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The pathophysiology of uterine
adenomyosis: an update

Giuseppe Benagiano, Ph.D., M.D.,a Marwan Habiba, Ph.D., F.R.C.O.G.,b and Ivo Brosens, Ph.D., M.D.c

a Department of Gynecology, Obstetrics and Urology, Sapienza, University of Rome, Rome, Italy; b Reproductive Sciences
Section, University of Leicester, and University Hospitals of Leicester, Leicester, United Kingdom; and c Leuven Institute
for Fertility and Embryology, Leuven, Belgium
The diagnosis of adenomyosis using noninvasive techniques such as vaginal ultrasounds and magnetic resonance has clear clinical
applications and has renewed the interest in the pathogenesis of uterine adenomyosis. However, the research remains hampered by
the lack of consensus on the classification of lesions. Magnetic resonance imaging and transvaginal ultrasound have comparable
diagnostic accuracy. Minimal interventional biopsy techniques have recently been introduced. This article reviews human and animal
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studies and provides an update on the pathophysiology of adenomyosis. Recent views on the
pathogenesis and links with endometriosis are discussed. (Fertil Steril� 2012;98:572–9.
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denomyosis is traditionally de- Although the first attempt at a non- at postmortem examination (8), it is
A scribed as ‘‘the benign invasion
of endometrium into the myo-

metrium, producing a diffusely en-
larged uterus which microscopically
exhibits ectopic non-neoplastic, endo-
metrial glands and stroma surrounded
by the hypertrophic and hyperplastic
myometrium’’ (1). During the second
half of the nineteenth and the first
part of the twentieth century the term
‘‘adenomyoma’’ was used to represent
such lesions (2). The origin of these mu-
cosal invasions was debated for de-
cades before their endometrial nature
became accepted (3). In 1925, Frankl
used the term ‘‘adenomyosis’’ as it
does not imply an inflammatory pro-
cess to the situation where ‘‘the direct
connection of the endometrium with
the islands of mucosa located in the
musculature can be established in serial
sections’’ (4). At this point, adenomyo-
sis came to be identified as an entity
separate from endometriosis.
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invasive diagnosis of adenomyosis
dates back to 1979 and used gray-scale
ultrasound (5), the real advance came
in the mid-1980s with the advent of
magnetic resonance imaging (MRI) (6)
and transvaginal ultrasound (TVU) (7).
PROGRESS IN DIAGNOSIS
The diagnosis of adenomyosis today
utilizes imaging techniques based on
differences in appearance of smooth
muscle, particularly the inner myome-
trium (IM; the ‘‘myosis’’ component),
whereas histological diagnosis relied
on the identification of endometrial
glands within the myometrium (the
‘‘adeno’’ component). Variation in the
relative contribution of each compo-
nent may account for the observed dis-
crepancies between histological and
imaging diagnoses. Although adeno-
myosis has been occasionally docu-
mented in young and prepubertal girls
ed June 22, 2012; published online July 21, 2012.
close. I.B. has nothing to disclose.
stitute for Fertility and Embryology, Tiensevest
s@med.kuleuven.ac.be).

2 0015-0282/$36.00
Medicine, Published by Elsevier Inc.
with the advances in imaging tech-
niques that it became clear that adeno-
myosis is not confined to older women
but can be diagnosed in young symp-
tomatic patients (9–13).

MRI enables the identification of
a region in the IM with distinct signal
density on T2-weighted images com-
pared with the endometrium and the
outer myometrium (OM) (14). This re-
gion has been variably coined uterine
junctional zone (JZ), archimyometrium,
IM, endometrial-myometrial inter-
phase, transitional zone, or subendo-
metrial myometrium. It is noteworthy
that a definable JZ is absent in 20% of
premenopausal normal women (9).
Longitudinal studies have shown that
the JZ increases in thickness from the
early proliferative to the late secretory
phase (15).

The uterine JZ appears as a distinct
low-intensity myometrial band on MRI
(16) and is often seen as a subendome-
trial halo on high-resolution ultra-
sound (17). The reason for the distinct
appearance remains uncertain, but it
may be related to the reported different
water content (18) or to differences in
blood flow. The latter explanation
VOL. 98 NO. 3 / SEPTEMBER 2012
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seems unlikely as ‘‘zonation’’ is noted also in hysterectomy
specimens (19). The percentage of nuclear area is higher at
the JZ, reflecting an increase in both nuclear size and number
compared with the OM (18). The JZ of normal and adenomy-
otic uteri has higher cell density and total nuclear area com-
pared with the OM (1.6- to 1.8-fold), but in contrast to the
distinct zonation seen on MRI, the change in cell density
and nuclear area is gradual (18). The decrease in the extracel-
lular matrix component elastin from the OM to the IM is also
gradual (20).

The extent of adenomyosis varies from simple JZ thick-
ening to more diffuse or nodular lesions involving the entire
uterine wall. It can also take the form of a focal adenomyoma
(21). The diagnostic criteria and cutoff point for the diagnosis
of adenomyosis remain controversial. A normal JZ is be-
tween 5 and 12 mm thick on T2-weighed MRI, and features
highly predictive of histological adenomyosis include JZ
measuring >12 mm and hemorrhagic high-signal myome-
trial spots (22) (Fig. 1A–1C).

Given the high cost of MRI, it was two-dimensional (2D)
TVU, introduced in the 1980s, that enabled affordable nonop-
erative diagnosis of adenomyosis. TVU is highly observer
dependent, but experienced investigators have reported satis-
factory accuracy in clinically suspected cases but not in unse-
lected premenopausal women with myomas (23).

