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Abstract: The 2022 Delphi revision of the MUSA (Morphological Uterus Sonographic Assessment)
criteria for the ultrasound diagnosis of adenomyosis divides the ultrasound signs for diagnosis
into direct and indirect ones, considering the presence of at least one direct sign as a mandatory
criterion. This study aimed to reclassify the patients referred to the Pelvic Pain specialist outpatient
clinic of the Gynecological Clinic of Udine according to the new criteria, evaluating the number of
overdiagnoses and the possible correlation between the direct and indirect signs and the patients’
symptoms. 62 patients affected by adenomyosis were retrospectively recruited. The patients were
then re-evaluated by ultrasound and clinically. At least one direct sign of adenomyosis was found in
52 patients, while 16% of the population examined did not present any. There was no statistically
significant difference between patients presenting direct signs and those presenting none for the
symptoms considered. According to the new criteria, 16% of the patients examined were not affected
by adenomyosis; applying the new consensus to symptomatic patients could increase false negatives.
In a population of symptomatic patients, the diagnosis of adenomyosis is still highly probable even
without direct ultrasound signs, given the clinical symptoms and having ruled out other causes of
such symptoms.

Keywords: adenomyosis; ultrasound; diagnosis; pelvic pain; infertility; abnormal uterine bleeding

1. Introduction

Adenomyosis is a benign uterine pathology characterized by the presence of endome-
trial glands and stroma within the myometrium, leading to hypertrophy and hyperplasia
of the smooth muscle cells of the myometrium itself. It was first described by the German
pathologist Karl von Rokitansky in 1860 [1]. Adenomyosis can present as a diffuse or focal
lesion (adenomyoma) and may involve the inner or outer myometrium. The topographic
distribution of adenomyotic lesions is variable: in most cases, the disease appears to origi-
nate from the endometrial-myometrial interface, with a subsequent centrifugal extension
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towards the external myometrium. The depth of myometrial infiltration is also variable,
from cases limited to the innermost myometrium to those involving the entire myometrial
thickness. It is a frequent pathology with an estimated prevalence of 20–30% in the female
population [2]. However, the true prevalence is not exactly well known. This has been
attributed to both the facts that the disease often presents asymptomatically and the lack
of standardized diagnostic criteria. It is often associated with endometriosis, but also
the prevalence of this association varies widely in the literature [3–6]. For some authors,
the prevalence of adenomyosis in endometriosis patients is 80–90%. Other studies have
found adenomyosis in less than half of patients presenting with endometriosis, or even an
absence of a relationship between adenomyosis and endometriosis [2,7]. Adenomyosis has
a major impact on the quality of life of affected women due to the very disabling symptoms.
These are mainly pelvic pain, heavy menstrual bleeding, association with infertility, and
obstetrical complications (even in naturally conceived pregnancies) such as preeclampsia,
preterm delivery, fetal growth restriction, and postpartum hemorrhage [5,8–10].

The heavy menstrual bleeding is the main symptom of this pathology and can be at-
tributed to various causes: an increase in uterine volume, an increased vascularity, improper
uterine contractions, and/or an increase in estrogen and prostaglandin production [11]. Re-
garding pelvic pain (that can be considered in terms of dysmenorrhea, dyschezia, dysuria,
and periovulatory pain), it was demonstrated that it worsens with the increasing depth
and extent of adenomyosis invasion into the myometrium, as well as with the number of
adenomyotic foci. Finally, adenomyosis can also have a negative impact on fertility: the
presence of a dysregulation of myometrial structure can lead to an alteration in myometrial
peristalsis, and to an altered endometrial function. It has been hypothesized that factors
such as defects in decidualization (which reduce endometrial receptivity), activation of
local and systemic inflammatory pathways, increased production of prostaglandins, and
alterations in placentation may also be involved [8,12,13].

Exacoustos et al. [14] proposed a study that aimed to correlate the type and degree of
adenomyosis with symptoms and fertility, through an ultrasound study of affected patients.
What emerged from this study was a difference between focal and diffuse adenomyosis
concerning age, menstrual bleeding, infertility, and miscarriages. However, a correlation
between the severity of symptoms and the extent of the disease has not been demonstrated.
Specifically, the study highlighted how diffuse adenomyosis was more frequent in elderly
women with heavy menstrual bleeding than in those with focal adenomyosis. Further-
more, they demonstrated a higher rate of infertility and miscarriage in focal adenomyosis.
Severe diffuse adenomyosis also appears to be correlated with severe dysmenorrhea and
menorrhagia.

