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Abstract 

Background: Mullerian Anomalies are associated with such reproductive disorders as infertility, recurrent pregnancy losses, 
primary amenorrhea, and others. Accurate diagnosis is essential for determining a woman’s reproductive prognosis and plan-
ning certain types of interventions. The internal and external uterine contours evaluation is the key to the exact diagnosis and 
treatment. The hysterolaparoscopic procedure is considered the gold standard for evaluating Mullerian Anomalies, but the 
method is costly and invasive. 2D ultrasound sonography is a good screening method, but the uterus is not evaluated in the 
coronal plane. MRI is an expensive method and is used for the evaluation of complex anomalies. 3D ultrasound is a fast, 
cheap, non-invasive, and informative method for evaluating  Mullerian Anomalies. 
Aim: To determine the effectiveness of  3D ultrasound in the diagnosis Mullerian Anomalies .   
Methods:  We aimed to observe literature data to review the current understanding of the role of 3D ultrasound in the diag-
nosis of Mullerian anomalies.  For this purpose following electronic databases were searched: Pubmed, Crossref, Mendeley, 
and Elsevier. 
Results: 90 articles were reviewed, and 43 of them attracted our attention due to their statistical significance and were ana-
lyzed and discussed in our article. 
Conclusion: Based on the literature review, we can conclude that 3D ultrasonography is a cheap, fast, non-invasive method 
for evaluating Mullerian anomalies. It showed high diagnostic concordance with the MRI method, virtually identical images 
are obtained by 3D ultrasound. Diagnostic difficulties arise in the case of cervical and vaginal anomalies, as well as in complex 
anomalies. Up to this date, it remains as a challenge, the correct diagnosis of the unclassifiable forms of Mullerian anomalies 
and the subsequent selection of their treatment methods, which is the basis for future research.  (TCM-GMJ June 2024; 9 
(1):P36-P42)  
 
Keywords: Mullerian anomalies; 2D ultrasound; 3D ultrasound function; MRI ; Hysterosalpingography; septate uterus, T-
shaped uterus, unicornuate uterus.  
  

  Introduction 
oman’s reproductive realization is a set of 
complex processes, which includes the sperm 
transportation processes, embryo implantation, 
fetal growth, and childbirth in a functionally 

and structurally normal uterus. A certain part of women 
with Mullerian anomalies have normal reproductive func-
tion, while another part has reproductive disorders.  The 
process of embryogenesis includes the stages of differenti-
ation, migration, fusion, and canalization of Mullerian 

W 
ducts. At approximately 4 weeks of gestation, the primor-
dial germ cells that form in the dorsal wall of the yolk sac 
migrate to the primitive gonads. The absence of Y chro-
mosomes in female embryos leads to the formation of 
primordial follicles from primordial germ cells. Deficiency 
of testosterone and Anti Mullerian Hormone (AMH) in 
female fetuses leads to regression of Wolffian ducts and 
from the Mullerian ducts to form the fallopian tubes, the 
uterus, and the upper third of the vagina. Fused Mullerian 
ducts join the urogenital sinus below, which causes sino-
vaginal bulb endoderm proliferation, subsequently, it 
passes through the canalization stage and forms the upper 
third of the vagina by merging with the Mullerian ducts. 
Any deviation from these stages leads to the formation of 
different types of Mullerian Anomalies. The Mullerian 
ducts development is an independent process and is not 
related to the gonads development. Such women often 
have normal reproductive function. Mullerian Anomalies 
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are often associated with urinary system anomalies, which 
stipulates their investigation necessity [1,18,31]. 

There are three main phases in the Mullerian anomalies 
embryogenesis process. Either phase disruption causes 
Mullerian Anomalies with different variations.  

Organogenesis phase – when one or both Mullerian 
ducts are incompletely developed, which causes  such 
anomalies as uterine agenesis, bilateral or unilateral aplasia 
(unicornuate uterus) 

Fusion phase – In this case, the Mullerian ducts' distal 
parts merge and form the uterus, cervix, and the upper 
third of the vagina. Incomplete fusion causes such anoma-
lies as a uterus didelphys uterus and a bicornuate uterus 

Resorption phase – As a result of Mullerian duct fu-
sion, existing septum resorption leads to the formation of 
one cavity and one cervical canal. This process violation 
leads to the formation of a partial or complete septate 
uterus. 

