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Abstract

Background To determine whether there is a correlation between stiffness measured by strain elastography
and the severity of dysmenorrhea and to determine the value of elastography in evaluating severe dysmenorrhea
in patients with adenomyosis.

Methods The correlation between tissue stiffness and dysmenorrhea was analyzed by performing elastography

on premenopausal women diagnosed with adenomyosis. Expression levels of transforming growth factor-f3 (TGF-3),
a-smooth muscle actin (a-SMA), and protein gene product 9.5 (PGP9.5) were detected by immunohistochemis-

try; the correlation of TGF-f3 and a-SMA levels with the tissue stiffness and the degree of fibrosis was further ana-
lyzed. Also, the relationship of the PGP9.5 expression level with the tissue stiffness and degree of dysmenorrhea

was determined.

Results The degree of dysmenorrhea was significantly positively correlated with lesion stiffness in patients

with adenomyosis but not with the uterine or lesion volume. The cutoff for the strain ratio was > 1.36

between the adenomyosis and control groups, with an area under the curve (AUC) of 0.987. For severe dysmenorrhea,
the cutoff for the strain ratio was > 1.65 in patients with adenomyosis, with an AUC of 0.849. TGF-3, a-SMA, and PGP9.5
expression levels were higher in adenomyotic lesions than in the endometrium of the adenomyosis and control
groups. Both TGF-3 and a-SMA levels were positively correlated with the tissue stiffness and degree of fibrosis.
Additionally, the expression level of PGP9.5 showed a positive correlation with the tissue stiffness and degree

of dysmenorrhea.

Conclusions Elastography can be used to evaluate the degree of dysmenorrhea; the greater the tissue stiffness,
the greater the degree of dysmenorrhea. In addition, elastography performed well in the diagnosis of adenomyosis
and the evaluation of severe dysmenorrhea in patients with adenomyosis.
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Background

Adenomyosis is a common benign gynaecological con-
dition characterized by ectopic endometrial glands and
stroma within the myometrium. The prevalence of aden-
omyosis ranges widely, from 5 to 70%, in women who
undergo hysterectomies. This variation in rates may be
due to various diagnostic criteria, different patient popu-
lations, and pathologist bias [1, 2]. Adenomyosis induces
progressive dysmenorrhea, menorrhagia, and infertility,
adversely affecting women’s quality of life. Adenomyosis
was also associated with a more than doubled risk of mis-
carriage [3]; however, it is important to note that up to
35% of women show no symptoms [3], which can easily
lead to delayed diagnosis. Consequently, it is necessary to
find a possible approach to diagnose adenomyosis early
and evaluate its progress.

Emerging evidence has shown that repeated tissue
injury and repair (ReTIAR) play an important role in the
development of adenomyosis [4—6], eventually leading to
fibrogenesis through an epithelial-mesenchymal transi-
tion (EMT) and fibroblast-to-myofibroblast transition
(FMT), similar to endometriosis. Hence, the extent of
lesion fibrosis may reflect the severity of adenomyosis.

Transvaginal ultrasound (TVUS) is a common first-line
imaging diagnostic method for adenomyosis with good
specificity and sensitivity, similar to those of magnetic
resonance imaging (MRI) [6-9]. Compared with MRI,
TVUS has the advantage of being repeatable, less costly,
and widely available [3, 7, 9]. However, sonographers still
face challenges when interpreting the ultrasound features
associated with adenomyosis, most of which depend
on subjective pattern recognition rather than objec-
tive measurement parameters [10]. Elastography, as an
emerging imaging technique, can objectively reflect tis-
sue stiffness. A positive correlation between tissue stiff-
ness assessed by elastography and the degree of fibrosis
has been reported [11]. Elastography could be mainly
divided into two categories: stain imaging and shear-
wave imaging. The tissue response to mechanical stimuli
is used to quantify the tissue stiffness in both approaches
[9, 11]. Elastography has proven useful in assessing the
extent of tissue fibrosis and diagnosing benign and malig-
nant diseases in the liver, breast, and other organs [12].
However, studies of elastography in gynaecology have
only recently begun. Lesion stiffness in both adenomyo-
sis and deep infiltrating endometriosis is stiffer than in
adjacent normal tissues. It is reported that elastography
may be promising in diagnosing and characterizing pel-
vic endometriotic lesions and adenomyosis [11].

