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BACKGROUND: The uterine junctional zone is the inner part of the myometrium. Dysfunction of the zone may underlie 
the pathogenesis of adenomyosis and its clinical manifestations, while biometric characteristics of the zone are currently 
considered as promising early diagnostic criteria for this disease. Adenomyosis has traditionally been associated with parity 
and intrauterine interventions, primarily in older patients. However, modern imaging tools often allow diagnosing the disease 
in young patients with infertility and an unburdened gynecological history. It is assumed that the detection of changes in the 
structure and function of the uterine junctional zone in adenomyosis can be the basis for predicting fertility outcomes and 
complications of pregnancy, as well as for the development of promising therapeutic strategies at the pregravid stage. 

AIM: The aim of this study was to assess the influence of biometric characteristics of the uterine junctional zone on preg-
nancy outcomes, depending on the parity and intrauterine interventions in patients with adenomyosis.

MATERIALS AND METHODS: This prospective study included 102 patients aged 22–39 years old with ultrasound features 
of adenomyosis who were going to conceive. The patients were divided into two groups: Group 1 (n = 58) consisted of nul-
liparous patients with no history of previous intrauterine interventions, and Group 2 (n = 44) comprised multipara women 
with a history of labor and / or intrauterine interventions. Using magnetic resonance imaging, we evaluated minimal, average 
and maximal junctional zone thicknesses, junctional zone deferential and a ratio of junctional zone thickness to myometrium 
thickness. Thresholds of biometric characteristics of the uterine junctional zone for adverse pregnancy outcomes were esti-
mated.

RESULTS: The frequencies of pregnancy and retrochorial hematoma in patients of Groups 1 and 2 in the first trimester of 
pregnancy did not differ significantly and amounted to 43.1% and 38.6%, 13.8% and 22.7%, respectively, p > 0.05. Adverse 
pregnancy outcomes were diagnosed in 63.8% of patients in Group 1 and in 68.2% of patients in Group 2, p > 0.05. In Group 1, 
the frequency of retrochorial hematoma depended on the initial junctional zone deferential, as well as on the initial average 
and maximal junctional zone thicknesses, junctional zone deferentials and ratios of junctional zone thickness to myometrium 
thickness, which, with an adverse pregnancy outcome, were 1.7–2.5 times higher than those in patients with a favorable 
outcome, p > 0.05. In Group 2, adverse pregnancy outcomes were recorded with significantly higher values of average and 
maximal junctional zone thicknesses and junctional zone deferential. ROC curves were constructed using data of logistic 
regression analysis based on biometric characteristics of the uterine junctional zone to predict spontaneous abortion and 
infertility in patients with adenomyosis.

CONCLUSIONS: Fertility outcomes in patients with adenomyosis depend on a complex of biometric characteristics of the 
uterine junctional zone as determined by magnetic resonance imaging.
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Обоснование. Соединительная зона матки представляет собой внутреннюю часть миометрия. Дисфункция соеди-
нительной зоны может лежать в основе патогенеза аденомиоза и его клинических проявлений, а ее биометрические 
характеристики рассматривают в настоящее время в качестве перспективных ранних диагностических критериев 
данного заболевания. Аденомиоз традиционно ассоциировался с паритетом и внутриматочными вмешательствами 
прежде всего у пациенток старшего возраста. Однако в современных условиях средства визуализации позволяют 
часто диагностировать заболевание у молодых пациенток с инфертильностью и без отягощенного гинекологиче-
ского анамнеза. Предполагают, что детекция изменений структуры и функции соединительной зоны матки при аде-
номиозе может служить основой для прогнозирования реализации репродуктивной функции, осложнений геста-
ционного процесса, а также для разработки перспективных терапевтических стратегий на прегравидарном этапе.

Цель — оценить влияние изменений биометрических показателей соединительной зоны матки на реализа-
цию репродуктивной функции в зависимости от паритета и внутриматочных вмешательств в анамнезе у пациенток 
с аденомиозом.