On TVU, adenomyosis appears as heterogeneous and
hypoechogenic, poorly defined areas in the myometrium
(23–26). A meta-analysis of reports published between 1966
and 2007 (27) included papers starting in 1992 and concluded
that TVU has a predictive likelihood ratio of 4.67 (95% confi-
dence interval [CI], 3.13–6.17). The overall prevalence of
adenomyosis was 27.9% (95% CI, 25.5–30.3), and the proba-
bility with an abnormal TVU was 66.2% (95% CI, 61.6–70.6).
FIGURE 1

A 42-year-old woman with increasing dysmenorrhea and unclear sonogr
specimen–diagnosed adenomyosis. Preoperative MRI of the pelvis. (A)
demonstrates thickening of the JZ (black area) posterior to the hyperin
predominates in the posterior myometrium, suggesting asymmetric ade
cavity demonstrates multiple white dots corresponding to subendometria
Sagittal T1-weighted image, through the same level as in image A, with f
the subendometrial cysts contain blood owing to hyperintensity. Courtesy
Geneva, Switzerland.
Benagiano. The pathophysiology of uterine adenomyosis. Fertil Steril 2012.
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The probability of adenomyosis with a normal TVU was 9.1%
(95% CI, 7.3–11.1). The most specific 2D TVU feature (speci-
ficity, 98%; accuracy, 78%) is the presence of myometrial
cysts, and the most sensitive is the finding of a heterogeneous
myometrium (sensitivity, 88%; accuracy, 75%).

More recently, evaluations were made of the use of
three-dimensional (3D) ultrasound, which enables assess-
ment of the lateral and fundal aspects of the JZ and provides
clearer visualization of endometrial protrusion into the my-
ometrium (28). Using 3D TVU, the best markers are related
to the JZ myometrium. A difference (JZdi) of R4 mm be-
tween the area of maximum thickness (JZmax) and the
area of minimum thickness (JZmin) and its distortion and
infiltration had high sensitivity (88%) and best accuracy
(85% and 82%, respectively). Overall, for 2D TVU and 3D
TVU, respectively, the accuracy was 83% and 89%; sensitiv-
ity was 75% and 91%; specificity was 90% and 88%; positive
predictive value was 86% and 85%; and negative predictive
value was 82% and 92% (29). It seems, therefore, that
a diagnosis of adenomyosis can be made when one or
more of the following sonographic findings are present: [1]
a globular uterine configuration; [2] poor definition of the
endometrial-myometrial interface; [3] subendometrial echo-
genic linear striations; [4] myometrial anterior-posterior
asymmetry; [5] intramyometrial cysts; [6] a heterogeneous
myometrial echo texture (30). Additional preliminary data
seem to indicate that 3D TVU may be more accurate during
the luteal phase (31).

There are several studies that suggest comparable diag-
nostic accuracy between MRI and TVU. A systematic review
and a meta-analysis of data obtained with TVU and/or MRI
with histological confirmation of adenomyosis (Table 1) con-
cluded that both techniques showed high levels of accuracy.
aphic findings at endovaginal ultrasound. Pathology of hysterectomy
Sagittal T2-weighted image through the midportion of the uterus
tense normal appearing endometrium. JZ thickening (white arrow)
nomyosis. (B) Coronal T2-weighted image through the endometrial
l cysts that can be seen in the upper and right myometrial wall. (C)
at suppression where blood appears white, demonstrates that two of
of Dr. Karen Kinkel, Institut de Radiologie, Clinique des Grangettes,
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TABLE 1

TVU and MRI for the diagnosis of adenomyosis (32).

TVU MRI

Sensitivity 72 (95% CI, 65%–79%) 77 (95% CI, 67%–85%)
Specificity 81 (95% CI, 77%–85%) 89 (95% CI, 84%–92%)
Positive likelihood ratio 3.7 (95% CI, 2.1–6.4) 6.5 (95% CI, 4.5–9.3)
Negative likelihood ratio 0.3 (95% CI, 0.1–0.5) 0.2 (95% CI, 0.1–0.4)
Benagiano. The pathophysiology of uterine adenomyosis. Fertil Steril 2012.

VIEWS AND REVIEWS
The advantage of MRI is that images produced are standard
and unaffected by the presence of fibroids (32).

New minimal interventional diagnostic techniques have
been introduced. In 1997 a true-cut transhysteroscopic device
was developed to obtain basal endometrium and JZ biopsies
(33), and in 2003 a TVU-guided biopsy of the uterus was in-
troduced (34); a study involving 100 patients with symptoms
suggestive of adenomyosis reported 98% sensitivity, 100%
specificity, and 100% positive and 80% negative predictive
value for laparoscopy-guided myometrial biopsies (35).

Understanding adenomyosis is greatly hampered by
a lack of agreed-upon terminology or consensus on the clas-
sification of the lesions (21). The observation that irregularity
at the endometrial-myometrial interface is common and that
some basal glands can be seen within the superficial myome-
trium raises the question of the appropriate cutoff point for
defining adenomyosis. This is not an easy issue to address
without reference to symptoms or other functional parame-
ters, and the clinical correlates of adenomyosis remain a mat-
ter for debate (36). Indeed, the difficulty in identifying unique
clinical features linked to adenomyosis led to the proposal
that adenomyosis be considered as a physiologic variant
(37); unfortunately, this small study did not involve a control
group of asymptomatic women or unified diagnostic criteria.
In addition, failure to demonstrate statistical differences does
not prove that differences do not exist. Thus, although 2.5mm
for glandular extension below the endometrial-myometrial
interface may be the favored by some investigators (38), other
proposed cutoff points range from one high-power field be-
low the interface to 25% of myometrial thickness. Adoption
of any particular cutoff point may in itself introduce bias as
it precludes comparative assessments. Rarely, adenomyosis
forms a localized growth that resembles a myoma except
for the absence of a pseudocapsule and the presence of endo-
metrial glands on histology (39).

Recently, an Italian group argued that not all JZ abnor-
malities identified by imaging should be equated to histolog-
ical adenomyosis (40). They therefore proposed that the
existence of a ‘‘subendometrial myometrium unit’’ be recog-
nized as a new nosological entity distinct from adenomyosis
and that disruption of that unit is linked to infertility and
pregnancy complications.
VIEWS ON PATHOGENESIS
Traditionally, adenomyosis was described in terms of abnor-
mal in-growth and invagination of the basal endometrium
into the myometrium (1). A first theory of the pathogenesis
574
proposed that during periods of regeneration, healing, and
reepithelization, the endometrium invades a predisposed my-
ometrium or a traumatized endometrial-myometrial inter-
face. In support of this is the observation of an increased
incidence after repeated sharp curettage during pregnancy
that may greatly increase the risk of adenomyosis by disrupt-
ing the endometrial-myometrial border and facilitating
implantation, embedding, and survival of endometrium
(41). Interestingly, sharp curettage in the nonpregnant uterus
did not increase the risk. In the absence of data before preg-
nancy, it is not excluded that changes occurring in the JZ dur-
ing pregnancy, such as angiogenesis and trophoblastic
invasion, may aggravate existing adenomyosis. Clearly, pro-
spective data are needed to distinguish cause and effect.