This study aimed to determine whether a correlation
exists between stiffness measured by strain elastogra-
phy and the degree of dysmenorrhea. Further, Masson’s
trichrome staining and immunohistochemistry (IHC)
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were performed to determine the extent of fibrosis and
expression levels of transforming growth factor-p (TGE-
B); a-smooth muscle actin (a-SMA), a marker of fibrosis;
and protein gene product 9.5 (PGP9.5), a marker of nerve
fibres, in order to evaluate the relationship of these mark-
ers with lesion stiffness and the degree of dysmenorrhea.

Methods

Patients and specimens

We enrolled patients who visited Qilu Hospital, Shan-
dong University, between September 2021 and October
2022. The inclusion criteria for the study group were as
follows: 1) patients diagnosed with adenomyosis based
on clinical symptoms and imaging findings such as ultra-
sound, 2) premenopausal patients aged 18-50 years, 3)
patients with dysmenorrhea with or without menorrha-
gia, 4) patients who had not received hormone therapy in
the last three months, and 5) patients without reproduc-
tive system malignancies or pelvic inflammatory disease.
Premenopausal patients without myometrial lesions or a
history of reproductive system malignancies or infection
were included in the control group. Further, non-sexual
or menopausal women, patients with a previous or cur-
rent history of reproductive system malignancies, and
pregnant patients or those with coinfection of the repro-
ductive system were excluded from the study. Finally, we
recruited 39 premenopausal women as the control group
and 57 premenopausal women as the adenomyosis group.

Demographic data and detailed medical histories
were recorded before TVUS. Demographic informa-
tion, including age, body mass index (BMI; kg/m?), age at
menarche, gravidity, parity, mode of delivery, frequency
and duration of menstrual periods, amount of menses,
degree of dysmenorrhea, medication, and surgical his-
tory, were collected and recorded using questionnaires.
All patients’ medical records, including intraopera-
tive and pathological findings, were also recorded. The
degree of dysmenorrhea was quantified using a numeri-
cal rating scale (NRS) from 0-10, with O representing
no pain and 10 representing maximum pain. NRS scores
were grouped into three levels: 0-3, none or mild; 4-6,
moderate; and 7-10, severe. The amount of menses was
recorded as mild, moderate, or severe based on the sub-
jective evaluation of the patients.

The eutopic endometrium and adenomyotic tissue
samples were collected from 20 patients with adenomyo-
sis who underwent surgery. For the control group, speci-
mens of the eutopic endometrial and normal myometrial
tissues were obtained from 15 patients who underwent
hysterectomy.

This study was approved by the ethics committee of
the Medical Integration and Practice Center, Shandong
University (approval number SDULCLL2022-1-21).
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All patients included in the study signed informed
consent forms.

Evaluation of the conventional TVUS and Elastography
TVUS and strain elastography were performed by a
single-trained ultrasound specialist with several years
of experience in gynaecological sonography, especially
for adenomyosis. All enrolled patients underwent both
conventional TVUS and strain elastography using the
Nuewa R9 with a DE10-3WU transvaginal probe (Min-
dray, Shenzhen, China) less than 1 d preoperatively or
during the outpatient examination. The sonographer
was blinded to patients’ clinical information. Con-
ventional TVUS was initially performed to diagnose
adenomyosis according to the Morphological Uterus
Sonographic Assessment criteria [13, 14]. The follow-
ing information was recorded: volume of the uterus,
thickness of the anterior and posterior walls, site and
extent of typical adenomyotic lesions, and presence of
ovarian endomyoma, endometrial polyps, and uterine
fibroids. The volume of the uterus was recorded in the
control group. The uterine and lesion volumes were
calculated using the following formula for an ovoid:
volume=D1xD2XxD3x0.52, where D1, D2, and D3
represent the vertical, transverse, and anteroposterior
diameters of the uterus or lesion, respectively.

Strain elastography was subsequently performed
on all recruited patients. The elastograms of typi-
cal lesions were visualized in real time, followed by
a B-mode image. To evaluate the strain ratio of the
lesion, we applied external pressure using an ultra-
sound probe to produce a deformation. Three cycles
of gentle compression and decompression were then
performed. The elastogram images were colour-coded
as red, yellow, green, and blue. The different colours
represented the tissue stiffness relative to that of the
endometrium or adjacent bowel. Blue represented the
softest tissue, and red represented the hardest tissue.
For the adenomyosis group, a region of interest (ROI)
was set in the typical lesion area of the uterus, while
another region of interest (Ref) was set in the adjacent
normal myometrium. The stiffness of the lesion was
semi-quantified using the ratio of Ref/ROI. The higher
the ratio, the greater the stiffness of the lesion. For the
control group, we set two regions of interest (ROI1
and ROI2) in the uterus, and the ratio of ROI1/ROI2
represented the stiffness of the normal myometrium.