Материалы и методы. Обследовано 102 пациентки 22–39 лет, планировавшие беременность. Пациентки раз-
делены на две группы: первую — без внутриматочных вмешательств и беременностей в анамнезе (n = 58); вто-
рую — с родами и/или внутриматочными вмешательствами в анамнезе (n = 44). С помощью магнитно-резонансной 
томографии определены показатели минимальной, средней и максимальной толщины соединительной зоны матки, 
коэффициенты симметрии соединительной зоны и распределения максимальной толщины соединительной зоны. 
Оценено влияние биометрических показателей соединительной зоны на реализацию репродуктивной функции.

Результаты. Частота наступления беременности и образования ретрохориальной гематомы в I триместре бе-
ременности у пациенток первой и второй групп достоверно не различалась и составила 43,1 и 38,6 %; 13,8 и 22,7 % 
соответственно (р > 0,05). Неблагоприятный репродуктивный исход диагностирован у 63,8 % пациенток в первой 
группе и у 68,2 % во второй группе (р > 0,05). В первой группе пациенток частота ретрохориальной гематомы за-
висела от исходного коэффициента симметрии соединительной зоны, а также от исходных показателей средней, 
максимальной толщины соединительной зоны, коэффициентов симметрии и распределения, которые при небла-
гоприятном репродуктивном исходе в 1,7–2,5 раза превышали таковые у пациенток с благоприятным исходом 
(p > 0,05). Во второй группе неблагоприятный репродуктивный исход зарегистрирован при достоверно более вы-
соких показателях средней, максимальной толщины соединительной зоны и коэффициента симметрии. В соответ-
ствии с данными логистического регрессионного анализа на основе биометрических показателей соединительной 
зоны матки построены ROC-кривые для прогнозирования неблагоприятного самопроизвольного выкидыша и бес-
плодия у пациенток с аденомиозом.

Заключение. Реализация репродуктивной функции у пациенток с аденомиозом зависит от комплекса биометри-
ческих показателей соединительной зоны, определяемых при магнитно-резонансной томографии.

Ключевые слова: соединительная зона матки; аденомиоз; бесплодие; невынашивание; беременность; магнитно-
резонансная томография.
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BACKGROUND
The uterine junctional zone represents the inner part 

of the myometrium. Junctional zone dysfunction may 
contribute to the pathogenesis of adenomyosis and its 
clinical manifestations, and its biometric characteristics 
are currently considered as promising early diagnostic 
criteria for this disease. Adenomyosis has traditionally 
been associated with parity and intrauterine interventions, 
primarily in older patients. However, at present, modern 
imaging tools often enable the diagnosis of diseases in young 
patients with infertility and without a burdened gynecological 
history [1–5]. The mechanisms of adenomyosis-associated 
infertility are not fully understood. They may be associated 
with an impairment of the hormone-dependent peristaltic 
activity of the junctional zone [6, 7], an impaired endometrial 
decidualization, pathological implantation and invasion of 
trophoblasts, as well as inadequate remodeling of the spiral 
arteries of the uterus during pregnancy [8].

High-quality visualization of the junctional zone is possi-
ble by magnetic resonance imaging (MRI) [4–5, 8–11]. Most 
of the studies have focused on the maximum thickness of 
the junctional zone [10, 12–15]. Studies of other indicators 
of the junctional zone are sporadic. Moreover, a change 
in the biometric characteristics of the junctional zone can 
be a diagnostic sign of adenomyosis and can underlie the 
prognosis of the onset and clinical course of pregnancy 
[6, 10, 11, 16].

MATERIALS AND METHODS
We examined 102 patients who planned pregnancy. 

