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Background: To determine differences in endometrial cavity anteroposterior diameter, thickness, volume,
and diameter lines of uterine body and thickness, and volume of upper, middle, and lower regions of the
endometrium in infertile women using a new method for three-dimensional (3D) reconstruction based on
two-dimensional (2D) ultrasound images.

Methods: This retrospective cross-sectional study included a total of 81 infertile women, who underwent
2D ultrasound standard examination. We created 3D models of the uterine body, endometrial cavity, and
endometrium based on 2D ultrasound images. The parameters that were measured and analyzed in a
3D plane included volume and diameter lines of endometrial cavity, surface area, thickness, volume, and
diameter lines of uterine body, and surface area, thickness, and volume of upper, middle, and lower region of
the endometrium. These parameters were used for comparisons between normal and arcuate uterus, between
non-pregnant and pregnant infertile women, and between nulliparous and multiparous infertile women.
The differences between the different regions of the endometrium and the correlations between age and the
parameters were also determined in this study.

Results: Endometrial cavity length, and middle and lower regions of the endometrial volume in the normal
uterus were 39.63+7.61 mm, 1,307.92+1,034.40 mm’, and 653.98+460.41 mm’, respectively. For arcuate
uterus, these parameters were 32.96+4.69 mm, 539.89+298.94 mm’, and 347.90+129.61 mm’, respectively.
The parameters were significantly higher in normal uterus compared with arcuate uterus (P=0.000, 0.001,
and 0.006, respectively). Upper, middle, and lower regions of endometrial thickness in normal uterus were
7.79+3.26, 8.18+3.33, and 6.41£2.60 mm, respectively. Both upper and middle regions of endometrial
thickness were significantly greater than the lower regions of endometrial thickness with P=0.009 and
P=0.001, respectively. Correlation analysis revealed that age positively correlated with volume of upper
endometrial regions (r=0.274, P=0.028).

Conclusions: This study provides references for the volume and thickness of the endometrium in the
different anatomical regions of normal and arcuate uterus. Age mainly affects the upper region of the
endometrium. The 3D measurement provides a precise way to quantify the morphological parameters of

gynecological diseases.
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Introduction

Although morphological parameters of the uterus and
its related structures have been extensively measured and
studied in normal females (1-5), uterine body thickness
(UBT) has not yet been described. To date, few authors
have reported measurements of endometrial cavity
anteroposterior diameter (ECA). Goldstuck studied the
ECA, which was derived from the ellipsoid formula (6);
however, the results of their study were not exact, because
the shape of the uterine cavity is not an ellipse. The
endometrium is central to female reproductive physiology (7).
To date, morphological features of the endometrium in
different anatomical regions have not been investigated.
In recent years, given research developments, structural
features of the uterus in infertile women have been
gradually investigated (8,9). However, these studies have
mostly focused on the uterus, while little attention has
been paid to the uterine body, endometrial cavity, and
endometrium.

Three-dimensional ultrasound (3D US) can be used
to conduct 3D reconstructions of the uterine body,
endometrial cavity, and endometrium, but it can only
measure the volumes of these entities. In recent years,
technological breakthroughs led to 3D reconstruction of the
endometrial cavity (10); however, these 3D reconstructions
yielded the simple measurements of length and width.
Application of this technique required injection of saline,
which can lead to patient distress. To our knowledge, taking
advantage of two-dimensional ultrasound (2D US) images
for 3D reconstructions have not previously been used to
perform various measurements and analyses of the uterine
body, endometrial cavity, and endometrium.

The main objectives of this study were as follows.
Firstly, to employ medical software to implement 3D
reconstructions of uterine body, endometrial cavity, and
endometrium for the first time based on 2D US images and
to carry out various measurements and analyses. Second, to
measure routine parameters and determine differences in
ECA, UBT, volume, and diameter lines of the uterine body

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

between normal and arcuate uterus, between non-pregnant
and pregnant infertile women, and between nulliparous and
multiparous infertile women. Third, to identify differences
in volume and thickness of the upper, middle, and lower
regions of the endometrium in infertile women. Fourth, to
explore the impact of age on these parameters. Finally, to
provide a reference standard for using assisted reproductive
technologies (ARTs), diagnosing uterine malformations,
selecting intrauterine devices (IUDs), and implementing
gynecological surgery. We present the following article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-21-812/rc).