The difficulty in the epidemiological framing of adenomyosis is also linked to the
fact that, until the recent past, the diagnosis was mainly performed by surgery [12]. The
definitive diagnosis of adenomyosis is based on the histological study of the uterus which
allows us to highlight the ectopic endometrial tissue in the myometrium: hysterectomy
is still the gold standard for the diagnosis [15]. However, nowadays the characteristics of
the pathology have been identified and described in magnetic resonance imaging (MRI)
and ultrasound. This created the opportunity to investigate pathogenesis, molecular
expressions, clinical impact, and outcomes of medical and procedural interventions [11,16].
Magnetic resonance imaging is an accurate and non-invasive technique usually used as a
second-level exam as it is more expensive and less available than ultrasound. However, it is
a more reproducible test, with sensitivity, specificity, and positive and negative prediction
values of 77.5%, 92.5%, 83.8%, and 89.2%, respectively. Its use has grown significantly in
recent decades [2,6,17].

Currently, the first-line method for the diagnosis of adenomyosis is transvaginal
ultrasound (TVUS), which has been shown to be considerably more accurate than the trans-
abdominal technique [2,18–20]. It represents a direct, minimally invasive, cost-effective,
widely available, and non-contraindicated examination. Another advancement has been
the introduction of three-dimensional ultrasound (3D-TVUS), which is particularly useful
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in studying adenomyosis, especially for evaluating the junctional zone [18–21]. Exacoustos
et al. compared the characteristics of adenomyosis detectable with two- (2D) and three-
dimensional (3D) examinations and related them to the histopathological characteristics
of the junctional zone (JZ) and of the myometrium [22]. The presence of myometrial cysts
was the most specific feature of 2D-TVUS, while heterogeneous myometrium was the most
sensitive feature. The markers of 3D-TVUS with high sensitivity and best accuracy were
the infiltration and distortion of the JZ [22].

In 2015, the MUSA (Morphological Uterus Sonographic Assessment) consensus was
published to standardize terminology and develop accurate and uniform criteria for the
ultrasound diagnosis of adenomyosis [21]. In 2018, the same group recommended a uniform
classification and reporting system to be used for providing a detailed description of the
morphology and extent of adenomyosis, including terms, definitions, and measurements.
According to this consensus, just a positive or negative diagnosis of adenomyosis was not
enough. Instead, a detailed description of all the lesions identified by ultrasound had to
be made. In this way, the following characteristics could be described: the localization
of the disease in the affected uterine wall (anterior, posterior, left lateral, right lateral, or
fundic); whether the lesion is focal or diffuse; the presence or absence of myometrial cysts;
the degree of involvement of the depth of the myometrium (limited to the internal portion,
invasion of the entire body of the uterus, or invasion reaching the serosa); the volume of
the uterus (<25%, 25–50%, >50%); and the size of the lesions [17].

After the 2018 publication of the MUSA criteria, a pilot study highlighted that the
inter-rater agreement when using the MUSA features to describe ultrasound images of
adenomyosis was poor both among highly experienced and moderately experienced raters,
probably due to the unclear definitions of the ultrasound characteristics [23]. Therefore,
in 2021, the MUSA criteria were re-evaluated in a new consensus, based on the review
made by a panel of expert sonographers, to refine the diagnosis of this pathology using a
Delphi procedure [24]. In this new consensus, the ultrasound characteristics suggestive of
adenomyosis proposed in MUSA 2015 are divided into direct (cysts, hyperechoic islands,
echogenic sub-endometrial lines, and buds) and indirect ones (asymmetrical thickening,
fan-shaped shadowing, translesional vascularity, globular uterus, irregular junctional zone,
and interrupted junctional zone). The diagnosis of adenomyosis is made when at least one
direct sign is present. Direct signs indicate the presence of ectopic endometrial tissue in
the myometrium while indirect signs are secondary to the presence of endometrial tissue
in the myometrium, such as muscular hypertrophy (globular uterus), or artifacts (e.g.,
shadowing). Furthermore, experts have agreed that evaluating the junctional zone (JZ) is
highly useful, especially in cases of diagnostic uncertainty. These signs have very high
specificity (86–98% for myometrial cysts, 83–95.5% for hyperechoic islands, and 78% for
hyperechoic lines) but low sensitivity (47–55%, 12–54%, and 51%, respectively). Indirect
signs, on the other hand, are easier to detect, especially in the case of advanced disease,
as they are associated with myometrial hypertrophy. However, if they are present in the
absence of direct signs, a diagnosis of adenomyosis cannot be made; these cases are defined
as uncertain. In cases of uncertainty, the junctional zone can be examined using 3D-TVUS. If
the junctional zone appears to be intact, the diagnosis of adenomyosis can be ruled out [24].

This study aimed to retrospectively reclassify the patients referred to the specialist
outpatient clinic for Pelvic Pain at the Gynecological Clinic of Udine, according to the
criteria of the new consensus, assessing any diagnostic discordance and overdiagnoses.
This reclassification has potentially important implications, with obvious repercussions
in terms of clinical management, and use of resources, and with an economic, health,
and psychological impact. A secondary objective, on the other hand, was to study the
correlation existing between direct and indirect ultrasound signs, according to the revised
classification, and the clinical symptoms of the patients by evaluating AUB (abnormal
uterine bleeding), pelvic pain, and infertility.
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2. Materials and Methods

Patients diagnosed with adenomyosis, referred to the specialist outpatient clinic for
Pelvic Pain of the University of Udine Gynecological Clinic from April 2017 to April 2022,
were retrospectively evaluated.

