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The uterine junctional zone: a 3-dimensional
ultrasound study of patients with endometriosis

Caterina Exacoustos, MD; Danielle Luciano, MD; Brenda Corbett, MD; Giovanna De Felice, MD;
Mara Di Feliciantonio, MD; Anthony Luciano, MD; Errico Zupi, MD

OBJECTIVE: The uterine junctional zone (JZ) alterations are correlated
with adenomyosis. An accurate evaluation of the JZ may be obtained
by 3-dimensional transvaginal sonography (TVS). The aim of the
present prospective study was to assess the value of detectable
alterations by 3-dimensional TVS of the JZ in patients with pelvic
endometriosis (diagnosed by laparoscopy and histologic condition) and
to compare these findings with those of women without pelvic
endometriosis.

STUDY DESIGN: Eighty-two patients who were scheduled for laparos-
copy had undergone previous surgery and 2- and 3-dimensional TVS.
Uterine multiplanar sections that were obtained by 3-dimensional TVS
were used to evaluate JZ features. During laparoscopy, an accurate
staging of pelvic endometriosis was performed. JZ thickness and JZ
alterations were correlated with stage of endometriosis.

RESULTS: Of the 82 patients, 59 patients had endometriosis at lap-
aroscopy and histology. The maximum thickness of JZ in patients with

endometriosis was significantly greater than in patients without
endometriosis (6.5 & 1.9 mm vs 4.8 £ 1.0 mm; P < .001). The
features of JZ appeared similar at different stages, whereas they are
statistically different if correlated with patients without endometriosis.

CONCLUSION: JZ thickness and its alterations are different in patients
with endometriosis compared with those women without endometri-
osis and are not correlated with American Society of Reproductive
Medicine staging methods. Because these JZ ultrasound features are
associated mostly with adenomyosis, a correlation between endo-
metriosis and JZ hyperplasia and adenomyosis could be hypothesized.
Noninvasive evaluation of the JZ may be useful in the identification of
those women who are affected by endometriosis also in early stage of
the disease when there are no other sonographic signs of pelvic
endometriosis.
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he junctional zone (JZ), also

known as the endometrial-myo-
metrial junction or inner myometrium,
is the transitional zone that is located
between the endometrium and the outer
myometrium. Unlike most human tis-
sues with a mucosa, the endometrium
does not contain a submucosal layer that
usually exists to protect against mucosal
invasion into adjacent tissue."

It has been observed that, in the
nonpregnant uterus, highly specialized
contraction waves originate exclusively
from the JZ and participate in the regu-
lation of diverse reproductive events,
such as sperm transport, embryo implan-
tation, and hemostasis during menstrua-
tion.”® Conversely, growing evidence
suggests that disruption of the normal
JZ architecture that is associated with
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hyperplasia (that seems to precede ade-
nomyosis) and adenomyosis inevitably
alters the coordinated peristaltic activity
of the inner myometrium.”""

The JZ thickness increases with age
between 20 and 50 years.'” Kunz et al®
reported a gradual increase in diameter
of the posterior JZ myometrium starting
in the third decade of life, which is ac-
celerated markedly in women >34 years
old and found that the posterior JZ
thickness was invariably higher in pa-
tients with endometriosis, yet the age-
dependent increase paralleled that of
women without endometriosis.

Dysfunctional and hyperperistalsis
may affect sperm transport and im-
plantation, which contributes to infer-
tility.**">"'> They have also been linked
to dysmenorrhea and menorrhagia and
may play a role in the pathogenesis
of endometriosis by facilitating retro-
grade menstruation and implantation of
viable endometrial cells into the abdom-
inal cav1'ty.6’16’17 Pelvic endometriosis,
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Three-dimensional multiplanar ultrasound imaging of a normal uterus

Multiplanar view of the uterus with the endometrium (hyperechoic in the center); the inner myometrium or
junctional zone (hypoechoic halo around the endometrium); and the outer myometrium. A, longitudinal,
B, transverse, and C, coronal section. Note the clearer view of the hypoechoic junctional zone on the
coronal section.

Exacoustos. Endometriosis and uterine junctional zone. Am ] Obstet Gynecol 2013.

especially in severe stages, also is associ-
ated strongly with JZ thickening.'®!
Therefore, the evaluation of JZ and its
alterations by noninvasive imaging seems
very important especially in patients with
endometriosis.

