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Abstract Objective: To evaluate and reconstruct three-dimensional images of vascularization along the fallopian tube (FT), as well as to determine its relationship with the ovary and ovarian fimbria, and to quantify the blood vessels along the FT according to its anatomical
segments, using confocal microtomography (micro-CT).
Materials and Methods: Nine specimens (six FTs and three FTs with ovaries) were fixed in a solution of 10% formalin for > 24 h at
room temperature. Iodine staining was performed by soaking the specimens in 10% Lugol’s solution for 24 h. All specimens were
evaluated using micro-CT. A morphometric analysis was performed on the reconstructed images to quantify the vascular distribution
along the FT.
Results: In the FTs evaluated, the density of blood vessels was significantly greater in the fimbrial segments than in the isthmic
segments (p < 0.05). The ovarian fimbria was clearly identified, demonstrating the important relationship between these vessels
and the FT fimbriae.
Conclusion: We believe that the vascularization in the fimbriae is greater than and disproportional that in the other segments of FT,
and that the ovarian fimbria plays an important role in the development of that difference.
Keywords: Fallopian tubes; Ovary/embryology; Organogenesis; Imaging, three-dimensional; Tomography, X-ray computed/methods.

Resumo Objetivo: Avaliar e reconstruir imagens tridimensionais da vascularização ao longo da trompa de Falópio (TF) e sua relação com
o ovário e fímbria do ovário, além de quantificar os vasos sanguíneos ao longo da TF de acordo com seus segmentos anatômicos
usando microtomografia confocal (micro-TC).
Materiais e Métodos: Nove espécimes (seis com TFs e três com TFs e ovários) foram fixados em solução de formol a 10% por
mais de 24 h à temperatura ambiente. A coloração com iodo foi realizada usando solução de Lugol a 10% durante 24 h. Todos os
espécimes foram avaliados usando micro-TC. Uma análise morfométrica foi realizada nas imagens reconstruídas para quantificar
a distribuição vascular ao longo da TF.
Resultados: A densidade dos vasos sanguíneos nas fímbrias foi significativamente aumentada em comparação ao segmento
ístmico da TF (p < 0,05). A fímbria ovariana foi claramente identificada, demonstrando importante relação entre esses vasos e as
fímbrias da TF.
Conclusão: Acreditamos que as fímbrias apresentam vascularização aumentada e desproporcional em comparação com os demais segmentos da TF e que a fímbria ovariana desempenha importante papel nessa diferença.
Unitermos: Tubas uterinas; Ovário/embriologia; Organogênese; Imagem tridimensional; Tomografia computadorizada/métodos.