The inclusion criteria were reproductive age (from menarche to menopause) and
diagnosis of adenomyosis.

The following exclusion criteria were also applied: ongoing estrogen-progestin/progestin
therapy at the time of the enrollment, associated endometriosis, previous surgery for en-
dometriosis, multiple uterine myomas, absence of ultrasound video archiving, or 3D volume
of the uterus.

The initial diagnosis, made between 2017 and 2022, was made considering clinical
symptoms and transvaginal ultrasound (TVUS) examination according to the MUSA 2015
criteria [21]. These involved the recognition of a series of ultrasound characteristics which,
however, were not divided into direct and indirect and were not configured in a precise
diagnosis scheme. The ultrasound features considered to be typical of adenomyosis were
as follows: the presence of myometrial cysts, hyperechogenic islands, echogenic sub-
endometrial lines and buds, asymmetrical thickening, fan-shaped shadowing, translesional
vascularity, irregular junctional zone, and interrupted junctional zone. All included patients
had at least one of these signs, not considering the distinction between direct/indirect
ones. The diagnosis was made with a Samsung WS80A (Suwon-si, Republic of Korea)
ultrasound machine by the same operator, who is an expert in the ultrasound diagnosis
of adenomyosis and endometriosis (A.B. MD). Ultrasound examination was conducted
with both two-dimensional and three-dimensional techniques for the systematic evaluation
of the pelvis, uterus, and ovaries, the diagnosis of adenomyosis, and the exclusion of
other pathologies.

As regards the exclusion of patients with endometriosis, we excluded from recruitment
all the patients with a concomitant diagnosis of endometriosis carried out histologically or
clinically/ultrasound (the evaluation was always performed by the same expert operator).

The following information was collected for each patient at the time of diagnosis: age,
parity, height, weight, BMI, associated pathologies, and year of diagnosis. Furthermore,
pain symptoms were documented on an NRS (Numerical Rating Scale) [25] from 1 to
10, in terms of dysmenorrhea, chronic pelvic pain, dyspareunia, dyschezia, dysuria, and
finally the characteristics of the menstrual cycle in terms of regularity of rhythm, duration,
and quantity, with the presence or absence of abnormal uterine bleeding (AUB) or heavy
menstrual bleeding (HMB) [12,14,26,27].

All ultrasound videos and images collected between 2017 and 2022 were then re-
evaluated by the same operator, and the cases were reclassified according to the criteria
of the new MUSA consensus [24]. The patient was considered to have the disease if at
least one direct sign was present. If there were indirect signs only, the diagnosis was made
considering the characteristics of the junctional zone, which, if altered, allows the diagnosis
to be confirmed [24]. A correlation was therefore performed between the presence of direct
and indirect signs, and the clinical presentation, such as painful symptoms (dysmenorrhea,
lumbar pain, pain during ovulation, dyspareunia, dyschezia, and dysuria), presence or
absence of menstrual cycle abnormalities in terms of AUB, and infertility.

This study was approved by the Institutional Review Board of Udine with protocol
n◦138/23.

Statistical analysis was conducted using Chi-square tests to verify differences and
associations between the studied variables. Variables were expressed in terms of mean ±
standard deviation (SD), while categorical variables were expressed in terms of frequency
and percentage. Statistical significance was considered for a p-value < 0.05.

3. Results

We retrospectively included in the study 62 patients with adenomyosis who were
referred to the specialist outpatient clinic for Pelvic Pain between April 2017 and April 2022.
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The mean age of the patients (±SD) was 43 (±8.65) years, the mean height was 164 (±6.09)
cm, the mean weight was 65.86 (±11.92) kg, the mean BMI was 24.49 (±4.25), and the mean
uterine volume was 222.51 (±148.98) cm3 (Table 1).

Table 1. Characteristics of the population.

Demographic Data Mean Value SD

Age 43.19 ±8.65
Height 164 cm ±6.09
Weight 65.9 kg ±11.92

BMI 24.5 kg/m2 ±4.25
Mean uterine volume at TVUS

examination 222.5 cm3 ±148.98

The most represented sign corresponds to the hyperechoic islands, present in 42/62
(66%) cases, followed by myometrial cysts in 25/62 (40%), and echogenic sub-endometrial
lines in 10/62 (16%). Concerning indirect signs, the most represented one consists of the
presence of fan-shaped shadowing, in 43/62 (69%) patients, followed by globular uterus in
33/62 (53%), asymmetrical thickening in 30/62 (48%), junctional zone anomalies in 22/62
(35%), and translesional vascularity in 9/62 (14%).

