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females with obstructed defecation (in
comparison with defecography)
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Abstract

Background: Growing attention of pelvic floor disorders has led to development of new imaging techniques, with
increasing importance of ultrasonography. The 3DUS technique is considered an accessible tool for imaging of the
posterior pelvic compartment. The purpose of this study is to highlight the role of 3D ultrasound in evaluation of
obstructed defecation in females and comparing the findings with defecography.

Results: Study included 30 females classified into two groups: (1) 20 patients (case group complaining of
obstructed defecation); (2) ten females (control group-normal nulliparous females). All of them were subjected to
defecography and 3D ultrasound during resting, squeezing, and straining. Detection rate of rectocele and
intussusception with 3D ultrasound was lower than defecography. By US, significant statistical difference between
patients and controls in all measurements of levator hiatus, IS, ES, and PRS thickness during straining (P value <
0.001). During straining, cut-off value of 20.75 cm2 for hiatal area gives sensitivity of 100% and specificity of 95%
and using ARA, cut-off value of 105° gives sensitivity of 98% and specificity of 90% for differentiation between
patients and controls.

Conclusion: Ultrasound can be considered a complementary test to defecography in investigation of patients with
obstructed defecation. Ultrasound can diagnose levator muscle attenuation and avulsion, thickness of IS, ES, PRS,
and distensibility of hiatal area.

Keywords: 3D ultrasound, Obstructed defecation, Defecography, Internal sphincter, External sphincter, Puborectalis
muscle

Background
Growing attention of pelvic floor disorders over the last
two decades has led to development of new imaging
techniques, with increasing importance of ultrasonog-
raphy. Trans rectal, transvaginal, and transperineal ap-
proaches, using both two-dimensional and three-
dimensional (3D) imaging, have made an important ef-
fect on the evaluation of the functional anatomy of the
pelvic floor. Trans rectal ultrasonography is a well-
established technique and is considered the reference
standard for anal sphincter examination. Transvaginal
and transperineal ultrasonographic approaches have
been grown in recent years [1].

For classification of pelvic organ prolapse, a subdivision
into three pelvic compartments is used; the anterior, mid-
dle, and posterior compartments. Different symptoms are
commonly contributed to prolapse of those three pelvic
compartments. Voiding dysfunction and urinary incontin-
ence are commonly related to prolapse of the anterior
compartment [2]. Pelvic discomfort, such as feelings
of a lump, heaviness, and pelvic pressure, is attributed
to all pelvic compartments. Symptoms related to defecatory
dysfunction, including obstructed defecation and fecal
incontinence, have been correlated with the posterior
compartment. It is important to be able to differentiate be-
tween different anatomic abnormalities, especially with
regards to the surgical intervention needed for treat-
ment of the patient [3].
Ultrasonography has been widely used to evaluate the

anterior compartment, including the anatomic interaction
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of the urethra and bladder as part of the mechanism of
continence to evaluate implant placement for treatment of
stress incontinence in urogynecology [4].
Sonographic imaging of the pelvic floor in women

gives superior image resolution compared to the trad-
itional trans-abdominal scanning and defecograpy ap-
proach when scanning the pelvis. Structures such as the
anorectum, bladder, and the rectovaginal septa are seen
with excellent detail, which permits more precise inter-
pretation of normal and pathologic states. It is also
minimally invasive, well tolerated, inexpensive, with no
exposure to radiation, and shows all the anatomic struc-
tures involved with defecation clearly [5].
The three-dimensional ultrasound (3DUS) technique is

considered an accessible tool for imaging of the posterior
pelvic compartment. It can bring sonographic examin-
ation closer to computed tomography or magnetic reson-
ance imaging through its lesser operator dependence,
availability of post processing tools, and potential for bet-
ter standardization of evaluation and measurement planes.
This should lead to better understanding of the abnormal-
ities underlying sphincter incompetence and improved
predictive value of the diagnosis of sphincter damage [6].
Evacuation proctography (defecography) has been

appealed to be the gold standard investigation for
objective diagnosis of posterior compartment prolapse.
However, defecography is relatively invasive, uncom-
fortable for the patient, and involves exposure to ion-
izing radiation [3].