Reinhold et al** demonstrated that a
JZ thickness that measures >12 mm is
highly predictive of adenomyosis and
that an increased thickness of the pos-
terior JZ of the uterus on magnetic
resonance imaging (MRI) that is corre-
lated with invasion of the basal endo-
metrium into the inner myometrium has
been proposed for the diagnosis of
diffuse adenomyosis.>*>**

It has been shown that 3-dimensional
reconstruction of uterine anatomy in the
coronal plane provides a new and
different view of the JZ.22>%’

With 3-dimensional transvaginal so-
nography (TVS) coronal and multi-
planar views of the uterine cavity, it is
possible to assess the lateral and fundal
aspects of the JZ, which are impossible
to see clearly on standard 2-dimensional
imaging. We showed in a previous study

that 3-dimensional TVS evaluation of
JZ is more accurate than conventional
2-dimensional to detect adenomyosis.*®
The aim of this prospective study was
to assess the 3-dimensional TVS detect-
able uterine morphologic alterations of
the JZ in patients affected by pelvic
endometriosis that had been diagnosed
by laparoscopy and histologic evaluation
and to compare these findings with
patients without pelvic endometriosis.
Furthermore JZ 3-dimensional TVS fea-
tures were correlated with the laparo-
scopic stage”® of pelvic endometriosis.

MATERIALS AND METHODS
Eighty-two premenopausal patients who
were scheduled for laparoscopy in 2 uni-
versity units (Gynecology Department,
Ospedale Generale S. Giovanni Calibita
‘Fatebenefratelli’ Italy and Department
of Obstetrics and Gynecology, University
of Connecticut, New Britain, CT) from
March 2010 to January 2012 were in-
cluded in this prospective study.
Institutional review board approval
for this study was obtained before
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study initiation in both University hos-
pitals. Informed patient consent was not
required because in all cases patients
were submitted to TVS and because we
did not discuss the subsequent medical
or surgical treatment at the time of
the TVS.

Inclusion criteria consisted of pre-
menopausal women who had benign
pelvic disease that was diagnosed by ul-
trasound imaging and required laparos-
copy. Patients with clear signs of pelvic
endometriosis (ie, endometriomas or
deep nodules) were considered in this
study. We included patients with sus-
pected endometriosis, based on the
presence of chronic pelvic pain and
dysmenorrhea and without any TVS
evidences of pelvic disease, who were
scheduled to go to diagnostic laparos-
copy. Exclusion criteria consisted of
ongoing pregnancy, menopausal status,
reproductive tract cancer, gonadotropin-
releasing hormone analogue therapy,
or any other hormonal. Patients with
endometrial disease and polyps and
with fibroid tumors that affected the JZ
were excluded (ie, those patients with
submucous fibroid tumors and with
intramural fibroid tumors >3 cm).
Hormonal therapies and fibroid tumors
can affect measurement accuracy of JZ.

Of the 82 patients who were included
in this study, 59 women had endome-
triosis; 22 women had ovarian endo-
metriosis, and 28 women had posterior
deep infiltrating endometriosis, which
was associated to anterior bladder
endometriosis in 1 case. Indications for
laparoscopy were chronic pelvic pain
or a suspected endometriosis at ultra-
sound examination (68 patients) and
the presence of benign adnexal lesions
(14 patients: 4 subserous leiomyomas,
7 dermoid cysts, 2 hydrosalpinxes,
1 mucinous cystadenoma).

All included patients underwent
2-dimensional, 3-dimensional, and po-
wer Doppler TVS examination during
the secretory phase of the cycle within
2 months before surgery.

Ultrasound evaluation

Ultrasound imaging was performed an
E8 or E6 ultrasound machine (GE
Healthcare, Zipf, Austria).
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A transvaginal scan of the pelvic organs
was performed with a multifrequency
3-dimensional volume endovaginal probe
(2.8-10 MHz).

During 2-dimensional TVS examina-
tion, an accurate evaluation and mea-
surements of the pelvic organs were
performed. In particular, the uterus,
endometrium, and adnexa were evalu-
ated for any abnormalities that were
described accurately. The presence of
myometrial lesions (myomas and signs
of adenomyosis) was described and
measured.

Finally, in the case of pelvic endome-
triosis, the extent of disease (ovaries,
fallopian tubes, rectum, sigmoid, bladder,
uterosacral ligaments, rectovaginal sep-
tum, vagina) was assessed by TVS.