The inclusion criteria were patent fallopian tubes and the 
presence of two of the three signs of changes in the myo-
metrium according to ultrasound examination (i.e., a rela-
tive increase in the thickness of one of the uterine walls; 
hypo-, hyper- or anechoic inclusions in the myometrium up 
to 5 mm in size; and lack of clear boundaries between the 
myo- and endometrium). The exclusion criteria were as fol-
lows: hypergonadotropic ovarian failure; submucous form 
of uterine fibroids, type 0–2 according to the International 
Federation of Gynecology and Obstetrics (FIGO, 2018), and 

diameter of the myomatous nodule in types 3–8 ac cording 
to FIGO of ≥30 mm; and male factor of infertility, due to 
which intracytoplasmic sperm injection technology is re-
quired [17]. The patients were distributed into two groups: 
group 1 included patients without a history of intrauterine 
interventions and pregnancies (n = 58), and group 2 includ-
ed patients with a history of childbirth and/or intrauterine 
interventions (n = 44). MRI of the uterus was performed on 
an Avanto apparatus (Siemens Healthineers AG, Germany) 
during phase 2 of the menstrual cycle (sequences were 
weighted by T2 and T2 with fat suppression). Five biometric 
characteristics of the junctional zone were assessed, name-
ly, minimum thickness, maximum thickness, average thick-
ness, symmetry coefficient (representing the difference be-
tween the maximum and minimum thickness), distribution 
coefficient of the maximum thickness of the junctional zone 
(the ratio between the maximum thickness of the junctional 
zone and the thickness of the entire myometrium — the 
sum of the thickness of the anterior and posterior walls of 
the uterus). 

The study followed a prospective design. After 12 months 
of follow-up, the frequency of pregnancy, frequency of com-
plications (retrochorial hematoma and spontaneous miscar-
riage) in the first trimester of pregnancy, and proportion of 
favorable reproductive outcomes (the onset of pregnancy 
that ended in term delivery) were determined.

Parametric and nonparametric statistics were used for 
the statistical processing of the results. The Mann–Whitney 
U-test was used to assess the relationship between quan-
titative and qualitative attributes. The probability of an un-
favorable reproductive outcome was assessed using binary 
regression. The significance of the data obtained was ac-
cepted at p < 0.05.

RESULTS
In the analysis of the biometric parameters of the 

junctional zone, only the average and maximum thickness 
values of the junctional zone in group 2 were significantly 
higher than those in group 1 (Table 1).

The pregnancy rate in groups 1 and 2 were not 
significantly different at 43.1% and 38.6%, respectively 

Table 1. Biometric indicators of the junctional zone of the uterus in patients examined by groups

Indicator Group 1
(n = 58)

Group 2
(n = 44) U-test p

Minimum thickness of the junctional zone, mm 3.0 [2.3; 3.6] 4.3 [3.2; 5.3] 657.5 <0.001

Average thickness of the junctional zone, mm 7.0 [4.6; 8.4] 8.3 [6.6;10.1] 847.5 <0.01

Maximum thickness of the junctional zone, mm 10.4 [6.3; 13.5] 11.8 [9.4; 15.0] 1111.5 >0.05

Symmetry coefficient, mm 6.8 [4.0; 10.0] 7.0 [4.5; 9.6] 1250 >0.05

Distribution coefficient, % 31.4 [22.4; 42.4] 33.0 [26.8; 40.9] 1159.5 >0.05



DOi: https://doi.org/10.17816/JOWD65046

44
ОригинальнОе исследОвание Том 70, № 3, 2021 Журнал акушерства и женских болезней

(p > 0.05); the incidence of retrochorial hematoma was 
13.8% and 22.7%, respectively (p > 0.05).

In group 1, the incidence of retrochorial hematoma for-
mation was dependent on the coefficient of symmetry of the 
junctional zone. Thus, at the time of inclusion in the study, 
the initial coefficient of symmetry was 5.8 [4.0; 8.6] mm in 
patients whose first trimester of pregnancy was complicat-
ed by retrochorial hematoma, and it was 3.1 [2.5; 3.6] mm 
in patients with uncomplicated pregnancies (p < 0.05). In 
group 2, no significant relationship was found between the 
biometric parameters of the uterine junctional zone and the 
incidence of retrochorial hematoma formation (p > 0.05).

