and Although some patients may be asymptomatic, most experi-
treat adenomyosis at an early stage and individual- ence dysmenorrhea, menorrhagia, and chronic pelvic pain,
ize treatment. which adversely affect patients’ quality of life and psycho-
logical health. Additionally, the presence of adenomyosis is

discovered at a high frequency in patients who consult for
fertility problems [3]. Increased infertility and miscarriage
rates have been found in women with adenomyosis, com-
pared with those of women without adenomyosis [4, 5]. In
addition, although some patients show no early symptoms,
the disease still progresses according to the repeated tissue
injury and repair (ReTIAR) theory [6, 7], and progressive
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classification of its severity can also help to individualize
treatment and manage the disease.

Although histopathological diagnosis remains the gold
standard for the identification of adenomyosis, the devel-
opment of imaging tools has made non-invasive diagnosis
more accurate, allowing better adenomyosis detection [8].
Compared with magnetic resonance imaging (MRI), ultra-
sonography is less expensive. It also can offer dynamic
imaging and real-time observation. Moreover, ultrasonog-
raphy is easy to implement and replicate. There are also sys-
tematic, standardized ultrasound reports based on DEGUM,
OGUM, and SGUM recommendations [9]. As a result, ultra-
sonography has become the first-line imaging tool in the
diagnosis of adenomyosis [6, 8]. In addition to diagnosis,
ultrasonography can also be used to monitor and evaluate
changes in adenomyotic lesions during hormonal therapies.
In this paper, we review the efficacy of ultrasonography as a
diagnostic tool for adenomyosis. We also aim to discuss the
potential of ultrasonographic imaging in the evaluation of
the severity of this disease, as well as the application of elas-
tography and contrast-enhanced ultrasonography (CEUS) in
its diagnosis.

Diagnostic properties of ultrasonography
in adenomyosis

In 2015, Van et al. issued the Morphological Uterus Sono-
graphic Assessment (MUSA), a consensus statement on
terms, definitions, and measurements, to facilitate the
description and reporting of myometrial sonographic fea-
tures [10]. Adenomyosis is usually defined by the occurrence
of one or more of the following sonographic features based
on the MUSA criteria: a globally enlarged uterus, asym-
metrical thickness of the uterine wall, subendometrial lines
and buds, hyperechogenic islands within the myometrium,
myometrial cysts, presence of fan-shaped shadowing, an
irregular or interrupted junctional zone (JZ), and/or transle-
sional vascularity [10, 11].

Although transabdominal ultrasonography (TAUS) may
be useful when the vaginal route is not accessible or in cases
of a considerably enlarged uterus, its value is limited [12].
In contrast, transvaginal ultrasonography (TVUS) provides
an optimal view of the uterus using two-dimensional (2D)
and three-dimensional (3D) settings, together with a Power/
Color Doppler, and has a higher sensitivity than TAUS [13,
14].

With the advancement of ultrasonographic techniques
and the uniformity of sonographic terms in recent decades,
the diagnostic accuracy of TVUS has improved, being
comparable to that of MRI [15]. Moreover, owing to its
inexpensiveness, ease of use, ability to perform dynamic
examination, and good inter-rater agreement with 2D [8,
16], TVUS has become the first-line imaging technique.
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Although traditional 2D TVUS was considered unreliable
in the evaluation of the JZ, compared with MRI, the appear-
ance of 3D ultrasonography made it valuable to evaluate the
morphology and thickness of the JZ [17]. However, a recent
meta-analysis suggested that there was no improvement in
overall accuracy in 3D TVUS, compared with 2D TVUS, for
the diagnosis of adenomyosis, although 3D TVUS eased the
evaluation of JZ [18].