Of the 62 analyzed, 52 (84%) presented at least one direct sign. These patients, accord-
ing to the new consensus [13], were therefore those who were classified as suffering from
adenomyosis. Among the patients with direct signs, 30/52 (58%) had only one ultrasound
direct sign, 19 patients (36%) had two direct signs, and 3 (6%) had all three direct criteria
(Table 2).

Table 2. Distribution of the ultrasound direct signs.

Patient Group N◦ of Patients (%) Ultrasound Sign (n◦ of Patients)

Patients with 1 direct sign
Hyperechoic islands (21)

30 (58%) Myometrial cysts (5)
Echogenic sub-endometrial lines (4)

Patients with 2 direct signs
Cysts and islands (16)

19 (36%) Islands and lines (2)
Cysts and lines (1)

Patients with 3 direct signs 3 (6%)

Among the 30 out of 52 patients (58%) presenting only one ultrasound sign, 21 pre-
sented only hyperechoic islands, 5 had only myometrial cysts, and 4 presented only hy-
perechoic lines. Among the 19 patients with two direct signs (36%), 16 had cysts and
hyperechoic islands, 1 had cysts and lines, and 2 had hyperechoic islands and lines.

The 10 remaining patients (16%) presented only indirect signs, and the diagnosis was
uncertain. Of these, none had junctional zone anomalies (Table 3) (Figure 1).

Table 3. Distribution of the ultrasound indirect signs.

Indirect Sign N (%)

Fan-shaped shadowing 43/52 (69%)
Globular uterus 33/52 (53%)

Asymmetrical thickening 30/52 (48%)
Translesional vascularity 9/52 (14%)

JZ anomalies 22/52 (35%)
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Dysuria 5 (8%) 3 (6%) 2 (20%) >0.05 
Dyspareunia 28 (45%) 22 (42%) 6 (60%) >0.05 

Figure 1. Ultrasound image of the uterus of one of the ten patients who presented only indirect signs
(shadowing, highlighted in orange in the figure). The patient was symptomatic (dysmenorrhea).

Concerning the clinical symptoms, within the 62 patients, 52/62 (84%) had pelvic pain,
10/62 (16%) had infertility, and 5/62 (8%) had AUB. In the population with only direct signs,
i.e., out of the total of 52 patients, 43/52 (83%) had pain, 4/52 (8%) had AUB, and 8/52
(15%) reported infertility. Specifically, the most common symptom is dysmenorrhea, which
is encountered in 45 out of 62 patients (72%), with no statistically significant difference
between the two groups. Following this, the most frequent symptoms are dyspareunia and
periovulatory pain, present in 45% and 40% of the total patients, respectively.

Among the patients with uncertain diagnosis (10 patients), 9/10 (90%) had pain,
2/10 (20%) had infertility, 1/10 (10%) had AUB, and there were no cases of asymptomatic
patients (Table 4).

Table 4. Correlation between ultrasound signs and symptoms.

Total
Patients (62)

Patients with
Direct Signs (52)

Patients without
Direct Signs (10)

N (%) N (%) N (%) p-Value

AUB 5 (8%) 4 (8%) 1 (10%) >0.05
Infertility 10 (16%) 8 (15%) 2 (20%) >0.05

Dysmenorrhea 45 (72%) 37 (71%) 8 (80%) >0.05
Lumbar pain 9 (14%) 9 (17%) 0 (0%) >0.05

Pain during ovulation 25 (40%) 18 (35%) 7 (70%) 0.0367
Dyschezia 12 (19%) 9 (17%) 3 (30%) >0.05

Dysuria 5 (8%) 3 (6%) 2 (20%) >0.05
Dyspareunia 28 (45%) 22 (42%) 6 (60%) >0.05

Clinically, there was no statistically significant difference in symptomatology between
the patients with direct signs and patients without direct signs, except for periovulatory pain.

4. Discussion

Adenomyosis diagnosis is traditionally confirmed by histopathologic examination of
the uterine specimen [17,28,29]. MUSA (Morphological Uterus Sonographic Assessment)
ultrasound criteria [24] allowed clinicians to standardize the diagnosis of adenomyosis,
allowing for a clinical diagnosis and greater uniformity, useful for clinics and research, and
opening a new epidemiological scenario [18]. The investigators rightfully stated that the
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criteria cannot be used alone to decide on treatment, but rather, they need to be validated
in future studies evaluating the relationship between the sonographic features and the
clinical outcomes.

The revised criteria state that in the absence of direct features, ultrasound examina-
tion is not conclusive for the presence of adenomyosis, and that may be useful to avoid
overdiagnosis. However, in the paper, there is no distinction between symptomatic and
asymptomatic patients. An effective approach to the diagnosis of adenomyosis cannot
ignore the use of non-invasive diagnostic tools, the profile of risk factors, and the clinical
and imaging aspects. A recent review on this topic [30] concluded that there is no consensus
between classification systems and their ability to correlate with clinical findings, and the
authors hope for increased research in imaging and clinical correlations, having found only
16 articles that matched these inclusion criteria.