Spontaneous miscarriage was registered in both groups 
before 8 weeks of pregnancy, which occurred in 6.9% and 
6.8% of the patients in groups 1 and 2, respectively (p < 0.05). 
In group 2, large average and maximum thickness values of 
the junctional zone, as well as the coefficient of symmetry, 
were recorded at inclusion in the study during pregnancy 
that resulted in spontaneous miscarriage than in pregnancy 
the ended childbirth (Table 2). In group 1, no significant 
relationship was revealed between the biometric indicators 

of the junctional zone and the incidence of spontaneous 
miscarriage (p > 0.05).

The incidence of adverse reproductive outcomes 
(infertility/spontaneous miscarriage) was 63.8% in group 1 
and 68.2% in group 2 (p > 0.05). In group 1, the initial 
indicators of the average and maximum thickness of the 
junctional zone, as well as the coefficients of symmetry and 
distribution with an unfavorable reproductive outcome, were 
1.7–2.5 times higher than those in patients with a favorable 
outcome (p > 0.05). In group 2, an unfavorable reproductive 
outcome was recorded with significantly higher indicators of 
the average and maximum thickness of the junctional zone 
and the coefficient of symmetry (Table 3).

To predict the probability of an unfavorable reproduc-
tive outcome, taking into account the biometric indicators of 
the junctional zone, a logistic binary regression model was 
created. Per the data obtained, receiver operating charac-
teristic (ROC) curves were plotted to predict an unfavorable 
reproductive outcome (Figure). For patients without a his-
tory of intrauterine interventions or childbirth, the biometric 
indicators of the junctional zone can be used to predict the 

Table 2. Initial biometric indicators of the junctional zone in group 2 during pregnancy that ended in childbirth  
and spontaneous miscarriage

Indicator Pregnancy ended 
in childbirth

Spontaneous 
miscarriage U-test p

Minimum thickness of the junctional zone, mm 3.54 [3.2; 5.05] 3.7 [3.2; 7.5] 12 >0.05

Average thickness of the junctional zone, mm 6.7 [4.6; 8.5] 10.12 [8.56; 11.2] 2 <0.05

Maximum thickness of the junctional zone, mm 9.12 [7.1; 11.0] 15.0 [13.4; 17.0] 1 <0.05

Symmetry coefficient, mm 5.13 [3.0; 6.0] 9.68 [7.5; 13.7] 2 <0.05

Distribution coefficient, % 29.6 [24.7; 40.1] 40.9 [39.4; 50.9] 4 >0.05

Table 3. Initial biometric indicators of the junctional zone in patients of the examined groups with different reproductive outcomes

Indicator

Outcome

U-test pPregnancy ended 
in childbirth

infertility/spontaneous 
miscarriage

Group 1 (n = 58)

Minimum thickness of the junctional zone, mm 3.0 [2.17; 3.3] 3.0 [2.4; 3.7] 312.5 >0.05

Average thickness of the junctional zone, mm 4.6 [3.8; 5.6] 8.0 [5.9; 8.7] 117.5 <0.001

Maximum thickness of the junctional zone, mm 6.1 [5.4; 8.2] 12.9 [9.4; 14.1] 116.5 <0.001

Symmetry coefficient, mm 3.5 [2.5; 5.6] 9.0 [6.4; 11.0] 132 <0.001

Distribution coefficient, % 22.0 [17.3; 27.3] 36.7 [30.0; 45.1] 144 <0.001

Group 2 (n = 44)

Minimum thickness of the junctional zone, mm 3.6 [3.2; 5.0] 4.6 [3.1; 6.0] 164 >0.05

Average thickness of the junctional zone, mm 6.7 [6.0; 8.5] 8.8 [6.9; 10.7] 108 <0.01

Maximum thickness of the junctional zone, mm 9.6 [7.5; 11.0] 12.7 [10.0; 16.6] 102 <0.01

