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Abstract

Background Transperineal ultrasonography has been used as a diagnostic imaging modality for rectocele for many years.
However, the consistency of ultrasonography and defecography in evaluating the severity of rectocele was not satisfactory.
This study aimed to evaluate the agreement in the measurement of rectocele parameters between the two methods in dif-
ferent positions and provide clinical implications for the diagnosis of rectocele.
Methods In this pilot study, participants were recruited in an outpatient clinic of a tertiary hospital between December 2017
and December 2019. All participants separately underwent defecation proctography at sitting and squatting positions, and
undertook transperineal ultrasonography at left lateral, sitting, and squatting positions. The consistency of ultrasonography
and defecography was evaluated.
Results Thirty female volunteers with rectocele were included in this study. The degree of anorectal angle was significantly
larger at rest and during contraction, maximal Valsalva, and evacuation; the depth of the rectocele was significantly deeper
during maximal Valsalva and evacuation; and the length of the perineum descending was significantly longer during con-
traction and maximal Valsalva in using squatting position compared to the sitting position when performing the defecation
proctography. The degree of anorectal angle, the depth of rectocele, the area of levator hiatus, and the volume of the recto-
cele were significantly different in using squatting, sitting, and left lateral positions when performing the transperineal ul-
trasonography. Bland-Altman semi-quantitative plots showed good consistency in the measurement of the anorectal angle
and the depth of the rectocele between proctography and ultrasonography in both sitting and squatting positions.
Conclusions The findings of our study may be considered as the preliminary evidence to support the use of transperineal ul-
trasonography with sitting and squatting positions as the imaging test of choice for evaluating patients with rectocele.
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Introduction

Rectoceles are commonly found in conjunction with obstructed
defecation and pelvic-floor dysfunction. It presents as an out
pocketing of the anterior rectal and posterior vaginal wall into
the lumen of the vagina, mostly occurring during defecation [1].
Rectocele is a common condition in females. These patients
usually do not become symptomatic until the fourth or fifth de-
cade of life [2]. Clinical diagnosis and evaluation of a woman
with rectocele are based on her medical history, physical exami-
nation, and imaging modality [3, 4].

To date, the diagnostic gold standard for rectocele is defeca-
tion proctography, which is used to identify anatomical disor-
ders in combination with the need for an extended defecogram,
including contrast in the bladder and vagina as well as occa-
sional peritoneography [5]. However, this approach is relatively
costly with radiation exposure. In recent years, image diagnos-
tic techniques like dynamic magnetic resonance imaging (MRI)
and transperineal ultrasonography have been increasingly used
to diagnose and evaluate defecatory disorders in clinical prac-
tice [6, 7]. The advantages of these imaging modalities are the
absence of ionizing radiation, comfort, and non-invasiveness.
Transperineal ultrasonography can also be used for the diagno-
sis of other pelvic-floor disorders linked to rectocele [8].
However, the consistency of these methods in the identification
of rectocele diagnosis compared to defecation proctography
was not satisfactory [9]. In addition, patients are asked to take a
sitting position for the defecography test and take a supine po-
sition and/or left lateral position for the dynamic MRI and ultra-
sonography [10, 11].

The dynamic MRI method is costlier than the transperineal
ultrasonography and defecation proctography techniques, and
most previous studies have only examined the abnormal defe-
cate position to scale the severity of the rectocele [12–14].
Therefore, we conducted this pilot study aiming to compare
defecation proctography and transperineal ultrasound in differ-
ent defecate positions regarding their consistency in the mea-
surement of rectocele parameters.

Materials and methods
Study design and study subjects

This prospective observational study was carried out at the
Longhua Hospital affiliated to Shanghai University of
Traditional Chinese Medicine between December 2017 and
December 2019. This study was approved by the local research
ethics committee of Longhua Hospital (IRB No. 2017LCSY018).
All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the in-
stitutional review board at Longhua Hospital affiliated to
Shanghai University of TCM and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical
standards. Informed consent was obtained from all individual
participants included in the study.