Aim of the work
The aim of this study was to highlight the role of three-
dimensional ultrasound in evaluation of obstructed
defecation in females and comparing the findings with
defecography.

Methods
This prospective study was conducted from April
2016 to July 2017. It included 30 females classified
into two groups: (1) 20 patients as a case group
(complaining of evacuation dysfunction and symptoms
of obstructed defecation as chronic constipation, pel-
vic pain, or rectal prolapse), aged from 21 to 50 years.
Patients with recent pelvic surgery and pregnant la-
dies were excluded. (2) Ten females as a control
group (normal nulliparous females with normal bowel
habits); their ages ranged from 20 to 28 years. All of
them were referred to perform defecography and 3D
ultrasound examination at radiology center.
A written consent was obtained from all enrolled females.
All of the enrollments were subjected to:

(a) Three dimension ultrasound

Ultrasound imaging was performed by using Voluson
E8 GE apparatus. Patients were asked to lie in in dorsal
lithotomy position, with the hips flexed and slightly
abducted. Bladder filling should be partial with empty
rectum, and prior voiding is preferable since a full blad-
der will impede organ descent and increase the likeli-
hood of leakage, making the patient reluctant to perform
a proper Valsalva maneuver.
No bowel preparation was needed prior to US im-

aging. Curved array endovaginal transducer with fre-
quencies between (3.5 and 8 MHz) was placed in the
introitus and oriented in the mid-sagittal plane. Im-
aging was performed at rest and then during a sus-
tained pelvic floor contraction (squeeze) and then
during straining. All images were stored on compact
disks and analyzed off-line using the proprietary soft
wares. Render post processing techniques were done
for different phases.

(b) Defecography

Defecography was performed by using Shimadzu
FLEXA Vision. No prior bowel preparation was needed.
No opacification of the small bowel was done. After suf-
ficient contrast filling of the rectum (300 mL barium
paste), the patient was asked to sit on a special com-
mode, contract the pelvic floor musculature, and empty
the rectum as completely as possible, then series of im-
ages are taken and guided by fluoroscopy in resting,
squeezing and straining phases.

Image interpretation
Ultrasonographic images were analyzed for the follow-
ing: presence of rectocele and its depth (without gel),
presence of intussusception (in 2D images), presence of
levator avulsion, measurement of anorectal angle (ARA),
measurement of hiatal dimensions and area, measure-
ment of internal and external anal sphincter thickness,
and measurement of puborectalis muscle thickness.
Defecography images were analyzed for the following:

presence of rectocele and its depth, presence of intussus-
ception, laxity of pelvic floor, and measurement of ARA.
All the ultrasound examinations were performed in

succession by two independent radiologists (M. S. and
M. L.) and defecography was done in attendance of both.
The first radiologist had more than 30 years and the sec-
ond had about 20 years’ experiences in ultrasonic scan-
ning. The results were recorded by consensus of both.
All patients were subjected to surgery. Analysis of data

was done and results were recorded. Suggested diagnosis
from ultrasound imaging and results were compared
with that of defecography as a gold standard to assess
value of 3D Ultrasound in the diagnostic approach of
obstructed defecation in females.
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Statistical analysis
The results of defecography and ultrasonography were
transferred to SPSS program for statistical analysis.
Qualitative data were represented in the form of number
and frequency, while quantitative data were represented
in the form of mean ± standard deviation (mean ± SD).
ROC curve and cut-off points were obtained for differ-

entiation of patients with defecation disorders and females
with normal bowel habits. All tests were considered sig-
nificant if P value equals or less than 0.05.

