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Abstract
Introduction and hypothesis The objective was to determine the mean morphometric characteristics of the rectovaginal septum
(RVS) and its variations in correlation with the number of pregnancies, method of delivery, parity, and estrogenic exposure.
Methods An observational, cross-sectional, retrospective, descriptive, and comparative study was carried out. Pelvic MRI of
Hispanic women (≥15 years of age) from the northeast of Mexico were obtained. Age and obstetric and gynecological history
were registered and the sample women were categorized by their variables. Length and thickness measurements were
standardized.
Results A total of 102 MRI studies were included, with a mean age of 41; 24.5% were nulligravida, the rest primi- or
multigravida. Vaginal delivery was the most common type (49.35%), 16.88% had a cesarean section, and 31.17% had mixed
delivery. 74.5% of the women were premenopausal. The mean RVS length was 73.2 ± 15.3 mm, with a thickness of 2.8 ± 1.7,
2.2 ± 1.2, and 2.5 ± 1.3 mm for the upper, middle, and lower thirds respectively. There were tendencies to increase the length of
the RVS, and the thickness of the upper and middle thirds in the non-pregnancy and the at-least-one-pregnancy groups; to
increase the length and middle-third thickness in those with mixed delivery, and increased upper- and lower-third thickness in
those with only a cesarean section. Multiparous women with vaginal delivery had significantly longer and thicker RVS than
primiparous. Premenopausal women had significantly longer RVS with a tendency to lose thickness toward postmenopause.
Conclusions The morphology of RVS can be modified by different factors such as age, number of pregnancies, number of births,
and estrogenic exposure. This structure should be evaluated and taken into account in preoperative management and surgical
technique planning.
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Introduction

The rectovaginal septum (RVS) was first described by
Uhlenhuth in 1948 [1]. It is a layer of dense fibro-connective
tissue, smooth muscle, and elastic and collagen fibers [1–3]. It

provides support, innervation (nerve fibers from the inferior
hypogastric plexus), and irrigation to the adjacent pelvic struc-
tures. It participates in the cycles of continence, defecation,
sexual control, and other urinary functions [4–7]. Its morphol-
ogy allows for mobility between the rectum and vagina, and
aids in limiting the spread of infections or tumors [2, 3, 7–10].

During surgery, the RVS provides an important anatomical
reference [11]. It aids the surgeon as a guide to determine the
extent of the dissections and helps with the pelvic nerve-
sparing during different types of surgeries such as vaginal
reconstruction, anorectoplasty in pediatrics, urogenital sinus
surgery, and rectal cancer surgery [2, 5–10, 12, 13].

Damage or laceration to the RVS may predispose to the
formation of rectocele, enterocele, fistula [6, 8, 10, 14, 15],
and could produce constipation, difficulty in defecation [9], fecal
incontinence [4, 5, 7] or sexual dysfunction [7, 10, 12, 16].
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Currently, there is no consensus regarding the morphology
(thickness or length) of the RVS. Some authors report it to be a
constant, without any change in relation to age or hormones,
whereas others report variance due to parity and advanced age
[2, 14, 17]. The aim of this study was to determine the mean
morphometric characteristics of the RVS and its variations in
correlation with the number of pregnancies, method of deliv-
ery, parity, and estrogenic exposure.

Materials and methods

An observational, cross-sectional, retrospective, descriptive,
and comparative study was performed. Magnetic resonance
images (MRI) were obtained from the database of the
Radiology and Imaging Department of the University
Hospital “Dr. José Eleuterio Gonzalez,” Monterrey, Mexico.

Pelvic MRIs were obtained from Hispanic women
(≥15 years of age) from the northeast of Mexico. Exclusion
criteria were: gravid women and women with a history of
hysterectomy, rectocele, enterocele, rectovaginal fistula,
uterine prolapse, pelvic tumors, previous vaginal surgery,

other pelvic surgeries, and other abnormalities or pathological
conditions that may affect the normal vaginal anatomy.

Age and obstetric and gynecological history were
registered and the population was categorized by the number
of pregnancies (nulligravida, 1–3 pregnancies, or ≥ 4 pregnan-
cies), type of delivery (vaginal, cesarean section, or mixed),
parity (primiparous or multiparous), and estrogen exposure
(premenopause and postmenopause).

All MRIs were performed using General Electric
Resonance Magnetic Signa HDx 1.5 Tesla Equipment, in a
sagittal T2-weighted sequence (echo time [TE] 102.0 and rep-
etition time [TR] 5,384.0), field of view [FOV] of 24 to
28.9 cm, cutting thickness 3.5 mm, software version
15.0.0947A. The length and thickness of the rectovaginal sep-
tum were measured using the Carestream® program (version
12.1.5.6009; Carestream, Rochester, NY, USA).