Building on this hypothesis, a staged process was sug-
gested (42), starting with disruption of the normal boundary
between the endometrium and the myometrium and invasion
of endometrial glands into themyometrium as a consequence;
the resulting ectopic intramyometrial glands then cause my-
ometrial hypertrophy and hyperplasia. Against this hypothe-
sis are experiments on neonatal mice demonstrating that
disruption of the myometrium is not necessarily followed
by the appearance of adenomyosis (43). In addition, a recent
study found no statistically significant association between
adenomyosis and previous cesarean section, endometrial cu-
rettage, or evacuation of the uterus. The presence of endome-
trial hyperplasia at the time of hysterectomy was the only
variable significantly associated with adenomyosis (44).

There is some evidence for familial predisposition (45);
a number of hormonal, genetic, immunological, and growth
factorsmay play a role. Findings such as the association of ad-
enomyosis with tamoxifen treatment (46) suggest a role for
hormonal imbalances; however, if hyperestrogenism is in-
volved, it is probably through increased local estrogen (47).
Hyperestrogenism may also account for the hypertrophy/
hyperplasia in the surrounding myometrium and overlying
endometrium. Experimental data in rodent models have
shown that in utero or neonatal exposure to tamoxifen or
diethylstilbestrol can induce adenomyosis and marked myo-
metrial disruption (48, 49), raising the possibility of in utero
developmental events leading to adenomyosis. Studies in
animal models also support a role for hyperprolactinemia
(either induced by pituitary transplantation or drug therapy)
(50), although there is no evidence for a similar mechanism
in humans.

It is unclear why adenomyosis arises in some women and
not in others, and, as a corollary, there are questions concern-
ing factors that control the development and alignment at the
VOL. 98 NO. 3 / SEPTEMBER 2012
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endometrial-myometrial interface. This is particularly rele-
vant because the endometrium lacks submucosa and basal
membrane.

THE ENDOMETRIUM
The observed histological continuity between the basal endo-
metrium and underlying adenomyosis lends itself to the hy-
pothesis of an origin from invaginating endometrium
basalis. The hypothesis is supported on two counts: first, the
relationship of the disease to factors that favor increased in-
vasiveness, be these external or mechanical forces or innate
properties of the endometrium; second, the similarities be-
tween the endometrium basalis and adenomyotic nodules.

There is evidence of increased invasiveness of endome-
trial cells in endometriosis (51). It was reported that endome-
trial cells from endometriosis nodules, but not normal
endometrium, had an invasive potential in a collagen inva-
sion assay comparable to that of a metastatic bladder carci-
noma cell line (EJ28), exceeding that of a nonmetastatic
bladder cell line (RT112) (52). Invasive cells were identified
as E-cadherin negative epithelial cells (53). Invasion could
be facilitated by the loss of cohesion of myometrial bundles
influenced by enzymes such as matrix metalloproteinases
(MMPs) (38, 54). Endometrial stromal fibroblasts produce
tenascin, which facilitates epithelial migration and mediates
epithelial-mesenchymal interactions by inhibiting cell at-
tachment to fibronectin, an action stimulated by hormonally
regulated epidermal growth factors (55). But whether this
interaction plays a role in the development of uterine adeno-
myosis is unclear.

Also, adenomyosis seems to be associated with the pres-
ence of a more invasive endometrium (56). Stromal cells from
adenomyosis exhibit greater invasiveness compared with
normal stromal cells when grown on a plain collagen matrix
or in double culture with myocytes from normal or
adenomyosis-affected uteri (56). At the same time, myocytes
from adenomyosis enhance invasion of stromal cells when
compared with normal myocytes. This suggests that both
the stromal and the myometrial components may have
a role in the etiology of adenomyosis (57).

THE MYOMETRIUM
There are ultrastructural differences between smooth muscle
cells from adenomyosis and normal myometrium. In adeno-
myosis, myocytes exhibit cellular hypertrophy and show dif-
ferences in cytoplasmic organelles, nuclear structures, and
intercellular junctions.

The rough endoplasmic reticulum and Golgi apparatus in
adenomyosis are more prominent, denoting active protein
synthesis, consistent with the observed cellular hypertrophy.
The identification of differences between myocytes in the
OM remote from adenomyosis lesions suggests that these are
not a reaction to the presence of ectopic endometrium (18,
58). Furthermore, the recent observation that myocytes from
adenomyosis enhance stromal cell invasion and the presence
of similar peak cluster patterns for secreted proteins when
adenomyosis stromal and muscle cells grown in culture are
compared with normal stromal and muscle cells, respectively
VOL. 98 NO. 3 / SEPTEMBER 2012
(57), suggests that both stromal and muscle cells have a role
and reflect a panuterine abnormality (57). Gene expression
profile demonstrated differences between mRNA expression
in the IM and the OM in women with adenomyosis and the
corresponding layers in unaffected uteri. WNT5A mRNA was
consistently down-regulated in adenomyosis, both in the se-
cretory and the proliferative phases (59). WNT5A is a con-
served homolog of Wingless, a key regulator of Drosophila
melanogaster embryonic segmentation and patterning. The
WNT gene family are critical regulators of cell polarity, motil-
ity, differentiation, apoptosis, and carcinogenesis. Studies in
rodents are indicative of a role for neurotrophins such as nerve
growth factor (NGF), which was significantly up-regulated in
endometrial luminal epithelium in the CD-1 mouse model of
adenomyosis (60). Thus, neurotrophins may affect myogenic
differentiation through paracrine mechanisms. The pattern
of neurotrophin (NGF, BDNF) and neurotrophin receptor
(trkB, trkC and p75NTR) expression in the human myometrium
also points to a possible role (61).