INTRODUCTION
The human oviduct has been present in the medical
literature for almost 3,000 years and was first described, by
the Greek physician Soranus of Ephesus (circa AD 100),
as the conduit linked to fertilization. In his masterpiece
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entitled “De Humani Corporis Fabrica”(1), Andreas Vesa
lius renamed it the fallopian tube (FT) after his assistant
Gabriele Fallopio (1523–1562). However, in addition to
the fundamental role that the FT plays in human fertil
ization, recent evidence suggests that most serous ovarian
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carcinomas (the most aggressive and deadly gynecologi
cal malignancies) originate from the distal FT rather than
from the ovarian surface epithelium(2–5). Consequently,
the International Federation of Gynecology and Obstet
rics staging classification for ovarian, tubal, and peritoneal
cancers was revised in 2014(6). That rekindled interest in
FT physiology and pathology. There have been increasing
numbers of studies involving the cellular and molecular
aspects of the FT, mainly the mucosa in the fimbriae, the
most common location for tubal malignant transforma
tion(7,8). Distinctive stem cell markers were recently iden
tified in the fimbriae, suggesting that the fimbriae have
a unique embryonic development, separate from other
tubular segments(9,10). However, information about vascu
larization along the FT is scarce. One report, by Stange(11),
described the vascular distribution along the FT as “dis
proportional”, increasing among the fimbriae.
In this study, we aimed to observe the distribution of
blood vessels along the FT, focusing on the infundibulum
and its relationship with the ovary. To that end, we em
ployed confocal microtomography (micro-CT), a nonde
structive X-ray technology that provides high-resolution
three-dimensional images of ex vivo specimens.
MATERIALS AND METHODS
Patients
We included nine patients who were scheduled to
undergo surgical procedures for the treatment of benign
gynecological conditions, such as uterine adenomyosis
and uterine fibroid, or surgical sterilization. The study was
approved by the Research Ethics Committee of Vassouras
University (Reference no. 56031916.0.0000.5290), in the
municipality of Vassouras, Brazil, and all participating pa
tients gave written informed consent. Patients who had a
macroscopically abnormal FT or ovary were excluded, as
were those suspected of having malignant conditions.
Specimen preparation
Nine specimens (six FTs and three FTs with ovaries)
were fixed in 10% formalin for > 24 h at room tempera
ture(12). After washing twice with distilled water, iodine
staining was performed by soaking the specimens in 10%
Lugol’s solution for 24 h, as previously described for bio
logical samples(13). The specimens were removed from the
staining solution and rinsed with phosphate-buffered for
malin to remove excess stain and prevent surface satura
tion. To hold the specimens in place, ensure the mechani
cal stability, and avoid movement artifacts during microCT, the specimens were fixed onto Styrofoam. After the
micro-CT scan, the specimens were returned to 10% for
malin to de-stain and to prepare for histological analysis.
Micro-CT and images analysis
For the acquisition of FT images, we employed a mi
cro-CT system (SkyScan 1173 v.1.6.9.4; Bruker microCT,
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Kontich, Belgium). The parameters (X-ray energy, current,
and exposure time) were individually adapted to optimize
the images for each specimen. The following parameters
were used for image acquisition: energy, 40 kV; current,
200 µA; exposure time, 250–100 ms; scan duration, 24–
77 min; and voxel size, 11.04–21.01 µm. Post-processing
analysis and image reconstructions were performed using
the software CTan, version 1.16 (Bruker microCT).
Morphometric analysis—quantifying vessel density
To quantify the vascular distribution along the FT, a
morphometric analysis was performed on images recon
structed using the software CTan. Images were classified
into regions of interest: fimbriae, ampulla, and isthmus.
Following classification, the FT lumen was excluded and
the total volume of each segment was quantified. The
quantitative measurement of vascular volume was calcu
lated using the morphometric parameter of connectivity(14).
To remove the maximum number of artifacts and isolated
radiopaque signals, continuous, connected radiopaque
images of the vessels were selected. The total volume of the
vessels within each segment was reported in voxels.
To quantify the vessel density within each region of
the specimen, the ratio between the total FT volume and
the FT blood volume was analyzed. Statistical analysis was
performed using the Predictive Analytics Software pack
age, version 18.0 for Windows (SPSS Inc., Chicago, IL,
USA) and GraphPad Prism (GraphPad Software Inc.,
San Diego, CA, USA). We calculated the mean, standard
deviation, median, 25th and 75th percentiles, as well as
minimum and maximum values. Since the sample size was
too small to properly evaluate the distribution, nonpara
metric tests were used. Friedman and Dunn’s tests were
used in order to compare the different regions of the uter
ine tubes. Statistical significance was defined as p < 0.05.
RESULTS
The vascular distribution of disease-free FTs from
women of reproductive age was evaluated after patients
underwent a total abdominal hysterectomy or salpingec
tomy. The uterus was separated from the FT because of
the lack of morphological references and methods to cal
culate its vascularization. The easily recognizable FT mu
cosa was vital to selecting the FT segments.
The vascular distribution of the FT was visible in all
the specimens. The specimens presented outstanding
resolution and demonstrated a clear three-dimensional
vessel network. Although the Lugol’s solution was read
ily absorbed into the larger vessels, very small vessels and
capillaries could not be detected. The voxel size and in
adequacies in connectivity limited our ability to study the
smaller vessels. The vessel endothelium was also visible,
with greater intensity than the muscle segments of the
FT. The vessel endothelium was visible even in the vessels
without blood (Figure 1).
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Figure 1. FT reconstructed on micro-CT and stained with iodine. A: Surface reconstruction. B: Three-dimensional CT reconstruction. Note the evident contrast of
contiguous images. C: Reconstruction of the vessels along the FT (in pink). The tubal mucosa is separated in green.