Classification There are various classifications of Mul-
lerian anomalies. The most frequently used is the classifi-
cation developed by the American Fertility Society in 1988 
(AFS). The advantage of this classification is its simplicity. 
In recent years, the disadvantage of this classification was 
considered that it does not reflect the cervix and vagina 
anomalies, and also could not be established accurate diag-
nostic criteria for evaluating complex anomalies. There is a 
wide spectrum of Mullerian anomalies, that are not cor-
rectly diagnosed or could not be diagnosed at all. Incorrect 
diagnosis leads to inappropriate treatment, unnecessary 
surgical interventions, and finally reproductive function 
disruption. In 2021 American Society of Reproductive 
Medicine created a new classification (ASRM) which is 
based on its predecessor (AFS) classification. The new 
classification takes into account cervical and vaginal anom-
alies and separates uterine anomalies into 9 categories: 
Mullerian agenesis, cervical agenesis, unicornuate uterus,  
uterus didelphys, bicornuate uterus, septate uterus, longitu-
dinal vaginal septum, transverse vaginal septum, complex 
anomalies [2,13,19].   

 One of the most recent critical literature reviews dis-
cussed the shortcomings of the ASRM  classification of  
Mullerian anomalies [6,29,33]. The review discusses the 
diagnostic dilemma that arises during the anomalies detec-
tion. According to the 2021 ASRM classification, an arcu-
ate uterus is considered to be a uterus with a depth of in-
ternal indentation at < 10 mm and an angle of indentation 
> 900.  However, if this angle is < 90 0, a diagnostic dilem-
ma arises in the so-called “Grey Zone” when the uterus 
cannot be assigned to any specific category. The same can 
be said in the case of a septate uterus, in particular, accord-
ing to the ASRM classification, a uterus with a depth of 
internal indentation  > 10 mm and an angle < 90 0 is con-
sidered a septate uterus. However, when the angle of in-
dentation is  > 90 0, it is impossible to determine exactly 
which category the anomaly belongs to (Figure 1). The 
same article discusses different opinions of different au-
thors regarding the new 2021 ASRM classification[6]. They 
ask the question of what kind of basis one of the im-
portant criteria of a septate uterus has changed[25]. Inter-

nal indentation depth > 15 mm known according to the 
2016 ASRM classification. Figure 1.   

The ESHRE/ESGE classification is based on the depth 
of indentation from the line connecting the endometrial 
horns and in the case of a septate uterus, it exceeds 50% 
of the wall thickness. In the case of a bicornuate uterus, 
the external fundal indentation exceeds 50% of the wall 
thickness [1]. It is also noteworthy that the new classifica-
tions have increased the number of misdiagnoses and ex-
cessive treatment interventions. (1) Different authors have 
different opinions about the working algorithm[7,8]. 3D 
ultrasonography is recommended in high–risk symptomat-
ic patients, who undergo a routine ultrasound examination.  

While, with the ESHRE/ESGE classification, the T-
shaped uterus is subjectively diagnosed by some authors. 
In particular, it is based on a narrow uterine cavity due to 
the thickened lateral walls, without specifying definition.  
Figure 2.   

Mullerian anomalies are associated with such complica-
tions as premature birth (up to 37 weeks), rupture of 
membranes, fetal malpresentation, and perinatal mortality. 
The risk of premature birth increases by the Mullerian 
anomaly types: septate uterus (31%), bicornuate uterus 
(39%), unicornuate uterus (43%), and uterus didelphys 
(56%) [4]. 

In the case of different types of Mullerian anomalies, 
the treatment methods are different. Surgical intervention 
can be performed in the case of unicornuate, didelphys, 
bicornuate, and partial septate uteruses, which significantly 
improves a woman’s reproductive outputs [20,39]. 

Prevalence  Mullerian anomalies prevalence varies 
widely among individual studies, which is supposedly due 
to the assessment of different population groups with dif-
ferent diagnostic methods. Based on two reliable studies, 
the Mullerian anomalies prevalence [1] in an unselected 
population is 5.5%, 8% in infertile women, and 13.3% in 
women with recurrent pregnancy loss. Based on other lit-
erature sources [4] Mullerian anomalies prevalence in the 
general population is 7%, in women with recurrent preg-
nancy loss and infertile women is 25%. Mullerian anoma-
lies often present as complex anomalies involving the cer-
vix, vagina, and urinary system. For infertile patients who 
need assisted reproductive technologies, such as insemina-
tion, it is important to detect Mullerian anomalies. Accord-
ing to the authors [5], special attention is paid to the in-
complete septate uterus and the complete septate uterus 
that divides the cervical canal and is not clinically manifest-
ed. Information about these anomalies is important for 
clinicians, in particular, what type or subtype of Mullerian 
anomalies is diagnosed, which will help prevent obstetric 
and neonatal complications.  