Results
This study included 30 female patients classified into 20
female patients with chronic constipation (case group)
and ten normal nulliparous females as a control group.
Their ages ranged from 20 to 50 years old (mean age
30 years).
The radiological examination (3D sonography and

defecography) revealed one or more of these findings:
rectocele, intussusception, laxity, and levator avulsion.
3D ultrasound was done and show 17 patients with

rectocele (85%), six patients with intussusception (30%),
and three patients with levator avulsion (15%). By defe-
cography, 20 patients had rectocele (100%), ten patients
had intussusception (50%), and 15 patients had lax pelvic
floor (75%); no cases with spastic pelvic floor were en-
countered (Table 1).
Concerning the size of rectocele, it has been classified

into three grades according to Dietz and Steensma [7]:
grade I (< 2 cm) in depth, grade II (from 2 to 4 cm), and
grade III (> 4 cm), but the size of rectoceles defers in defe-
cography and in 3D ultrasonography, as shown in Table 2.
Concerning intussusception, it has been classified into

two grades according to Dietz and Steensma [7]: grade I
(rectal intussusception): most distal part remains com-
pletely intrarectal, and grade II (anorectal intussuscep-
tion): where the most distal part descending into anal
canal. Table 3 displayed that the detection rate of

intussusception with 3D ultrasound was lower than defe-
cography; four patients detected with defecography were
missed by ultrasound. By 3D ultrasound, only six cases
were diagnosed as intussusception, five cases of them were
rectal and only one case was anorectal. By defecography,
eight cases had rectal intussusception and two cases have
been encountered as anorectal intussusception.
Using 3D ultrasound, levator hiatus, thickness of anal

sphincter muscles (internal sphincter “IS” and external
sphincter “ES”), and puborectalis sling (PRS) were mea-
sured (during rest, squeezing, and maximum Valsalva)
to compare between patients (with rectal prolapse) and
control group to know the effect of rectal prolapse on
distensibility of hiatal area and anal sphincter muscles
(Figs. 1, 2, 3, 4, and 5).
Tables 4, 5, and 6 showed that using (independent t

test), there was a significant statistical difference between
patients and control group in all measurements of levator
hiatus and sphincters thickness during straining (max-
imum Valsalva), as the mean AP diameter, mean trans-
verse diameter of levator hiatus, and mean levator area in
patient group were (6.6 cm, 4.9 cm, and 23.1 cm2) and in
control group were (4.6 cm, 3.9 cm, and 15.2 cm2) re-
spectively with P value < 0.001. The IS thickness in patient
and control group was (1.8 mm and 2.8 mm) respectively
with P value < 0.001. The ES thickness in patient and con-
trol group was (1.6 mm and 1.8 mm) respectively with P
value 0.02. The PRS thickness in patient and control
group was (3.8 mm and 4.1 mm) respectively with P value
< 0.001. While during rest, there was insignificant statis-
tical difference in mean thickness of internal sphincter (in
patients 2.1 mm and in control 2.4 mm with P value 0.12)
and transverse diameter of levator hiatus (in patients
3.7 cm and in control 3.5 cm with P value 0.06). During
squeezing, the mean PRS thickness (2.9 and 3.3), AP,
transverse diameters (5.8, 3.9, and 5.3, 3.6), and hiatal area

Table 1 Findings of 3D introital ultrasound in comparison with
defecography in diagnosing posterior compartment disorders

3D ultrasonography Defecography

Rectocele

Number 17 patients 20 patients

Percentage 85% 100%

Intussusception

Number 6 patients 10 patients

Percentage 30% 50%

Levator avulsion

Number 3 patients –

Percentage 15% –

Total number of patients 20 20

Table 2 Grades of rectocele seen by 3D ultrasonography and
defecography

Grades of rectocele 3D US
No of patients

Defecography
No of patients

Post-operative
No of patients

Grade I (< 2 cm) 4 5 5

Grade II (2–4 cm) 8 7 7

Grade III (> 4 cm) 5 8 8

Total no of patients 17 20 20

Table 3 Grades of intussusception seen by 3D ultrasonography
and defecography

Grades of intussusception 3D ultrasonography
No. of patients

Defecography
No. of patients

Grade I (rectal intussusception 5 8

Grade II (anorectal intussusception 1 2
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(16.6 and 14.9) in patients and control group respectively
were with statistically insignificant P values.
Roc analysis confirmed these results, with area under

curve (AUC) of 0.98 for hiatal area and cut-off value of
20.75 cm2 gives sensitivity of 100% and specificity of
95% during straining (It indicates perfect test with high
accuracy to discriminate between patients and con-
trols).While AUC in resting is 0.0 and in squeezing is
0.01 indicative of poor accuracy during these phases.
Measurement of antero-posterior (AP) and transverse