Then 3-dimensional TVS was per-
formed to acquire the volume of the
uterus to obtain the coronal view. Two to
4 static volumes of the uterus in gray
scale were obtained from the sagittal
plane and from the transverse plane.

The sonographic volume acquisition
technique was standardized according
to the following criteria: frequency
6-9 MHz, magnification of the uterus up
to one-half of the screen; sweep angle of
120 degrees; sweep velocity adjusted
from medium to maximum quality; and
3-dimensional box size exceeding the
uterus by 1 cm on each side.

The coronal view reconstruction
technique was standardized according to
the following criteria: straight or curved
line (omni-view or rendering mode)
along the endometrial stripe on the
sagittal and transverse view (Figure 1);
the multiplanar view was manipulated
until a satisfactory coronal view image
was obtained of the uterine external
profile and the cavity with the visuali-
zation bilaterally of the interstitial
portion of the fallopian tube; volume
contrast imaging (VCI) was applied on a
multiplanar view at 2- to 4-mm slice
thickness with volume rendering mixed
light surface and gradient light. After
acquisitions, ultrasound volumes were
stored on the hard drive of the machine
and subsequently retrieved for offline
analysis.

On the coronal view, the JZ appeared
as a hypoechoic zone around the

Three-dimensional ultrasound imaging of a normal uterus in the coronal
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Image shows the measurements of maximum (caliper 1) and minimum (caliper 3and 4) thickness of
junctional zone and the myometrial thickness (caliper 2).

Exacoustos. Endometriosis and uterine junctional zone. Am J Obstet Gynecol 2013.

endometrium; with VCI modality with
2- to 4-mm slices, it was possible to view
it clearly in all planes of the multiplanar
view (Figure 1). Disruption and infil-
tration of the hypoechoic JZ by means of
the hyperechoic endometrial tissues was
described, and JZ thickness was mea-
sured as the diameter from the basal
endometrium to the internal layer of the
outer myometrium (Figures 2 and 3).

On the multiplanar planes with VCI
modality we evaluated (1) the minimal
thickness of the JZ (JZmin); the maximal
JZ thickness (JZmax); the maximal
myometrium thickness at the side of
JZmax, and the presence of alterations
in the JZ.
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These sonographic features obtained
on 3-dimensional multiplanar view and
VCI modality were defined in the
following manner*®: JZmax and JZmin
diameter as the greatest and lowest
thickness measured of the JZ, on coronal
section or longitudinal section at any
level of the uterus (fundus, anterior,
posterior, and lateral walls); maximal
myometrium thickness as the diameter
from the basal endometrium to uterine
serosa that was measured at the same
level of JZmax thickness; alteration
of the JZ as distortion and infiltration
of the hypoechoic inner myometrium
by hyperechoic endometrial tissue or
ill-defined JZ*° (Figures 3 and 4).
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Three-dimensional ultrasound
imaging of a uterus in the
coronal plane

o

Image shows the measurements of maximum
(caliper 1) and minimum (caliper 2) thickness of
junctional zone. Note that the junctional zone
appears thicker at the lateral wall (maximal
diameter, >12mm).

Exacoustos. Endometriosis and uterine junctional zone. Am J
Obstet Gynecol 2013.

JZmax/total myometrial maximum
thickness and JZmax—]Zmin (JZ differ-
ence) were calculated. We considered
the difference between maximum and

Three-dimensional ultrasound
imaging in the coronal plane

Image shows an alteration of the junctional zone
that appears infiltrated laterally (arrow); more-
over, the uterine cavity is distorted with asym-
metric myometrial walls.

Exacoustos. Endometriosis and uterine junctional zone. Am J
Obstet Gynecol 2013.

minimum JZ thickness because it is less
influenced by age and menstrual cycle.**

JZ measurements were performed
only on 3-dimensional multiplanar view
and VCI modality, which allows a clear
visualization of the JZ.

All the scans were performed by
2 expert sonographers (C.E. and D.L.)
with >10 years practice. Two-dimensional
and 3-dimensional ultrasound evalua-
tions were performed during the same
examination period and by the same
operator. No intra- and inter-observer
variability was tested in this study.
Ultrasound digital and photographic
images were saved and stored on a USB
drive for subsequent retrieval.