Methods
Study population

This retrospective cross-sectional study included 204
patients, who visited The Second Hospital of Tianjin
Medical University due to female infertility between
June 2020 and May 2021. The patients were instructed
to void urine before a 2D US standard examination. The
examination was conducted by 2 ultrasonographers with
extensive experience. Age, gravidity, and parity of the
patients were obtained from the registration database.
The exclusion criteria were as follows: uterine fibroids,
adenomyosis, intrauterine adhesion, history of pelvic surgery,
had not undergone a 2D US examination within 3-5 days
after the end of their menstrual period, endometrial cavity
had an TUD embedded, uterine malformation other than
arcuate uterus and uterine body, or endometrial cavity and
endometrium were impossible to identify on the 2D US
image. Patients were screened independently and strictly
by 2 researchers according to the inclusion and exclusion
criteria. Both investigators had a thorough knowledge of
gynecological diseases and extensive clinical experience.
Any differences were resolved through discussion with a
third researcher to achieve consensus. Ultimately, a total of
81 patients were included in the analysis. The flow diagram
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Figure 1 Flow diagram for patient inclusion and exclusion. 2D US, two-dimensional ultrasound; IUDs, intrauterine devices.

for patient inclusion and exclusion is presented in Figure 1.
We defined the normal uterus based on the shape of the
endometrial cavity. The shape of a normal uterus was
similar to an inverted triangle (11). The arcuate uterus
was defined as an indentation depth of 4-10 mm with
an indentation angle >90° (12). Of the patients, 64 had a
normal uterus, and ages ranged from 25 to 43 years (mean
age =32.64+4.72 years). A total of 17 patients had an arcuate
uterus, and their ages ranged from 23 to 42 years (mean age
=31.06+4.76 years). The 64 patients with a normal uterus
had the following gravidities and parities: gravidity =0
(n=31), gravidity =1 (n=15), gravidity >1 (n=18), parity =0
(n=48), and parity =1 (n=16). This study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013) and approved by the Institutional Review Board (IRB)
of The Second Hospital of Tianjin Medical University (No.
KY2021K101), and individual consent for this retrospective
analysis was waived.

3D reconstruction

The axial 2D US images with a slice thickness of 2.5 mm
were imported into the Mimics software 19.0 (Materialize,
Leuven, Belgium) in DICOM format. We created 3D
models of the uterine body, endometrial cavity, and
endometrium based on the 3D models’ corresponding
anatomical profiles. The reconstructed 3D models were
then smoothed. Finally, these 3D models were imported
for measurements and analyzed using 3-matic software 11.0
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(Materialize, Leuven, Belgium). All 3D measurements and
analyses were carried out by a professional researcher.

Parameter measurements and analyses

Uterine body volume (UBV), uterine body surface area
(UBS), endometrial cavity volume (ECV), endometrial
volume (EV), and endometrial surface area (ES) can be
viewed through “Mimics software -> properties”. For the
diameter line measurements, the highest and lowest point,
the leftmost and rightmost point, and the most anterior and
most posterior point of the uterine body, endometrial cavity,
and endometrium were determined in the Z-axis, X-axis
and Y-axis by 3-matic software, respectively. Uterine body
length (UBL) and endometrial cavity length (ECL) were
defined as the length from the highest to the lowest point
measured on a corresponding 3D model. Uterine body
width (UBW) and endometrial cavity width (ECW) were
defined as the width from the leftmost to the rightmost
point measured on a corresponding 3D model. Uterine
body anteroposterior diameter (UBA) and ECA were
defined as the distance from the most anterior to the most
posterior point measured on a corresponding 3D model.
Measurements of these distances were performed point to
point using 3-matic software.

The steps for the measurement of the upper, middle, and
lower regions of the endometrium were as follows. In the
first step, the highest and lowest point of the endometrium
was determined in the Z-axis by 3-matic software. The
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Figure 2 3D reconstructions of the UB, E, and EC. (A) Axial 2D US image. (B) 3D reconstructions of UB, E, and EC. 2D US, two-

dimensional ultrasound; 3D, three-dimensional; E, endometrium; EC, endometrial cavity; UB, uterine body.

endometrium length was defined first as the length from
the highest to the lowest point of the endometrium. Then,
the endometrial length was measured point to point using
3-matic software. In the second step, 3 equal division points
were determined using 3-matic software based on the
endometrial length. In the third step, 3 horizontal planes
were identified using 3-matic software according to the
3 equal division points. In the last step, the endometrium
was cut into 3 parts using the “plane cut” tool of 3-matic
software. In this way, the reconstructed endometrium
achieved equal-distance division.

The upper region of endometrial thickness (ETU),
middle region of endometrial thickness (ETM), and lower
region of endometrial thickness (ETL) were analyzed with
3-matic software. The upper region of endometrial volume
(EVU), upper region of the endometrial surface area (ESU),
middle region of the endometrial volume (EVM), middle
region of the endometrial surface area (ESM), lower region
of the endometrial volume (EVL), and the lower region of
the endometrial surface area (ESL) were viewed using the
“3-matic software -> properties” function. Similarly, the
UBT and endometrial thickness (ET) were analyzed with
3-matic software.

