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Abstract
Background  This study aimed to obtain high-resolution endometrial gland images under high-definition 
hysteroscopy from in vitro fertilization and embryo transfer (IVF-ET) patients and perform image recognition to 
analyze their density and opening size. Concurrently, the number and morphology of pinopodes in the endometrial 
samples were observed using scanning electron microscopy (SEM). The objective was to compare the correlation 
between the two methods in evaluating endometrial receptivity and predicting pregnancy outcomes and to assess 
the consistency between the quantitative curves and pregnancy outcomes of the two methods in the cohort study.

Methods  67 patients undergoing hysteroscopic surgery who had undergone controlled ovarian hyperstimulation 
treatment within 1–3 menstrual cycles before the surgery were selected. Hysteroscopic exploration was performed 
on the 3–5 days after ovulation (during the implantation window period). Endometrial images and tissues were 
collected under hysteroscopy. The endometrial glands were counted, the sizes of gland openings were calculated 
using an image recognition algorithm, and the number and morphology of endometrial pinopodes were observed 
through SEM. All patients underwent embryo transfer surgery within 1–3 menstrual cycles after hysteroscopy. Patients 
were divided into pregnancy and non-pregnancy groups based on pregnancy outcomes. The density and size of 
endometrial glands, as well as the number and morphology of pinopodes were compared between the two groups.

Results  The endometrial gland density and the size of the endometrial gland opening in the pregnancy group were 
higher than that in the non-pregnancy group (P < 0.05). In contrast, both the average pinopode count per image and 
the developmental maturity grading of pinopodes were significantly higher in the pregnancy group compared to the 
non-pregnancy group.

Conclusions  Both hysteroscopic endometrial gland image recognition technology and pinopode detection can 
effectively reflect endometrial receptivity and predict pregnancy outcomes. However, image recognition technology 
has clear economic and promotional advantages.

Clinical trial number  Not applicable.
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Background
In vitro fertilization and embryo transfer (IVF-ET) has 
emerged as an essential treatment for infertility. The suc-
cess of IVF-ET treatment is primarily determined by the 
quality of embryos and endometrial receptivity. Endo-
metrial receptivity refers to the endometrium’s ability to 
support embryo implantation, which is a dynamic and 
regulated process. Recent advances in reproductive med-
icine have identified pinopodes as highly sensitive mark-
ers of endometrial receptivity. Pinopodes are specialized 
structures formed by the fusion of microvilli on the sur-
face of endometrial epithelial cells. Their abundance and 
maturity are indicative of a favorable endometrial envi-
ronment, which is essential for the localization, attach-
ment, and implantation of the blastocyst [1].

Pinopodes develop through three stages: develop-
ment, maturity, and degeneration. They appear in the 
mid-secretory phase (6–9 days after ovulation) and last 
for less than 48  h, corresponding with the endometrial 
“implantation window” [2]. The presence and maturity 
of pinopodes are closely associated with the optimal 
expression of adhesion molecules, cytokines, and growth 
factors, all of which are critical for embryo invasion and 
successful implantation. Furthermore, pinocytosis, the 
process by which endometrial cells internalize various 
molecules such as nutrients, cytokines, and growth fac-
tors, plays an integral role in creating a favorable envi-
ronment for embryo invasion during the implantation 
window [3]. This dynamic process is essential for regulat-
ing the endometrial stroma and facilitating the transport 
of molecules crucial for embryo attachment and invasion.

Traditionally, endometrial receptivity has been evalu-
ated through methods like ultrasound, biopsy, and endo-
metrial proteomics [4]. However, these methods have 
limitations, such as invasiveness and lack of real-time 
results. In contrast, the use of high-definition hysteros-
copy combined with image recognition technology offers 
a non-invasive, real-time, and cost-effective method for 
assessing endometrial gland density and gland opening 
size. In this study, we employed a high-definition hyster-
oscopy to capture endometrial gland images and applied 
an image recognition algorithm to analyze gland density 
and opening size [5].

This study aimed to assess endometrial receptivity by 
integrating two complementary methodologies and com-
paring the effectiveness of image recognition technology 
and pinopode detection in predicting implantation suc-
cess. Concurrently, pinopode morphology was assessed 
through scanning electron microscopy (SEM) to further 
evaluate the correlation between endometrial gland fea-
tures and pinopode development. Pregnancy outcomes 
were subsequently monitored to evaluate the predictive 
value of these two methodologies in determining endo-
metrial receptivity.