Laparoscopy

All the patients underwent laparoscopy
in a manner appropriate for their clinical
condition.

Laparoscopy was performed with a
10-mm laparoscope a 0 degrees (Karl
Storz, Tuttlingen, Germany) that was
introduced through an umbilical inci-
sion- two 5-mm trocars were introduced
suprapubically as accessory instruments.
As a first step, the pelvis, abdomen,
and external surface of the ovary were
inspected for possible evidence of endo-
metriotic lesions. All suspected endo-
metriotic lesions were removed and sent
for histologic evaluation. Diagnosis of
endometriosis was based on visualization
and radical resection of all tissues with
endometriotic involvement followed by
histologic confirmation. In the presence
of pelvic endometriosis, the disease was
staged according to the American Society
of Reproductive Medicine classification
method.”® If necessary, adhesiolysis was
performed. When present, superficial
endometriosis was treated with bipolar
coagulation. Endometriotic cysts were
removed with a stripping technique.
Deep endometriosis was removed, if
necessary, according to patients’ symp-
toms. In infertile patients, chromo-
pertubation was performed. Hemostasis
was achieved by bipolar coagulation.

Statistical analysis

After laparoscopy and histologic evalu-
ation, the patients were divided into
groups as patients with and without
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endometriosis (Table 1). In patients with
pelvic endometriosis, JZ findings were
compared with the findings of those
patients without endometriosis.

Descriptive analysis was achieved with
proportions.

Statistical analysis was performed with
the use of the Student ¢ test for mean
and SD.

Proportions were compared with the
use of the Xz test or Fisher exact test, as
appropriate. A probability value of < .05
was considered statistically significant.

REsuLTS

The mean age (£ SD) of all the 82 pa-
tients who were included in this study
was 339 £ 4.6 years (range, 20—42
years); the mean parity was 0.54 + 1.3
(median, 0; range, 0—4), and the mean
gravidity was 0.83 £ 1.2 (median, 0;
range, 0—5). Of all 82 patients, 59 women
had pelvic endometriosis at laparoscopy
and histologic evaluation; test results for
23 women did not show endometriosis.

We did not observe statistically sig-
nificant differences in the mean age in
the 2 groups that were considered in
this study; mean parity and gravidity
were also not significantly different in
patients with and without endometriosis
(Table 1).

With analysis of the different features
of the JZ, the patients with endometriosis
showed a clear difference in the features
of JZ in contrast to the patients without
endometriosis (Table 2); only the mean
JZmin thickness was not different.

No significant difference in mean age
was observed among patients in differ-
ent endometriosis stages and in those
without endometriosis. We have to un-
derline that, in our group of patients, the
mean age was 33.9 *+ 4.6 years, which
means that it probably could be differ-
ent in another age study group (Table 3).
The features of JZ appeared similar
at different American Society of Repro-
ductive Medicine stages, whereas they
are statistically different when correlated
with patients without endometriosis.
In fact, there was an increased thickness
of the JZ in patients with mild-to-
minimum endometriosis (stage 1-2)
and also in an advanced stage (stage 4)
when compared with women without
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endometriosis (Table 3). JZmax thick-
ness seems to be the most significant
parameter to differentiate stage 1-2
(difficult to diagnose by ultrasound im-
aging) from patients without endome-
triosis. JZ infiltration and ratio between
JZmax and myometrial thickness seems
to be important features in case of
advanced disease.

COMMENT

The JZ, if altered, is correlated with
adenomyosis and seems to be involved
in the process that determines pelvic
endometriosis.'”'>*"**! The aim of
our study was to evaluate the JZ ultra-
sound features in patients with endo-
metriosis. We tried to detect a correlation
between endometriosis and adenomyosis
in the case of JZ modifications.

The present study showed, in patients
with endometriosis, a significantly
higher JZ thickening and higher per-
centage of alterations compared with
those without endometriosis. In a pre-
vious article, we showed that these
3-dimensional ultrasound JZ alterations
are associated with adenomyosis.”® These
study results demonstrated an associa-
tion of uterine adenomyosis and pelvic
endometriosis. Structural and functional
characteristics of the endometrium and
myometrial JZ in women with adeno-
myosis and endometriosis provide in-
creasing evidence that they frequently
are associated; both are characterized
by an aberrant function of the JZ and
may be an important factor of infertility.