Participants meeting the clinical diagnosis of rectocele by
digital rectal examination [15] were included in this study. The
exclusion criteria included hemorrhoids, anal fissure, and rectal
hemorrhage that predict cancer. For all participants, their de-
mographic and clinical characteristics were collected including
age, body mass index, reproductive history, favorite defecation
position, and daily stool quality, obstructed defecation syn-
drome (ODS) scores [16], and constipation scoring system (CSS)

[17]. These participants were provided with a Bristol stool chart
to describe their daily stool quality [18].

Defecation proctography protocol

Defecation proctography was performed by an experienced ra-
diologist. The rectum was filled with 120 ml diluted barium sul-
fate. The volunteer was examined using a sitting position on a
radiolucent commode on the first day then the same procedure
was performed using a squatting position on the second day
(SIEMENS IconosR200 Digital Gastrointestinal System) (Figure 1).
Images were recorded in the sagittal plane at rest and during
contraction, maximal Valsalva, and evacuation of contrast.

Transperineal ultrasonography protocol

Transperineal ultrasonography was performed by an experi-
enced sonographer in the left lateral, sitting, and squatting posi-
tions (Figure 2) with a 1-hour interval with an empty bladder
using a 1.5- to 6-MHz C1-6-D convex array probe and 5.0- to 9-
MHz RIC-9-D real-time 4D probe (Voluson10 expert, GE
Healthcare, Milwaukee, WI). The rectum was filled with a 100-
ml ultrasonographic coupling gel mix with a 0.5-ml suspension
of SF6 microbubbles at each position. The assessment was car-

ried out in the midsagittal plane. Volumes were obtained at rest
and during contraction, maximal Valsalva, and evacuation of
contrast. Rectocele volume was calculated in contrast-en-
hanced ultrasound 3D mode, the probe scanned, and the vol-
ume was calculated automatically during maximal Valsalva.

Outcome measurement

Data of the anorectal angle and depth of the rectocele of partici-
pants were obtained using both the defecation proctography
and transperineal ultrasonography techniques. In addition, the
perineum descending was measured when using the defecation
proctography method, while the area of the levator hiatus and
volume of the rectocele were determined when using the trans-
perineal ultrasonography method. It is worth noting that all
measurements of these two image diagnostic methods were ad-
ministered by two different operators.

Statistical analysis

The median and the interquartile range (IQR) were used to de-
scribe the measurements of anorectal angle, depth of rectocele,
perineum descending, area of the levator hiatus, and the vol-
ume of the rectocele. The Wilcoxon signed-rank test and re-
peated measures ANOVA were used to compare the difference
in measurements of anorectal angle, depth of rectocele, peri-
neum descending, area of the levator hiatus, and volume of the
rectocele between the defecography and ultrasonography
groups, and across different position groups, as appropriate.
Agreement test was used to detect the consistence between def-
ecation proctography and transperineal ultrasonography in sit-
ting and squatting positions, respectively. A Bland-Altman plot
was used to show the appearance of differences between the
different techniques. Paired t-test was used to compare the time
performed for the two evaluations. The data were analysed us-
ing STATA 14.2 and the significant level was set at 0.05.
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Results
Sample characteristics

A total of 30 Chinese female patients were recruited. The aver-
age age of the volunteers was 51.56 6 14.48 years and the aver-
age body mass index was 22.73 6 2.53 kg/m2. All participants
were multipara with one or two eutocie. Nine had a previous
hysterectomy. No patients reported vault prolapse. The median
value of the Bristol stool quality among all participants was 5
(range, 2–6). The average ODS and CSS scores were 12.07 6 5.88
and 11.67 6 5.03, respectively. Four patients stated that their fa-
vorite defecation position was the squatting position.

Defecation proctography

The anorectal angle, depth of rectocele, and perineum descend-
ing images via the defecation proctography method are shown in
Figure 3. Compared to the sitting position, participants in the
squatting position showed a larger degree of anorectal angle at
rest (P¼ 0.023) and during contraction (P< 0.001), maximal
Valsalva (P< 0.001), and evacuation (P< 0.001); a deeper depth of
rectocele at maximal Valsalva (P< 0.001) and evacuation

(P¼ 0.004); and a longer length of perineum descending during
contraction (P¼ 0.002) and maximal Valsalva (P¼ 0.022) (Table 1).