Statistical analysis

Data were expressed as mean + standard deviation. Mann-
Whitney U tests or 2 independent-samples ¢-tests were
performed to compare differences between normal and
arcuate uterus, between parity =0 and parity =1, and
between the different regions of the endometrium. Kruskall-
Wallis tests or one-way analysis of variance (ANOVA) were
used to detect differences between the different gravidities.
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Correlations between age and parameters were analyzed
using Pearson’s or Spearman’s correlation coefficients.
Statistical tests were chosen depending on whether the data
conformed to a normal distribution. All data analyses were
performed using SPSS software 25.0 (IBM Corp., Armonk,
NY, USA). A P value <0.05 was considered statistically
significant.

Results

We successfully reconstructed 3D models of the uterine
body, endometrial cavity, and endometrium from 2D
US images with high accuracy using Mimics software
(Figure 2). These models can be observed from different
perspectives. The model-rendered morphology appeared
highly realistic and enabled measurements and analyses of
diameter lines, volume, surface area, and thickness (Figure 3).
The reconstructed endometrium achieved equal-distance
division (Figure 4). ECL, EVM, EVL, ESM, and ESL
were significantly higher in the normal uterus than those
in the arcuate uterus (P=0.000, 0.001, 0.006, 0.000, and
0.003, respectively). Age, gravidity, parity, UBL, UBW,
UBA, UBT, UBV, UBS, ECW, ECA, ECV, EV, EVU, ES,
ESU, ET, ETU, ETM, and ETL did not show significant
differences between the 2 groups (Table I).

With increasing gravidity, UBA, UBV, ECW, ECA, ES,
ESU, and ET increased significantly (P=0.035, 0.027, 0.010,
0.048, 0.039, 0.010, and 0.036, respectively). No significant
differences were observed in age, UBL, UBW, UBT, UBS,
EVL, ECV, EV, EVU, EVM, EVL, ESM, ESL, ETU,
ETM, and ETL among the 3 groups (Tuble 2).

Age, UBW, UBV, UBS, ECW, ECV, EV, EVU, EVM,
EVL, ES, ESU, ESM, ESL, ET, and ETU in the parity
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Figure 3 3D analyses of length (mm), width (mm), anteroposterior diameter (mm), thickness (mm), volume (mm’), and surface area (mm?).
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(A) The highest and lowest point of the endometrial cavity was determined in the Z-axis by 3-matic software. The ECL was measured from
the highest to the lowest point. The ECL was 32.99 mm. (B) the leftmost and rightmost point of endometrial cavity was determined in the
X-axis by 3-matic software. The ECW was measured from the leftmost to the rightmost point. The ECW was 31.25 mm. (C) The most
anterior and most posterior point of the endometrial cavity was determined in the Y-axis by 3-matic software. The ECA was measured from
the most anterior to the most posterior point. The ECA was 16.05 mm. (D) The UBT was analyzed using 3-matic software. The UBT was
17.72 mm. (E) The highest and lowest point of the uterine body was determined in the Z-axis by 3-matic software. The UBL was measured
from the highest to the lowest point. The UBL was 33.57 mm. (F) The leftmost and the rightmost point of the uterine body was determined
in the X-axis by 3-matic software. The UBW was measured from the leftmost to the rightmost point. The UBW was 53.56 mm. (G) The
most anterjor and most posterior point of uterine body was determined in the Y-axis by 3-matic software. The UBA was measured from
the most anterior to the most posterior point. The UBA was 40.44 mm. (H) Schematic diagram of the properties of the uterine body. The
UBV was 37,555.91 mm’. The UBS was 6,318.61 mm’. 3D, three-dimensional; ECA, endometrial cavity anterior-posterior diameter; ECL,
endometrial cavity length; ECW, endometrial cavity width; UBA, uterine body anterior-posterior diameter; UBL, uterine body length; UBS,
uterine body surface area; UBT, uterine body thickness; UBV, uterine body volume; UBW, uterine body width.

1 infertile women were significantly greater than those in
the parity 0 infertile women (P=0.015, 0.018, 0.004, 0.024,
0.002, 0.002, 0.004, 0.003, 0.016, 0.019, 0.001, 0.013,
0.007, 0.013, 0.039, and 0.010, respectively). There were
no significant differences in UBL, UBA, UBT, ECL, ECA,
ETM, and ETL (Table 3).