      A septate uterus is considered the most common 
anomaly among  Mullerian anomalies[4]. It accounts for 
55% of Mullerian anomalies and is associated with first 
and second-trimester miscarriage, premature birth, and 
fetal malpresentation. Regarding this issue, different au-
thors’ opinions are various, because there is no definite 
consensus about diagnostic criteria. A septum uterus oc-
curs at the 20th week of pregnancy due to the resorption 
process violation. The uterine septum may exist in a dif-
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ferent form, in particular: a highly vascularized septum to 
an avascular fibrotic septum [40]. A vascular wall is a pre-
requisite for uterine contractions, that cause premature 
births and recurrent pregnancy loss. Fibrous, less vascular-
ized septum interferes with the implantation process [4].  
The septum presence implies histological changes in the 
endometrium. In particular, in this case, there is a low ex-
pression of HOXA10 genes and VEGF receptor genes, 
leading to a low number of endometrial glandular and cili-
ated cells. All this leads to the complications associated 
with the presence of a septate uterus [10].    

 

Methods 
Recent years of technological progress have significant-

ly improved the possibilities of ultrasound diagnostics. 
3D/4D ultrasound research methods improvements have 
ensured an increase in the frequency of congenital uterus 
anomaly detection, which was not possible by 2D ultra-
sound [1]. Most women with Mullerian anomalies have 
normal reproductive output and are often discovered inci-
dentally during routine examinations. Accurate diagnosis 
and correct classification of Mullerian anomalies make it 
possible to determine the women’s reproductive prognosis 
and risks, certain types of interventions should also be 
planned [3].  The uterus’ internal and external contours 
evaluation is the key to accurate Mullerian anomaly diag-
nosis and classification. The hysterolaparoscopic method 
is considered to be the gold standard for Mullerian anoma-
ly evaluation. The disadvantage of this method is its inva-
siveness and high cost. MRI is an expensive method and 
its use is recommended to detect uterine complex anoma-
lies. HSG evaluates only the inner contour of the uterus 
and cannot evaluate its outer contour. 3D/4D ultrasonog-
raphy evaluates both the inner and outer contour of the 
uterus. The method is fast, cheap, highly informative, and 
noninvasive [1,3.27]. 

  Hysterosalpingography is a good screening method 
for evaluating Mullerian anomalies, [1] although the outer 
contour of the uterus cannot be evaluated (Figure 3c). Dif-
ferential diagnosis between bicornuate and septate uterus 
is based on the angle of divergence of the uterine horns. 
An angle less than 75o is considered a septate uterus, and 
an angle greater than 105o is considered a bicornuate uter-
us. It is also important to note that hysterosalpingography 
evaluates only that specific cavity, which is connected to 
the cervical canal, therefore, it is easy to miss the uterus 
rudimentary horn in the process of diagnosis. 2D trans-
vaginal ultrasound is a minimally invasive method 
(Figure3a). Septate, partial septate, bicornuate uterus, arcu-
ate uterus may be suspected by 2D ultrasound, but exact 
differentiation cannot be made among them [42]. With 2D 
ultrasound, the outer contour of the uterus cannot be eval-
uated, the endometrium is evaluated only in longitudinal 
and transverse plane. 2D ultrasound is completely unin-
formative for evaluating certain types of unicornuate, T-

shaped, and infantile uteri. Figure 3. 
MRI examination is recommended to detect complex 

abnormalities(Figure 3d) [1,9,30]. Mullerian anomalies are 
often associated with congenital kidney anomalies. It is 

also not uncommon to have a diagnostic dilemma regard-
ing a unicornuate uterus with rudiment when a connection 
between existing cavities is to be confirmed or excluded. 
MRI is informative to detect certain types of complex ab-
normalities of the vagina and cervical canal. MRI is 100% 
sensitive and specific in diagnosing Mullerian Duct Anom-
alies [43]. 
 3D ultrasonography is now considered the gold stand-
ard for evaluating uterine abnormalities (Figure 3b) [1,23]. 
The advantage of the method is that the uterus is evaluat-
ed in the coronal plane and at the same time, both, its ex-
ternal and internal (endometrial) contours are evaluated. 
This creates the basis for accurate diagnosis of Mullerian 
anomalies and classification, and also to determine the 
diagnostic accuracy of 3D ultrasound in comparison with 
the hysterolaparoscopic and MRI methods. The diagnostic 
accuracy of the 3D ultrasound method is presented in the 
following way: sensitivity 97.6%, specificity 98.3%, and 
99.4%, respectively[1,32,37]. 3D ultrasonography shows a 
high degree of concordance compared to the MRI meth-
od. Evaluation of the uterine cavity’s outer contour and its 
base is done by both diagnostic methods and practically by 
an equal degree[9,22,41]. 

