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Abstract

Aims: To investigate the positional relationship between the ovary and Fallopian tube and the relationship between the
ovarian position and tubal morphology. Material and methods: A total of 195 patients with 338 fallopian tubes were enrolled
in this retrospective study. The ovarian and tubal positions were defined relative to the uterus in all directions. Tubal morphol-
ogy was classified as smooth or tortuous. Results: The distribution of the Fallopian tubes corresponded to the positions of the
ipsilateral ovaries in the superoinferior direction (y° =197.653, p<0.001), mediolateral direction (y° =237.447, p <0.001) and
anteroposterior direction (y? =109.746, p<0.001). Tubal morphology differed according to ovarian position in the superoinfe-
rior (y? =21.804, p<0.001), mediolateral directions (y* =4.679, p=0.031) but not in the anteroposterior direction (x> =0.793,
p=0.373). Conclusions: Evaluating the ovarian position can provide preliminary information on the distribution and shape
of the Fallopian tube, helping the operator choose the appropriate initial plane and the necessary approaches for inspection.
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Introduction

Infertility is estimated to affect more than 186 mil-
lion people worldwide and it is a major social burden
for women [1-3]. Fallopian tubal factors are responsi-
ble for approximately 20% of cases of female infertility
[4]. Therefore, accurate evaluation of tubal status is an
initial part of infertility diagnosis and can provide im-
portant information for clinical treatment. Transvaginal
four-dimensional hysterosalpingo-contrast sonography
(TVS-4D-HyCoSy) has become a practical screening
method for assessing tubal patency due to its lack of radi-
ation exposure, few side effects, good cost-effectiveness
and high diagnostic accuracy [5-11].
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However, some false-positive or inconclusive diagno-
ses can occur due to poor image quality or an inappropri-
ate initial transverse plane on TVS-4D-HyCoSy [8,12],
which can lead to a series of unnecessary interventions,
such as laparoscopy. The appropriate initial plane is criti-
cal to the success of volume imaging. Since the fimbrial
end of the tube lies on the ovary, most studies use the
method wherein “the region of interest is set to encom-
pass the bilateral cornua of the uterus, possibly with both
ovaries” [8,9,13-16] to determine the initial plane of vol-
ume imaging. However, it requires the region of interest
to encompass the full course of the fallopian tube, not
merely the fimbrial end. It has been reported that the po-
sition and morphology of the fallopian tube can influence
the image quality and that different diagnostic methods
should be applied to improve the diagnostic accuracy
[8,12]. A few specific cases of the Fallopian tubal posi-
tion have been reported [12,15]. However, as far as we
know, there has been no report on the distribution and
morphology of the entire course of the Fallopian tube in
different directions.

Therefore, we aimed to investigate the positional re-
lationship between the fallopian tube and the ipsilateral
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ovary and the relationship between the position of the
ovary and the morphology of the fallopian tube. These
findings could help the operator obtain more informa-
tion about the tube before the contrast agent is injected
and improve the accuracy and efficiency of inspection.
Additionally, such findings might provide a theoretical
foundation for subsequent research on the quality of Fal-
lopian tubes imaging.

Materials and methods

Study participants

A total of 195 patients with 338 fallopian tubes were
enrolled in this retrospective study. The inclusion crite-
rion was that patients underwent TVS-4D-HyCoSy in
a university hospital between March 2018 and March
2019. The archived images and video were reviewed.
The exclusion criteria were as follows: 1. female genital
anomalies were present; 2. the tube could not be fully
displayed during the examination; 3. the uterus seriously
twisted (fig 1). Vaginal secretions were tested before ex-
amination to exclude vaginitis. HyCoSy was performed
3-7 days after the last menstrual period. The study was
approved by the Ethics Committee of the hospital, and
written consent was obtained from each patient.