Materials and methods
Patient selection
This study included 67 infertility patients aged 23–34 
years receiving IVF-ET treatment at the Reproduc-
tive Medicine Center of Ningbo Women and Children’s 
Hospital from January 2020 to December 2020. Of the 
patients, 30 experienced primary infertility and 37 were 
diagnosed with secondary infertility lasting 1–8 years. 
The menstrual cycle of each patient was regular. Exclu-
sion criteria for this study involved patients with abnor-
mal uterine outcomes, including endometrial polyp, 
myoma, endometriosis, adenomyosis, intrauterine adhe-
sion, and endocrine-related disease, or those who had 
undergone uterine and ovarian surgery. Additionally, all 
patients underwent controlled ovarian hyperstimula-
tion therapy during the 1–3 menstrual cycles preceding 
the hysteroscopic procedure, and embryo transfer was 
deferred until after the surgery. Ovulation monitoring 
was conducted during the month of hysteroscopic sur-
gery, and a hysteroscopic examination was carried out 
3–5 days post-ovulation. During the surgery, no abnor-
mal findings such as endometrial polyps or intrauterine 
adhesions were found, and within 3 menstrual cycles 
following hysteroscopic surgery, embryo transfer was 
conducted. In the pregnancy group, 45 patients were 
identified as having clinical intrauterine pregnancy via 
ultrasound. The diagnostic criteria for early pregnancy 
involved an intrauterine pregnancy, with an enlarged 
gestational sac (mean gestational sac diameter > 10 mm), 
based on a B-type ultrasound examination. Missed 
abortion, early induced abortion, premature delivery, 
full-term delivery, and mid-term induced labor were all 
considered pregnancy outcomes. The non-pregnancy 
group consisted of 22 patients, including those with 
extrauterine pregnancies, such as those with human cho-
rionic gonadotropin (hCG)-negative pregnancies, chemi-
cal pregnancy (hCG-positive with no pregnancy seen on 
ultrasound, followed by natural menstruation), as well 
as ectopic pregnancy (extrauterine pregnancy; excluding 
cornual pregnancy).

Hysteroscopic procedure
The procedure was scheduled 3–5 days following ovu-
lation, verified through ovulation monitoring (± 2 days 
from the window of implantation). Starting on the 10th 
day of the menstrual cycle, ultrasound monitoring was 
performed at 2–3 day intervals. When the average follicle 
diameter reached 20 mm, 5000 U of HCG was injected. 
Two days later, a repeat ultrasound was conducted to 
assess whether ovulation had occurred. Once ovula-
tion was confirmed, hysteroscopic surgery was sched-
uled within 3–5 days at Ningbo Women and Children’s 
Hospital by the Gynecologists using intravenous anes-
thesia with propofol as well as laryngeal mask-assisted 
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ventilation. The presence of any deformities, adhesions, 
or space-occupying lesions in the cervical canal and uter-
ine cavity was visualized and determined by positioning a 
hysteroscope.

A High-definition hysteroscopic imaging was per-
formed using a rigid hysteroscope (KARL STORZ SE & 
Co. KG, Germany) equipped with a small-diameter outer 
sheath of approximately 5 mm and a high-definition opti-
cal system delivering images at 1920 × 1080 resolution. 
This setup allowed for precise, real-time image acquisi-
tion of the endometrium. The general anesthesia was 
used to ensure patient comfort, minimize movement 
during the procedure, and allow for precise and repro-
ducible positioning of the hysteroscope within the uter-
ine cavity.

During the procedure, the uterine fundus was used 
as the focal point for image acquisition, and an epi-
dural catheter with scale marks was employed to accu-
rately measure the distance between the fundus and the 
hysteroscopic lens. This approach allowed for precise 
alignment of the hysteroscope for imaging and accurate 
endometrial tissue sampling. After capturing the required 
images, micro-grasping forceps were placed through the 
hysteroscopic operating channel to grab endometrial tis-
sue at the image collection site for further analysis.

All surgeons involved in the procedure were trained in 
the standard operating protocols to ensure that the pro-
cedure was conducted safely, precisely, and in accordance 
with the required standards.