Transperineal ultrasonography

The anorectal angle, depth of rectocele, area of levator hiatus,
and volume of rectocele images via the transperineal ultraso-
nography method are shown in Figure 4. There were statisti-
cally significant differences among the left lateral, sitting, and
squatting positions in anorectal angles at rest (P< 0.001); during
contraction (P¼ 0.002), maximal Valsalva (P< 0.001), and evacu-
ation (P< 0.001); and in depth of rectocele during contraction
(P¼ 0.027), maximal Valsalva (P< 0.001), and evacuation
(P< 0.001). Significant differences in the area of levator hiatus
(P< 0.001) and volume of rectocele (P¼ 0.002) at maximal
Valsalva had also been found among these three positions
(Table 2).

Comparison between the defecography and
ultrasonography results

Results from the Bland-Altman semi-quantitative plot showed
agreement in the measurement of the anorectal angle and

Figure 1. Different positions for defecation proctography (simulation)

Figure 2. Different positions for transperineal ultrasonography (simulation)
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depth of the rectocele between the defecography and ultraso-
nography methods in both sitting and squatting positions. In
the sitting position, the mean differences in the measurement
of the anorectal angle between the defecography and ultraso-
nography methods at four situations varied from –4.2 to 0.4
(Figure 5). Similar differences in the measurement of the ano-
rectal angle between the two methods in the squatting position

were also observed, with a mean difference in four situations
that varied from 2.1 to 4.4 (Figure 6). The observed differences in
the measurement of the depth of the rectocele between the two
methods in four situations were smaller than those of the ano-
rectal angle, with mean differences that varied from –0.12 to 0.9
in the sitting position (Figure 7) and from 0.09 to 1.0 in the
squatting position (Figure 8). The mean time performed for

Figure 3. Anorectal angle (at rest and during contraction, maximal Valsalva, and evacuation), depth of rectocele (at maximal Valsalva), and perineum descending (at

maximal Valsalva) by defecation proctography in two positions

Table 1. Results of defecation proctography in two positions

Defecation photography Sitting position (n¼ 30) Squatting position (n¼ 30) P-value

Anorectal angle, degree,
median (IQR)

Rest 105 (100, 110) 107 (104, 112) 0.023
During contraction 92 (89, 94) 97 (90, 102) <0.001
Maximal Valsalva 118 (112, 124) 125 (119, 134) <0.001
Evacuation 116 (109, 120) 119 (111, 126) <0.001

Depth of rectocele, cm,
median (IQR)

Rest 0 (0, 1) 0 (0, 1) 0.839
During contraction 0 (0, 0) 0 (0, 0) 0.052
Maximal Valsalva 2 (2, 3) 3 (3, 4) <0.001
Evacuation 2 (1, 3) 3 (2, 3) 0.004

Perineum descending, cm,
median (IQR)

Rest 2 (1, 2) 2 (2, 2) 0.069
During contraction 1 (1, 1) 1 (1, 1) 0.002
Maximal Valsalva 4 (3, 4) 4 (3, 5) 0.022
Evacuation 3 (3, 3) 3 (3, 4) 0.059
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transperineal ultrasonography was significantly longer than
that for defecation proctography (55.43 6 26.38 vs 40.69 6

18.25 min, P< 0.05).

Discussion

This study evaluated compared the consistency of the measure-
ments for rectocele diagnosis via defecography and ultrasonog-
raphy in varied defecate positions. Our study found the
anorectal angle and depth of rectocele between the defecation
proctography and transperineal ultrasonography techniques
were consistent in both sitting and squatting positions.
Although this finding is not in line with previous studies report-
ing a significant difference in the anorectal angle and depth of

rectocele between these two methods, previous studies only ex-
amined the defecography method in the sitting position and the
ultrasonography method in the left lateral position [9, 19, 20].
Therefore, the position adopted for a patient may play an im-
portant role when determining the diagnosis of rectocele via
different image methods in clinical practice.