Both EVU and EVM were significantly greater
than EVL (both P=0.000). Both ETU and ETM were
significantly greater than ETL (P=0.009 and 0.001,
respectively). The ESU was significantly greater than both
ESM and ESL (both P=0.000). The ESM was significantly
greater than ESL (P=0.000). Values were not significantly
different between EVU and EVM and between ETU and
ETM (Table 4).
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Correlation analysis revealed that age correlated
positively with UBL (r=0.248, P=0.048), UBW (r=0.293,
P=0.019), UBA (r=0.263, P=0.036), UBV (r=0.365, P=0.003),
UBS (r=0.332, P=0.007), ECL (r=0.277, P=0.027), ECV
(r=0.306, P=0.014), EVU (r=0.274, P=0.028), ES (r=0.278,
P=0.026), and ESU (r=0.311, P=0.012). No significant
correlations were found between age and UBT, ECW,
ECA, EV, EVM, EVL, ESM, ESL, ET, ETU, ETM, and
ETL (Tuble 5).

Discussion

In gynecological examinations, US is the most commonly
used imaging method. In a study by Zhao et 4l., an
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Figure 4 Equal-distance division of the endometrium. (A) The highest and lowest point of the endometrium was determined in the Z-axis

by 3-maic software. The endometrial length was defined first as the length from the highest to the lowest point of the endometrium. Then,

3 equal division points were determined using 3-matic software according to the endometrial length. (B) Three horizontal planes were

identified first using 3-matic software based on the 3 equal division points. Then, the endometrium was cut into 3 parts using the “plane
cut” tool of the 3-matic software. (C) The ETU was analyzed with 3-matic software. The ETU was 7.44 mm. (D) Schematic diagram of the
properties of the upper region of the endometrium. The EVU is 1,670.99 mm’. The ESU is 874.49 mm’. ETU, upper region of endometrial

thickness; EVU, upper region of endometrial volume; ESU, upper region of endometrial surface area.

accurate 3D model of the malleus and incus was developed
with computed tomography data by means of Mimics
software (13). For the first time, this study employed the use
of Mimics software to implement 3D reconstructions of the
uterine body, endometrial cavity, and endometrium based
on 2D US images and resulted in various measurements
and analyses. Our study extends the current knowledge
about infertile women and arcuate uterus, highlighting the
nuances of morphology of the uterine body, endometrial
cavity, and endometrium. The findings from this study
have important implication for ARTs, the diagnosis of
uterine malformations, selecting IUDs, and performing
gynecological surgery.

No consensus has been reached about the diagnostic
criteria of uterine malformations. The definitions of normal
and/or arcuate uterus by the European Society of Human
Reproduction and Embryology, the European Society
for Gynaecological Endoscopy (ESHRE-ESGE), and the
American Society for Reproductive Medicine (ASRM)

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

classification systems for congenital uterine anomalies
remain controversial (14). Several studies have shown that a
normal/arcuate uterus can easily be misdiagnosed as septate
uterus using the standard ESHRE-ESGE criteria (15,16).
Although the accuracy of the ASRM classification system was
higher than the accuracy of the ESHRE-ESGE classification
system for diagnosing septate uterus, the diagnosis of septate
uterus is prone to error (17). None of the ASRM, ESHRE-
ESGE, or Congenital Uterine Malformation by Experts
(CUME) has provided detailed descriptions of normal and
arcuate uterus. The 3D morphological parameters can
diagnose the thoracic myelopathy resulting from thoracic
ossification of the ligamentum flavum more accurately
than 2D morphological parameters (18). This study found
that ECL, EVM, EVL, ESM, and ESL were significantly
lower in arcuate uterus compared to normal uterus using
the 3D measurement approach. Our results may provide
an explanation for previous research findings. In Sun
et al.’s study, infertile women with normal/arcuate uterus
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Table 1 Comparison of normal and arcuate uterine parameters (mean + SD)

Feng et al. 3D measurement and analysis of infertile women

Parameters Normal uterus Arcuate uterus P value
Age (years) 32.64+4.72 31.06+4.76 0.198
Gravidity 1.00£1.22 0.59+0.62 0.439
Parity 0.25+0.44 0.12+0.33 0.246
UBL (mm) 40.21+7.40 39.08+4.33 0.423
UBW (mm) 54.11+10.29 53.26+6.49 0.750
UBA (mm) 35.47+6.03 34.91+4.93 0.725
UBT (mm) 16.28+2.12 16.54+1.82 0.626
UBV (mm?) 46,569.83+20,269.15 44,078.20+10,131.28 0.935
UBS (mm?) 7,551.65+2,233.46 7,243.87+1,143.35 0.799
ECL (mm) 39.63+7.61 32.96+4.69 0.000***
ECW (mm) 30.66+7.69 29.30+5.07 0.493
ECA (mm) 22.74+5.82 21.67+3.13 0.991
ECV (mm°) 13,599.98+7,364.75 10,240.50+3,289.52 0.161
EV (mm?®) 3,511.06+2,528.53 2,158.72+1,073.45 0.060
EVU (mm®) 1,549.16+1,176.90 1,270.93+723.23 0.685
EVM (mm®) 1,307.92+1,034.40 539.89+298.94 0.001**
EVL (mm?) 653.98+460.41 347.90+129.61 0.006**
ES (mm?) 1,923.52+1,166.61 1,475.19+411.05 0.100
ESU (mm? 950.04+470.89 923.09+313.83 0.898
ESM (mm?) 671.13+£358.06 354.96+124.37 0.000***
ESL (mm?) 403.03+191.02 262.65+68.99 0.003**
ET (mm) 8.68+3.32 7.15+1.84 0.123
ETU (mm) 7.79+3.26 6.99+1.88 0.524
ETM (mm) 8.18+3.33 6.34+1.61 0.064
ETL (mm) 6.41+2.60 5.14+1.50 0.066