Tocci et al’® have proposed that the
“endometrial-subendometrial myome-
trium unit (or JZ) disruption disease”
should be considered to be a new entity
that is distinguished from adenomyosis.
This condition is expressed mainly by
a pathologic thickening or abnormality
of the JZ. Other studies suggest that
smooth muscle proliferation and hy-
perplasia in the JZ may precede the
outgrowth of endometrial cells and
adenomyosis.”*>> The term JZ hyper-
plasia was coined to define partial or
diffuse thickening of the JZ; it does
not necessarily indicate the presence
of adenomyosis but that disruption of
JZ architecture may constitute the pri-
mary event in the development of

Study population characteristics of 82 patients with and without

endometriosis
Endometriosis

Variable Yes (59 patients) No (23 patients)
Age, y* 34.2 + 4.4° 33.3+53
Parity? 0.4 +09 08+1.2
Gravidity® 07 +£12° 1.0+13
American Society of Reproductive
Medicine staging method, n (%)°

Stage 1-2 13 (22.0)

Stage 3 15 (25.4)

Stage 4 31 (52.5)
Endometrioma, n (%)° 22 (37.3)
Deep infiltrating 28 (47.5)

endometriosis, n (%)°

2 Data are given as mean = SD; ® P = no significant difference; ° P < .05.

Exacoustos. Endometriosis and uterine junctional zone. Am ] Obstet Gynecol 2013.

adenomyosis and infertility by altering
uterus peristalsis.®>>~”

It seems that endometriosis, JZ
abnormalities, and adenomyosis could
represent phenotypes of a similar endo-
myometrial dysfunction syndrome rather

than different diseases. The histologic
diagnosis of endometriosis is based on a
simple biopsy specimen that is obtained
at the time of laparoscopy or laparotomy,
although the diagnosis of adenomyosis
traditionally has required a specimen after

Three-dimensional TVS features of the JZ in patients with and without

endometriosis
Endometriosis
Variable Yes (59 patients) No (23 patients)
Age, y* 342+ 44 333+53
Three-dimensional TVS of the JZ
Maximum thickness, mm? 6.5+ 1.9° 48+1.0
Minimum thickness, mm? 26+07 23405
Maximum — minimum mm? 39+18° 25+09
Maximum/myometrium 37.3 +10.5° 295456
thickness, %*?
Infiltration, n (%) 23 (38.9)° 4.4 (1)
Maximum >6 mm, n (%) 38 (64.4)° 26.1 (6)
Maximum — minimum >4 mm, n (%) 31 (38.2)° 17.4 (4)
Maximum/myometrium 11 (18.6)° 0

percentage >50%, n (%)

JZ, junctional zone; TVS, transvaginal sonography.
2 Data are given as mean + SD; b p < 05.

Exacoustos. Endometriosis and uterine junctional zone. Am J Obstet Gynecol 2013.
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Three-dimensional TVS features of the JZ in patients with endometriosis, according to stage

Endometriosis, according to American
Society of Reproductive Medicine stage

No endometriosis

Variable 1-2 (13 patients) 3 (15 patients) 4 (31 patients) (23 patients)

Age, y? 342 +42 325+52 343 +43 333+54

Three-dimensional TVS of the JZ
Maximum thickness, mm? 59+1.8 6.8 2.5 6.5+ 1.8 48 +1.0°
Minimum thickness, mm? 234+07 2.6 +0.8 2.6+ 0.6 23+05
Maximum — minimum, mm? 354+1.2 4.4+ 27 3.7+13 254+ 09°
Maximum/myometrium thickness, %? 33.94+95 37.8 +£10.2 383+ 115 295 + 5.6°
Infiltration, n (%) 3(23.1) 6 (40.0) 14 (45.2) 1(4.4)
Maximum >6 mm, n (%) 9(69.2) 10 (66.7) 19 (61.3) 6 (26.1)°
Maximum — minimum >4 mm, n (%) 8 (61.5) 8 (53.3) 15 (48.4) 4(17.4)°
Maximum/myometrium 1(7.7) 3(20.0 7 (22.5) 0

percentage >50%, n (%)

JZ, junctional zone; TVS, transvaginal sonography.