The studies were assessed by a board-certified radiologist
with extensive experience in the pelvic cavity. The measure-
ments were standardized in a mid-sagittal plane by using the
posterior fornix and the end of the pouch of Douglas to the
perineal body to determine the length of the RVS. To measure
its thickness, the RVSwas divided into thirds. In the middle of

Fig. 1 A sagittal MRI T2-weighted reconstructed image of the pelvis.
Schematics (top row) and MRI slice (bottom row). The standardized
top and bottom points are set for length measurements, and the

rectovaginal septum traced. This is then divided into thirds to determine
the thickness in the middle of each. aMultiparous patient; b primiparous
patient; c nulligravid patient
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each third, the thickness was measured between the muscular
layers of the rectum and the vagina. The width of the RVSwas
not included owing to the variability of the results and the lack
of anatomical reference points (Fig. 1).

The sample size was calculated based on the number of
studies available, to establish the mean in a population, with
a 95% confidence and a margin of error of 5%. A total of 96
MRIs were needed, which is the reason why 102 were includ-
ed. Normality tests were performed using the Kolmogorov–
Smirnov test. Central tendency and dispersion measurements
were obtained. The comparisons between the different study
groups were made using a two-tailed Student’s t test and one-
way ANOVA for the parametric data and the Mann–Whitney
U and Kruskal–Wallis test for the nonparametric data.
Regression model analyses was used to correlate dependent
and independent variables. A Pearson correlation coefficient
test and a Kappa index of concordance of all measurements
were performed. Kappa indexes were 0.80, 0.71, 0.68, and
0.66 for the length and thickness of the upper, middle, and
lower thirds of the RVS. A p value of ≤0.05 was considered
statistically significant. SPSS Statistics version 20 for
Windows 7 (IBM, Armonk, NY, USA) was used for
Windows 7.

The study had been previously reviewed and approved by
the University’s Ethics and Research Committees with the
registration number AH17–00010, certifying that it adheres
to the guidelines of the General Health Law on Health
Research in Human Beings of our country and the

Declaration of Helsinki. None of the MRIs was performed
for the purpose of this study.

Results

A total of 102 MRI studies were included, the mean age was
41.03 ± 15.23 years (range 15 to 77). A quarter (n = 25,
24.5%) of the patients were nulligravida, the rest (n = 77,
75.5%) being primi- or multigravida. Of those with previous
pregnancies (n = 77, 75.5%), vaginal delivery was the most
common type (n = 38, 49.35%); 16.88% (n = 13) had a cesar-
ean section, and 31.17% (n = 24) had a history of both types of
delivery. Two patients (n = 2, 2.6%) had a history of miscar-
riage. Within the women who had a vaginal delivery, 20
(19.6%) were primipara and 42 (41.2%) were multipara.
There were 76 (74.5%) premenopausal women and 26
(25.5%) postmenopausal women.

The mean RVS length was 73.2 (± 15.3) mm, with a thick-
ness of 2.8 (±1.7), 2.2 (± 1.2), and 2.5 (±1.3) mm for the
upper, middle, and lower thirds respectively.

We made a comparison between the non-pregnancy and
the at-least-one-pregnancy group, showing a tendency to in-
crease the length of the RVS, and the thickness of the upper
and middle thirds (Table 1). A positive Pearson correlation
coefficient was obtained between the number of pregnancies
and the length of the RVS (0.291; p = 0.01). Regression anal-
ysis suggests significance in an increase in the length of

Table 2 Variables with significant correlation using regression analysis

Dependent variable Independent variables Unstandardized coefficients Standardized coefficients t Significance set at p < 0.05

B Standard error Beta

Length Menopause −0.290 0.106 −0.290 −2.740 0.007

Numbers of pregnancies 3.828 0.919 0.477 4.164 0.000

Parity 8.062 3.199 0.933 2.521 0.013

Upper-third thickness Numbers of pregnancies 0.217 0.104 0.249 3.008 0.039

Parity 0.232 0.106 0.247 2.183 0.031

Middle-third thickness Parity 0.192 0.075 0.285 2.549 0.012

Table 1 Mean length and
thickness in correlation with
number of pregnancies

No pregnancy

(n = 25)

1–3 pregnancies

(n = 49)

≥4 pregnancies

(n = 28)

p value

Length, median (SD) 70.5 (12.2) 71.5 (14.4) 78.5 (18.2) 0.089

Upper-third thickness, median (IQR) 2.4 (1.7–3.0) 2.3 (1.6–3.1) 2.6 (1.7–3.8) 0.446

Middle-third thickness, median (IQR) 1.9 (1.3–2.5) 1.9 (1.6–2.6) 2.15 (1.6–2.7) 0.476

Lower-third thickness, median (IQR) 2.3 (1.6–2.7) 2.1 (1.6–3.0) 2.3 (1.6–3.6) 0.812

Values expressed in millimeters

SD standard deviation, IQR interquartile range
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3.8 mm (p = 0.000) and the upper-third thickness of 0.2 mm
(p = 0.031) with each pregnancy (Table 2).