**, P<0.01; ***, P<0.001. SD, standard deviation; UBL, uterine body length; UBW, uterine body width; UBA, uterine body anteroposterior
diameter; UBT, uterine body thickness; UBYV, uterine body volume; UBS, uterine body surface area; ECL, endometrial cavity length; ECW,
endometrial cavity width; ECA, endometrial cavity anteroposterior diameter; ECV, endometrial cavity volume; EV, endometrial volume;
EVU, upper region of endometrial volume; EVM, middle region of endometrial volume; EVL, lower region of endometrial volume; ES,
endometrial surface area; ESU, upper region of endometrial surface area; ESM, middle region of endometrial surface area; ESL, lower
region of endometrial surface area; ET, endometrial thickness; ETU, upper region of endometrial thickness; ETM, middle region of

endometrial thickness; ETL, lower region of endometrial thickness.

underwent embryo transplantation. They discovered that
the conception and implantation rates of arcuate uterus
were significantly lower than those of normal uterus (11).
"This may be because EVM, EVL, ESM, and ESL of arcuate
uterus are significantly lower than those of normal uterus.
Decreases in EV and ES are accompanied by corresponding

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

decreases in nutrition, blood supply, and space available for
gestation.

The ECW and ECL are vital reference standards
for selecting IUDs and implementing gynecological
operations (19). Wildemeersch er /. found that the width
of a conventional IUD (32 mm) was significantly greater

Quant Imaging Med Surg 2022;12(4):2224-2237 | https://dx.doi.org/10.21037/qims-21-812
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Table 2 Comparison of different gravidity parameters (mean + SD)

Parameters Gravidity =0 Gravidity =1 Gravidity >1 P value
Age (years) 32.00+3.94 31.87+4.97 34.39+5.51 0.347
UBL (mm) 39.91+7.11 40.86+8.46 40.06+7.09 0.910
UBW (mm) 51.80+11.13 54.42+11.09 58.51+5.39 0.115
UBA (mm) 33.91+5.68 35.42+6.75 38.76+4.73 0.035*
UBT (mm) 15.88+2.08 16.48+2.44 16.87+1.67 0.255
UBV (mm® 41,619.47+18,970.97 49,288.13+25,034.66 53,538.61+14,168.01 0.027*
UBS (mm?) 7,121.74+2,235.48 7,636.23+2,655.22 8,338.61+1,447.77 0.222
ECL (mm) 39.21+7.32 40.52+8.50 39.42+7.52 0.844
ECW (mm) 28.77+7.29 29.67+6.39 35.77+£8.10 0.010*
ECA (mm) 21.90+6.23 22.18+5.47 25.15+4.99 0.048*
ECV (mm®) 11,992.47+6,367.97 14,147.50+8,893.35 16,265.16+6,886.58 0.099
EV (mm®) 2,846.82+1,835.14 3,518.54+2,572.73 4,874.87+3,247.59 0.083
EVU (mm°) 1,205.49+790.21 1,514.28+1,136.76 2,301.27+1,567.36 0.064
EVM (mm°) 1,067.80+792.81 1,384.30+1,093.38 1,712.54+1,306.07 0.270
EVL (mm?) 573.53+388.20 619.97+467.93 861.05+550.74 0.138
ES (mm?) 1,636.57+641.12 1794.98+836.92 2,670.80+1,895.05 0.039*
ESU (mm? 825.73+381.58 905.95+453.18 1,259.86+544.84 0.010*
ESM (mm?) 586.15+287.16 696.74+408.10 816.00+398.33 0.168
ESL (mm?) 368.60+156.01 389.41+219.95 490.54+205.49 0.122
ET (mm) 7.79+2.58 8.30+3.02 10.98+4.09 0.036*
ETU (mm) 6.98+2.55 7.61+2.89 9.69+4.29 0.089
ETM (mm) 7.38+2.55 7.77+£2.97 10.32+4.32 0.125
ETL (mm) 5.89+2.06 6.14+2.26 7.81+3.50 0.184