Videosonography (62) and experimental data (63) indicate
altered myometrial contractility in endometriosis; in addition
uterine hyperperistalsis and dysperistalsis (contractions that
have one or more ectopic origins and/or abnormal or incom-
plete propagation) may be linked to the pathogenesis of endo-
metriosis (62), and although there are no direct studies on
contractility in adenomyosis, estrogen-mediated paracrine
mechanismswere hypothesized to perpetuate a cycle of uterine
autotraumatization leading to the genesis of adenomyosis (64).
HORMONAL ABNORMALITIES
It is not surprising that adenomyosis is influenced by steroids.
There is considerable literature on the distribution of estrogen
(ER) and progesterone (PR) receptors and their isoforms in the
endometrium. Some of these studies have reported receptor
distribution in the inner but not the OM (65–67).

Cyclical changes in the JZ as seen byMRI, togetherwith the
peristaltic waves seen by videosonography, directly demon-
strate that this layer is influenced by steroids (68–70). Steroid
hormones have also been implicated in the pathogenesis
of uterine adenomyosis, and local rather than systemic
hyperestrogenism may be implicated (71). This may be
through the action of aromatase on androgen precursors (72)
or estrone sulphatase acting to convert estrone-3-sulphate to
estrone (73); mRNA for aromatase cytochrome P450 was local-
ized in adenomyotic tissue homogenate, and the P450 aroma-
tase protein was localized in adenomyosis glands (74). These
findings may account for the higher E2 level detected in men-
strual but not in peripheral blood in women with adenomyosis
(75). There is also evidence of altered17b-hydroxysteroid dehy-
drogenase type-2 in the endometrium in women with adeno-
myosis resulting in increased conversion of E2 to estrone
during the secretory phase of the cycle (76). ER-a expression
is reduced in a CD-1 neonatal mouse model for adenomyosis,
but a similar reduction is noted after tamoxifen administration
to C57/BL6J mice that did not develop adenomyosis.

In the adenomyotic functionalis glands and stroma, there
is a statistically significant (P< .001) decrease in ER-a expres-
sion during the midsecretory phase of the menstrual cycle, but
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the expression of ER-a in the IM and OM is not statistically
significantly different (77). The ER-b expression is statisti-
cally significantly elevated in the adenomyotic functionalis
gland during the proliferative phase and throughout the
myometrium across the entire menstrual cycle. Expression
of PR-A is similar to that of PR-B, with reduced expression
in the basalis stroma and the IM and OM in adenomyosis
(77). The pattern of ER-b, PR-A, and PR-B expression is sim-
ilar in the endometrium basalis and adenomyotic foci. Higher
ER-b expression and the lack of PR expression may be related
to the development and/or progression of adenomyosis and
might explain the poor response of adenomyosis to progesta-
tional agents (77).

Studies using the neonatal mouse model (49) and the
PRL-induced adenomyosis mouse model (78) suggested
that disruption and/or ‘‘permissiveness’’ of the IM could
play a role in the development of adenomyosis (46). How-
ever, abnormalities of the IM cannot on their own explain
the development of adenomyosis (79). Stromal and myome-
trial cells from adenomyosis have a distinct proteomic pro-
file compared with controls. Furthermore, some of the
distinct features of adenomyosis-derived cells are shared be-
tween stromal and myometrial cells. This suggests that ad-
enomyosis may be characterized by a soluble secreted
protein profile, at least in coculture, supporting the hypoth-
esis that adenomyosis is a manifestation of an affection of
both myometrium and stroma. This is perhaps not surprising
given the common paramesonephric duct origin of the
stroma and the IM.

Myometrial smooth muscle cells originate from undiffer-
entiated mesenchymal cells (79–82). The presence in the
basal endometrium of cells with some of the features seen in
smooth muscles has been shown (80). These cells resembled
myofibroblasts in the proliferative phase and immature
smooth muscle cells in the secretory phase and early
pregnancy. This suggests some plasticity at the endometrial-
myometrial interphase. In the epithelium in adenomyosis there
is also down-regulation of E-cadherin and up-regulation of vi-
mentin, suggesting that epithelial-mesenchymal transition
may play a role in pathogenesis (83).

POSSIBLE LYMPHATIC INVASION
The occasional finding of endometrial tissue in the intra-
myometrial lymphatics (84) suggests a possible route for in-
vagination of the basal endometrium, since isolated nodules
of endometrial stromal cells without endometrial glands
(type 1 nodules) along blood or lymphatic vessels were de-
scribed (85), suggesting that the new stroma may serve as
‘‘new soil’’ for proliferative endometrial glands. However,
this expansion and growth may represent a type of stroma-
tosis or endometrial stromal sarcoma (endo1 lymphatic stro-
mal myosis), which are characterized by stroma without
accompanying glands (86).

NEOANGIOGENESIS
A marked increase in vascularization of the endometrium in
adenomyosis was reported with the total surface area of capil-
laries up to 11.6 times that of the controls in the proliferative
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phase (87). This has not been confirmed in a subsequent study,
although microvessel density in adenomyotic tissue was
increased compared with the endometrium of the same pa-
tient (88). A recent molecular study found an elevation of
MMP-2 and -9 expressions in eutopic and ectopic endometria
with a good correlation with increased microvessel density
(89). On the other hand, an analysis of MMP-2, -9, TIMP-1,
and -2 in endometrial stromal cells (ESCs) of adenomyosis in-
dicates that the formation of adenomyosis does not result
from altered invasiveness of ESCs (90), therefore other
enzymes should be considered. The role of the MMPs and
TIMPs in the development of adenomyosis was further inves-
tigated through genetic studies; there was an association
between adenomyosis and MMP-2 -1306C/T polymorphism
in North Chinese women (91). The same investigators also
suggested that the presence of the �2578A or �1154A allele
of the vascular endothelial growth factor (VEGF) gene might
be protective (92), and that polymorphisms of two angiogenic
factors, fibroblast growth factor (FGF) -1 and -2, might play
a role in the initiation of angiogenesis in endometriosis or
adenomyosis (93).
LINKS BETWEEN ADENOMYOSIS AND
ENDOMETRIOSIS
An important contribution of MRI is the ability to correlate JZ
thickness with the degree of infiltration and stage of endome-
triosis (94). One study reported that 27% of women with
endometriosis had concomitant adenomyosis (95). The per-
centage with adenomyosis in a group of infertile women
with endometriosis was 70% (96). More recently 34.6% of
153 women with suspected deeply infiltrating endometriosis
compared with 19.4% from a reference group of women
who underwent hysterectomy for benign (n ¼ 100) or malig-
nant (n ¼ 29) conditions were reported to have adenomyosis
(P< .05). In addition, 39.9% of the women with endometriosis
had an irregular JZ, compared with 22.5% in the reference
group (P< .01) (22). Nevertheless, the investigators could
not conclude that their study supported a common pathogen-
esis of adenomyosis and endometriosis because the invasive
potential of endometrial cells in the uterus and peritoneum
corresponded only to a limited extent. A 42.76% prevalence
of adenomyosis in patients with endometriosis has been re-
cently identified in patients reporting severe or incapacitating
dysmenorrhea and deep dyspareunia and in patients with en-
dometriosis of the rectosigmoid (97).