Symmetry coefficient, mm 5.1 [3.0; 6.5] 7.8 [5.0; 10.4] 119.5 <0.05

Distribution coefficient, % 29.5 [25.1; 37.0] 35.14 [27.6; 44.3] 141 >0.05
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probability of an adverse reproductive outcome, namely, 
 average thickness (sensitivity 83.8%, specificity 66.7%), 
maximum thickness (sensitivity 84%, specificity 75%), sym-
metry coefficient (sensitivity 86.5%, specificity 33.3%), and 
distribution coefficient (sensitivity 86.5%, specificity 66.7%). 
For patients with a history of intrauterine interventions and/
or childbirth, when predicting the probability of an unfa-
vorable reproductive outcome, an indicator of the average 
thickness of the junctional zone (sensitivity 90%, specificity 

35.7%), an indicator of the maximum thickness of the junc-
tional zone (sensitivity 72%, specificity 50%), and the coef-
ficient of symmetry (sensitivity 86.6%, specificity 28.6%) can 
be applied. The area under curve values indicate that the 
models had good quality.

The threshold values of the biometric parameters of the 
junctional zone were calculated to predict the probability of 
an unfavorable reproductive outcome of 60%–90%. Data are 
presented in Tables 4 and 5.
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Figure. Receiver operating characteristic curves for a model of prediction of an adverse reproductive outcome in patients with 
adenomyosis: a, group 1, taking into account the average thickness of the junctional zone; b, group 2, taking into account the indicator 
of the average thickness of the junctional zone; c, group 1, taking into account the indicator of the maximum thickness of the junctional 
zone; d, group 2, taking into account the indicator of the maximum thickness of the junctional zone; e, group 1, taking into account 
the coefficient of symmetry; f, group 2, taking into account the coefficient of symmetry; g, group 1, taking into account the distribution 
coefficient
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DISCUSSION
Adenomyosis affects significantly the proper functioning 

of the reproductive system [18, 19]. The problem of 
coping with adenomyosis-associated infertility has not yet 
been solved, including the use of assisted reproductive 
technologies [20–22]. Many researchers associate structural 
changes in the junctional zone with the development and 
clinical manifestations of adenomyosis, including infertility. 
However, some authors distinguish junctional zone pathology 
as an independent disease [6, 10, 11, 16, 23].

The uterine junctional zone, which is the inner part of 
the myometrium, is characterized by certain architectonics 
of histological structure, vascularization, and hormone-
dependent peristaltic activity. The uterine junctional zone was 
histologically determined by Werth and Grusdew in 1898 [24]. 
However, it was only in 1983 where its intravital visualization 
with the use of MRI became possible [9]. On MRI, the zone 
is represented by an area with reduced intensity and clear 
boundaries between the hyperintense endometrium and the 
external myometrium, which has an intermediate MR signal 
intensity [8]. The muscle fibers of the junctional zone are 
arranged concentrically; myocytes contain less water and 
have a wide nucleus and a large mass compared with the 
external myometrium [25]. Junctional zone thickness of 
≥12 mm is regarded as a diagnostic sign of adenomyosis 
[10–12]. According to some reports, an increase in the 
ratio of the maximum thickness of the junctional zone to 
the thickness of the entire myometrium by more than 40% 
and an increase in the symmetry coefficient of ≥5 mm are 
more highly specific signs in the non-invasive diagnostics 

of adenomyosis [10, 16]. Most of these studies have been 
conducted in older female patients with histologically 
confirmed adenomyosis after hysterectomy. A few studies 
have focused on the relationship between changes in the 
junctional zone and the implementation of the reproductive 
function of women. Thus, Piver and Maubon reported an 
increase in the thickness of the junctional zone of ≥10 mm 
as a predictor of reproductive failures in cycles of assisted 
reproductive technologies [13, 14]. Maubon revealed 
a similar relationship with an increase in the average 
thickness of the junctional zone by ≥7 mm [14]. According 
to Lazzarini, in patients with a history of miscarriage, 
the maximum thickness of the junctional zone and the 
coefficient of symmetry are higher than those in patients 
with uncomplicated pregnancy [15].