*,P<0.05. SD, standard deviation; UBL, uterine body length; UBW, uterine body width; UBA, uterine body anteroposterior diameter; UBT,
uterine body thickness; UBV, uterine body volume; UBS, uterine body surface area; ECL, endometrial cavity length; ECW, endometrial
cavity width; ECA, endometrial cavity anteroposterior diameter; ECV, endometrial cavity volume; EV, endometrial volume; EVU, upper
region of endometrial volume; EVM, middle region of endometrial volume; EVL, lower region of endometrial volume; ES, endometrial
surface area; ESU, upper region of endometrial surface area; ESM, middle region of endometrial surface area; ESL, lower region of
endometrial surface area; ET, endometrial thickness; ETU, upper region of endometrial thickness; ETM, middle region of endometrial

thickness; ETL, lower region of endometrial thickness.

than the mean width of the endometrial cavity (20).
This mismatch causes pain and bleeding, and has even
been assumed to contribute to the contraceptive failure.
However, there is still controversy concerning the results
of the mean ECW. The mean ECW of nulliparous infertile
women in Wildemeersch ez 2/.’s and Benacerraf er al.’s
studies were 21.6 and 27.2 mm, respectively (20,21),
whereas Goldstuck’s literature review concluded that the
mean ECW of nulliparous women was 28.2 mm according
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to imaging measurements (19). Similarly, this study found
that the mean ECW of nulliparous women was less than the
width of conventional IUDs and increased significantly with
gravidity and parity, which is in agreement with Benacerraf
et al’s study (21). The mean ECW value of the current
study was 28.98 mm.

These discrepancies could be due to the inaccurate
diameter line measurements provided by US. The
endometrial cavity is not always a regular ellipsoid shape,
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Table 3 Comparison of different parity parameters (mean + SD)
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Parameters Parity =0 Parity =1 P value
Age (years) 31.88+4.74 34.94+3.97 0.015*
UBL (mm) 39.42+7.13 42.60+7.90 0.138

UBW (mm) 52.38+9.93 59.30+9.88 0.018*
UBA (mm) 34.75+5.96 37.62+5.92 0.100

UBT (mm) 16.00+2.05 17.12+2.15 0.125

UBV (mm® 42,779.69+18,631.78 57,940.25+21,305.67 0.004**
UBS (mm?) 7,191.85+2,107.10 8,631.03+2,320.02 0.024*
ECL (mm) 38.82+7.34 42.05+8.13 0.144

ECW (mm) 28.98+7.57 35.70+5.75 0.002**
ECA (mm) 22.28+6.04 24.12+5.03 0.107

ECV (mm?) 12,201.73+7,106.84 17,794.75+6,672.69 0.002**
EV (mm®) 3,121.24+2,555.66 4,680.55+2,107.66 0.004**
EVU (mm°) 1,355.38+1,184.28 2,130.52+970.67 0.003**
EVM (mm°) 1,168.67+1,037.32 1,725.68+934.95 0.016*
EVL (mm?) 597.19+461.55 824.35+426.07 0.019*
ES (mm?) 1,672.43+767.71 2,676.78+1,749.98 0.001*
ESU (mm? 866.91+482.70 1,199.42+335.82 0.013*
ESM (mm?) 610.20+353.15 853.92+316.50 0.007**
ESL (mm?) 371.31+180.69 498.18+195.14 0.013*
ET (mm) 8.32+3.47 9.76+2.65 0.039*
ETU (mm) 7.37+3.41 9.07+2.44 0.010*
ETM (mm) 7.89+3.45 9.04+2.87 0.163

ETL (mm) 6.21+2.60 7.01+2.57 0.204

*, P<0.05; **, P<0.01. SD, standard deviation; UBL, uterine body length; UBW, uterine body width; UBA, uterine body anteroposterior
diameter; UBT, uterine body thickness; UBV, uterine body volume; UBS, uterine body surface area; ECL, endometrial cavity length; ECW,
endometrial cavity width; ECA, endometrial cavity anteroposterior diameter; ECV, endometrial cavity volume; EV, endometrial volume;
EVU, upper region of endometrial volume; EVM, middle region of endometrial volume; EVL, lower region of endometrial volume; ES,
endometrial surface area; ESU, upper region of endometrial surface area; ESM, middle region of endometrial surface area; ESL, lower
region of endometrial surface area; ET, endometrial thickness; ETU, upper region of endometrial thickness; ETM, middle region of

endometrial thickness; ETL, lower region of endometrial thickness.

and, in particular, moderate distortion of the triangular
aspect (22) can influence the accuracy of measurement. The
ECW is often subjectively determined, which influences
the end results. The 3-matic software used in our study was
able to automatically analyze the ECW, which guaranteed
the accuracy of ECW measurement.