Moreover, in another recent review [31], directed to correlate ultrasound features with
clinical manifestations of adenomyosis and to discuss diagnostic methods for predicting
disease severity, the authors reported that the lesion thickness, diffuse or internal adeno-
myosis, and focal adenomyosis may be associated with increased risks of symptoms, and
that two ultrasound markers (i.e., the presence of heterogeneous myometrium and myome-
trial cysts) appear to be the most associated criteria. They concluded that there is currently
no consensus that symptom severity can be predicted based on ultrasound features.

In this study, we demonstrated that patients referred to the specialist outpatient clinic
for Pelvic Pain at Udine Gynecological Clinic and diagnosed as suffering adenomyosis
according to MUSA 2015 consensus, were reclassified as patients with uncertain diagnosis
in 16% of cases, according to the criteria established by the new consensus [24].

A strong point of this paper is the homogeneity of the population affected by adeno-
myosis only, having excluded patients with concomitant endometriosis and fibromatosis.
However, some forms of endometriosis cannot be diagnosed solely by clinical/ultrasound
examination, but with the criteria used by an expert sonographer, endometriosis can be
excluded with reasonable certainty. Furthermore, all patients who had a histological diag-
nosis of endometriosis were excluded. Another strength of this work is that the ultrasound
evaluations were consistently made by the same experienced operator, both in the initial
assessment and in the subsequent re-evaluation according to the new criteria. The equip-
ment used was also consistently the same, allowing for a uniform assessment that was
not dependent on the operator or the machine. Certainly, between 2017 and 2022, the
operator’s expertise may have increased, but this does not seem to affect the study results,
as the starting expertise level was already that of an experienced sonographer. Furthermore,
the subsequent re-evaluation of images (both for the diagnosis of adenomyosis and the
exclusion of other pathologies) was carried out in a short timeframe, enabling a consistent
standard for image re-evaluation.

The limitation of the study, however, is that it is a retrospective, single-center study
with a limited number of patients. The number of patients in both groups is indeed too
small to draw significant conclusions about the analysis of symptoms. Furthermore, a
parameter not considered in this study is the uterine extension of adenomyosis, a parameter
that could be significant concerning the clinical symptoms. All these limitations, however,
could serve as a basis for further future studies with a larger number of patients. As a
final note, although major confounding factors related to symptoms (like endometriosis
and fibromatosis) have been excluded, there are other causes, such as hypercontractility,
hyperesthesia, or endocrine factors, which cannot be entirely ruled out for conditions
like dysmenorrhea.

Most patients with direct signs of adenomyosis (57.7%) had only one direct sign. The
most frequent sign was, in accordance with the literature [24], hyperechoic islands, followed
by myometrial cysts, and echogenic sub-endometrial lines. Direct ultrasound signs indicate
the presence of endometrial glands and stroma beyond the sub-endometrial layer; indirect
features, on the other hand, express a myometrial reaction consisting of hypertrophy. They
can be present even in the absence of direct signs but make the diagnosis of adenomyosis
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uncertain. Direct signs have high specificity and lower sensitivity: the authors report
specificity values of 86–98% for myometrial cysts, 83–95.5% for hyperechoic islands, and
78% for echogenic sub-endometrial lines; sensitivity is 47–55%, 12–54%, and 51% for the
three characteristics, respectively [22,24,32–35].

In our case series, 10 patients do not show any direct signs, irregularities, or inter-
ruption of the junctional zone. Therefore, 16% of the examined population, according to
the new indications in the literature, would not be affected by adenomyosis or have an
uncertain diagnosis. Since we are dealing with symptomatic patients, however, we cannot
assume that we have eliminated a proportion of ultrasound overdiagnosis. Indeed, the
initial hypothesis was that the new criteria would be more restrictive than the previous ones,
leading to a lower number of false positives. However, in this population of symptomatic
patients, the diagnosis is still highly probable given the clinical symptoms and having
already ruled out other causes of such symptoms. Therefore, applying the new consensus
to symptomatic patients could increase false negatives, making the method less sensitive.

5. Conclusions

This study aims to find a correlation between direct and indirect ultrasound signs and
the patient’s clinical presentation, which is the secondary aim of our analysis. Comparing
the two groups, no clinically significant differences (except for periovulatory pain) were
found between patients with at least one direct sign and those without direct signs.

In the case of highly symptomatic patients, the presence of only indirect signs could be
linked to the difficulty of finding the direct ones, since these are obscured by the extent of
an abnormal myometrial reaction. Indeed, indirect signs are specifically those linked to the
myometrial reaction. In other previous works, the connection between diffuse adenomyosis
(versus focal), more evident symptomatology (especially AUB), and the age of patients has
been highlighted [14]. On the other hand, our hypothesis needs to be verified in further
studies, which are currently not present in the literature.