 

Results and discussion 
3D ultrasonography allows differentiation between the 

arcuate, septate, and bicornuate uterus. However, some 
authors note the low diagnostic accuracy of this method in 
the case of uterus didelphys [11,16,28]. The differential 
diagnosis between the three types of Mullerian anomalies 
mentioned above is not always possible by 3D ultrasound 
and MRI methods. There are so-called intermediate, in-
complete forms between septate and bicornuate uteruses, 
whose diagnosis is associated with certain difficulties [9].   
For example, a septate uterus with a wide septum and a 
deep separation between the horns may be considered as a 
bicornuate uterus. Morphologically, the structure of the 
septum is similar to the myometrium, which characterizes 
the bicornuate uterus. In this case, Troiano’s and 
McCarthy’s formula is used for accurate diagnosis and the 
distance between the interostial line and fundal contour 
exceeds  5mm. There is also a rare form of the septate 
uterus, which has two cervixes and also a longitudinal vagi-
nal septum [24,36]. This form also belongs to the unclassi-
fiable forms of the septate uterus [38].    

 One type of septate uterus, the non-communicating 
semi-cavity, was first described by Robert in 1969y [12], 
as a uterus-specific malformation (Figure 4). This disease 
is associated with a blind (closed) semi-cavity of the uter-
us, with unilateral hematometra, contralateral one-horned 
uterine cavity, and normal outer contour of the fundus. 
Robert’s uterus is a very rare anomaly, which makes it 
difficult to diagnose. Correct diagnosis is essential to 
avoid such complications as recurrent pains since menar-
che, dysmenorrhea, endometriosis, infertility, and recur-
rent pregnancy losses.  The first symptoms of this disease 
usually appear during menarche, when there is a function-
al endometrium in the closed cavity, which is the reason 
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for the development of hematometra and hematosalpinx. Fig-
ure 4.  

A unicornuate uterus is a rare form of Mullerian anomalies 
and accounts for 2.4 – 13% of these anomalies, its prevalence 
ratio is 1:1000 (Figure 5) [14].  A unicornuate uterus may be 
presented alone or with a rudimentary horn, which may exist as 
a communicative and non-communicative rudiment. In the 
case of 75-90%, the rudimentary horn is non-communicating. 
The unicornuate uterus is characterized by such obstetric-
gynecological complications as hematometra, endometriosis, 
and ectopic pregnancy [15,17,35]. 3D ultrasonography has in-
creased the diagnostic accuracy of detecting this anomaly. Fig-
ure 5.  

 3D ultrasound is useful for detecting such rare anomalies as 
hypoplastic, atavistic, and infantile uteruses. Infantile and hy-
poplastic uteri have a long and narrow cervix, which is caused 
by the violation of their embryogenesis [3]. Meaker’s index 

refers to the ratio of the uterus body to the cervix.  
    If this ratio is lower than 0.60, this uterus is considered 

hypoplastic, and if the ratio is 0.25, it is considered an infantile 
uterus. In the case of an atavistic uterus, the uterine cavity is 
star-shaped with asymmetrical horns  

 

Conclusion 
Based on the literature review, we can conclude that 3D ul-

trasonography is a cheap, fast, non-invasive method for evalu-
ating Mullerian anomalies. It showed high diagnostic concord-
ance with the MRI method, virtually identical images are ob-
tained by 3D ultrasound. Diagnostic difficulties arise in the 
case of cervical and vaginal anomalies, as well as in complex 
anomalies. Up to this date, it remains as a challenge, the cor-
rect diagnosis of the unclassifiable forms of Mullerian anoma-
lies and the subsequent selection of their treatment methods, 
which is the basis for future research.   

Figure 1.  3D ultrasound images illustrating uteri with internal indentation depth >10 to 15mm and indentation an-
gle >900,   which would be Mullerian anomalies unclassifiable forms 

   Figure 2.  Congenital Uterine CUME (Group of Expert Anomalies) represented criteria for diagnosing T shaped 
uterus: the depth of the lateral indentation (b) > or equal to 7 mm, its angle (C) > or equal to 1300, T angle (A) < 400 
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Figure 3. Bicornuate uterus with different imaging methods  a. 2D ultrasound, b.3D ultrasound c.hysterosalpingography 
and d.MRI imaging   

Figure 4. Robert’s uterus is divided by an asymmetrical septum: Left closed semi-cavity with hematometra and right 

cavity similar to the unicornuate uterus. a. with 2D ultrasonography, b. 3D ultrasonography, c. HD-live    

Figure 5. 3D  configuration of  the Unicornuate uterus and pregnant rudimentary horn 
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