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Imaging in the major planes (horizontal, coronal, and sagittal) of the uterus is
important for determining anatomy and allowing the findings to be standard-
ized, and for evaluating and diagnosing different pathological conditions in clin-
ical practice. Examination of the coronal plane is an important step in
identifying uterine pathologies and their relationships to the endometrial canal.
Three-dimensional (3D) ultrasound reveals the normal anatomy better and
improves the depiction of abnormal anatomy, as the coronal plane of the
uterus can easily be obtained using 3D reconstruction techniques. Our pictorial
essay demonstrates that adding 3D ultrasound to a routine gynecological
workup can be beneficial for clinicians, enabling a precise diagnosis to be
made. In addition, the volumes obtained and stored by 3D ultrasound can allow
students or residents to become more familiar with normal and abnormal pelvic
structures. Clin. Anat. 31:373–379, 2018. VC 2017 Wiley Periodicals, Inc.
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INTRODUCTION

Imaging in the major planes (horizontal, coronal,
and sagittal) of the uterus is important for determin-
ing its anatomy and allowing the findings to be stan-
dardized, and for evaluating and diagnosing different
pathological conditions in clinical practice (Bocca and
Abuhamad, 2013). For example, the diagnosis of a
benign uterine pathology is usually based on both clin-
ical symptomatology and imaging investigations.
Although two-dimensional (2D) ultrasound is routinely
used, the examination of the uterus and its lesions is
limited to the sagittal and axial planes (Figs. 1a and
1b). In several uterine pathologies, an examination of
the coronal plane is particularly important. Unfortu-
nately, 2D ultrasound has limited ability to assess
uterine pathology in the coronal plane. The ultrasound

examination is performed similarly in 2D and three-
dimensional (3D) examinations and the vaginal
probes have the same size.

3D ultrasound reveals the normal anatomy better
than 2D ultrasound and improves the depiction of
abnormal anatomy, as the coronal plane of the uterus
can easily be obtained using 3D reconstruction techni-
ques. The coronal plane clearly outlines the external
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contour of the uterus and provides accurate informa-
tion regarding the shape of the uterine cavity (Fig. 2).
On the coronal plane, the normal shape of the uterine
cavity is triangular, with a smooth contour, while the
normal shape of the fundus is convex. The coronal
plane enables the endometrial–myometrial junction
(also called the uterine junctional zone, endometrial–
subendometrial unit, subendometrial myometrium,
archimetra, archimyometrium, or inner myometrium)
to be visualized; this is an important anatomical land-
mark to assess in several uterine conditions. The
endometrial–myometrial junction appears on a recon-
structed coronal plane ultrasound as a hypoechoic
zone around the endometrium (Fig. 3).

Herein, we provide a pictorial essay focused on the
gynecological clinical applications of coronal plane
images of the uterus obtained via 3D ultrasound using
a Voluson 730 Pro (General Electric, Zipf, Austria) and

a Voluson E8 (General Electric, Zipf, Austria) with vol-
umetric transvaginal transductors.

UTERINE ANOMALIES

Uterine anomalies are related to the unsuccessful
development and/or fusion of the M€ullerian ducts, or a
failure in resorption of the uterovaginal septum. The
reported prevalence of congenital uterine anomalies is
5.5% in the general population, 8% in the infertile
population, and 13.3% in women with recurrent mis-
carriages (Chan et al., 2011). In the past, uterine
anomalies were often investigated via routine 2D
sonography or contrast hysterosalpingography. How-
ever, 3D ultrasound has proved very powerful for
diagnosing uterine anomalies by obtaining the coronal
plane of the uterus (Propst and Hill, 2000; Faivre
et al., 2012). It is possible that 3D ultrasound will
become the gold standard for diagnosing uterine
anomalies in future, sidelining magnetic resonance
imaging (MRI).

The septate uterus, the most common M€ullerian
duct anomaly, results from a partial or complete fail-
ure of resorption of the uterovaginal septum after the
paramesonephric ducts fuse (Fig. 4). Since the para-
mesonephric ducts fuse prior to the resorption failure,
the serosa of the uterine fundus is intact. The septum
arises in the midline of the cavity, starting from the
fundus, and can extend partially or completely to the
external cervical os (Carrington, 1990). The external
uterine contour can be convex, flat, or mildly concave
(Troiano and McCarthy, 2004). A serosal indentation
of >1 cm indicates a bicornuate uterus, which results
from an incomplete fusion of the uterine horns
(Grigore et al., 2009 ). The bicornuate uterus consists
of two symmetrical cornua with communication of the
endometrial cavities, usually at the level of the uterine
isthmus. A complete bicornuate uterus can have a sin-
gle (bicornuate unicollis) or a duplicated (bicornuate