A common pathogenesis for adenomyosis and endometri-
osis has been hypothesized (98–100), and it was argued that
endometrial stroma being in direct contact with the
underlying myometrium allows communication and inter-
action, thus facilitating endometrial invagination or invasion
of a structurally weakened myometrium during periods of
regeneration, healing, and reepithelization (101). Mechanical
damage (41, 102) to and/or physical disruption of the
endometrial-myometrial interface may be due to dys-
functional uterine hyperperistalsis and/or dysfunctional
contractility of the subendometrial myometrium. Dislocation
of basal endometrium may also result in endometriosis
through retrograde menstruation (62, 98–100).
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Expression of the motility-related molecule Cdc42 in eu-
topic endometrium was higher in patients with ovarian endo-
metriotic cysts compared with in patients with adenomyosis
(103), suggesting that Cdc42 may not be involved in the path-
ogenesis of adenomyosis but may play a role in the process of
endometrial cell migration; this could contribute to the path-
ogenesis of ovarian endometriosis supporting the process of
adhesion of endometriotic cells on the ovarian surface fol-
lowed by invagination and pseudocyst formation (103,
104). The question therefore arises whether the pathogenesis
of adenomyosis is more associated with deep rectovaginal
endometriosis than with cystic ovarian endometriosis. On
the other hand, FGF-1 polymorphism has been linked to
risk of endometriosis but not adenomyosis, while FGF-2
754C/G polymorphism was associated with a decreased sus-
ceptibility to developing endometriosis (odds ratio [OR],
0.575; 95% CI, 0.387–0.854) and adenomyosis (OR, 0.577;
95% CI, 0.367–0.906). This shows some differences in the
risk factors of both diseases (93).

Our understanding of the clinical significance of adeno-
myosis has changed markedly during the last decade. Patho-
physiological studies of adenomyosis were until recently
exclusively performed in older women with symptoms of ab-
normal uterine bleeding and/or dysmenorrhea, severe enough
to justify hysterectomy. Since it became possible to assess the
structure and function of the JZ by imaging techniques, an in-
creasing number of studies were performed on younger
women during the earlier stages of reproductive life. Obstetric
risks after endometriosis and/or adenomyosis have recently
been described and suggest a defective role of the JZ in
deep placentation (105–109). It is clear that laparoscopy
and imaging are today complementary techniques that
provide new opportunities for research and clinical
management of the disease that has manifestations related
to a defective uterine function (110).
CONCLUSION
Several hypotheses have been proposed for the pathogenesis
of the disease: one possibility is the origin from the endome-
trium basalis invaginating deep within the myometrium. In
addition, local hyperestrogenism andmechanical forces man-
ifesting as hyper- or dysperistalsis may facilitate the process.

While the innate properties of the endometrium may be
a factor, recent observations also point to a role of the myo-
metrium. Smooth muscle cells from uteri with adenomyosis
are ultrastructurally different from smooth muscle cells of
normal uteri. There is less evidence that endometrial invagi-
nation may occur along the intramyometrial lymphatics. Spe-
cial features of eutopic endometrium in adenomyosis include
a 10 times increase in microvascular density. It is noteworthy
that steroid antagonists and PRL can induce adenomyosis in
animal models.

The concomitant presence of endometriosis and adeno-
myosis in a range of clinical conditions, such as infertility
and obstetrical syndromes, supports the possibility of a com-
mon uterine etiology and can be advanced to support the
proposition that both diagnostic laparoscopy and uterine
imaging be offered in suspected cases.
VOL. 98 NO. 3 / SEPTEMBER 2012
REFERENCES
1. Bird CC, McElin TW, Manalo-Estrella P. The elusive adenomyosis of the

uterus—revisited. Am J Obstet Gynecol 1972;112:583–93.
2. Lockyer CHJ. Fibroids and allied tumours (myoma and adenomyoma): Mac-

millan and Co., Ltd., 1918.
3. Benagiano G, Brosens I. History of adenomyosis. Best Pract Res Clin Obstet

Gynaecol 2006;20:449–63.
4. Frankl O. Adenomyosis uteri. Am J Obstet Gynecol 1925;10:680–4.
5. Walsh JW, Taylor KJ, Rosenfield AT. Gray scale ultrasonography in the

diagnosis of endometriosis and adenomyosis. Am J Roentgenol 1979;
132:87–90.

6. Mark AS, Hricak H, Heinrichs LW, Hendrickson MR, Winkler ML,
Bachica JA, et al. Adenomyosis and leiomyoma: differential diagnosis
with MR imaging. Radiology 1987;163:527–9.

7. Fedele L, Bianchi S, Dorta M, Arcaini L, Zanotti F, Carinelli S. Transvaginal
ultrasonography in the diagnosis of diffuse adenomyosis. Fertil Steril
1992;58:94–7.

8. Lewinski H. Beitrag zur Frage der Adenomyosis. Zentralbl Gynakol 1931;
55:2163–7.

9. de Souza NM, Brosens JJ, Schwieso JE, Paraschos T, Winston RM. The po-
tential value of magnetic resonance imaging in infertility. Clin Radiol 1995;
50:75–9.

10. 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.

11. Kissler S, Zangos S, Kohl J, Wiegratz I, Rody A, Gatje R, et al. Duration of
dysmenorrhea and extent of adenomyosis visualised by magnetic reso-
nance imaging. Eur J Obstet Gynecol Reprod Biol 2008;137:204–9.