Table 1 shows the descriptive statistics for total vol
ume, vascular volume, and vascular proportion in the fim
brial, ampullary, and isthmic segments of the FT. Differ
ences between the fimbrial and isthmic segments of the
FT were significant (p < 0.05). The values of the fimbriae
and ampulla were not statistically different, although they
did demonstrate increasing vascularization toward the dis
tal part of the FT (Table 2).

The presence of vessels in the ovarian fimbria was
effortlessly visualized and reconstructed in three-dimen
sional imaging (Figure 2), demonstrating the important
vascular relationship between the FT fimbriae and the
ovarian fimbria. The characteristics of the ovarian fim
bria, such as the number and thickness of vessels, were
not evaluated.

Table 1—Descriptive analysis of the sample.
Variable

Mean

Standard deviation

Median

25th–75th percentile

Minimum–Maximum

Total fimbriae volume (voxels)

248.7

237.9

176.0

97.1–374.1

54.4–713.1

Total ampulla volume (voxels)

269.4

182.7

270.8

91.3–378.6

85.7–586.2

Total isthmus volume (voxels)

87.79

72.60

80.33

25.32–138.20

7.79–214.30

Vascular fimbriae volume (voxels)

7.25

4.63

5.65

3.88–11.33

2.61–15.23

Vascular ampulla volume (voxels)

5.04

4.02

3.13

2.36–8.99

1.44–11.81

Vascular isthmus volume (voxels)

0.82

0.79

0.58

0.13–1.69

0.11–1.92

Vascular proportion in fimbriae (%)

4.17

3.04

3.18

1.97–6.48

1.44–9.68

Vascular proportion in ampulla (%)

2.22

1.34

2.44

0.78–3.29

0.55–3.98

Vascular proportion in isthmus (%)

1.08

0.84

0.93

0.39–1.69

0.34–2.46
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Table 2—Comparisons between the different segments of the FT (n = 6).
Dunn’s multiple comparisons test
Friedman test

Fimbrial vs. ampullary

Fimbrial vs. isthmic

Total volume

0.006

Non-significant

Non-significant

< 0.05

Vascular volume

0.006

Non-significant

< 0.05

Non-significant

0.01

Non-significant

< 0.05

Non-significant

Variable

Vascular proportion

A

B
Figure 2. Left FT and ovary from a hysterectomy and salpingo-oophorectomy. A:
Surface reconstruction of the adnexa, demonstrating part of the myometrium
on the right. The ovary was normal (asterisk), and the arrow shows the ovarian
fimbria. B: CT image of the left adnexa. Note the intense vascularization of the
fimbriae compared with the other segments of the tube and the vascular connection from the ovary (asterisk) to the fimbriae (arrow, ovarian fimbria).

DISCUSSION
The present study aimed to observe the distribution of
blood vessels along the FT. In addition to its function as a
conduit between the uterus and ovary for gamete fertiliza
tion, the FT has been associated with many gynecological
disorders. It is known to be the pathway for retrograde
menstruation and development of ovarian endometrioid or
clear cell carcinoma(15), it is associated with the spread of
tubal and ovarian high-grade serous carcinoma into the
endometrium(16), and it is frequently involved with as
cending infections in pelvic inflammatory disease. Recent
conceptualizations for the pathogenesis of serous ovarian
tumors have focused on their possible origins within the
FT(5). After seminal sources suggested that the FT is a
source of ovarian and peritoneal tumors, many researchers
discovered a stem cell-like enrichment of the fimbriae and
suggested that the fimbriae have a different developmental
4/6
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Ampullary vs. isthmic