In addition to studying the pooled accuracy of ultrasono-
graphic diagnosis for adenomyosis, some studies have also
compared the single sensitivity and specificity of different
sonographic features. Andres et al. [18] published a sys-
tematic review of the accuracy of 2D and 3D TVUS, which
included eight articles published up to the last few decades.
They reported that the pooled sensitivity and specificity of
2D TVUS for the diagnosis of adenomyosis for all combined
imaging features were 83.8% and 63.9%, respectively. For
a single imaging feature, the heterogeneous myometrium
had the highest sensitivity (86.0%), whereas the globular
uterus had the highest specificity (78.1%). For 3D TVUS,
the pooled sensitivity and specificity for all combined imag-
ing characteristics were 88.9% and 56.0%, respectively. Poor
definition of the JZ showed the highest pooled sensitivity
(86%) and specificity (56.0%) for the diagnosis of adeno-
myosis using 3D TVUS.

A prospective study, which was aimed at determining
the most valuable sonographic features in the diagnosis of
adenomyosis [19], stated that a regularly enlarged uterus
with a globular appearance, subendometrial echogenic linear
striations, and myometrial cysts showed the highest accuracy
as indicators of adenomyosis. Of those, the subendometrial
echogenic linear striations were considered the most specific
feature to diagnose this disease.

Liu et al. [15] also found that the most used imaging char-
acteristics were asymmetrical thickening, myometrial cysts,
and echogenic subendometrial lines and buds. The suben-
dometrial lines and buds was the best criterion, with an area
under the receiver-operating characteristic curve value of
0.83 (95% confidence interval, 0.79-0.86).

In a previous study [20], poor inter- and intra-rater
agreement when using the MUSA criteria for adenomyosis
diagnosis was found both among highly experienced and
moderately experienced raters. The results showed that cor-
rect identification of ill-defined lesions was difficult, even
when using MUSA features of adenomyosis. As a result,
Van et al. [21] aimed to update the MUSA definitions of
adenomyosis, if necessary, and to reach a consensus on the
updated definitions, easing the clarification of these features.
This study further determined the necessity to distinguish
between direct features, indicating the presence of ectopic
endometrium and stroma inside the myometrium, and indi-
rect features, representing secondary changes in the presence
of endometrial tissue in the myometrium. Myometrial cysts,
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hyperechogenic islands, and subendometrial lines and buds
were unanimously classified as direct features of adeno-
myosis, while all others were classified as indirect features

(Fig. 1).

Association between sonographic features
and adenomyotic symptoms

In recent years, ultrasonography has been used not only to
diagnose diseases but also to assess disease severity and
guide treatment. It has been reported [22] that TVUS has
good consistency in predicting endometriosis severity, espe-
cially in higher disease stages assessed by the revised Amer-
ican Society for Reproductive Medicine. TVUS combined

with Enzian classification can also accurately evaluate the
severity of endometriosis. Further, some common findings
in endometriosis were found to be associated with gastroin-
testinal symptoms [23]. This implies that TVUS can assess
the complexity of the surgery and the risk of postopera-
tive complications. Several articles have also attempted to
study the correlation between TVUS and the severity and
symptoms of adenomyosis. Studies have found that differ-
ent adenomyosis phenotypes may manifest different clinical
symptoms [24, 25]. One of those studies [25] reported that
patients with diffuse adenomyosis were more likely to be
older, infertile, and presenting with abnormal uterine bleed-
ing (AUB) than patients with focal or no adenomyosis. In
this study, a more irregular, unclear, and interrupted JZ was

Direct features

Subendometrial lines and buds

Myometrial cysts

Hyperechogenic islands

Indirect features

Translesional vascularity

Interrupted junctional zone

Fan-shaped shadowing

Irregular junctional zone

Asymmetrical thickness of uterine wall

Fig. 1 Sonographic features for diagnosis of adenomyosis
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observed in patients with AUB. A study on adenomyosis in
adolescents [26] also found that dysmenorrhea was mainly
associated with adenomyosis of the outer myometrium.
Moreover, heavy menstrual bleeding was associated with
diffuse adenomyosis mostly in the outer myometrium, and
dyspareunia was linked to diffuse adenomyosis, including
both the inner and outer myometrium. Myometrial hyper-
echoic areas, uterine wall asymmetry, and intramyometrial
cystic areas were the most common sonographic features of
adenomyosis in adolescents with dysmenorrhea.