To eliminate possible bias and maintain consistency,
three strain ratios were measured for each patient, and
the mean value was used as the stiffness of the lesion
or normal myometrium.
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IHC Analysis

Serial 4-mm sections were obtained from each block.
Routine deparaffinization and rehydration were per-
formed. The first resultant slide was stained with hema-
toxylin and eosin (H&E) to confirm the pathological
diagnosis.

Then, adenomyotic lesions and the eutopic endome-
trium of patients with adenomyosis and the control
group underwent IHC staining for TGF-p, a-SMA, and
PGP9.5. For antigen retrieval, the EDTA buffer (pH=8.0)
was microwaved on high for 5 min to a boil, and then the
sections were heated in EDTA buffer on low for 15 min
and cooled to room temperature. Next, the sections were
treated with 3% hydrogen peroxide to block the activ-
ity of endogenous peroxidase for 30 min at 37°C. After
the samples were blocked with 5% bovine serum albu-
min (BSA; Boster, Wuhan, China) for 50 min at 37°C,
they were incubated with the primary antibody against
TGEF-B (1:100; Abcam, Cambridge, England), a-SMA
(1:100; Abcam), and PGP9.5 (1:250; Abcam) overnight
at 4°C. The sections were rinsed three times with PBS
buffer and incubated with the horseradish peroxidase
(HRP)-labelled secondary anti-rabbit/mouse antibody
for 30 min at 37°C. The sections were then washed with
PBS and treated with glucose oxidase-diaminobenzidine
for microscopic observation. Finally, they were incubated
with hematoxylin for 30 s, differentiated, and stained with
anti-blue. The expression level of the targeted substance
was semi-quantitatively calculated based on the propor-
tion of positive cell areas using Image]J software (National
Institutes of Health, USA). To reduce bias and ensure
reliability, a series of 3—5 randomly selected images for
every section were taken to obtain a mean value.

Masson’s Trichrome staining

Masson’s trichrome staining was used to detect collagen
fibres in the lesion tissue in adenomyosis samples and
the normal myometrium in control samples; it was per-
formed according to common protocols using a Masson’s
trichrome staining kit (Solarbio, Beijing, China). After
Masson’s trichrome staining, images were observed and
captured using a microscope. Collagen fibres appeared
blue, whereas smooth muscle fibres and red blood cells
appeared red. The extent of fibrosis was represented by
the relative content of collagen fibres, which was evalu-
ated by the ratio of positive fibres to the total tissue area
and calculated using Image-Pro Plus 6.0 (Media Cyber-
netics Inc., Bethesda, Massachusetts, USA).

Statistical analysis
Statistical analyses were conducted using SPSS Statis-
tics version 26.0 (IBM Corp., Armonk, NY, USA) and



Ren et al. Reproductive Biology and Endocrinology (2023) 21:98

GraphPad Prism 8.0.1 software. All continuous vari-
ables are expressed as mean tstandard deviation (SD)
or median (interquartile [IQR]), depending on whether
these data conform to a normal distribution, as assessed
by the Shapiro—Wilk test. Categorical variables are pre-
sented as frequencies. Continuous variables conforming
to a normal distribution between two groups were com-
pared using the Student’s t-test, while continuous varia-
bles conforming to a normal distribution among three or
more groups were compared using a one-way analysis of
variance (ANOVA). For continuous variables that did not
conform to a normal distribution, a nonparametric rank
sum test was performed. Pearson’s X or Fisher’s exact
test was used to compare differences in categorical vari-
ables. Correlations between tissue stiffness and dysmen-
orrhea and between the extent of fibrosis and the level of
TGF-B, a-SMA, and PGP9.5 were assessed by Pearson’s
coefficient. P-values<0.05 were considered statistically
significant.

Results

The demographic and clinical characteristics of the
patients are listed in Table 1. Ninety-six patients were
enrolled in this study: 57 with adenomyosis (adenomyo-
sis group) and 39 without myometrial lesions (control
group). Patients with adenomyosis had higher dysmenor-
rhea scores than those of the control group. The uterine
volume was significantly different between the adenomy-
osis and control groups (280.22 and 91.27 cm?, respec-
tively) (Fig. 1a), whereas no differences were found in age
(P=0.217) or BMI (P=0.122). Patients with adenomyo-
sis mainly presented with severe dysmenorrhea (82.46%)
and heavy menstrual bleeding (75.44%), whereas patients

Table 1 Characteristics of recruited patients in the study
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in the control group mainly had none or mild dysmenor-
rhea (97.44%) and moderate menstruation (64.10%).