Defecography is the conventional image approach for the di-
agnosis of rectocele [21], although patients have to receive a
large dose of ionizing radiation with this approach and it is not
safe for fertile women. As such, healthcare practitioners cau-
tiously apply defecography to a patient for rectocele and are
seeking a safe and convenient method to replace the defecogra-
phy method [22]. By contrast, transperineal ultrasonography is
a non-invasive approach with a lower cost. This imaging

Figure 4. Anorectal angle, depth of rectocele, area of levator hiatus, and volume of rectocele (at maximal Valsalva) by transperineal ultrasonography in three positions
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approach could be used for measuring the area of the levator hi-
atus and the volume of the rectocele, which cannot be obtained
via defecography. Another advantage of transperineal ultraso-
nography is the ability to strain with a sitting or squatting posi-
tion, although there is some reticence in doing so in a left
lateral position, although the time to perform the transperineal
ultrasonography was longer than that for the defecation proc-
tography. It evaluated three positions and measured the area of
the levator hiatus and the volume of the rectocele. This tech-
nique was complex and involved learning curves. In addition,

participants in our study indicated that, compared to the squat-
ting position, the sitting position was more convenient and
comfortable when performing both defecography and ultraso-
nography, although the assessment of other anomalies (e.g. mi-
nor perineocele, disruption, or distal rectovaginal septum) with
the technology was limited.

Three limitations should be considered in interpreting the
findings of this study. First, a small number of participants were
included from the outpatient clinic of one hospital, which may
make the statistical-analysis results relatively speculative.

Table 2. Results of transperineal ultrasonography in three positions

Transperineal ultrasonography Left lateral position
(N¼ 30)

Sitting position
(N¼ 30)

Squatting position
(N¼ 30)

P-value

Anorectal angle, de-
gree, median (IQR)

Rest 98 (95, 101) 103 (100, 112) 105 (100, 111) <0.001
During contraction 88 (86, 91) 92 (88, 96) 91 (89, 95) 0.002
Maximal Valsalva 117 (108, 121) 123 (116, 127) 124 (119, 131) <0.001
Evacuation 109 (104, 115) 118 (109, 121) 119 (111, 122) <0.001

Depth of rectocele, cm,
median (IQR)

Rest a 0 (0, 0.9) 0 (0, 1.8) 0 (0, 1.6) 0.071
During contraction a 0 (0, 0) 0 (0, 0.3) 0 (0, 0.5) 0.027
Maximal Valsalva 2 (2, 3) 2 (2, 3) 3 (2, 4) <0.001
Evacuation 0 (0, 0) 0 (0, 0) 0 (0, 1) <0.001

Area of levator hiatus,
cm2, median (IQR)b

Rest 21 (18, 26) 25 (20, 34) 23 (19, 30) 0.023
Maximal Valsalva 32 (29, 35) 39 (32, 40) 37 (31, 41) <0.001

Volume of rectocele,
cm3, median (IQR)b

Maximal Valsalva 8 (7, 12) 10 (9, 12) 12 (9, 15) 0.002

aGiven that all the interquartile ranges (IQRs) of the depth of the rectocele at rest and during contraction (0, 0), median (range) were used to describe these

measurements.

bResults cannot be measured in some situations (e.g. during contraction).

Figure 5. Consistency of anorectal angle (degree) between defecography and ultrasonography in sitting position
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Figure 6. Consistency of anorectal angle (degree) between defecography and ultrasonography in squatting position

Figure 7. Consistency of depth of rectocele (cm) between defecography and ultrasonography in sitting position
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Second, the level of the perineum descending was not exam-
ined by ultrasonography in this study due to the fact that the
perineum descending can only be obtained when making the
ultrasound probe contact the perineum and keeping pressure
on the perineum. Finally, data were only collected from the vol-
unteers with a rectocele, which did not compare with normal
female volunteers without any pelvic-floor pathology. However,
this is the pilot study exploring the role of the normal defecate
position for rectocele diagnosis and the consistency of anorectal
angle and depth of rectocele values between the defecography
and ultrasonography methods for the rectocele. An observer-
blinded high-quality clinical trial will be required to investigate
the use of transperineal ultrasonography in the wider pelvic-
floor setting in future research. The finding of this study may be
used for the basis of future studies exploring the optimal recto-
cele image diagnostic method.

In conclusion, our results provide preliminary evidence to
support the use of transperineal ultrasonography in sitting and
squatting positions as a safer imaging test option for rectocele
diagnosis. Transperineal ultrasonography is an alternative that
correlates satisfactorily with the findings obtained by defecog-
raphy, provides important data in the evaluation of rectoceles,
and offers safety and comfort to patients. Further research with
a larger sample size is needed to explore the physiological ex-
amination position in the future.
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