Fig. 1. (a) Normal uterus—longitudinal plane. (b)
Normal uterus—transverse plane. [Color figure can be
viewed at wileyonlinelibrary.com]

Fig. 2. Coronal or C-plane of the normal uterus (ren-
dered image). [Color figure can be viewed at wileyonline-
library.com]

Fig. 3. Coronal or C-plane of the normal uterus (ren-
dered image)—endometro–myometrial junction (white
arrows). [Color figure can be viewed at wileyonlinelibrary.
com]
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bicollis) cervix (U�gur et al., 1995 ). The incidences of
spontaneous abortion and premature delivery in
women with a bicornuate uterus are 28–35% and 14–
23%, respectively (Carrington, 1990). From a clinical
point of view, it is important to differentiate a septate
from a bicornuate uterus, as different clinical and
therapeutic approaches are used for the two anoma-
lies. One differentiating anatomical feature is the
angle between the uterine horns; imaging in the coro-
nal plane allows this angle to be measured. An angle
of <758 between the uterine horns suggests a septate
uterus, while an angle of >1058 is more consistent
with a bicornuate uterus.

An arcuate uterus has a broad indentation in the
fundal endometrium resulting from near-complete
resorption of the uterovaginal septum (Fig. 5). The
depth of the indentation that distinguishes an arcuate
uterus from a small partial septum is not yet well
defined (Grigore et al., 2009); thus, its differential
diagnosis from a septate uterus can be difficult.

Uterine didelphys represents 5% of M€ullerian duct
anomalies and is caused by an almost complete failure
of M€ullerian duct fusion. There are two hemiuteri and
two cervices, with no communication between the
duplicated endometrial cavities (Fig. 6). The spontane-
ous abortion rate ranges from 32% to 52%, the prema-
ture birth rate from 20% to 45%, and the fetal survival
rate from 41% to 64% (Goldberg and Falcone, 1999).
The retrograde menstrual flow in patients with

Fig. 4. Coronal plane—Septate uterus—incomplete
septate uterus. [Color figure can be viewed at wileyonli-
nelibrary.com]

Fig. 5. Coronal plane—Arcuate uterus. [Color figure
can be viewed at wileyonlinelibrary.com]

Fig. 6. Coronal plane—Unicorn uterus. [Color figure
can be viewed at wileyonlinelibrary.com]

Fig. 7. Coronal plane—Didelphe uterus. [Color figure
can be viewed at wileyonlinelibrary.com]
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obstruction increases the prevalence of endometriosis
and pelvic adhesions (Heinonen, 1997).

A unicornuate uterus occurs (Fig. 7) when one
M€ullerian duct develops normally and one does not.
One-third of such cases are isolated, one-third have a
non-cavitary rudimentary horn, and one-third have a
cavitary rudimentary horn thatmay ormay not commu-
nicate with the unicornuate cavity (U�gur et al., 1995).
Unicornuate uteri are associatedwith increased inciden-
ces of spontaneous abortion, premature birth, and
intrauterine growth retardation (Carrington, 1990).
These complications are caused by inadequate vascu-
larization and compromised uteroplacental blood flow in
the unicornuate uterus, resulting from a decreased vas-
cular contribution of the uterine and utero-ovarian
arteries from the abnormal side (Goldberg and Falcone,
1999 ).

A T-shape uterus is usually associated with diethyl-
stilbestrol (DES) exposure and is characterized by a
small hypoplastic uterus, constriction bands, a wid-
ened lower uterine segment, a narrowed fundal seg-
ment of the endometrial canal, and irregular
endometrial margins. Women exposed to DES are
predisposed to cervical incompetence secondary to

structural and histological changes such as an abnor-
mal smooth muscle-to-collagen ratio and decreased
cervical elastin (Bromley et al., 2000 ).

UTERINE MYOMAS

Leiomyomas are the most common benign tumors
in women and are classified as intramural, subserosal,
or submucosal according to their location. Submucosal
fibroids are a common cause of abnormal uterine
bleeding, subfertility, and early pregnancy loss. Sub-
mucosal fibroids can be classified into three groups on
the basis of their protrusion into the endometrial cav-
ity: Type 0 (the myoma is entirely in the cavity), Type
I (<50% contained within the myometrium), and Type
II (>50% contained within the myometrium). It is
sometimes difficult to differentiate a submucosal from
an intramural leiomyoma, or to establish its relation-
ship to the endometrial cavity, using 2D ultrasound
(Fig. 8a). The correct mapping of multiple myomas
can also be difficult with 2D ultrasound. In contrast,
3D ultrasound can delineate the location of the leio-
myomas precisely and depict their intramural and