2 Data are given as mean = SD; ® P < .05, no endometriosis vs all American Society of Reproductive Medicine stages.?®

Exacoustos. Endometriosis and uterine junctional zone. Am ] Obstet Gynecol 2013.

an hysterectomy.'® From a clinical point
of view, endometriosis is diagnosed
possibly even in its early stage in younger
women, because of the diagnostic/oper-
ative laparoscopy carried out in infertile/
pain patients. Adenomyosis is a late his-
tologic diagnosis that is obtained in older
women who have submitted to hysterec-
tomy because their symptoms of heavy
menstrual bleeding and/or pain and can
be suspected in young patients by imaging
(TVS; MRI). Consequently, there is still
a need of an earlier diagnosis of adeno-
myosis and JZ abnormalities. Three-
dimensional TVS represents an accurate
diagnostic tool that can easily and
repeatedly be performed in young pa-
tients to evaluate JZ features.

When comparing different stages of
pelvic endometriosis, we observed that
there are no significant differences in
terms of JZ thickening between lower
and advanced stages. These results are in
contradiction with the paper of Larsen
et al,>! who studied patients with endo-
metriosis by means of MRI and showed
that JZ-difference (JZmax — JZmin) was
higher in women with American Fertility
Society stage IV, compared with stages
[-1II. However, also in the study by
Larsen et al, JZmax is not statistically

different in the 4 American Fertility
Society stages, which is similar to our
findings. Larsen et al also observed, in
presence of rectovaginal endometriosis,
that the JZ depth infiltration is not
correlated with extension and infiltration
of the disease. Nevertheless, he showed
also a clear correlation of JZ alterations
to endometriosis and adenomyosis.”'

Also, our results suggest that endo-
metriosis and JZ alterations could be
part (cause or effect) of the same disease.
It is difficult, however, to demonstrate
whether JZ thickening could be the first
injury and the cause of endometriosis, as
some studies suggest.6’17

JZ alteration in a minimal stage of
endometriosis, at which time ultrasound
imaging does not reveal particular fea-
tures of the disease, could be a sign to
diagnose minimal endometriosis, which
at present is difficult to diagnose by ul-
trasound imaging. We can conclude that
3-dimensional TVS may be useful in the
identification of those women who are
affected by minimal and mild endome-
triosis when there are no other sono-
graphic signs of the disease.

Finally although the link between
endometriosis, JZ hyperplasia, and ade-
nomyosis has been puzzling, the role

of the myometrial JZ appears to be
associated with several pathologically
and clinically recognizable features.
Therefore, the presence of endometri-
osis, JZ alterations, or adenomyosis
should alert the physician to the possible
presence of disease. Although the reason
that they occur together has not yet been
discovered, they could create a set of
reproductive and obstetric disorders.'
As a consequence, these features can
justify the introduction of an accurate
3-dimensional evaluation of the JZ in
patients with pelvic endometriosis, in-
fertility, or chronic pelvic pain.

REFERENCES

1. Brosens JJ, de Souza NM, Barker FG. Uter-
ine junctional zone: function and disease. Lancet
1995;346:558-60.

2. Naftalin J, Jurkovic D. The endometrial-
myometrial junction: a fresh look at a busy
crossing. Ultrasound Obstet Gynecol 2009;34:
1-11.

3. De Vries K, Lyons EA, Ballard G. Contractions
of the inner third of the myometrium. Am J
Obstet Gynecol 1990;162:679-82.

4, Fanchin R, Righini C, Olivennes F, Taylor S,
de Ziegler D, Frydman R. Uterine contractions
at the time of embryo transfer alter pregnancy
rates after in-vitro fertilization. Hum Reprod
1998;13:1968-74.

SEPTEMBER 2013 American Journal of Obstetrics & Gynecology 248.66


http://refhub.elsevier.com/S0002-9378(13)00614-5/sref1
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref1
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref1
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref2
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref2
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref2
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref2
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref3
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref3
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref3
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref4
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref4
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref4
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref4
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref4
http://www.AJOG.org

RESEARCH Imaging

www.AJOG.org

5. Lesny P, Killick SR. The junctional zone of the
uterus and its contractions. BJOG 2004;111:
1182-9.

6. Leyendecker G, Kunz G, Herbertz M, et al.
Uterine peristaltic activity and development of
endometriosis. Ann NY Acad Sci 2004;1034:
338-55.

7. Kunz G, Beil D, Huppert P, Leyendecker G.
Structural abnormalities of uterine wall in
women with endometriosis and infertility visu-
alized by vaginal sonography and magnetic
resonance imaging. Hum Reprod 2000;15:
76-82.