The association between sonographic features and adeno-
myotic symptoms, such as dysmenorrhea, menorrhagia, and
infertility, has been a hot topic of discussion in the diagnosis
of adenomyosis using TVUS. Naftalin et al. [27] assessed
adenomyosis severity based on the number of imaging fea-
tures. They reported an increase in adenomyosis severity
linked to the increase in the number of imaging features
involved. They found that the severity of adenomyosis was
positively associated with the numerical rating scale score
and the amount of menstrual loss estimated by the pictorial
blood loss analysis chart (PBCA) score, although no signifi-
cant association was found between ultrasound-diagnosed
adenomyosis and menorrhagia. These results were consistent
with those of their early research [28]. Pinzauti et al. [29]
also found a significant relationship between the number of
2D TVUS diagnosis features of diffuse adenomyosis and the
visual analog scale score for dysmenorrhea and the PBCA
score for menstrual loss. Notably, all sonographic features
of adenomyosis can be characterized as direct or indirect,
as described in the study by Van et al. [21], which suggests
that different sonographic features may reflect different lev-
els of adenomyosis severity. As a result, there may be some
limitations to this approach. Some patients may have severe
symptoms but lack sonographic features of adenomyosis,
whereas others may have the opposite.

Recently, instead of simply evaluating the severity of
adenomyosis based on the number of sonographic features,
experts have made efforts to develop new systems for the
classification and staging of adenomyosis. Lazzeri et al.
[30] developed a new ultrasonographic mapping system to
define the type and extent of adenomyosis. In their system,
adenomyosis was divided into diffuse, focal, and adenom-
yomas. Furthermore, the extension of the lesions and the
thickness of the JZ were measured. Each type and score of
adenomyosis was evaluated by the system and divided into
four subgroups. Finally, the sum of the single degrees of
each type of adenomyosis represented the severity of the
adenomyosis. Good inter-observer agreement was found
when using the system. They further correlated the type
and grade of adenomyosis, scored through the system, and
the severity of symptoms [31]. The study found that heavier
menstrual bleeding was correlated with more severe diffuse
adenomyosis, whereas focal adenomyosis was associated
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with a higher infertility rate. Women with focal adenomyo-
sis and affected JZs had a higher miscarriage rate of at least
one than those with diffuse adenomyosis. Moreover, they
found a tendency for a higher percentage of miscarriages in
women with severe adenomyosis than that in those with mild
adenomyosis. Tamura et al. [32] also found higher rates of
miscarriage and cervical incompetency in patients with an
adenomyosis size of > 60 mm.

Value of elastography in adenomyosis diagnosis

Traditional TVUS, both 2D and 3D, still has some limita-
tions in the diagnosis of adenomyosis, mainly derived from
the inherent subjectivity of most of the sonographic features.
Elastography, as a new sonography pattern, can objectively
reflect tissue stiffness. Elastography can be roughly divided
into two different forms: stain imaging and shear-wave imag-
ing [33]. Stain-imaging measures formation by applying
pressure to the probe, whereas shear-wave imaging records
the propagation speed of the shear wave after excitation.
Currently, this technique has proven useful in assessing the
extent of fibrosis and distinguishing benign and malignant
diseases in the liver, breast, and other organs [34]. Applica-
tions of elastography in improving the diagnosis of deep
endometriosis have also been proved [35]. In elastography,
tissue stiffness is usually displayed by an image encoded
by four colors (red, yellow, green, and blue) aside from the
traditional B-mode image. Red and blue represent the softest
and the hardest tissues, respectively, while yellow and green
are attributed to the tissue with moderate degree of stiffness
[6, 36]. In studies on elastography diagnosis of adenomyo-
sis, the lesional stiffness was semi-quantified mainly by the
ratio of elasticity between the lesion and the adjacent myo-
metrium or between the lesion and the endometrium [36,
37]. A combination between traditional ultrasonography and
elastography can significantly improve the sensitivity and
specificity of disease diagnosis, compared with traditional
ultrasonography alone [38, 39].