Higher stiffness of adenomyosis lesions than control
normal myometrium

An enlarged spherical uterus with inhomogeneous echo-
genicity within the lesion or focal inhomogeneous echo-
genicity within the myometrium with no clear boundary
to the adjacent normal myometrium was observed in the
TVUS images of the adenomyosis group (Fig. 2a). Elas-
tograms of adenomyotic lesions were encoded mainly
in red, while those surrounding normal myometrium in
adenomyosis patients were encoded in very green and
slightly yellow colours. The myometrial echogenicity in
the control group was homogeneous, and elastograms of
the myometrium were encoded mainly in red and yellow
(Fig. 2b). The stiftfness, calculated as Ref/ROI (or ROI1/
ROI2), was significantly higher in adenomyotic lesions
than in the normal control myometrium (Fig. 1b). The
cutoff for the strain ratio between the adenomyosis and
control groups was>1.36, with a sensitivity of 94.7%,
specificity of 100%, and area under the curve (AUC) of
0.987 (95% confidence interval [CI], 0.97-1.00). Also, the
cutoff for the strain ratio between adenomyosis patients
with mild-to-moderate dysmenorrhea and those with
severe dysmenorrhea was > 1.65; the sensitivity and spec-
ificity were 90.0% and 70.0%, respectively, and the AUC
was 0.849 (95% CI, 0.74—0.96) (Fig. 1c—d). In the adeno-
myosis group, the NRS score, representing the degree
of dysmenorrhea, correlated positively with the lesion
stiffness (Fig. le), whereas no correlation was observed
between the NRS score and the uterine or lesion volume.
There was also no significant correlation among lesion

Adenomyosis Group Control Group PValue

Case number, n 57 39
Age, years 41.30+£4.86 39.63+6.29 0.217
BMI, kg/mZ 24.80(21.67-28.19) 24.47(21.37-25.34) 0.122
Dysmenorrhea <0.001

None/Mild 1 38

Moderate 9 1

Severe 47 0
NRS score for dysmenorrhea 7(8-9) 0 <0.001
Amount of menses

Light 3 8 <0.001

Moderate 11 25

Heavy 43 6
Uterine size, cm? 280.22(192.05-402.39) 91.27(80.43-119.61) <0.001
stain ratio 2.04(1.71-2.25) 1.02(0.96-1.09) <0.001
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Fig. 1 aThe uterine volume in adenomyosis group and control group; b The tissue sti

ffness assessed by elastography of adenomyosis lesion

in adenomyosis group and normal myometrium in control group; ¢ The receiver operating characteristic(ROC)curve analysis to evaluate the cutoff
value of tissue stiffness for adenomyosis; d ROC curve analysis to evaluate the cutoff value of tissue stiffness for heavy dysmenorrhea; e Correlation

between NRS score and lesion tissue stiffness in adenomyosis group; f Correlation of u
results represent the mean +SD. **** P<0.0001

stiffness, uterine volume, and lesion volume (Fig. 1f and TGF-f

terine volume and lesion stiffness in adenomyosis group. The

and a-SMA. The extent of fibrosis was signifi-

Additional file 1). cantly higher in adenomyotic lesions than in normal
myometrium in the control group (Fig. 3a-c). In addi-

The extent of fibrosis in adenomyosis and its correlation tion, th

e extent of fibrosis showed a significant positive

with TGF-B and a-SMA correlation with the tissue stiffness of the adenomyotic

We further evaluated the correlation of tissue stiff- lesions

(Fig. 3d). TGE-P staining was mostly seen in the

ness with the extent of fibrosis and the expression of cytoplasm of glandular epithelial cells, with some in the
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Fig. 2 Elastosonographic image of adenomyosis and normal myometrium. a elastosonographic image of adenomyosis; b elastosonographic
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Fig. 3 a Representative micrographs (100 x) of collagen fiber staining in the adenomyosis lesion of adenomyosis group; b Representative
micrographs (100 x) of collagen fiber staining in the normal myometrium of control group; ¢ quantitative analysis of the mean area ratio of collagen
fiber between the two groups; d Correlation between tissue stiffness and the mean area ratio of collagen fiber. The results represent the mean +SD.
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stromal cells of adenomyotic lesions, while little or no  no staining in the control endometrium (Fig. 4). Expres-
staining was observed in control endometrium. Simi- sion levels of both TGF-p and a-SMA were significantly
larly, a-SMA staining was also primarily observed in the  higher in adenomyotic lesions compared with those in
cytoplasm of stromal cells of adenomyotic lesions, with  the eutopic endometrium of both the adenomyosis and
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Adenomyosis lesion

a-SMA

TGF-B

PGP9.5

EM of adenomyosis group
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EM of control group