This study showed that the mean ECL measured in
women of different parities was larger than the length of the
conventional IUDs, which is consistent with the findings
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of Canteiro et al. (23). Both studies also found that there is
no significant difference in mean ECL between women of
different parities. In this study, no significant differences
in mean ECL were found between women of different
gravidities. Our results showed that the mean ECW was
less than the width of conventional IUDs, while the mean
ECL was greater than that of conventional IUDs. The size
of the endometrial cavity can be evaluated using precise 3D
measurement and analysis prior to inserting IUDs. Suitable
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Table 4 Comparison of parameters related to different regions of endometrium in normal uterus

Parameters Value, mean + SD P value
EVU vs. EVM (mm®) 1,549.16+1,176.90 vs. 1,307.92+1,034.40 0.217

EVU vs. EVL (mm?) 1,549.16+1,176.90 vs. 653.98+460.41 0.000***
EVM vs. EVL (mm®) 1,307.92+1,034.40 vs. 653.98+460.41 0.000***
ESU vs. ESM (mm?) 950.04+470.89 vs. 671.13+358.06 0.000***
ESU vs. ESL (mm?) 950.04+470.89 vs. 403.03+191.02 0.000***
ESM vs. ESL (mm?) 671.13+358.06 vs. 403.03+191.02 0.000***
ETU vs. ETM (mm) 7.79+3.26 vs. 8.18+3.33 0.548

ETU vs. ETL (mm) 7.79+3.26 vs. 6.41+2.60 0.009**
ETM vs. ETL (mm) 8.18+3.33 vs. 6.41+2.60 0.001**

**, P<0.01; **, P<0.001. SD, standard deviation; EVU, upper region of endometrial volume; EVM, middle region of endometrial volume;
EVL, lower region of endometrial volume; ESU, upper region of endometrium surface area; ESM, middle region of endometrium surface
area; ESL, lower region of endometrial surface area; ETU, upper region of endometrial thickness; ETM, middle region of endometrial

thickness; ETL, lower region of endometrial thickness.

IUDs can also be selected according to width of the
endometrial cavity. In this way, the negative effects of IUDs
can be reduced.

Currently, research on the ECA is scarce. Goldstuck
obtained the ECV using 3D US and then studied the ECA
(range, 6.29 to 38.2 mm), which was derived from the
ellipsoid formula (6). As stated above, the endometrial cavity
does not exhibit a regular ellipsoid shape. Therefore, results
of ECA measurement using this formula cannot be accurate.
In our study, the analysis of ECA was automatically
performed on the 3D model of the endometrial cavity.
Using this precise approach, we found that the mean
ECA of nulliparous women was 22.28 mm and increased
dramatically with gravidity. The ECV was also obtained
using automatic analysis. In our study, the ECV increased
significantly with parity but not with gravidity. This
suggests that the ECV is primarily affected by parity.

The shape of the uterus is also not regular. Gao et al.
found that with increasing age, the shape of the uterus
gradually develops into a nearly circular shape in women
with primary infertility (9). Verguts er al. reported that the
ratio of the length of the uterus to the width of the uterus
was close to the golden ratio in a 20-year-old female (24).
Likewise, the limitations of using the ellipsoid formula to
calculate the volume of the uterus also apply. In our study,
automatic analysis of UBV was performed with 3-matic
software to avoid personal subjective bias. This study
showed that UBV increased significantly with the increase
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in gravidity and parity. In this study, UBA increased
significantly with increasing gravidity. There were no
differences in UBT between different gravidity and parity
groups. The UBT did not vary with gravity and parity.
Moreover, UBW and UBS significantly increased with
increasing parity. Our study fills the research gap on the
impact of gravidity and parity on the uterine body.

Consistent with Benacerraf er al.’s study (21), our
results indicated that the ET increased significantly with
gravidity and parity; however, our study demonstrated
this point more powerfully. The study by Benacerraf et al.
did not control patients’ menstrual cycle phases, whereas
we selected patients who underwent 2D US standard
examination within 3-5 days after the end of their menstrual
period. Another reason for inaccurate ET measurement
was that the ET measurement in a 2D plane was required
to determine the widest distance on the cut surface of the
endometrium. However, the endometrium has irregular
contours, which may increase subjective errors. The 3-matic
software provided accurate measurement for the ET. This
study also revealed the effects of gravidity and parity on
the upper, middle, and lower region of the endometrium.
On the one hand, ES and ESU increased significantly with
increasing gravidity. On the other hand, parity had no
impact on ETM and ETL.