Owing to its characteristics, elastography is typically
used in the differential diagnosis of adenomyosis and uter-
ine fibroids. Several studies reported that adenomyosis was
stiffer than the uterine fibroids, and both were stiffer than the
normal myometrium (Fig. 2). The fibroids showed a clear
pseudocapsule with red coloration, while adenomyosis had
no clear boundary with the surrounding myometrium [6, 36,
39, 40]. In contrast, some studies found that the stiffness of
adenomyosis was lower than that of fibroids, and even lower
than that of normal myometrium [41, 42]. The controversy
regarding the stiffness of adenomyosis may be attributed
to the following reasons: (1) the stain ratio measured was
affected by probe pressure, which may be uniform; (2) the
selection of a region of interest (ROI) was subjective; (3)
adenomyosis lesions usually do not have defined boundary
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shifts on ultrasonography or elastography; (4) the reference
ratio values were obtained by different approaches [37, 43].

Recently, an increasing number of studies have found
that the extent of fibrosis, reflected by lesion stiffness
with the use of elastography, correlated positively with
dysmenorrhea [6, 44, 45]. In addition, a positive correla-
tion between menorrhagia and fibrosis severity was also
reported [46]. These studies have demonstrated the great
potential of elastography for the clinical diagnosis of aden-
omyosis and evaluation of the severity of its symptoms.
A negative correlation between progesterone receptor
expression and lesion stiffness was also reported in a pre-
vious study [6]. These findings suggest that elastography
may be useful in guiding medical therapy and evaluat-
ing its efficacy in adenomyosis. A prospective study [47]
that used four colors and elasticity scores (ESs) (Table 1)
to assess lesional stiffness found that the lesional ESs of
patients with adenomyosis increased after GnRHa treat-
ment. Chiara et al. [48] studied the value of real-time

elastography with a transvaginal approach, assessing the
response to MRgFUS treatment of uterine fibroid. They
found a reduction in the stain ratio (SR, ROI lesions/ROI
normal myometrium) for fibroids after treatment, com-
pared with that of those before treatment. In particular, a
significant decrease in SR was found in the patient group
with a non-perfusion volume of > 70%.

However, it is important to note that elastography still has
some limitations: (1) strain elastography cannot reflect the
absolute tissue stiffness because of its operator-dependent
property, and (2) it remains unknown whether elastography
may help less-skilled sonographers in the diagnosis and dif-
ferential diagnosis of diseases [35].

Value of contrast-enhanced ultrasonography
in adenomyosis diagnosis

CEUS is an emerging non-invasive imaging technique for the
real-time evaluation of tissue perfusion with qualitative and

1 ERAEIREEEA 0.14%
2 ERHEEIRIELLB 0.30 %
ERmE | B3t B/A 2.14
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Fig.2 Elastosonographic image of adenomyosis. In the figure, red
represents the hardest tissue and blue represents the softest tissue,
which is contrary to the elastography color settings in most arti-
cles. This may be because the image was obtained using ultrasonic
machines made in China with slightly different parameter Settings
from other ultrasonic machines. “TARHREZE 1M AFLLA” meant the

Table 1 Elasticity score system (1-4)

stain percentage of gynecological lesion 1 (adenomyotic lesion), “{d
AHF A2 45 L meant the stain percentage of gynecological lesion
1(the adjacent normal myometrium). “{E AR} 1 545 LEB/A” repre-
sented the stiffness of adenomyotic lesion calculated by the ratio of
stain percentage between the lesion and the adjacent myometrium