Frozen embryo transfer and endometrial 
Preparation
For patients with regular menstrual cycles, follicular 
and endometrial development was monitored starting 
from day 10 of menstruation. Once a dominant follicle 
was observed, continuous monitoring was conducted, 
and urinary LH or corresponding hormone levels were 
used to assess follicular maturity; if necessary, HCG was 
administered to induce ovulation. After ovulation, the 
embryo transfer timing was determined based on the 
frozen embryo’s culture duration, and during the trans-
fer window, ultrasound confirmed that the endometrium 
had reached a thickness of ≥ 8  mm, which was consid-
ered acceptable for transfer. For patients in natural cycles 
who did not ovulate or in artificial cycles with subopti-
mal endometrial preparation, HMG was started on days 
3–5 of the menstrual cycle; when the follicle developed to 
approximately 1.8–2.0 cm, HCG was injected, and then, 
based on the ovulation time and the embryo’s culture 
duration, the transfer time was determined, ensuring that 
the endometrium was ≥ 8 mm on ultrasound during the 
transfer window.

Endometrial gland image recognition
The endometrial images were cut into squares with a res-
olution of 1080 × 1080 pixels (Fig. 1), and for recognizing, 
marking, and counting the endometrial glands, an endo-
metrial gland opening labeling algorithm was adopted to 
process the images (Fig.  2). The calculation method for 
the opening size of endometrial glands was to recognize 
all glands in the image, calculate the total pixel points 

Fig. 2  The image processed using the algorithm. The glands were marked 
and counted. Pixel points of the glands were measured to calculate the 
opening size of endometrial glands

 

Fig. 1  The origin endometrial image (1080 × 1080 pixels)
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(pp) occupied by all glands, and then calculate the aver-
age value.

Endometrial pinopode detection
Endometrial tissues obtained during surgery were 
rinsed three times with physiological saline, and a 2.5% 
glutaraldehyde fixing solution (pH 7.2–7.4) at least 10 
times than the volume of the tissues was added. The tis-
sues were stored at a temperature of 4℃ and made into 
electron microscope samples. After that, scanning elec-
tron microscopy with a magnification of 3000 times 
(HITACHI SU8010) was used to observe the number, 
morphology, and coverage rate of the pinopodes at a 
magnification of 3000 times. The morphology of the 
pinopodes was divided into four levels based on the 
grading of their developmental status: pre-development 
(Fig. 3), developing (Fig. 4), fully developed (Fig. 5), and 
degenerating (Fig. 6). The coverage rate of the pinopodes 
was the percentage of the area of the pinopodes process 
to the area of the endometrium. Each sample was ran-
domly selected from 8 areas, and the pinopodes were 
counted. The average number of pinopdes was calculated 
for each sample, and the scoring and grading were based 
on the coverage rate of pinopodes. Zero was scored for 
completely uncovered (0%), one was scored for slightly 
covered (≤ 20%), two was scored for moderately covered 
(21–50%), and three was scored for extensively covered 
(> 50%), Finally, based on the pregnancy outcome, a χ2-

test was performed on the grading of the pinopodes.

Statistical methods
Data analysis was performed using IBM SPSS Statistics 
version 19.0 (IBM Corporation, Armonk, NY, USA). 
Continuous variables were expressed as mean ± standard 
deviation (SD) and compared between groups using the 
independent-samples t-test. Categorical variables were 
analyzed using the chi-square test. In addition, Pearson’s 
bivariate correlation analysis was employed to evalu-
ate the relationships among the variables. A two-tailed 
p-value of less than 0.05 was considered statistically 
significant.

Results
Comparison of general information between two groups
The mean ages, endometrial thickness on the day of 
embryo transfer, body mass index (BMI), length of infer-
tility years, and number of embryo transferred did not 
exhibit any statistical significance between the non-preg-
nancy and pregnancy groups (all P > 0.05, Table  1). The 
pregnancy group involved 18 cases of primary and 27 of 
secondary infertility, while in the non-pregnancy group, 
11 cases were diagnosed with primary infertility and sec-
ondary infertility, respectively. The two groups presented 

Fig. 5  The pinopoodes are fully developed, with a smooth surface and 
almost disappeared villi

 

Fig. 4  During the development of pinopodes, the volumes gradually fill 
up, and the villi shorten

 

Fig. 3  Before the development of the pinopodes, their volumes are small, 
and surface microvilli are visible
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no statistical significance in primary and secondary infer-
tility (χ2 = 0.602, P = 0.438, Table 2).

Comparison of endometrial gland count between two 
groups
All endometrial images were processed using the image 
recognition algorithm, and the number of endometrial 
glands was identified and counted. Simultaneously, the 
total number of pixels occupied by all endometrial glan-
dular openings was calculated to determine the mean 
size, expressed in pixels. The calculation formula is 
(gland opening size = pixels occupied by all glandular openings

total number of glandular openings

). The pregnancy group exhibited a higher number of 
endometrial glands and size of endometrial gland open-
ings as opposed to the non-pregnancy group (P < 0.05, 
Table 3).