Our data indicate that changes in the junctional zone are 
possible not only in patients with mechanical damage to the 
endometrium–myometrium interface during intrauterine in-
terventions and childbirth but also in young patients with-
out them. This confirms one of the theories of adenomyosis 
development, namely, the theory of “tissue damage and 
healing” by Leyendecker [6], which is based on the assump-
tion that hyperperistalsis of the junctional zone can lead to 
auto injury with subsequent activation of tissue regeneration 
processes, which in turn contributes to the penetration of 
the endometrium into the myometrium thickness.  According 
to our data, the maximum thickness of the junctional zone, 
symmetry coefficient, and distribution coefficient do not dif-
fer significantly in patients with and without parity and intra-
uterine interventions. Thus, changes in the junctional zone 
occur regardless of the trigger factor of damage.

Table 4. Threshold values of the average and maximum thickness of the junctional zone for the probability of an unfavorable outcome 
in patients examined by groups

Probability, %
Threshold values of the average 

thickness of the junctional zone, mm p
Threshold values of the maximum 

thickness of the junctional zone, mm p
group 1 group 2 group 1 group 2

60 6.0 7.0 <0.05 9.11 10.0 <0.05

70 6.7 8.1 <0.05 10.2 11.7 <0.05

80 7.4 9.5 <0.05 11.5 13.4 <0.05

90 8.5 11.5 <0.05 13.5 16.6 <0.05

Table 5. Threshold values of the symmetry coefficient for female patients examined by groups and the distribution coefficient in group 1 
concerning the probability of an unfavorable outcome

Probability, %
Threshold values of the symmetry coefficient, mm

p
Threshold values of the 
distribution coefficient 

(group 1), %group 1 group 2

60 7.6 5.3 <0.05 29

70 9.3 7.2 <0.05 30

80 11.5 9.5 <0.05 38

90 15.3 13.2 <0.05 45
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In patients without parity or intrauterine interventions, 
the relationship between the frequency of retrochorial he-
matoma and the value of the symmetry coefficient probably 
indicates functional incompetence of the junctional zone. 
In patients with a history of intrauterine interventions and 
childbirth, the absence of such a relationship, as well as 
higher biometric indicators of the junctional zone with spon-
taneous miscarriage, enable to consider organic damage to 
the uterine walls as a possible cause of a negative effect 
on the reproductive outcome. Impaired endometrial decidu-
alization, trophoblast invasion, and embryo implantation in 
adenomyosis may be associated with increased  activity of 
natural killers located along the spiral arteries of the junc-
tional zone, as well as with initially (before pregnancy) al-
tered angiogenesis in the endometrium and adjacent junc-
tional zone due to the imbalance of proangiogenic factors 
(interleukin-6, interleukin-10, vascular endothelial growth 
factor, etc.) [26–28].

Our data indicate a high incidence of adverse repro-
ductive outcomes (>63%) in patients with adenomyosis. In 
group 1, an unfavorable reproductive outcome was associ-
ated with an increase in the average and maximum thick-
ness of the junctional zone and coefficients of symmetry 
and distribution compared with patients with a favorable 
reproductive outcome. In group 2, an increase in the maxi-
mum and average thickness, as well as the coefficient of 
symmetry with an unfavorable reproductive outcome, was 
revealed. The data obtained may be based on the impaired 
peristaltic activity of the uterine junctional zone, including 
those associated with impaired expression of receptors for 

oxytocin in it, which in turn leads to the impaired transport 
of gametes and embryos in the uterine cavity, and can pre-
vent implantation [23–30].

Previous studies have enabled the use of biometric 
indicators of the uterine junctional zone only as a diagnostic 
criterion for adenomyosis. To our knowledge, we have 
determined for the first time the threshold values of biometric 
parameters of the junctional zone, which can be used in 
clinical practice as predictors of the reproductive function 
implementation with an assessment of probability of an 
adverse reproductive outcome in patients with adenomyosis 
with and without a history of intrauterine interventions and 
childbirth.

CONCLUSIONS
The implementation of reproductive function in 

female patients with adenomyosis is associated with the 
transformation of the junctional zone which biometric 
parameters can be determined by MRI and used to predict 
the onset and clinical course of pregnancy.
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