8. Kunz G, Herbertz M, Beil D, Huppert P,
Leyendecker G. Adenomyosis as a disorder of
the early and late human reproductive period.
Reprod BioMed Online 2007;15:681-5.

9. Vercellini P, Vigano P, Somigliana E,
Daguati R, Abbiati A, Fedele L. Adenomyosis:
epidemiological factors. Best Pract Res Clin
Obstet Gynaecol 2006;20:465-77.

10. Brosens |, Kunz G, Benagiano G. Is ade-
nomyosis the neglected phenotype of an
endomyometrial dysfunction syndrome? Gyne-
col Surg 2012;9:131-7.

11. Sunkara SK, Khan KS. Adenomyosis and
female fertility: a critical review of the evidence.
J Obstet Gynaecol 2012;32:113-6.

12. Hauth EA, Jaeger HJ, Libera H, Lange S,
Forsting M. MR imaging of the uterus and cervix
in healthy women: determination of normal
values. Eur Radiol 2007;17:734-42.

13. Lesny P, Kilick SR, Tetlow RL,
Robinson J, Maguiness SG. Uterine junctional
zone contractions during assisted reproduc-
tion cycles. Hum Reprod Update 1998;4:
440-5.

14. Kunz G, Beil D. Characterization of the
uterine junctional zone prior to IVF/ICSI: an
observational study. Arch Gynecol Obstet
2010;281:945-53.

15. Maubon A, Faury A, Kapella M, Pouquet M,
Piver P. Uterine junctional zone at magnetic
resonance imaging: a predictor of in vitro fertil-
ization implantation failure. J Obstet Gynaecol
Res 2010;36:611-8.

16. Bulletti C, De Ziegler D, Polli V, Del Ferro E,
Palini S, Flamigni C. Characteristics of uterine
contractility during menses in women with mild
to moderate endometriosis. Fertil Steril 2002;77:
1156-61.

17. Leyendecker G, Wildt L, Mall G. The path-
ophysiology of endometriosis and adenomyosis:
tissue injury and repair. Arch Gynecol Obstet
2009;280:529-38.

18. Devlieger R, D’Hooghe T, Timmerman D.
Uterine adenomyosis in the infertility clinic. Hum
Reprod Update 2003;9:139-47.

19. Kunz G, Beil D, Huppert P, Noe M, Kissler S,
Leyendecker G. Adenomyosis in endometri-
osis- prevalence and impact on fertility: evi-
dence from magnetic resonance imaging. Hum
Reprod 2005;20:2309-16.

20. Landi S, Mereu L, Pontrelli G, et al. The in-
fluence of adenomyosis in patients laparoscopi-
cally treated for deep endometriosis. J Minim
Invasive Gynecol 2008;15:566-70.

21. Larsen SB, Lundorf E, Forman A,
Dueholm M. Adenomyosis and junctional zone
changes in patients with endometriosis. Eur J
Obstet Gynecol Reprod Biol 2011;157:206-11.
22. Reinhold C, McCarthy S, Bret PM, et al.
Diffuse adenomyosis: comparison of endovagi-
nal US and MR imaging with histopathologic
correlation. Radiology 1996;199:151-8.

23. Dueholm M, Lundorf E, Hansen ES,
Ledertoug S, Sorensen JS, Olesen F. Magnetic
resonance imaging and transvaginal ultraso-
nography for diagnosis of adenomyosis. Fertil
Steril 2001;76:588-94.

24, Dueholm M, Lundorf E. Transvaginal ul-
trasound or MRI for diagnosis of adeno-
myosis. Curr Op Obstet Gynecol 2007;19:
505-12.

25. Abdallah Y, Naji O, Pexsters A, et al. Ultra-
sound assessment of peri-implantation uterus.
Ultrasound Obstet Gynecol 2011;39:612-9.
26. Exacoustos C, Brienza L, Di Giovanni A,
et al. Adenomyosis: three-dimensional sono-
graphic findings of the junctional zone and cor-
relation with histology. Ultrasound Obstet
Gynecol 2011;37:471-9.