Comparison of the count numbers and developmental 
status grading of pinopodes between two groups
In contrast to the non-pregnancy group, a higher average 
count of pinopodes was observed in the pregnancy group 
(P < 0.05, Table 3). The developmental status grading was 
considerably different between the non-pregnancy and 
pregnancy groups (χ2 = 1.196, P = 0.011, Table 4).

Comparison of the correlation between endometrial 
glandular count, glandular opening size, and pinopode 
count
There was a statistically significant positive correlation of 
endometrial glandular count, and glandular opening size 
with pinocytosis count (P < 0.05, Table 5).

Discussion
Throughout the multiple stages of IVF-ET treatment, 
continuous advancements in ovulation induction ther-
apy and the progressive refinement of artificial insemi-
nation technology have led to an egg fertilization rate 
exceeding 70%, along with a gradual increase in the rate 

Table 1  Comparison of age, length of infertility, BMI, endometrial thickness on embryo transfer day, and number of embryos 
transferred between the two groups (

−
x±s)

Age (years) Length of infertility 
(years)

Body mass index
(kg/m2)

Endometrial thickness on the 
day of embryo transfer (mm)

Num-
ber of 
embryo 
transfered

Pregnancy Group 28.16 ± 3.34 2.95 ± 1.10 21.75 ± 3.74 11.28 ± 1.33 1.38 ± 0.49
non-pregnancy Group 27.73 ± 3.60 2.94 ± 0.96 22.31 ± 3.08 11.35 ± 1.56 1.45 ± 0.51
P 0.640 0.990 0.550 0.880 0.550

Table 2  Comparison of primary infertility and secondary 
infertility between groups

Primary 
infertility

Secondary 
infertility

Com-
pare 
Results

Pregnancy group 18 27 χ2 = 0.602
Non-pregnancy group 11 11 P = 0.438 

(bilateral)

Table 3  Comparison of endometrial gland count, gland 
opening size and pinopodes count between two groups(

−
x±s)

Endometrial 
gland count 
(n)

Gland open-
ing size (PP)

Count of pi-
nopodes (n/pic, 
ESM at 3000X 
magnification)

Pregnancy group 130.27 ± 29.46 220.44 ± 81.32 18.04 ± 3.46
Non-pregnancy 
group

88.05 ± 25.63 152.36 ± 74.0 11.82 ± 2.47

P < 0.001 < 0.001 < 0.001

Table 4  Comparison of the developmental status grading of 
pinocytosis between two groups of patients

Com-
pletely 
uncovered
(0 points)

slightly 
coverage
(1 point)

Moderate 
coverage
(2 points)

Extensive 
coverage
(3 points)

Compare 
Results

Preg-
nancy 
group

0 17 17 11 χ2 = 1.196,

Non-
preg-
nancy 
group

5 6 6 5 P = 0.011 
(bilateral )

Fig. 6  Degenerating pinopodes, with wrinkles and microvilli reappearing 
on the surface, increasing in volume
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of high-quality embryos. Simultaneously, with the ongo-
ing maturation of sequential blastocyst culture technol-
ogy, it is now possible to extend and cultivate embryos in 
vitro to the blastocyst stage [6]. However, the pregnancy 
rate after embryo transfer has not significantly improved, 
with the cumulative clinical pregnancy rate remaining 
around 55–65%. The discrepancy between the embryo 
acquisition rate and the pregnancy rate underscores 
the critical role of endometrial receptivity and ovar-
ian responsiveness after embryo transfer in determining 
pregnancy outcomes, with endometrial receptivity being 
the most crucial factor [7]. Currently, ultrasound exami-
nation remains the most commonly used method for 
evaluating endometrial receptivity in clinical practice [8]. 
In addition, various methods, such as endometrial pro-
teomics and endometrial lipid mediators are available but 
each has certain limitations [9, 10].

As a widely recognized marker for endometrial recep-
tivity testing, the pinocytosis process has been confirmed 
in this study. In this study, patients in the pregnancy 
group had significantly higher scores for pinocytosis 
count and developmental status grading than those in the 
non-pregnancy group, indicating that if embryo transfer 
time is determined based on the results of pinocytosis 
testing, a higher clinical pregnancy rate can be achieved. 
However, due to the low popularity of high-resolution 
scanning electron microscopy equipment, expensive 
detection costs, and poor timeliness, the detection of 
pinopodes, although a suitable method for evaluating 
endometrial receptivity, cannot be widely applied.