origin from the rest of the tube(9). This was also previously
described, in cases of isolated ovarian agenesis without
the accompanying fimbriae but with an otherwise normal
FT(17,18). In the present study, we were able to demonstrate
increased vascularization in the distal segments of FT. The
absence of a statistically different fimbriae–ampulla ratio
notwithstanding, the method employed was able to quan
tify variability in the vasculature and to emphasize the as
sociation between the ovarian fimbria and FT fimbriae.
The ovarian fimbria establishes the ovarian surface epi
thelium–ligament–fimbriae epithelial continuum, which
plays a recognized role in FT vascularization(19). In our
study, the ovarian fimbria demonstrated an intense, local
ized vascular connection with the FT fimbriae and is likely
the driving force behind the increased vascularization in
this segment. To our knowledge, Stange(11) was the first
to describe this disproportional, increased vascularization
and considered the observation to be a result of the ab
sence of a bursa ovarica and of fimbriae. Other studies
have described various temperature gradients along the
FT and ovary, which they have attributed to relative blood
flow distribution, because sperm has the ability to be di
rectionally guided through the oviduct by temperature
changes(20,21).
A number of recent studies conducted in Brazil have
highlighted the importance of imaging methods in the
evaluation of the female reproductive system(22–27). The
use of micro-CT was pivotal to observing the vasculariza
tion in detail. Over the past few years, since the applica
tion of contrast agents to increase radiographic contrast
of small organic samples became common, impressive
progress has been made in the study of small soft-tissue
samples with micro-CT. Contrast varies depending on the
tissue specificity of the contrast agent, as well as its cost,
toxicity, and overall effect on the histologically prepared
specimen. Iodine, which is the most frequently used con
trast agent in micro-CT, has several advantages, such
as low toxicity, low cost, rapid staining, and perceived
non-destructiveness, allowing biological specimens to be
analyzed and subsequently used in conventional micros
copy(13,28). In human tissues, the ex vivo use of microCT includes unenhanced studies—for intraoperative
breast cancer(29,30), lungs(31), bones(32), and dental pa
thologies(33,34)—and contrast-enhanced studies—for the
brain(35), fetal heart(36), post-mortem lower digestive tract
obstruction imaging(37), and human autopsy(38). Some
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methods used for phenotyping FTs have good histopatho
logical correlation(39,40); however, those methods are not
able to reconstruct the FT vasculature microscopically.
Micro-CT allows the quantification of soft-tissue
morphology, including linear and volumetric data, and
has been used for many vascular reconstructions in ani
mals(41). In the present study, an “angiogram-like” image
was produced due to the high affinity between iodine and
blood. However, smaller vessels and vessels not contain
ing blood may have been missed, the observed affinity be
tween iodine and endothelium being the exception. The
absence of small vessels in the continuum image pre
cluded the use of an automated system to reconstruct the
vessels. Further studies are needed in order to optimize
fixation, the staining process, and image acquisition for
gynecologic specimens. The present study was also limited
by the small number of specimens and therefore could not
measure the influence of patient age, hormone therapy,
and the various surgical techniques performed during the
specimen collection process.
In summary, we believe that the FT fimbrial segment
has a disproportional and increased vascularization com
pared with the other segments and that the ovarian fim
bria plays an important role in the development of those
differences. Larger, multicenter studies are needed in or
der to confirm these findings, to determine the influences
of the ovarian surface epithelium–ligament–fimbriae epi
thelial continuum, and to identify the roles that both play
in tubal and ovarian physiology and pathologies.
REFERENCES
1. Hunter RHF. Discovery of the fallopian tubes and subsequent his
torical landmarks. In: Hunter RHF, editor. The fallopian tubes:
their role in fertility and infertility. Berlin Heidelberg: SpringerVerlag; 1988. p. 1–11.
2. Siegel R, Ma J, Zou Z, et al. Cancer statistics, 2014. CA Cancer J
Clin. 2014;64:9–29.
3. Kindelberger DW, Lee Y, Miron A, et al. Intraepithelial carcinoma
of the fimbria and pelvic serous carcinoma: evidence for a causal
relationship. Am J Surg Pathol. 2007;31:161–9.
4. Kim J, Coffey DM, Creighton CJ, et al. High-grade serous ovarian
cancer arises from fallopian tube in a mouse model. Proc Natl Acad
Sci USA. 2012;109:3921–6.
5. Vang R, Shih IeM, Kurman RJ. Fallopian tube precursors of ovarian
low- and high-grade serous neoplasms. Histopathology. 2013;62:44–
58.
6. Prat J; FIGO Committee on Gynecologic Oncology. Staging classi
fication for cancer of the ovary, fallopian tube, and peritoneum. Int
J Gynaecol Obstet. 2014;124:1–5.
7. Marquez RT, Baggerly KA, Patterson AP, et al. Patterns of gene ex
pression in different histotypes of epithelial ovarian cancer corre
late with those in normal fallopian tube, endometrium, and colon.
Clin Cancer Res. 2005;11:6116–26.
8. Kessler M, Hoffmann K, Brinkmann V, et al. The Notch and Wnt
pathways regulate stemness and differentiation in human fallopian
tube organoids. Nat Commun. 2015;6:8989.
9. Paik DY, Janzen DM, Schafenacker AM, et al. Stem-like epithelial
cells are concentrated in the distal end of the fallopian tube: a site
for injury and serous cancer initiation. Stem Cells. 2012;30:2487–
97.