With the limitations described, we can conclude that the application of the criteria
proposed by the new consensus in the examined population, composed of symptomatic
patients, is not more restrictive than the application of the old criteria. In fact, the diagnosis
of adenomyosis must consider not only imaging but also clinical aspects. While in asymp-
tomatic patients, the presence of only indirect (and not direct) criteria excludes the diagnosis
of adenomyosis and helps reduce overdiagnosis, this does not seem to be equally true in
symptomatic patients, as the ultrasound data should not be the sole diagnostic criterion.

Author Contributions: Conceptualization A.B.; methodology A.B., M.D. and S.R.; data curation M.B.;
writing—original draft preparation A.B. and M.D.; writing—review and editing A.C.T., F.C., F.M. and
P.G.; supervision G.V. and G.S.; project administration L.D. and The Udine Hospital Endometriosis
Group. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of University of Udine (protocol code
138/2023, approved on 13 July 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: On behalf of the Endometriosis Group, Udine Hospital: Veronica Tius, Margherita
Cuman, Alice Poli, Giulia Pellecchia.

Conflicts of Interest: The authors declare no conflicts of interest.



Biomedicines 2024, 12, 463 9 of 10

References
1. Benagiano, G.; Brosens, I. History of adenomyosis. Best. Pract. Res. Clin. Obstet. Gynaecol. 2006, 20, 449–463. [CrossRef]
2. Bourdon, M.; Santulli, P.; Marcellin, L.; Maignien, C.; Maitrot-Mantelet, L.; Bordonne, C.; Bureau, G.P.; Chapron, C. Adenomyosis:

An update regarding its diagnosis and clinical features. J. Gynecol. Obstet. Hum. Reprod. 2021, 50, 102228. [CrossRef]
3. Bergholt, T.; Eriksen, L.; Berendt, N.; Jacobsen, M.; Hertz, J.B. Prevalence and risk factors of adenomyosis at hysterectomy. Hum.

Reprod. 2001, 16, 2418–2421. [CrossRef]
4. Naftalin, J.; Hoo, W.; Pateman, K.; Mavrelos, D.; Holland, T.; Jurkovic, D. How common is adenomyosis? A prospective study of

prevalence using transvaginal ultrasound in a gynaecology clinic. Hum. Reprod. 2012, 27, 3432–3439. [CrossRef]
5. Upson, K.; Missmer, S.A. Epidemiology of Adenomyosis. Semin. Reprod. Med. 2020, 38, 89–107. [CrossRef]
6. Habiba, M.; Benagiano, G. Classifying Adenomyosis: Progress and Challenges. Int. J. Environ. Res. Public. Health. 2021, 18, 12386.

[CrossRef]
7. Guo, S.W. The Pathogenesis of Adenomyosis vis-à-vis Endometriosis. J. Clin. Med. 2020, 9, 485. [CrossRef]
8. Mishra, I.; Melo, P.; Easter, C.; Sephton, V.; Dhillon-Smith, R.; Coomarasamy, A. Prevalence of adenomyosis in women with

subfertility: Systematic review and meta-analysis. Ultrasound Obstet. Gynecol. 2023, 62, 23–41. [CrossRef] [PubMed]
9. Vercellini, P.; Viganò, P.; Bandini, V.; Buggio, L.; Berlanda, N.; Somigliana, E. Association of endometriosis and adenomyosis with

pregnancy and infertility. Fertil. Steril. 2023, 119, 727–740. [CrossRef] [PubMed]
10. Harada, T.; Taniguchi, F.; Harada, T. Increased risk of obstetric complications in patients with adenomyosis: A narrative literature

review. Reprod. Med. Biol. 2022, 21, e12473. [CrossRef] [PubMed]
11. Vannuccini, S.; Luisi, S.; Tosti, C.; Sorbi, F.; Petraglia, F. Role of medical therapy in the management of uterine adenomyosis. Fertil.

Steril. 2018, 109, 398–405. [CrossRef]
12. Munro, M.G. Classification and Reporting Systems for Adenomyosis. J. Minim. Invasive Gynecol. 2020, 27, 296–308. [CrossRef]
13. Barbanti, C.; Centini, G.; Lazzeri, L.; Habib, N.; Labanca, L.; Zupi, E.; Afors, K. Adenomyosis and infertility: The role of the

junctional zone. Gynecol Endocrinol. 2021, 37, 577–583. [CrossRef]
14. Exacoustos, C.; Morosetti, G.; Conway, F.; Camilli, S.; Martire, F.G.; Lazzeri, L.; Piccione, E.; Zupi, E. New Sonographic

Classification of Adenomyosis: Do Type and Degree of Adenomyosis Correlate to Severity of Symptoms? J. Minim. Invasive
Gynecol. 2020, 27, 1308–1315. [CrossRef] [PubMed]