The endometrium provides nutrition and blood support
to the endometrial cavity and is regulated by estrogen and
progestogen. The endometrium plays a pivotal role in the
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Table 5 Correlations between age and parameters relating to the
normal uterus

Parameters r value P value
UBL (mm) 0.248 0.048*
UBW (mm) 0.293 0.019*
UBA (mm) 0.263 0.036*
UBT (mm) 0.193 0.127
UBV (mm?) 0.365 0.003**
UBS (mm?) 0.332 0.007**
ECL (mm) 0.277 0.027*
ECW (mm) 0.209 0.097
ECA (mm) 0.178 0.159
ECV (mm®) 0.306 0.014*
EV (mm®) 0.228 0.070
EVU (mm°) 0.274 0.028*
EVM (mm°) 0.205 0.104
EVL (mm?) 0.105 0.407
ES (mm?) 0.278 0.026*
ESU (mm? 0.311 0.012*
ESM (mm?) 0.214 0.090
ESL (mm?) 0.105 0.407
ET (mm) 0.089 0.485
ETU (mm) 0.233 0.063
ETM (mm) 0.077 0.547
ETL (mm) -0.017 0.895

*, P<0.05; **, P<0.01. UBL, uterine body length; UBW, uterine
body width; UBA, uterine body anteroposterior diameter; UBT,
uterine body thickness; UBV, uterine body volume; UBS, uterine
body surface area; ECL, endometrial cavity length; ECW,
endometrial cavity width; ECA, endometrial cavity
anteroposterior diameter; ECV, endometrial cavity volume; EV,
endometrial volume; EVU, upper region of endometrial volume;
EVM, middle region of endometrial volume; EVL, lower region of
endometrial volume; ES, endometrial surface area; ESU, upper
region of endometrial surface area; ESM, middle region of
endometrial surface area; ESL, lower region of endometrial
surface area; ET, endometrial thickness; ETU, upper region
of endometrial thickness; ETM, middle region of endometrial
thickness; ETL, lower region of endometrial thickness.
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conception and development of the embryo (25,26). The
normal ET value of the proliferative endometrial phase in
0- to 20-year-old females is 4.5£2.8 mm (27). Our results
showed that the ET in nulliparous infertile women with
a normal uterus was 8.32+3.47 mm, which is greater than
that of the 0- to 20-year-old females. Moreover, there were
notable discrepancies between the upper, middle, and lower
regions of the endometrium in infertile women. This study
demonstrated that the volume, thickness, and surface area
of the upper and middle regions of the endometrium were
significantly greater than those in the lower region of the
endometrium.

Gao et al. reported that the diameter lines of the uterus
were significantly and positively correlated with age (9).
This study suggested that UBL, UBW, UBA, UBV, UBS,
ECL, and ECV correlated significantly with age. This
illustrated that the whole shape of the uterus changes
with aging as well as the related parameters of the uterine
body and the endometrial cavity. In Gao et 4l’s study, the
optimal diameter lines and optimal volume of the uterus
range for infertile women who had a higher chance of ART
treatment success were outlined (28). Gao et al.’s study
involved Southern Chinese women, while our study focused
on Northern Chinese women. Our study and Gao ez al.’s
study provided important reference data for follow-up
research relating to the uterus and its related structures in
Chinese women. No correlation between UBT and age was
observed. The EVU, ESU, and ES increased significantly
with increasing age. No correlations were found between
other parameters of endometrium and age. Age was shown
to mainly affect the upper region of the endometrium.

"This study had the following limitations. First, although
this paper provided a new method for accurate measurement
and analysis of the uterine body, endometrial cavity, and
endometrium, it requires manual selection of the region of
interest according to the corresponding anatomical profiles.
Therefore, this approach is time-consuming. Future
research should explore automatic or semi-automatic
approaches of selecting the region of interest. Second,
our study population involved participants with parity
=0 and parity =1. We did not compare the discrepancy in
morphological parameters between parity >1 and parity
<1. Third, only one professional researcher conducted
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all 3D measurements and analyses, and interobserver
variability was not assessed. However, this professional
researcher had specialist anatomical knowledge and received
professional training in the use of medical software. The
researcher was able to position the uterus and its related
structure accurately in 2D US images. In our study, the
morphometric parameters such as volume, thickness, and
surface area were automatically analyzed using medical
software. This approach largely avoided subjective effects.
Fourth, the present study was limited by its retrospective
data collection. Finally, the number of samples was relatively
small. Future studies will need a larger sample to confirm
our results. However, our precise approach can be used to
explore the more variable characteristics of gynecological
diseases and provides reference criteria for the diagnosis
and treatment of these diseases.

Conclusions

"This study provides reference data for volume and thickness
of the endometrium in the different anatomical regions of
normal and arcuate uterus. Age mainly affects the upper
region of endometrium. The UBT does not vary with
gravity, parity, or age. The 3D measurement provides a
precise way to quantify the morphological parameters of
gynecological diseases.
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