12. Dietrich JE. An update on adenomyosis in the adolescent. Curr Opin Obstet
Gynecol 2010;22:388–92.

13. Novellas S, Chassang M, Delotte J, Toullalan O, Chevallier A, Bouaziz J,
et al. MRI characteristics of the uterine junctional zone: from normal to
the diagnosis of adenomyosis. Am J Roentgenol 2011;196:1206–13.

14. Hricak H, Alpers C, Crooks LE, Sheldon PE. Magnetic resonance imaging of
the female pelvis: initial experience. Am J Roentgenol 1983;141:1119–28.

15. Hoad CL, Raine-Fenning NJ, Fulford J, Campbell BK, Johnson IR,
Gowland PA. Uterine tissue development in healthy women during the
normal menstrual cycle and investigations with magnetic resonance imag-
ing. Am J Obstet Gynecol 2005;192:648–54.

16. Brosens JJ, Barker FG, de Souza NM. Myometrial zonal differentiation and
uterine junctional zone hyperplasia in the non-pregnant uterus. Hum Re-
prod Update 1998;4:496–502.

17. Kunz G, Beil D, Huppert P, Leyendecker G. Structural abnormalities of the
uterine wall in women with endometriosis and infertility visualized by vag-
inal sonography and magnetic resonance imaging. Hum Reprod 2000;15:
76–82.

18. Mehasseb MK, Bell SC, Brown L, Pringle JH, Habiba M. Phenotypic charac-
terisation of the inner and outer myometrium in normal and adenomyotic
uteri. Gynecol Obstet Invest 2011;71:217–24.

19. Scoutt LM, Flynn SD, Luthringer DJ, McCauley TR,McCarthy SM. Junctional
zone of the uterus: correlation of MR imaging and histologic examination
of hysterectomy specimens. Radiology 1991;179:403–7.

20. Metaxa-Mariatou V, McGavigan CJ, Robertson K, Stewart C, Cameron IT,
Campbell S. Elastin distribution in the myometrial and vascular smooth
muscle of the human uterus. Mol Hum Reprod 2002;8:559–65.

21. Gordts S, Brosens JJ, Fusi L, Benagiano G, Brosens I. Uterine adenomyosis:
a need for uniform terminology and consensus classification. Reprod Bi-
omed Online 2008;17:244–8.

22. 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.

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

24. Reinhold C, McCarthy S, Bret PM, Mehio A, Atri M, Zakarian R, et al. Dif-
fuse adenomyosis: comparison of endovaginal US and MR imaging with
histopathologic correlation. Radiology 1996;199:151–8.
577



VIEWS AND REVIEWS
25. Reinhold C, Tafazoli F, Wang L. Imaging features of adenomyosis. Hum
Reprod Update 1998;4:337–49.

26. Bazot M, Cortez A, Darai E, Rouger J, Chopier J, Antoine JM, et al. Ultraso-
nography compared with magnetic resonance imaging for the diagnosis of
adenomyosis: correlation with histopathology. Hum Reprod 2001;16:
2427–33.

27. Meredith SM, Sanchez-Ramos L, Kaunitz AM. Diagnostic accuracy of trans-
vaginal sonography for the diagnosis of adenomyosis: systematic review
and metaanalysis. Am J Obstet Gynecol 2009;201:107.e1–6.

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

29. Exacoustos C, Brienza L, Di Giovanni A, Szabolcs B, Romanini ME, Zupi E,
et al. Adenomyosis: three-dimensional sonographic findings of the junc-
tional zone and correlation with histology. Ultrasound Obstet Gynecol
2011;37:471–9.

30. Sun YL, Wang CB, Lee CY, Wun TH, Lin P, Lin YH, et al. Transvaginal sono-
graphic criteria for the diagnosis of adenomyosis based on histopathologic
correlation. Taiwan J Obstet Gynecol 2010;49:40–4.

31. Abdel-Gadir A, Oyawoye OO, Chander BP. Luteal phase transvaginal scan
examinations have better diagnostic potential for showing focal subendo-
metrial adenomyosis. Gynecol Surg 2012;9:43–6.

32. Champaneria R, Abedin P, Daniels J, BalogunM, Khan KS. Ultrasound scan
and magnetic resonance imaging for the diagnosis of adenomyosis: sys-
tematic review comparing test accuracy. Acta Obstet Gynecol Scand
2010;89:1374–84.

33. Al-Azzawi F, Habiba M, Bell SC. The Leicester Endometrial Needle Sampler:
a novel device for endometrial and myometrial junctional zone biopsy. Ob-
stet Gynecol 1997;90:470–2.

34. Walker WJ, Jones K. Transvaginal ultrasound guided biopsies in the diag-
nosis of pelvic lesions. Minim Invasive Ther Allied Technol 2003;12:241–4.

35. Jeng CJ, Huang SH, Shen J, Chou CS, Tzeng CR. Laparoscopy-guided my-
ometrial biopsy in the definite diagnosis of diffuse adenomyosis. Hum Re-
prod 2007;22:2016–9.

36. Peric H, Fraser IS. The symptomatology of adenomyosis. Best Pract Res Clin
Obstet Gynaecol 2006;20:547–55.

37. Weiss G, Maseelall P, Schott LL, Brockwell SE, Schocken M, Johnston JM.
Adenomyosis a variant, not a disease? Evidence from hysterectomized
menopausal women in the Study of Women's Health Across the Nation
(SWAN). Fertil Steril 2009;91:201–6.

38. Uduwela AS, Perera MA, Aiqing L, Fraser IS. Endometrial-myometrial inter-
face: relationship to adenomyosis and changes in pregnancy. Obstet Gyne-
col Surv 2000;55:390–400.

39. Parker WH. The utility of MRI for the surgical treatment of women with
uterine fibroid tumors. Am J Obstet Gynecol 2012;206:31–6.

40. Tocci A, Greco E, Ubaldi FM. Adenomyosis and ‘‘endometrial-subendome-
trial myometrium unit disruption disease’’ are two different entities. Re-
prod Biomed Online 2008;17:281–91.

41. Curtis KM, Hillis SD, Marchbanks PA, Peterson HB. Disruption of the
endometrial-myometrial border during pregnancy as a risk factor for ad-
enomyosis. Am J Obstet Gynecol 2002;187:543–4.