15. Parazzini, F.; Mais, V.; Cipriani, S.; Busacca, M.; Venturini, P. Determinants of adenomyosis in women who underwent hysterec-
tomy for benign gynecological conditions: Results from a prospective multicentric study in Italy. Eur. J. Obstet. Gynecol. Reprod.
Biol. 2009, 143, 103–106. [CrossRef] [PubMed]

16. Donnez, J.; Stratopoulou, C.A.; Dolmans, M.M. Uterine Adenomyosis: From Disease Pathogenesis to a New Medical Approach
Using GnRH Antagonists. Int. J. Environ. Res. Public. Health. 2021, 18, 9941. [CrossRef]

17. Van den Bosch, T.; de Bruijn, A.M.; de Leeuw, R.A.; Dueholm, M.; Exacoustos, C.; Valentin, L.; Bourne, T.; Timmerman, D.; Huirne,
J.A.F. Sonographic classification and reporting system for diagnosing adenomyosis. Ultrasound Obstet. Gynecol. 2019, 53, 576–582.
[CrossRef]

18. Chapron, C.; Vannuccini, S.; Santulli, P.; Abrão, M.S.; Carmona, F.; Fraser, I.S.; Gordts, S.; Guo, S.-W.; Just, P.-A.; Noël, J.-C.; et al.
Diagnosing adenomyosis: An integrated clinical and imaging approach. Hum. Reprod. Update 2020, 26, 392–411. [CrossRef]

19. Scioscia, M.; Zanetti, I.; Raspanti, X.; Spoto, E.; Portuese, A.; Noventa, M.; Pontrelli, G.; Greco, P.; Virgilio, B.A. Ultrasound
Differential Diagnosis in Deep Infiltrating Endometriosis of the Urinary Tract. JUM 2020, 39, 2261–2275. [CrossRef]

20. Tellum, T.; Nygaard, S.; Lieng, M. Noninvasive Diagnosis of Adenomyosis: A Structured Review and Meta-analysis of Diagnostic
Accuracy in Imaging. J. Minim. Invasive Gynecol. 2020, 27, 408–418.e3. [CrossRef] [PubMed]

21. Van den Bosch, T.; Dueholm, M.; Leone, F.P.; Valentin, L.; Rasmussen, C.K.; Votino, A.; Van Schoubroeck, D.; Landolfo, C.; Installé,
A.J.F.; Guerriero, S.; et al. Terms, definitions and measurements to describe sonographic features of myometrium and uterine
masses: A consensus opinion from the Morphological Uterus Sonographic Assessment (MUSA) group. Ultrasound Obstet. Gynecol.
2015, 46, 284–298. [CrossRef]

22. Exacoustos, C.; Brienza, L.; Di Giovanni, A.; Szabolcs, B.; Romanini, M.E.; Zupi, E.; Arduini, D. Adenomyosis: Three-dimensional
sonographic findings of the junctional zone and correlation with histology. Ultrasound Obstet. Gynecol. 2011, 37, 471–479.
[CrossRef]

23. Rasmussen, C.K.; Van den Bosch, T.; Exacoustos, C.; Manegold-Brauer, G.; Benacerraf, B.R.; Froyman, W.; Landolfo, C.; Condorelli,
M.; Egekvist, A.G.; Josefsson, H.; et al. Intra- and Inter-Rater Agreement Describing Myometrial Lesions Using Morphologic
Uterus Sonographic Assessment: A Pilot Study. J. Ultrasound Medicine. 2019, 38, 2673–2683. [CrossRef]

24. Harmsen, M.J.; Van den Bosch, T.; de Leeuw, R.A.; Dueholm, M.; Exacoustos, C.; Valentin, L.; Hehenkamp, W.J.K.; Groenman, F.;
De Bruyn, C.; Rasmussen, C.; et al. Consensus on revised definitions of Morphological Uterus Sonographic Assessment (MUSA)
features of adenomyosis: Results of modified Delphi procedure. Ultrasound Obstet. Gynecol. 2022, 60, 118–131. [CrossRef]

25. Ferreira-Valente, M.A.; Pais-Ribeiro, J.L.; Jensen, M.P. Validity of four pain intensity rating scales. Pain 2011, 152, 2399–2404.
[CrossRef]

26. Munro, M.G.; Critchley, H.O.D.; Fraser, I.S. The two FIGO systems for normal and abnormal uterine bleeding symptoms and
classification of causes of abnormal uterine bleeding in the reproductive years: 2018 revisions. FIGO Menstrual Disorders
Committee. Int. J. Gynaecol. Obstet. 2018, 143, 393–408. [CrossRef]