When we compared the different types of delivery, we
found a tendency to increase the length and middle-third
thickness of the RVS in those who had had mixed deliveries.
A similar tendency to increase the upper- and lower-third
thickness of the RVS was found in those who had only had
a cesarean section (Table 3).

In women with vaginal delivery, multiparous women had a
statistically significantly longer RVS than primiparous wom-
en (p = 0.011), as well as a tendency towards higher thickness,
although the latter was not statistically significant (Table 4).
However, regression analysis demonstrated parity to be sig-
nificant with regard to length (p = 0.013), upper-third thick-
ness (p = 0.031), and middle-third thickness (p = 0.012), in-
creasing these by 8.1, 0.2, and 0.2 mm respectively, with each
delivery (Table 2). Regarding the hormonal stage, premeno-
pausal women had statistically significantly longer RVS
(p = 0.031) with a tendency to lose thickness (0.3 mm per
year; Table 2) toward postmenopause (Table 5).

Discussion

Our study evaluated the RVS throughMRI, obtaining an over-
all mean of its length and thickness in its upper, middle, and
lower thirds using a standardized methodology. Data were
stratified by the number of pregnancies, types of delivery,
parity, and hormonal exposure (premenopausal and postmen-
opausal), for analysis and correlation with these. The RVS
was longer in women with a greater number of pregnancies,

those with mixed deliveries, and those who were
premenopausal.

The thickness of the RVS had variations depending on
where it was measured and the groups. Women with the most
pregnancies had the thickest RVS, primarily in the upper third;
in women who had a vaginal delivery, the thickest part of the
RVS was the lower third especially in primiparous women.
These differences could be justified by the healing process
secondary to the birthing mechanism. Hormone depletion
(postmenopause) correlated with a decrease in RVS length
and overall thickness.

Kuhn andHollyock [14] reported amuch shorter RVS length
(21 mm), although this could be attributed to the methodology,
as their measurements were made during laparoscopic proce-
dures, without specifying how the measurements were under-
taken. However, their data also demonstrated a longer RVS
length in multiparas than in primiparous women (Table 6).

The length of the RVS (35–60 mm) and thickness (0.1–
0.3 mm) ranges reported by Nagata et al. [17] differ from our
results. However, the methodology was also different, as mea-
surements were obtained through corpse dissection in a sam-
ple of elderly women (mean age 82.4) embalmed with forma-
lin, which could alter the anatomical structures. In their
methods, they report dividing the septum into two halves,
without mentioning at what level the thickness was measured
or the instrument used for the measurements. Similar results
were reported from cadaveric 3D endovaginal ultrasound by
Shobeiri et al. [18].

Dietz [6] reported a shorter mean length of 45.3 mm and a
thickness of 1.16 mm compared with our results. Nonetheless,
differences are expected, as the study was carried out in

Table 3 Type of delivery
Vaginal

(n = 38)

Cesarean

(n = 13)

Mixed

(n = 24)

p value

Length, median (SD) 73.4 (15.2) 70.5 (16.1) 77.9 (16.9) 0.357

Upper-third thickness, median (IQR) 2.6 (1.8–3.9) 2.7 (1.2–4.2) 2.1 (1.6–2.6) 0.531

Middle-third thickness, median (IQR) 2.1 (1.6–2.7) 1.9 (1.7–3.5) 2.1 (1.6–2.4) 0.778

Lower-third thickness, median (IQR) 2.0 (1.6–2.8) 2.4 (1.9–4.5) 2.1 (1.6–3.5) 0.147

Values expressed in millimeters

SD standard deviation, IQR interquartile range

Table 4 Vaginal delivery
(including those with mixed
deliveries who had vaginal
delivery)

Primiparous

(n = 20)

Multiparous

(n = 42)

p value

Length, median (SD) 67.8 (14.3) 78.6 (15.5) 0.011*

Upper-third thickness, median (IQR) 2.2 (1.6–3.1) 2.4 (1.7–3.8) 0.200

Middle-third thickness, median (IQR) 2.1 (1.7–2.5) 2.1 (1.6–2.6) 0.886

Lower-third thickness, median (IQR) 2.3 (1.6–3.5) 2.0 (1.6–2.8) 0.460

SD standard deviation, IQR interquartile range

*Statistically significant (p > 0.05)
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pathological pelvic floors (prolapse, enterocele, rectocele,
etc.), using 3D ultrasound, which is operator dependent.
Also, they did not mention the anatomical references used
for both types of measurements.