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

43. Mehasseb MK, Bell SC, Habiba MA. Neonatal administration of tamoxifen
causes disruption of myometrial development but not adenomyosis in the
C57/BL6J mouse. Reproduction 2010;139:1067–75.

44. Bergholt T, Eriksen L, Berendt N, Jacobsen M, Hertz JB. Prevalence and risk
factors of adenomyosis at hysterectomy. Hum Reprod 2001;16:2418–21.

45. Arnold LL, Meck JM, Simon JA. Adenomyosis: evidence for genetic cause.
Am J Med Genet 1995;55:505–6.

46. Greaves P, White IN. Experimental adenomyosis. Best Pract Res Clin Obstet
Gynaecol 2006;20:503–10.

47. Kitawaki J. Adenomyosis: the pathophysiology of an oestrogen-dependent
disease. Best Pract Res Clin Obstet Gynaecol 2006;20:493–502.

48. Huseby RA, Thurlow S. Effects of prenatal exposure of mice to ‘‘low-dose’’
diethylstilbestrol and the development of adenomyosis associated with
evidence of hyperprolactinemia. Am J Obstet Gynecol 1982;144:939–49.
578
49. Green AR, Styles JA, Parrott EL, Gray D, Edwards RE, Smith AG, et al. Neo-
natal tamoxifen treatment of mice leads to adenomyosis but not uterine
cancer. Exp Toxicol Pathol 2005;56:255–63.

50. Ficicioglu C, Tekin HI, Arioglu PF, Okar I. A murine model of adenomyosis:
the effects of hyperprolactinemia induced by fluoxetine hydrochloride,
a selective serotonin reuptake inhibitor, on adenomyosis induction in
Wistar albino rats. Acta Eur Fertil 1995;26:75–9.

51. Brosens I, Brosens JJ, Benagiano G. The eutopic endometrium in endome-
triosis: are the changes of clinical significance? Reprod Biomed Online
2012;24:496–502.

52. Gaetje R, Kotzian S, Herrmann G, Baumann R, Starzinski-Powitz A. Inva-
siveness of endometriotic cells in vitro. Lancet 1995;346:1463–4.

53. Gaetje R, Kotzian S, HerrmannG, Baumann R, Starzinski-Powitz A. Nonma-
lignant epithelial cells, potentially invasive in human endometriosis, lack
the tumor suppressor molecule Ecadherin. Am J Pathol 1997;150:461–7.

54. Devlieger R, D'Hooghe T, Timmerman D. Uterine adenomyosis in the infer-
tility clinic. Hum Reprod Update 2003;9:139–47.

55. Chiquet-Ehrismann R, Kalla P, Pearson CA. Participation of tenascin and
transforming growth factor-beta in reciprocal epithelial-mesenchymal
interactions of MCF7 cells and fibroblasts. Cancer Res 1989;49:4322–5.

56. Benagiano G, Brosens I. The endometrium in adenomyosis. Women's
Health 2012;8:301–12.

57. Mehasseb MK, Taylor AH, Pringle JH, Bell SC, Habiba M. Enhanced inva-
sion of stromal cells from adenomyosis in a three-dimensional coculture
model is augmented by the presence of myocytes from affected uteri. Fertil
Steril 2010;94:2547–51.

58. Mehasseb MK, Bell SC, Pringle JH, Habiba MA. Uterine adenomyosis is as-
sociated with ultrastructural features of altered contractility in the inner
myometrium. Fertil Steril 2010;93:2130–6.

59. MehassebMK, Taylor A, HabibaM. Gene expression profiling of adenomy-
otic uteri identifies defects in both the inner and outer myometrium. 11th
World Congress on Endometriosis. Montpellier, France, 2011:P3–355.

60. Green AR, Edwards RE, Greaves P, White IN. Comparison of the effect of
oestradiol, tamoxifen and raloxifene on nerve growth factor-alpha expres-
sion in specific neonatal mouse uterine cell types using laser capture micro-
dissection. J Mol Endocrinol 2003;30:1–11.

61. Taylor AH, Hawes MP, Kalathy V, Abbas MS, Mehasseb MK, Habiba MA.
Differential regulation of the neurotrophins, NGF and BDNF, and their re-
ceptors in the myometrium of women affected by adenomyosis. Endocrine
Abstracts, Society for Endocrinology. Birmingham, 2011;25:P117.

62. Leyendecker G, Kunz G, Herbertz M, Beil D, Huppert P, Mall G, et al. Uter-
ine peristaltic activity and the development of endometriosis. Ann N Y
Acad Sci 2004;1034:338–55.

63. Bulletti C, De Ziegler D, Rossi S, Polli V, Massoneau M, Rossi E, et al. Abnor-
mal uterine contractility in nonpregnant women. Ann N Y Acad Sci 1997;
828:223–9.

64. Leyendecker G, Wildt L, Mall G. The pathophysiology of endometriosis and
adenomyosis: tissue injury and repair. Arch Gynecol Obstet 2009;280:
529–38.

65. Snijders MP, de Goeij AF, Debets-Te Baerts MJ, Rousch MJ, Koudstaal J,
Bosman FT. Immunocytochemical analysis of oestrogen receptors and pro-
gesterone receptors in the human uterus throughout the menstrual cycle
and after the menopause. J Reprod Fertil 1992;94:363–71.

66. Lessey BA, Killam AP, Metzger DA, Haney AF, Greene GL, McCarty KS Jr.
Immunohistochemical analysis of human uterine estrogen and progester-
one receptors throughout the menstrual cycle. J Clin Endocrinol Metab
1988;67:334–40.

67. Amso NN, Crow J, Shaw RW. Comparative immunohistochemical study of
oestrogen and progesterone receptors in the fallopian tube and uterus at
different stages of the menstrual cycle and the menopause. Hum Reprod
1994;9:1027–37.

68. Wiczyk HP, Janus CL, Richards CJ, Graf MJ, Gendal ES, Rabinowitz JG, et al.
Comparison of magnetic resonance imaging and ultrasound in evaluating
follicular and endometrial development throughout the normal cycle. Fertil
Steril 1988;49:969–72.