In comparison to previous studies, such as Sakumoto 
et al [11]., which examined the mid-secretion endo-
metrial morphology through hysteroscopy, our study 
incorporates a more quantitative approach. While pre-
vious study relied on subjective evaluation of endome-
trial morphology using visual assessment of blood vessel 
distribution and glandular opening size, our study inte-
grates image recognition technology with hysteroscopy, 
offering a non-invasive, real-time, and objective alterna-
tive. Furthermore, while pinopodes were assessed using 
SEM in previous studies, our image recognition tech-
nology allows for quantification of endometrial gland 
density and opening size, providing a cost-effective and 
clinically feasible method for assessing endometrial 
receptivity. Unlike traditional techniques, which can be 

time-consuming and subjective, our methodology offers 
a more practical solution for routine clinical use.

At present, high-definition hysteroscopic surgical 
equipment is widely used, and the resolution of endo-
metrial images has reached the level of 10 micrometers. 
Combining with the increasingly developed computer 
software and hardware technology, it is possible to per-
form computer software recognition on endometrial 
images. In 2018, our research team used a published 
image recognition algorithm to verify the feasibility of 
using image recognition technology to obtain endome-
trial gland density to evaluate endometrial receptivity 
[12].

On the basis of the previous study, this study added the 
recognition of the size of endometrial glandular open-
ings. It used SEM to detect and grade pinopodes in endo-
metrial tissue obtained during hysteroscopy, verifying the 
effectiveness of pinopode detection in endometrial recep-
tivity. In this study, we analyzed the correlation of the size 
of the endometrial gland opening and the endometrial 
gland count with the results of pinocytosis detection. 
The result indicated a significant correlation between the 
three. Therefore, using image recognition technology to 
evaluate endometrial receptivity has high feasibility while 
also has real-time and economical features compared 
to pinopode detection making it a valuable method for 
widespread clinical application.

Our study not only demonstrates a significant correla-
tion between endometrial gland imaging parameters and 
traditional pinopode detection but also highlights sev-
eral key strengths. A major strength of this study is the 
innovative integration of high-definition hysteroscopy 
with an automated image recognition algorithm. This 
novel approach enables objective, real-time quantifica-
tion of endometrial gland density and glandular opening 
size—parameters that correlate strongly with established 
markers of endometrial receptivity as assessed by SEM-
based pinopode evaluation. Unlike conventional methods 
that often rely on subjective interpretation and expen-
sive, time-consuming SEM analysis, our method offers a 
cost-effective, reproducible, and accessible alternative for 
clinical practice. Moreover, the rigorous design involving 
a well-defined patient cohort and comprehensive statisti-
cal analysis further reinforces the reliability and clinical 
applicability of our findings. Overall, these strengths sug-
gest that our image recognition technology could play a 
valuable role in optimizing embryo transfer timing and 
improving IVF-ET outcomes.

Although this study demonstrates the feasibility of 
image recognition technology for assessing endometrial 
receptivity, further research is needed to enhance its clin-
ical utility. Future studies should validate this method in 
larger, multicenter trials to assess its generalizability. The 
integration of deep learning algorithms could improve 

Table 5  Comparison of correlation between endometrial 
glandular count, glandular opening size, and pinopodes count

Endometrial 
gland count 
(n)

Gland 
open-
ing size 
(PP/pic)

Count of pinopodes 
(n/pic, ESM at 3000X 
magnification)

Pearson correla-
tion coefficient

0.468 0.456

P < 0.001 < 0.001
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the accuracy, automation, and predictive value of this 
approach. Additionally, the development of laser mea-
surement technologies for more precise image acquisi-
tion may enhance its accuracy. Ultimately, prospective 
clinical trials comparing the cost-effectiveness and clini-
cal impact of this technology to traditional methods (e.g., 
ultrasound and biopsy) will be essential for its adoption 
in clinical practice.

Conclusion
In summary, the integration of high-definition hyster-
oscopy with image recognition technology provided a 
promising, non-invasive alternative for evaluating endo-
metrial receptivity, with significant potential for clinical 
application in IVF-ET. This approach could aid in devel-
oping long-term embryo transfer plans, reduce medical 
expenses and embryo waste, and improve IVF-ET preg-
nancy rates.
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