Radiol Bras. 2020

10. Karnezis AN, Cho KR, Gilks CB, et al. The disparate origins of ovar
ian cancers: pathogenesis and prevention strategies. Nat Rev Can
cer. 2017;17:65–74.
11. Stange HH. Zur funktionellen Morphologie des Fimbrienendes
des menschlichen Tube und des Epoophoron. Arch Gynak. 1952;
182:77–103.
12. Werner M, Chott A, Fabiano A, et al. Effect of formalin tissue fixa
tion and processing of immunohistochemistry. Am J Surg Pathol.
2000;24:1016–9.
13. Metscher BD. MicroCT for developmental biology: a versatile tool
for high-contrast 3D imaging at histological resolutions. Dev Dyn.
2009;238:632–40.
14. Duvall CL, Taylor WR, Weiss D, et al. Quantitative microcomputed
tomography analysis of collateral vessel development after ischemic
injury. Am J Physiol Heart Circ Physiol. 2004;287:H302–10.
15. Kurman RJ, Shih IeM. Molecular pathogenesis and extraovarian
origin of epithelial ovarian cancer—shifting the paradigm. Hum
Pathol. 2011;42:918–31.
16. Bagby C, Ronnett BM, Yemelyanova A, et al. Clinically occult tubal
and ovarian high-grade serous carcinomas presenting in uterine
samples: diagnostic pitfalls and clues to improve recognition of tu
mor origin. Int J Gynecol Pathol. 2013;32:433–43.
17. Garrett LA, Vargas SO, Drapkin R, et al. Does the fimbria have an
embryologic origin distinct from that of the rest of the fallopian
tube? Fertil Steril. 2008;90:2008.e5–8.
18. Tzitzimikas S, Fragkos M, Karavida A, et al. Unilateral ovarian ab
sence. Gynecol Surg. 2013;10:93–5.
19. Auersperg N, Woo MM, Gilks CB. The origin of ovarian carcino
mas: a developmental view. Gynecol Oncol. 2008;110:452–4.
20. Hunter RHF. Temperature gradients in female reproductive tissues
and their potential significance. Anim Reprod. 2009;6:7–15.
21. Hunter RHF. Temperature gradients in female reproductive tissues.
Reprod Biomed Online. 2012;24:377–80.
22. Duarte AL, Dias JL, Cunha TM. Pitfalls of diffusion-weighted im
aging of the female pelvis. Radiol Bras. 2018;51:37–44.
23. Fonseca EKUN, Bastos BB, Yamauchi FI, et al. Ruptured endome
trioma: main imaging findings. Radiol Bras. 2018;51:411–2.
24. Godoy LL, Torres US, D’Ippolito G. Subinvolution of the placen
tal site associated with focal retained products of conception and
placenta accreta mimicking uterine arteriovenous malformation on
CT and MRI: a lesson to be learned. Radiol Bras. 2018;51:135–6.
25. Agostinho L, Horta M, Salvador JC, et al. Benign ovarian lesions
with restricted diffusion. Radiol Bras. 2019;52:106–11.
26. Oliveira JGA, Bonfada V, Zanella JFP, et al. Transvaginal ultrasound
in deep endometriosis: pictorial essay. Radiol Bras. 2019;52:337–41.
27. Gomes MM, Cavalcanti LS, Reis RL, et al. Twist and shout: magnetic
resonance imaging findings in ovarian torsion. Radiol Bras. 2019;52:
397–402.
28. Tahara R, Larsson HC. Quantitative analysis of microscopic X-ray
computed tomography imaging: Japanese quail embryonic soft tis
sues with iodine staining. J Anat. 2013;223:297–310.
29. Tang R, Coopey SB, Buckley JM, et al. A pilot study evaluating
shaved cavity margins with micro-computed tomography: a novel
method for predicting lumpectomy margin status intraoperatively.
Breast J. 2013;19:485–9.
30. Tang R, Saksena M, Coopey SB, et al. Intraoperative micro-com
puted tomography (micro-CT): a novel method for determination
of primary tumour dimensions in breast cancer specimens. Br J Ra
diol. 2016;89:20150581.
31. Boon M, Verleden SE, Bosch B, et al. Morphometric analysis of
explant lungs in cystic fibrosis. Am J Respir Crit Care Med. 2016;
193:516–26.
32. Pereira RC, Bischoff DS, Yamaguchi D, et al. Micro-CT in the as
sessment of pediatric renal osteodystrophy by bone histomorphom
etry. Clin J Am Soc Nephrol. 2016;11:481–7.