Instruments

The Voluson E8 Expert (GE Healthcare, Milwaukee,
WI, USA) ultrasound machine with coded contrast imag-
ing software was used. An RIC5-9-D transvaginal volume
probe (5-9 MHz) and a C1-5-D probe (1-5 MHz) were
used in the examinations. The equipment settings were
as follows: mechanical index, 0.12-0.18; mode: coded
pulse inversion with or without simultaneous color-cod-
ed imaging; volume box angle, 179°; and volume angle,
120°. The SonoVue contrast agent (Bracco International
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Fig 1. Flow chart of selection of the patients. TVS-4D-HyCo-
Sy, Four-Dimensional Hysterosalpingo-Contrast Sonography.
pts, patients.

B.V., Amsterdam, the Netherlands) was used. It was pre-
pared by adding 5 ml of 0.9% saline solution to 59 mg
of freeze-dried SonoVue powder and mixing them into a
suspension. Then, 2 ml of the SonoVue suspension were
added to 13 ml of 0.9% saline solution to prepare 15 ml
of diluted contrast agent.

Examination procedure

The examination time, menstrual and obstetrical his-
tory and history of pelvic disease and surgery were re-
corded. Each patient was placed in the lithotomy posi-
tion and the cervix was exposed and disinfected. A 12-Fr
Foley catheter (Guangzhou Well Lead Medical Co., Ltd.,
Guangdong, China) was placed into the uterine cavity
and the external lumen was inflated with saline to prevent
leakage from the cervix. Before the contrast agent was
injected, two-dimensional transvaginal sonography (2D-
TVS) was conducted to evaluate the uterus and ovaries
in the lithotomy position. The uterine position and the
relationship between the ovary and uterus were recorded
on dynamic and static images. Following identification
of the proper initial plane, the TVS-4D-HyCoSy mode
was activated and the region of interest was maximized.
The contrast agent was injected into the uterine cavity
and the images were saved as dynamic and static three-
dimensional (3D) and 2D images. The HyCoSy proce-
dure was performed by an ultrasonographer with more
than 5 years of experience in HyCoSy.

Image analysis

The uterine position was evaluated according to the
preliminary assessment images on 2D-TVS; it was clas-
sified as anteversion, horizontal position or retroversion.

The position of the ovary was evaluated according
to the preliminary assessment videos on 2D-TVS. It was
based on the ovarian relative position to the uterus in
the superoinferior, mediolateral and anteroposterior di-
rection. In continuous transverse scanning of the uterus,
the relative ovarian position was recorded on its central
plane (fig 2). The superoinferior relationship was evalu-
ated according to the part of the uterus that appeared in
the ovarian central plane; it was classified as high (cor-
responding to the ipsilateral uterine horn or above) or
low (corresponding to the corpus uteri or below). The
mediolateral relationship was evaluated according to the
distance from the ovary to the uterus; it was classified as
near (the ovary was attached to the uterus) or distant (the
ovary kept distance with the uterus). The anteroposterior
relationship reflected the position of the ovary relative to
the anterior and posterior walls of the uterus; it was clas-
sified as parallel (the centre of the ovary was between the
anterior and posterior uterine walls) or nonparallel (the
centre of the ovary was in front of the anterior uterine
wall, or was behind the posterior uterine wall).
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Fig 2. Positions of ovaries (star) in different directions. In the
superoinferior direction, an ovary at the high level (a) or low
level (b), corresponded to the uterine fundus (UF) or corpus
uteri (CU), respectively. In the mediolateral direction, an ovary
in the near position (c) was attached to the uterus. An ovary in
the distant position (d) was far from the uterus. In the anter-
oposterior direction, an ovary in the parallel position (e) located
between the anterior and posterior uterine walls. An ovary in
the nonparallel position (f) located behind the posterior uterine
wall, or was in front of the anterior uterine wall. U: uterus; dot-
ted line: outline of the structure.