https://doi.org/10.1016/j.bpobgyn.2006.01.007
https://doi.org/10.1016/j.jogoh.2021.102228
https://doi.org/10.1093/humrep/16.11.2418
https://doi.org/10.1093/humrep/des332
https://doi.org/10.1055/s-0040-1718920
https://doi.org/10.3390/ijerph182312386
https://doi.org/10.3390/jcm9020485
https://doi.org/10.1002/uog.26159
https://www.ncbi.nlm.nih.gov/pubmed/36647238
https://doi.org/10.1016/j.fertnstert.2023.03.018
https://www.ncbi.nlm.nih.gov/pubmed/36948440
https://doi.org/10.1002/rmb2.12473
https://www.ncbi.nlm.nih.gov/pubmed/35821748
https://doi.org/10.1016/j.fertnstert.2018.01.013
https://doi.org/10.1016/j.jmig.2019.11.013
https://doi.org/10.1080/09513590.2021.1878131
https://doi.org/10.1016/j.jmig.2019.09.788
https://www.ncbi.nlm.nih.gov/pubmed/31600574
https://doi.org/10.1016/j.ejogrb.2008.12.010
https://www.ncbi.nlm.nih.gov/pubmed/19232812
https://doi.org/10.3390/ijerph18199941
https://doi.org/10.1002/uog.19096
https://doi.org/10.1093/humupd/dmz049
https://doi.org/10.1002/jum.15322
https://doi.org/10.1016/j.jmig.2019.11.001
https://www.ncbi.nlm.nih.gov/pubmed/31712162
https://doi.org/10.1002/uog.14806
https://doi.org/10.1002/uog.8900
https://doi.org/10.1002/jum.14971
https://doi.org/10.1002/uog.24786
https://doi.org/10.1016/j.pain.2011.07.005
https://doi.org/10.1002/ijgo.12666


Biomedicines 2024, 12, 463 10 of 10

27. Imanaka, S.; Shigetomi, H.; Kawahara, N.; Kobayashi, H. Clinicopathological characteristics and imaging findings to identify
adenomyosis-related symptoms. Reprod. Med. Biol. 2021, 20, 435–443. [CrossRef] [PubMed]

28. Jean-Baptiste, H.; Tetrokalashvili, M.; Williams, T.; Fogel, J.; Hsu, C. Characteristics associated with postoperative diagnosis of
adenomyosis or combined adenomyosis with fibroids. Int. J. Gynaecol. Obstet. 2013, 122, 112–114. [CrossRef] [PubMed]

29. Vercellini, P.; Parazzini, F.; Oldani, S.; Panazza, S.; Bramante, T.; Crosignani, P.G. Adenomyosis at hysterectomy: A study on
frequency distribution and patient characteristics. Hum. Reprod. 1995, 10, 1160–1162. [CrossRef] [PubMed]

30. Moawad, G.; Fruscalzo, A.; Youssef, Y.; Kheil, M.; Tawil, T.; Nehme, J.; Pirtea, P.; Guani, B.; Afaneh, H.; Ayoubi, J.M.; et al.
Adenomyosis: An Updated Review on Diagnosis and Classification. J. Clin. Med. 2023, 21, 4828. [CrossRef]

31. Feferkorn, I.; Tulandi, T. Sonographic diagnosis of adenomyosis-ultrasound that cried wolf? Fertil. Steril. 2023, 119, 490–491.
[CrossRef]

32. Bazot, M.; Darai, E. Role of transvaginal sonography and magnetic resonance imaging in the diagnosis of uterine adenomyosis.
Fertil. Steril. 2018, 109, 389–397. [CrossRef]

33. Rasmussen, C.K.; Hansen, E.S.; Ernst, E.; Dueholm, M. Two- and three-dimensional transvaginal ultrasonography for diagnosis
of adenomyosis of the inner myometrium. Reprod. Biomed. Online 2019, 38, 750–760. [CrossRef]

34. Tellum, T.; Nygaard, S.; Skovholt, E.K.; Lieng, M. Development of a clinical prediction model for diagnosing adenomyosis. Fertil.
Steril. 2018, 110, 957–964. [CrossRef]

35. Krentel, H.; Keckstein, J.; Füger, T.; Hornung, D.; Theben, J.; Salehin, D.; Buchweitz, O.; Mueller, A.; Schäfer, S.D.; Sillem, M.; et al.
Accuracy of ultrasound signs on two-dimensional transvaginal ultrasound in prediction of adenomyosis: Prospective multicenter
study. Ultrasound Obstet. Gynecol. 2023, 62, 739–746. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/rmb2.12409
https://www.ncbi.nlm.nih.gov/pubmed/34646071
https://doi.org/10.1016/j.ijgo.2013.03.009
https://www.ncbi.nlm.nih.gov/pubmed/23642890
https://doi.org/10.1093/oxfordjournals.humrep.a136111
https://www.ncbi.nlm.nih.gov/pubmed/7657758
https://doi.org/10.3390/jcm12144828
https://doi.org/10.1016/j.fertnstert.2022.12.043
https://doi.org/10.1016/j.fertnstert.2018.01.024
https://doi.org/10.1016/j.rbmo.2018.12.033
https://doi.org/10.1016/j.fertnstert.2018.06.009
https://doi.org/10.1002/uog.26197

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