Fig. 4 Representative micrographs (200 %) of a-SMA, TGF-3, PGP9.5 immunostaining in the adenomyosis lesion, EM of patients with adenomyosis

and EM of control subjects. EM =endometrium

control groups (Fig. 5a, d). Further, a positive correla-
tion trend was found between the expression level of
a-SMA and the extent of fibrosis in adenomyotic lesions,
although no statistical difference was observed (Fig. 5b).
The expression level of TGF-f showed a significantly pos-
itive correlation with the extent of fibrosis in adenomy-
otic lesions (Fig. 5e). Both TGF-p and a-SMA expression
levels were significantly positively correlated with tissue
stiffness (Figs. 5¢, f).

Higher expression level of PGP9.5 in adenomyosis

The expression level of PGP9.5 was also evaluated to
assess the degree of dysmenorrhea. PGP9.5 staining was
majorly observed in the cytoplasm of adenomyotic lesions
and eutopic endometrium of the adenomyosis group
compared with no staining in the control endometrium
(Fig. 4). Expression levels in the adenomyotic lesions
were higher than those in the eutopic endometrium of

(See figure on next page.)

the adenomyosis group, both of which were higher than
those in the control endometrium (Fig. 5g). The expres-
sion level of PGP9.5 in the adenomyosis group was
significantly positively correlated with the degree of dys-
menorrhea, as evaluated by the NRS score (Fig. 5i). Simi-
larly, a positive correlation between the expression level
of PGP9.5 and tissue stiffness was also found (Fig. 5h).

Discussion

ReTIAR plays an important role in the development of
adenomyosis [4—6]. According to ReTIAR, continuous
tissue damage and repair lead to EMT, FMT, and finally,
fibrosis, thus leading to the development and exacerba-
tion of adenomyosis. Elastography, an imaging tool to
evaluate tissue stiffness, can be used to measure lesion
stiffness and assess the progression of adenomyosis [6,
15, 16]. Elastography has been shown to improve the
sensitivity and specificity of the ultrasound diagnosis of

Fig. 5 a Expression level of a-SMA in adenomyosis lesion, EM of patients with adenomyosis and EM of control group; b Correlation

between proportion of fibrotic tissue and expression level of a-SMA; ¢ Correlation between tissue stiffness and expression level of a-SMA; d
Expression level of TGF-B in adenomyosis lesion, EM of patients with adenomyosis and EM of control group; e Correlation between proportion

of fibrotic tissue and expression level of TGF-(3; f Correlation between tissue stiffness and expression level of TGF-3; g Expression level of PGP9.5

in adenomyosis lesion, EM of patients with adenomyosis and EM of control group; h Correlation of tissue stiffness with expression level of PGP9.5;
i Correlation between NRS score and expression level of PGP9.5. The results represent the mean +SD. **P<0.01 ***P < 0.001 ***P<0.0001.

EM=endometrium, AM=adenomyosis
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adenomyosis and has great value in the differential diag-
nosis of adenomyosis and uterine fibroids [6, 16—18].
The stiffness of adenomyotic lesions is higher than that
of uterine fibroids, both of which are higher than that of
normal myometrium; these results are consistent with
our findings. In addition, we found that the lesion stiff-
ness was positively correlated with the degree of dys-
menorrhea in patients with adenomyosis, with a higher
lesion stiffness in patients with severe disease. This result
indicates that the degree of dysmenorrhea in patients
with adenomyosis can be objectively evaluated by tissue
stiffness measured using elastography instead of subjec-
tive scoring tools such as NRS score and Visual Analogue
Scale score, which better evaluate the severity of dysmen-
orrhea in patients with adenomyosis.

Although Guo et al. [6] found a positive correlation
between lesion stiffness and uterine volume, our study
found no significant correlation between either the
degree of dysmenorrhea or lesion stiffness and the uter-
ine or lesion volume. These results explain the fact that
some patients have a large uterus but no obvious symp-
toms, while others show significant symptoms such
as dysmenorrhea and/or menorrhagia without a large
uterus, suggesting that it may be unreasonable to evalu-
ate the degree of adenomyosis solely based on the uterine
or lesion volume.