The distribution of the fallopian tube was evaluated
according to its distribution on real-time 3D images. It
was classified by the tubal relative position to the uterus
in the superoinferior direction, mediolateral direction and
anteroposterior direction (fig 3). The superoinferior rela-
tionship was classified as high (more than half of the tube
was above the ipsilateral uterine horn) or low (more than
half of the tube was below the ipsilateral uterine horn) on
the coronal view. The mediolateral relationship was clas-
sified as near (the tube was beside the uterus) or distant
(the tube was far away from the uterus) on the coronal
view. The anteroposterior relationship was classified as
parallel (more than half of the tube was between the ante-
rior and posterior uterine walls) or nonparallel (more than
half of the tube was in front of the anterior uterine wall, or
was behind the posterior uterine wall) on transverse view.

The morphology of the fallopian tube was observed
on real-time 3D images and classified as smooth or tortu-
ous. A smooth fallopian tube was defined as one without
obvious turns, and a tortuous fallopian tube was defined
as one with obvious turns.

The image analysis was performed independently by
two ultrasonographers, each with more than 3 years of
experience with HyCoSy. When there was a disagree-

Fig 3. Positions of fallopian tubes (arrows) in different direc-
tions. In the superoinferior direction, the tubal position was
classified as high (a), or low (b). In the mediolateral direction,
the tubal position was classified as near (c), or distant (d). In the
anteroposterior direction, the tubal position was classified as
parallel (e), or nonparallel (f). U: uterus.

ment, a third ultrasonographer, with more than 5 years of
experience with HyCoSy, was consulted. All three ultra-
sonographers reached a consensus on the positional and
morphological evaluation criteria in advance.

Statistical analysis

All of the statistical analyses were performed with
IBM SPSS Statistics software version 26.0 for Macintosh
(IBM Corporation, Armonk, NY, USA). Chi-Square test
(x?) were used for categorical variables. Interobserver
agreement for positional and morphological evaluations
was assessed with the kappa statistic. A p-value less than
0.05 was considered statistically significant.

Results

A total of 195 patients with 338 fallopian tubes were
enrolled in the study. The patients were 20 to 46 years
old (median age 31 years). The percentage of primary
infertility was 35.4% (69/195) and the percentage of sec-
ondary infertility was 64.6% (126/195).

The positional and morphological evaluations of the
two sonographers were consistent (Table I). There was
no significant difference in the ovarian position or the
tubal position among different uterine positions (Table
IT). There was a positive correlation between the position
of the fallopian tube and the corresponding ovary (Table
III). In the inconsistent cases, most of the fimbrial end of
the fallopian tubes travelled along the wall of the ipsilat-
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Table 1. Positional and morphological evaluation by the two sonographers

Kappa p-value 95% Cl1

Position of uterus 0.941 <0.001 0.908-0.974
Position of ovary in the superoinferior direction 0.925 <0.001 0.866-0.984
Position of Fallopian tube in the superoinferior direction 0.899 <0.001 0.830-0.968
Position of ovary in the anteroposterior direction 0.825 <0.001 0.758-0.892
Position of Fallopian tube in the anteroposterior direction 0.838 <0.001 0.771-0.905
Position of ovary in the mediolateral direction 0.672 <0.001 0.596-0.748
Position of Fallopian tube in the mediolateral direction 0.721 <0.001 0.648-0.794
Morphology of Fallopian tube 0.874 <0.001 0.821-0.927

Table II. Correlation between the position of the uterus and the positions of the ovary and Fallopian tube

Positions of ovary and Fallopian tube Position of uterus x p-value
Anteversion Horizontal Retroversion

Position of ovary in the superoinferior direction
High 25 7 17 1.247 0.536
Low 170 40 79

Position of ovary in the mediolateral direction
Near 128 36 74 5.044 0.080
Distant 67 11 22

Position of ovary in the anteroposterior direction
Parallel 150 32 68 2.219 0.330
Nonparallel 45 15 28

Position of Fallopian tube in the superoinferior direction
High 18 8 18 5.921 0.052
Low 177 39 78