Ahead of Print

5/6
5

Castro PT et al. / Proportional vascularization of the fallopian tubes

33. de Faria Vasconcelos K, dos Santos Corpas L, da Silveira BM, et
al. MicroCT assessment of bone microarchitecture in implant sites
reconstructed with autogenous and xenogenous grafts: a pilot study.
Clin Oral Implants Res. 2017;28:308–13.
34. Zuolo ML, De-Deus G, Belladonna FG, et al. Micro-computed
tomography assessment of dentinal micro-cracks after root canal
preparation with TRUShape and Self-Adjusting File systems. J En
dod. 2017;43:619–22.
35. Apps JR, Hutchinson JC, Arthurs OJ, et al. Imaging invasion: microCT imaging of adamantinomatous craniopharyngioma highlights
cell type specific spatial relationships of tissue invasion. Acta Neu
ropathol Commun. 2016;4:57.
36. Hutchinson JC, Arthurs OJ, Ashworth MT, et al. Clinical utility of
postmortem microcomputed tomography of the fetal heart: diag
nostic imaging vs macroscopic dissection. Ultrasound Obstet Gy
necol. 2016;47:58–64.

6
6/6

37. Siebert JR, Smith KJ, Cox LL, et al. Microtomographic analysis of
lower urinary tract obstruction. Pediatr Dev Pathol. 2013;16:405–
14.
38. Lombardi CM, Zambelli V, Botta G, et al. Postmortem microcom
puted tomography (micro-CT) of small fetuses and hearts. Ultra
sound Obstet Gynecol. 2014;44:600–9.
39. Foti PV, Ognibene N, Spadola S, et al. Non-neoplastic diseases of
the fallopian tube: MR imaging with emphasis on diffusion-weighted
imaging. Insights Imaging. 2016;7:311–27.
40. Carrascosa P, Capuñay C, Vallejos J, et al. Two-dimensional and
three-dimensional imaging of uterus and fallopian tubes in female
infertility. Fertil Steril. 2016;105:1403–20.e7.
41. Peeters G, Debbaut C, Friebel A, et al. Quantitative analysis of he
patic macro- and microvascular alterations during cirrhogenesis in
the rat. J Anat. 2018;232:485–96.

Ahead of Print

Radiol Bras. 2020