Fig. 8. (a) Type 0 uterine myoma—2D ultrasound image, longitudinal plane. (b)
Type 0 uterine myoma—3D, coronal plane. [Color figure can be viewed at wileyonlineli-
brary.com]

Fig. 9. (a) Endometrial polyp—2D ultrasound image, longitudinal plane. (b) Endo-
metrial polyp—3D ultrasound image, coronal plane. [Color figure can be viewed at
wileyonlinelibrary.com]
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submucosal components (Fig. 8b). This information is
very useful for clinical decision-making in women with
fertility problems and recurrent pregnancy failures,
when it is very important to preserve the uterus. The
visualization of the coronal plane enables good candi-
dates for hysteroscopic resection to be carefully
selected, avoiding classic or laparoscopic surgery.

ENDOMETRIAL POLYPS

Endometrial polyps are localized overgrowths of the
endometrial glands and stroma and are more common
in women with infertility (Shokeir et al., 2004). The
current consensus is that endometrial polyps should
be screened for and removed prior to any assisted

reproduction treatment (Kodaman, 2016). 3D ultra-
sound can be useful because it gives a precise map-
ping of the lesion, and this information is useful in
planning the subsequent hysteroscopic procedure
(Saravelos et al., 2017 ) (Figs. 9a and 9b).

INTRAUTERINE DEVICES

Intrauterine devices (IUDs) are a popular and
reversible form of contraception. Imaging is crucial in
managing patients with IUDs, especially in cases with
clinical complications such as pelvic pain, abnormal
bleeding, or absent retrieval strings. Standard endo-
vaginal 2D ultrasound usually identifies the stem of
the IUD as a linear echogenic structure, but cannot
provide information regarding the arms or the correct
positioning of the IUD inside the cavity. Adding a 3D

Fig. 10. Coronal plane—T-shaped intrauterine device
(IUD) in the correct intrauterine position.

Fig. 11. Coronal plane—a descended IUD. [Color fig-
ure can be viewed at wileyonlinelibrary.com]

Fig. 12. Coronal plane—An IUD embedded in the
myometrium. [Color figure can be viewed at wileyonlineli-
brary.com]

Fig. 13. Adenomyosis—3D-disruption of the endo-
metro–myometrial junction. [Color figure can be viewed
at wileyonlinelibrary.com]
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ultrasound scan to a conventional examination can be
beneficial, as the coronal plane of the uterus can be
obtained easily (Fig. 10). Furthermore, 3D ultrasound
allows both the IUD type and its position inside the
uterine cavity to be determined. In addition, it has
proven more sensitive than 2D ultrasound, revealing
more subtle findings of malposition, particularly side-
arm embedment, by showing the coronal plane of the
uterus (Figs. 11 and 12). Abnormally positioned IUDs
can be associated with higher incidences of failed con-
traception, pain, and bleeding.

ADENOMYOSIS

Adenomyosis is a common gynecological disease,
characterized by non-neoplastic ectopic endometrial
glands and stroma within the myometrium and associ-
ated with a reactive overgrowth of the musculature.
Numerous studies have established a role for 2D ultra-
sound in the diagnosis of adenomyosis (Atri et al.,

2000; Osser et al., 2009 ). However, 3D ultrasound
not only allows the endometro–myometrial junction to
be visualized, but also distinguishes all the other crite-
ria revealed by 2D ultrasound: anechoic foci, striation,
and heterogeneous myometrium. The coronal plane
can reveal the thickening of the endometro–myome-
trial junction and its disruption by the infiltration of
hyperechoic endometrial tissue (Fig. 13).

CAESAREAN SCAR DEFECTS

Caesarean scar defects, also known as isthmo-
celes, are an emerging condition affecting women
with a history of caesarean section. Their presence
is a novel, under-recognized cause of abnormal post-
menstrual uterine bleeding, pelvic pain, and infertil-
ity. On 2D ultrasound, a myometrial-thinning defect
can be observed at the level of the previous cesar-
ean section (Fig. 14). In clinical practice, measuring
the remaining myometrial thickness over the defect
is important for assessing cesarean hysterotomy
scars in non-pregnant women (O’Rahilly, 1997).
When a hysteroscopic repair is planned, imaging the
coronal plane allows the defect to be measured in all
three dimensions, which provides useful information
(Fig. 15).