Position of Fallopian tube in the mediolateral direction
Near 120 35 71 5.903 0.052
Distant 75 12 25

Position of Fallopian tube in the anteroposterior direction
Parallel 149 34 67 1.538 0.463
Nonparallel 46 13 29

Table III. Positional correlation between the ovary and the Fallopian tube in different directions

Position of ovary Distribution of Fallopian tube 7 p-value
High Low
Superoinferior direction High 37 12 197.653 <0.001
Low 7 282
Near Distant
Mediolateral direction Near 220 18 237.447 <0.001
Distant 6 94
Parallel Nonparallel
Anteroposterior direction Parallel 222 28 109.746 <0.001
Nonparallel 28 60
eral ovary in any direction on transvaginal 2D hysterosal- to the uterus, the corresponding tube was more likely to
pingo-contrast sonography (TVS-2D-HyCoSy). be tortuous.
As shown in Table IV, there were significant differ-
ences in tubal morphology among different ovarian posi- Discussions
tions in the superoinferior direction (y>=21.804, p<0.001)
and in the mediolateral direction (y>=4.679, p=0.031) but TVS-4D-HyCoSy is a noninvasive examination

not in the anteroposterior direction (y>=0.793, p=0.373). method for evaluating the patency of Fallopian tubes.
For the ovary located above the uterine horn or attached By tracking the flow of the contrast agent, TVS-4D-Hy-
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Table IV. Correlation between Fallopian tubal morphology and ovarian position in different directions

Position of ovary Morphology of Fallopian tube x? p-value
Smooth Tortuous

Superoinferior direction
High 7 42 21.804 <0.001
Low 145 144

Mediolateral direction
Near 98 140 4.679 0.031
Distant 54 46

Anteroposterior direction
Parallel 116 134 0.793 0.373
Nonparallel 36 52

CoSy provides a view of the fallopian tubes in real time
[8,9,12,15,16]. Preassessment of the ovaries is advisable
to avoid unnecessary prolongation of the procedure [17].
However, there have been few studies of the value of
ovarian positional assessment on TVS-4D-HyCoSy.

In this study, we found that the distribution of the Fal-
lopian tube in all directions is closely related to the posi-
tion of the ovary on the same side. In the superoinferior
direction, for ovaries that were positioned high, most of
the corresponding fallopian tubes were positioned high
as well; for this type of situation, the distribution of many
of these tubes exceeded the space between the ovary and
the cornu. In order to include the tube in the scope of
scanning completely, we should keep the ovary and cor-
nu at a safe distance from the edge of the scope when
possible.

Fallopian tubes with high positions are located in the
far field on the TVS-4D-HyCoSy sonogram and interfer-
ence from intestinal gas readily forms artifacts, making it
difficult to display the shape and patency of the fallopian
tubes [12,17]. At this time, other diagnostic methods,
such as transabdominal hysterosalpingo-contrast sonog-
raphy (TAS-HyCoSy), should be considered as improv-
ing image quality [8]. On the TAS-HyCoSy sonogram,
this type of Fallopian tube may be located in the near
field and interference from intestinal gas can be elimi-
nated by compressing the abdomen. In the mediolateral
direction, regarding ovaries far from the uterus, most of
the corresponding fallopian tubes travelled far away from
the uterus (94/100), traversing a wide range. This type of
fallopian tube can easily lead to a misdiagnosis [8,12]
since its distal part might not be included in the scope of
the scan. Therefore, for ovaries far from the uterus, if the
corresponding fallopian tube is not visualized completely
on the TVS-4D-HyCoSy sonogram, one should merely
adjust the orientation of the probe more laterally. Ad-
ditionally, further detection, such as TVS-2D-HyCoSy,
should be performed to track the microbubble to the end
of the tube.