69. Demas BE, Hricak H, Jaffe RB. Uterine MR imaging: effects of hormonal
stimulation. Radiology 1986;159:123–6.
VOL. 98 NO. 3 / SEPTEMBER 2012



Fertility and Sterility®
70. 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.

71. UrabeM,YamamotoT, Kitawaki J, HonjoH,OkadaH. Estrogenbiosynthesis
in human uterine adenomyosis. Acta Endocrinol (Khb) 1989;121:259–64.

72. Yamamoto T, Takamori K, Okada H. Effect of aminoglutethimide on an-
drostenedione aromatase activity in human uterine leiomyoma. Horm
Metab Res 1985;17:548–9.

73. Ezaki K, Motoyama H, Sasaki H. Immunohistologic localization of estrone
sulfatase in uterine endometrium and adenomyosis. Obstet Gynecol 2001;
98:815–9.

74. Kitawaki J, Noguchi T, Amatsu T, Maeda K, Tsukamoto K, Yamamoto T,
et al. Expression of aromatase cytochrome P450 protein and messenger
ribonucleic acid in human endometriotic and adenomyotic tissues but
not in normal endometrium. Biol Reprod 1997;57:514–9.

75. Takahashi K, Nagata H, Kitao M. Clinical usefulness of determination of
estradiol level in the menstrual blood for patients with endometriosis.
Nihon Sanka Fujinka Gakkai Zasshi 1989;41:1849–50.

76. Kitawaki J, Kado N, Ishihara H, Koshiba H, Kitaoka Y, Honjo H. Endometri-
osis: the pathophysiology as an estrogen-dependent disease. J Steroid
Biochem Mol Biol 2002;83:149–55.

77. MehassebMK, Panchal R, Taylor AH, Brown L, Bell SC, Habiba M. Estrogen
and progesterone receptor isoform distribution through the menstrual
cycle in uteri with and without adenomyosis. Fertil Steril 2011;95:2228–
35. 2235.e1.

78. Mori T, Singtripop T, Kawashima S. Animal model of uterine adenomyosis:
is prolactin a potent inducer of adenomyosis in mice? Am J Obstet Gynecol
1991;165:232–4.

79. Bird CC, Willis RA. The production of smooth muscle by the endometrial
stroma of the adult human uterus. J Pathol Bacteriol 1965;90:75–81.

80. Konishi I, Fujii S, Okamura H, Mori T. Development of smoothmuscle in the
human fetal uterus: an ultrastructural study. J Anat 1984;139:239–52.

81. Fujii S, Konishi I, Mori T. Smooth muscle differentiation at endometrio-
myometrial junction. An ultrastructural study. Virchows Arch A Pathol
Anat Histopathol 1989;414:105–12.

82. Mehasseb MK, Bell SC, Habiba MA. The effects of tamoxifen and estradiol
on myometrial differentiation and organization during early uterine devel-
opment in the CD1 mouse. Reproduction 2009;138:341–50.

83. Chen YJ, Li HY, Huang CH, Twu NF, Yen MS, Wang PH, et al. Oestro-
gen-induced epithelial-mesenchymal transition of endometrial epithelial
cells contributes to the development of adenomyosis. J Pathol 2010;
222:261–70.

84. Sahin AA, Silva EG, Landon G, Ordonez NG, Gershenson DM. Endometrial
tissue inmyometrial vessels not associated with menstruation. Int J Gynecol
Pathol 1989;8:139–46.

85. Mai KT, Yazdi HM, Perkins DG, Parks W. Pathogenetic role of the stromal
cells in endometriosis and adenomyosis. Histopathology 1997;30:430–42.

86. Goldblum JR, Clement PB, Hart WR. Adenomyosis with sparse glands. A
potential mimic of low-grade endometrial stromal sarcoma. Am J Clin
Pathol 1995;103:218–23.

87. Ota H, Igarashi S, Hatazawa J, Tanaka T. Is adenomyosis an immune dis-
ease? Hum Reprod Update 1998;4:360–7.

88. Schindl M, Birner P, Obermair A, Kiesel L, Wenzl R. Increased microvessel
density in adenomyosis uteri. Fertil Steril 2001;75:131–5.

89. Li T, Li YG, Pu DM.Matrix metalloproteinase-2 and -9 expression correlated
with angiogenesis in human adenomyosis. Gynecol Obstet Invest 2006;62:
229–35.

90. Yang JH, Wu MY, Chen MJ, Chen SU, Yang YS, Ho HN. Increased matrix
metalloproteinase-2 and tissue inhibitor of metalloproteinase-1 secretion
but unaffected invasiveness of endometrial stromal cells in adenomyosis.
Fertil Steril 2009;91(5 Suppl):2193–8.
VOL. 98 NO. 3 / SEPTEMBER 2012

View publication statsView publication stats
91. Kang S, Zhao X, Xing H, Wang N, Zhou R, Chen S, et al. Polymorphisms in
the matrix metalloproteinase-2 and tissue inhibitor of metalloproteinase-
2 and the risk of human adenomyosis. Environ Mol Mutagen 2008;49:
226–31.

92. Kang S, Zhao J, Liu Q, Zhou R, Wang N, Li Y. Vascular endothelial growth
factor gene polymorphisms are associated with the risk of developing ad-
enomyosis. Environ Mol Mutagen 2009;50:361–6.

93. Kang S, Li SZ, Wang N, Zhou RM, Wang T, Wang DJ, et al. Association be-
tween genetic polymorphisms in fibroblast growth factor (FGF)1 and FGF2
and risk of endometriosis and adenomyosis in Chinese women. Hum Re-
prod 2010;25:1806–11.

94. Brosens I, Kunz G, Benagiano G. Is adenomyosis the neglected pheno-
type of an endomyometrial dysfunction syndrome? Gynecol Surg
2012;9:131–7.

95. Bazot M, Fiori O, Darai E. Adenomyosis in endometriosis—prevalence and
impact on fertility. Evidence from magnetic resonance imaging. Hum Re-
prod 2006;21:1101–2. author reply 1102–3.

96. Kunz G, Beil D, Huppert P, Noe M, Kissler S, Leyendecker G. Adenomyosis
in endometriosis—prevalence and impact on fertility. Evidence from mag-
netic resonance imaging. Hum Reprod 2005;20:2309–16.
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