Currently, no criteria for evaluating the severity or
staging of adenomyosis are available. Lazzeri et al
designed an ultrasound mapping system to evaluate the
severity of adenomyosis based on the type of adeno-
myosis, the size of the lesion, and the involvement of
the junctional zone [19, 20]. Although the classification
system was relatively comprehensive and showed good
interobserver agreement, it did not incorporate the elas-
tography findings and may not be convenient for clinical
application. Our results and those of some previous stud-
ies have demonstrated the value of elastography in diag-
nosing and assessing the severity of endometriosis and
adenomyosis [6, 11, 21-23]. Elastography is also valuable
in evaluating the efficacy of conservative treatment. Chi-
ara et al. [24] studied the value of real-time elastography
using a transvaginal approach and assessed the response
of uterine fibroids to magnetic resonance-guided focused
ultrasound surgery treatment. They found a reduction in
the strain ratio (ROI lesions/ROI normal myometrium)
for fibroids after treatment compared to that before
treatment.

PGP9.5 is widely expressed at all stages of neuronal
differentiation and is an important and highly specific
marker that is widely used to label nerve fibres [25, 26].
PGP9.5 also plays a role in neural regeneration and the
regulation of tumour cell invasion [27, 28]. In this study,
we found that PGP9.5 was highly expressed in the eutopic
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and ectopic endometrium of patients with adenomyosis.
Thus, PGP9.5 may play an important role in the metas-
tasis and invasion of the eutopic endometrium and the
continued growth and infiltration of the ectopic endome-
trium, leading to the progression of adenomyosis and a
worsening of dysmenorrhea.

TGEF-B, as a typical pro-fibrogenic cytokine, plays a
crucial role in organ fibrosis, including the progression
of adenomyosis [29, 30]. Various exogenous and endog-
enous factors cause the uterus to undergo ReTIAR [31,
32], which leads to the release of a number of bioactive
factors, such as TGF-P. Activated TGF- promotes the
progression of FMT through the TGF-f1/Smad signal-
ling pathway, ultimately leading to the regulation of
a-SMA expression and increased deposition of extracel-
lular matrix components, such as collagen. Meanwhile,
increased fibrosis leads to myometrial tissue stiffening,
which affects myometrial contraction and causes dys-
menorrhea. TGF-B can also induce the expression of
PGP9.5 [27], enhancing the ability of the eutopic endo-
metrium to invade the myometrium and worsening the
degree of dysmenorrhea. Akishima-Fukasawa et al. also
found that the expression of both PGP9.5 and a-SMA
was increased by TGF-B stimulation and blocked by
neutralization of TGF-B with anti-TGF-f antibody [33].
Additionally, the study found that PGP9.5 + fibroblasts
occur primarily in dense fibrotic regions with less cancer
cell invasion or in fibrotic regions in stroma with abun-
dant extracellular matrix. Our results also showed that
PGPI.5 expression was positively correlated with tissue
stiffness. These results indicate that various exogenous
and endogenous factors stimulate the uterine release of
various bioactive factors, including TGEF-B. On the one
hand, TGF-p promotes fibrosis [32], further influencing
the uterine contraction ability and leading to dysmenor-
rhea. On the other hand, TGF-f can induce the expres-
sion of PGP9.5, resulting in nerve fibre invasion into the
myometrium and, finally dysmenorrhea.

However, this study had some limitations. First, the
number of participants was relatively small; therefore,
validation in a larger population is required. Secondly,
both Masson’s trichrome staining and IHC are semi-
quantitative analysis techniques, which cannot definitely
assess the level of fibrosis and expression levels of TGF-f,
a-SMA, and PGP9.5.

Conclusion

Our results showed that elastography has good specificity
and sensitivity to the diagnosis of adenomyosis and heavy
dysmenorrhea in patients with adenomyosis. Elastog-
raphy can be used to assess the stiffness of adenomyotic
lesions, which is positively correlated with the severity of
dysmenorrhea. Furthermore, we found that the degree
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of dysmenorrhea was not related to the uterine or lesion
volume, which indicates that using the uterine or lesion
volume alone to assess the severity of adenomyosis is
inappropriate. Further studies should examine the value
of elastography in assessing the efficacy of conservative
treatments for adenomyosis, such as dienogest, gonado-
tropin-releasing hormone agonists and, et al.
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