In conclusion, the distribution of most fallopian tubes
corresponded to the positions of the ipsilateral ovaries.
The method wherein “the region of interest is set to en-
compass the bilateral cornua of the uterus, possibly with
both ovaries” [8,9,13-16] is useful for determining the
initial plane of volume imaging in most cases. Addition-
ally, in the following situations, these issues should be
considered further: 1) if the bilateral ovaries are both at-
tached to the cornua of the uterus, the probe should be ad-
justed to set the bilateral ovaries and cornua in the centre
of the initial plane as much as possible; 2) if the bilateral
ovaries are both far from the cornua of the uterus and
cannot feasibly be included in the scope of scanning at
the same time, the tubes should be scanned separately to
ensure that the full course of each tube is displayed. This
suggestion is consistent with previous studies [9,15]; 3)
if one ovary is far from the uterine horn and the other
ovary is attached to the uterine horn, the probe should
be adjusted to ensure that the former ovary and the cor-
responding cornu are fully included within the scope of
scanning. At the same time, the ovary and cornu on the
other side should be included in the scope of scanning
but kept at a safe distance from the edge of the scope
when possible, as the range covered by the correspond-
ing fallopian tube could exceed the space between the
ovary and the cornu. Furthermore, if a Fallopian tube in
this situation is not visible on the TVS-4D-HyCoSy so-
nogram, an improper initial plane, poor image quality or
interference from intestinal gas should be considered as
a possible cause, and further detection of the unilateral
tube should be applied. At the same time, other diagnos-
tic methods, such as TVS-3D-HyCoSy (for better image
quality), TVS-2D-HyCoSy (allowing real-time tracking
of the microbubbles) and TAS-HyCoSy, should be con-
sidered for this situation.

However, the ovarian and tubal positions do not
match in some cases, which could be related to factors
that change the distribution of the Fallopian tube, such
as pelvic space-occupying masses, pelvic inflammatory
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disease, endometriosis, or history of surgery. These con-
ditions can cause some fallopian tubes to be excluded
from the region of interest [12]. Further imaging of the
Fallopian tube should be performed in 2D contrast mode
because it allows real-time tracking of the microbubbles
from the cavity to the fimbrial end of the tube. At the
same time, in addition to the patency assessment, the as-
sociation of the tubal distribution and the ovarian posi-
tion should be noticed, which is directly related to the
tubal function of receiving the egg.

We found also that the morphology of the Fallopian
tube was related to the position of the ovary. For ovaries
located closer to the uterine fundus in the superoinferior
and mediolateral directions, the corresponding tube was
more likely to appear as a tortuous line. This is related to
its anatomy. The tube is an elongated tubular structure
that connects the ovary and the uterus. Therefore, when
the ovary and the uterine horn are close together, the cur-
vature of the line between the two points is especially
obvious, and the fallopian tube appears as a tortuous line.
This condition may cause technical difficulty in the as-
sessment of tubal patency because of the abnormal tubal
shape and interference by intestinal gas [10,17], and the
experience of the sonographer may be crucial. However,
in the anteroposterior direction, the relationship between
them was not statistically significant. The reason for this
finding might be that the different positions in the anter-
oposterior direction result in little change in the distance
between these two points. Additionally, a study has shown
that an abnormally shaped fallopian tube is associated with
obstruction [8], further reflecting the pathological status
of the fallopian tube and pelvis. Therefore, in routine 2D
ultrasound examinations on infertile women, Fallopian
tube obstruction should be suspected as one cause of in-
fertility when the ovary is found close to the uterine horn.

There are some limitations of our study. First, it was
a retrospective, single-centre study that obtained limited
information. Besides, a comparison between experienced
and less experienced sonographers was not analysed.
And the intraobserver agreement was not assessed. In the
future, we will also study the factors affecting ovarian
and tubal position.

Conclusions

In conclusion, the distribution and morphology of the
Fallopian tube are related to the position of the ipsilat-
eral ovary. Evaluating the ovarian position can provide
preliminary information on the distribution and shape of
the fallopian tube, helping the operator choose the ap-
propriate initial plane and the necessary approaches for
inspection.
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