248.e7 American Journal of Obstetrics & Gynecology SEPTEMBER 2013

27. Naftalind Hoo W, Nunes N, Mavrelos D,
Nicks H, Jurkovic D. Inter- and intraobserver
variability in three-dimensional ultrasound as-
sessment of the endometrial-myometrial junc-
tion and factors affecting its visualization.
Ultrasound Obstet Gynecol 2012;39:587-91.
28. American Society for Reproductive Medi-
cine. Revised American Society for Reproduc-
tive Medicine classification of endometriosis:
1996. Fertil Steril 1997;67:817-21.

29. Benagiano G, Brosens |. History of adeno-
myosis. Best Pract Res Clin Obstet Gynaecol
2006;20:449-63.

30. Kissler S, Zangos S, Kohl J, et al. Duration
of dysmenorrhoea and extent of adenomyosis
visualised by magnetic resonance imaging.
Eur J Obstet Gynecol Reprod Biol 2008;137:
204-9.

31. Mehasseb MK, Bell SC, Pringle JH,
Habiba MA. Uterine adenomyosis is associated
with ultrastructural features of altered contrac-
tility in the inner myometrium. Fertil Steril
2010;93:2130-6.

32. Tocci A, Greco E, Ubaldi FM. Adenomyosis
and ‘endometrial-subendometrial myometrium
unit disruption disease’ are two different entities.
Reprod BioMed Online 2008;2:281-91.

33. Ferenczy A. Pathophysiology of adeno-
myosis. Hum Reprod Update 1998;4:312-22.
34. Noe M, Kunz G, Herbertz M, Mall G,
Leyendecker G. The cyclic pattern of the
immunocytochemical expression of oestrogen
and progesterone receptors in human myo-
metrial and endometrial layers: characterization
of the endometrial-subendometrial unit. Hum
Reprod 1999;14:190-7.

35. Leyendecker G, Kunz G, Kissler S, Wildt L.
Adenomyosis and reproduction. Best Pract Res
Clin Obstet Gynaecol 2006;20:523-46.

36. Gordts S, Brosens JJ, Fusi L, Benagiano G,
Brosens |. Uterine adenomyosis: a need for
uniform terminology and consensus classifica-
tion. Reprod Biomed Online 2008;17:244-8.
37. Campo S, Campo V, Benagiano G. Ade-
nomyosis and infertility. Reprod Biomed Online
2012;24:35-46.


http://refhub.elsevier.com/S0002-9378(13)00614-5/sref5
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref5
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref5
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref6
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref6
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref6
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref6
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref7
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref7
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref7
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref7
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref7
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref7
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref8
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref8
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref8
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref8
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref9
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref9
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref9
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref9
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref10
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref10
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref10
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref10
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref11
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref11
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref11
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref12
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref12
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref12
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref12
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref13
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref13
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref13
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref13
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref13
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref14
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref14
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref14
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref14
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref15
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref15
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref15
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref15
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref15
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref16
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref16
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref16
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref16
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref16
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref17
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref17
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref17
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref17
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref18
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref18
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref18
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref19
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref19
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref19
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref19
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref19
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref20
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref20
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref20
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref20
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref21
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref21
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref21
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref21
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref22
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref22
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref22
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref22
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref23
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref23
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref23
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref23
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref23
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref24
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref24
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref24
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref24
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref25
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref25
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref25
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref26
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref26
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref26
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref26
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref26
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref27
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref27
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref27
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref27
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref27
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref27
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref28
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref28
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref28
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref28
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref29
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref29
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref29
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref30
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref30
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref30
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref30
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref30
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref31
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref31
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref31
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref31
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref31
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref32
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref32
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref32
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref32
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref33
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref33
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref34
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref34
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref34
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref34
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref34
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref34
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref34
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref35
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref35
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref35
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref36
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref36
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref36
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref36
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref37
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref37
http://refhub.elsevier.com/S0002-9378(13)00614-5/sref37
http://www.AJOG.org

	The uterine junctional zone: a 3-dimensional ultrasound study of patients with endometriosis
	Materials and Methods
	Ultrasound evaluation
	Laparoscopy
	Statistical analysis

	Results
	Comment
	References