This pictorial essay demonstrates that adding 3D
ultrasound to a routine gynecological workup can be
beneficial for clinicians, enabling a precise diagnosis
to be made. Furthermore, 3D ultrasound can replace
several investigations that are invasive (hysteroscopy,
laparoscopy), involve exposure to radiation (hystero-
salpingography), or require expensive MRI. Another
important advantage of 3D ultrasound concerns the
storage of volumes for subsequent processing and
analysis. These volumes can be processed later to
gain a more in-depth picture of the normal or patho-
logical anatomy of the uterus. In addition, the vol-
umes can allow students or residents to become more
familiar with normal and abnormal pelvic structures
(Popovici et al., in press ). A major limitation of 3D
ultrasound is that a learning curve is involved, even
for sonographers and sonologists who are experienced
in 2D ultrasound. In addition, spatial orientation can
be challenging for less experienced practitioners
(Rodriguez et al., 2014 ).

CONCLUSIONS

Examination of the coronal plane of the uterus is an
important step in evaluating uterine disorders and
their relationships to the endometrial canal. 3D sonog-
raphy is an easy and cost-effective method that allows
the coronal plane to be reconstructed.
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Fig. 14. Cesarean scar defect—longitudinal plane.

Fig. 15. Cesarean scar defect—coronal plane—white
arrows show the surface of the defect in coronal plane.
[Color figure can be viewed at wileyonlinelibrary.com]

378 Grigore et al.

http://wileyonlinelibrary.com


REFERENCES

Atri M, Reinhold C, Mehio AR, Chapman WB, Bret PM. 2000. Adeno-
myosis: US features with histologic correlation in an in vitro
study. Radiology 215:783–790.

Bocca SM, Abuhamad AZ. 2013. Use of 3-dimensional sonography
to assess uterine anomalies. J Ultrasound Med 32:1–6.

Bromley B, Shipp TD, Benacerraf B. 2000. Adenomyosis: Sonographic
findings and diagnostic accuracy. J Ultrasound Med 19:529–534.

Carrington BM, Hricak H, Nuruddin RN, Secaf E, Laros RK Jr, Hill EC.
1990. Mullerian duct anomalies: MR imaging evaluation. Radiol-
ogy 176:715–720.

Chan YY, Jayaprakasan K, Zamora J, Thornton JG, Raine-Fenning N,
Coomarasamy A. 2011. The prevalence of congenital uterine
anomalies in unselected and high-risk populations: A systematic
review. Hum Reprod Update 17:761–771.

Faivre E, Fernandez H, Deffieux X, Gervaise A, Frydman R, Levaillant
JM. 2012. Accuracy of three-dimensional ultrasonography in dif-
ferential diagnosis of septate and bicornuate uterus compared
with office hysteroscopy and pelvic magnetic resonance imaging.
J Minim Invasive Gynecol 19:101–106.

Goldberg JM, Falcone T. 1999. Effect of diethylstilbestrol on repro-
ductive function. Fertil Steril 72:1–7.

GrigoreM, Cojocaru C,Mares, A, Indrei A. 2009.M€ullerian duct anomalies:
Clinical issues andof 3Dultrasounddiagnosis. Gineco.eu5:101–105.

Heinonen PK. 1997. Unicornuate uterus and rudimentary horn. Fertil
Steril 68:224–230.

Kodaman PH. 2016. Hysteroscopic polypectomy for women under-
going IVF treatment: When is it necessary? Curr Opin Obstet
Gynecol 28:184–190.

O’Rahilly 1997. Making planes plain. Clin Anat 10:128–129.
Osser OV, Jokubkiene L, Valentin L. 2009. High prevalence of defects

in cesarean section scars at transvaginal ultrasound examination.
Ultrasound Obstet Gynecol 34:90–97.

Popovici R, Pristavu A, Sava A. 2017. Three-dimensional ultrasound
and Hdlive technology as possible tools in teaching embryology.
Clin Anat 30:953–957.

Propst AM, Hill JA. 2000. Anatomic factors associated with recurrent
pregnancy loss. Semin Reprod Med 18:341–350.

Rodriguez A, Guillen JJ, Lopez MJ, Vassena R, Coll O, Vernaeve V.
2014. Learning curves in 3-dimensional sonographic follicle mon-
itoring during controlled ovarian stimulation. J Ultrasound Med
33:649–655.

Saravelos S, Jayaprakasan K, Ojha K, Li TC. 2017. Assessment of
the uterus with three-dimensional ultrasound in women undergo-
ing ART. Hum Reprod Update 23:188–210.

Shokeir TA, Shalan HM, El-Shafei MM. 2004. Significance of endo-
metrial polyps detected hysteroscopically in eumenorrheic infer-
tile women. J Obstet Gynaecol Res 30:84–89.

Troiano RN, McCarthy SM. 2004. M€ullerian duct anomalies: Imaging
and clinical issues. Radiology 233:19–34.
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