Elasticity score (ES) Tissue stiffness

Elastography performance

Color distribution

Definition of lesion margin

1 Soft Most green and yellow with little blue (less than 10%) Indistinct

2 Moderately soft Most green or yellow with moderate blue (10-50%) Partially distinct
3 Moderately stiff Most blue with moderate green or yellow (10-50%) Partially distinct
4 Stiff Most blue with little green or yellow (less than 10%) Distinct
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quantitative analyses. The imaging technique uses microbub-
ble contrast agents, which are safer than iodine contrast [49,
50]. Compared with enhanced MRI, CEUS has the follow-
ing advantages: (1) it is cheaper and easier to perform; (2)
more than one contrast imaging can be acquired during an
examination to obtain better imaging for the ROI; and (3) it
allows dynamic real-time imaging with high spatial and tem-
poral capabilities [49, 51, 52]. The main qualitative param-
eters of CEUS include enhancement level, enhancement pat-
tern, enhancement time of the lesion, lesion boundary after
enhancement, and contrast agent distribution. Quantitative
parameters were acquired from the time—intensity curves,
including arrival time, time to peak, peak intensity, and mean
transit time [50]. CEUS is better at evaluating microvascular
perfusion than Color Doppler ultrasonography, which means
that it can better reflect the distribution of blood vessels in
and around the lesions and has good value in distinguishing
benign from malignant diseases [50].

CEUS can also be used in the differential diagnosis of
benign and malignant diseases in the liver, thyroid, ova-
ries, and other organs [53-56]. Several studies have also
investigated the value of CEUS in evaluating the efficacy
of ablation in the treatment of uterine fibroids [57, 58].
Regarding the application of CEUS in adenomyosis, sev-
eral studies have explored its value in the differential diag-
nosis of adenomyosis and the evaluation of the efficacy of
its treatment. A prospective study found statistically signif-
icant differences in the quantitative and qualitative param-
eters of CEUS between adenomyosis and uterine fibroids
[50]. Four independent risk factors for focal adenomyosis
were identified, and a CEUS model was established to dis-
tinguish focal adenomyosis from uterine fibroids. Good
sensitivity and specificity were confirmed by the CEUS
model in this study (derivation cohort, 98.33 and 70.00%,
respectively; validation cohort, both 85.71%). Some stud-
ies reported that CEUS can also accurately evaluate the
efficacy of microwave ablation or high-intensity focused
ultrasound for adenomyosis by assessing the ablation rate
of localized adenomyosis [59, 60]. The ablation rate meas-
ured by CEUS was essentially consistent with that meas-
ured by dynamic contrast-enhanced MRI (90.90% +6.61%
vs. 90.88% +6.32%, respectively) [60].

Although CEUS has been widely used in tumor diagno-
sis or follow-up after local treatment in recent years [61], its
application in adenomyosis has been less studied. Therefore,
further studies are needed to evaluate the value and safety of
CEUS in the diagnosis and treatment efficacy of adenomyosis.

Summary

Adenomyosis is characterized by the progressive wors-
ening of secondary dysmenorrhea, menorrhagia, and
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infertility, which seriously affect patients’ life and mental
states. Some patients with adenomyosis may have signifi-
cant dysmenorrhea or menorrhagia without typical imag-
ing findings, leading to a delayed diagnosis. Early diagno-
sis and intervention in adenomyosis, as well as selection of
appropriate treatment options, can help improve the quality
of life of these patients. Ultrasonographic imaging tech-
niques, which have similar specificities and sensitivities to
MRI, have become the first-line diagnostic approach due to
their prices and availabilities. The severity of adenomyosis
and associated symptoms can also be evaluated using 2D
and 3D ultrasonography. Elastography and CEUS, which
are emerging imaging tools in gynecology and obstet-
rics, can greatly improve the specificity and sensitivity of
diagnosis. They can also ease the differential diagnosis of
adenomyosis by ultrasonography and the evaluation of the
efficacy of conservative treatments for this disease. These
results demonstrate the potential value of ultrasonography
combined with elastography and/or CEUS as medication
guidance and efficacy evaluation tools in the long-term
management of adenomyosis. However, more studies with
larger sample sizes are still needed to confirm the value
of elastography and CEUS in the diagnosis and long-term
management of adenomyosis. A model combining clini-
cal manifestations, laboratory findings, conventional ultra-
sonography and elastography findings, and CEUS may be
useful to predict the occurrence and severity of adenomyo-
sis and, therefore, facilitate its early diagnosis, medication
guidance, and efficacy assessment.
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