Rosenshein et al. [4] classified RVS defects secondary to
surgical or obstetric traumas at five levels: type I, perineal
body loss without association with fistulas and fecal inconti-
nence; type II, perineal body loss associated with fistulas in
the lower third; type III, intact perineal body with fistula in the
lower third; type IV fistula in the middle third; and type V
fistula in the upper third. Type I was most common in primip-
arous women, whereas type II predominated in multiparous
women. Our results showed a thinner lower third in women
who had had vaginal delivery than in nulligravida, and that
those who had had multiple vaginal deliveries had a thinner
RVS in the lower third compared with primiparous women.
This decrease could be attributed to the damage mechanism
during vaginal delivery.

Haylen et al. [19] classified the RVS by levels I, II, and III
for the upper, middle, and lower thirds respectively, and iden-
tified the most common location of defects (prolapse), as level
I, level III, followed by level II in frequency. Our results could
be correlated with these findings, as we report the upper third
(level I) to have the highest overall thickness, followed by
levels III and II. This may be due to scar tissue secondary to
pregnancy and the vaginal delivery trauma, especially in the
primiparous women. This causes the replacement of muscle
and elastic fibers with collagen, weakening the upper and

lower thirds, predisposing the women to prolapse formation
in the posterior wall of the vagina.

Other studies have used MRI to evaluate vaginal anatomy
without describing the RVS [20–24]. Huebner et al. were able
to demonstrate the presence of the RVS, even in Müllerian
agenesis, without detailing the morphometrics [25].

To our knowledge, this is the first study to measure RVS
using MRI, which is not a dependent operator and is the gold
standard for soft-tissue assessment. The sample consisted of
healthy patients, allowing us to obtain parameters of normality
when describing their morphometry. However, some limita-
tions include the lack of inter-observer analysis, as all mea-
surements were performed by an expert radiologist from pel-
vic MRI, without purposefully focusing the imaging study on
RVS assessment. Future studies could be conducted prospec-
tively for better RVS visualization and an improved under-
standing of the female anatomy in correlation with patholog-
ical conditions and surgical procedures [26].

Conclusions

The morphology of RVS can be modified by different factors
such as age, number of pregnancies, number of births, and
estrogenic exposure. There are still many discrepancies re-
garding the morphology and function of the RVS, although
its role is currently becoming more evident in clinical and
surgical gynecology. This structure should be evaluated and

Table 6 Comparison of the reported literature

Reference Country Sample size Method Mean age (years) Mean length (mm) Mean thickness (mm)

Kuhn and Hollyock [14] Australia 44 Laparoscopic procedure – Nulligravida: 21 ± 3
Multiparous: 33 ± 5

–

Nagata et al. [19] Japan 20 Female cadavers 82.4 (range 71–95) 35–60 0.1–0.3

Dietz [6] Australia 46 3D ultrasound 55
(range 29–82 years)

45.3 1.1 (0.2–2.9)

Salinas-Alvarez et al. [24] Mexico 102 MRI 41.0 ± 15.2
(range 15–77)

Mean: 73.2 ± 15.3
Primiparous: 67.8 ± 4.3
Multiparous: 78.6 ± 15.5

Upper third: 2.8 ± 1.7
Middle third: 2.2 ± 1.2
Inferior third: 2.5 ± 1.3

MRI magnetic resonance imaging

Table 5 Pre- and postmenopausal
stage Premenopause

(n = 76)

Postmenopause

(n = 26)

p value

Length, median (SD) 74.4 (13.8) 69.6 (18.8) 0.031*

Upper-third thickness, median (IQR) 2.4 (1.6–3.1) 2.4 (1.5–3.7) 0.979

Middle-third thickness, median (IQR) 2.1 (1.6–2.6) 2.0 (1.4–2.8) 0.764

Lower-third thickness, median (IQR) 2.2 (1.7–3.1) 2.0 (1.5–3.1) 0.308

SD standard deviation IQR interquartile range

Values expressed in millimeters

*Statistically significant (p > 0.05)
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taken into account in preoperative management and surgical
technique planning.
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