(Tr) diameters of the levator hiatus during straining
showed that using the cut off value 5.9 cm for (AP)
diameter give sensitivity of 87% and specificity of 83%,
and cut off value 4.5 cm for (Tr) diameter give sensitivity
of 80% and specificity of 77% for differentiation between
patients and control group.
There was no significant difference between defecogra-

phy and ultrasonography in measuring the anorectal
angle in patients with obstructed defecation; the mean
anorectal angle (ARA) by US was (119.5 ± 5.8) and by
defecography, it was (118 ± 4.5).

During straining, anorectal angle also was measured
by US in all patients and control group, to show the
effect of rectal prolapse on anorectal angle; mean ±
SD of patients was (119.5 ± 5.8) while mean ± SD of
controls was (96.3 ± 4.9). Using independent t test,
there was a significant statistical difference (P value <
0.001) (Table 7). Roc analysis confirmed these results,
with area under curve (AUC) of .992 for anorectal
angle (ARA).Cut-off value of 105° gives sensitivity of
98% and specificity of 90%.

Discussion
Chronic constipation is a common clinical problem, af-
fecting adult population and more common in women.
The obstructed defecation syndrome results from either
a dysfunction of the muscles that take part in the
defecation process or an anatomical abnormality of the
organs contained in the pelvis area [2].
The current study was interested in evaluation of

pelvic floor dysfunction by ultrasound and compar-
ing the results with defecography in adult females

Fig. 1 Control group. Nulliparous female 20 years. 2D ultrasound shows a normal ARA (100°). No detected rectocele or intussusception. 3D ultrasound
shows: At rest (b): levator area: transverse diameter 3.7 cm. AP diameter 4.5 cm. Hiatal area: 14.5 cm2. Thickness of internal sphincter 2 mm (Arrow).
Thickness of external sphincter 1.9 mm (arrow head). Thickness of PRS about 4 mm (double arrows). During squeezing (c): levator area: transverse diameter
3.3 cm. AP diameter 4.3 cm. Hiatal area 9.9 cm2. Thickness of internal sphincter 1.9 mm (arrow). Thickness of external sphincter 1.5 mm (arrow head).
Thickness of PRS about 3.6 mm (double arrows). During straining (d): levator area: transverse diameter 4 cm. AP diameter 4.8 cm. Hiatal area: 15.6 cm2

thickness of internal sphincter 2 mm (arrow). Thickness of external sphincter 1.9 mm (arrow head). Thickness of PRS about 5 mm (double arrows)
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with obstructed defecation syndrome. The results
showed that the sensitivity of rectocele detection by
defecography was (100%) and by ultrasonography
was (85%). This is in agreement with Beer-Gabel and
Carter [8] who found a high prevalence of rectocele
on defecography (96%) compared to ultrasound
(83%). Three rectoceles were missed by US due to
small size (< 2 cm) and complete emptying on evacu-
ation proctography.
Measurements of rectocele depth showed limited

agreement between the two methods in this study
as the rectocele appeared smaller in depth on ultra-
sonography compared with defecography; the mean
depth of rectocele was 2.7 ± 0.6 cm and 3.8 ± 0.4 cm
by US and defecography respectively. This can cope
with Beer-Gabel et al. [9] who reported that the
mean depth of rectoceles as diagnosed by defeco-
graphy was 3.0 ± 0.36 cm and by US was 2.69 ±
0.19 cm.

Concerning intussusception, there was a difference
between the two techniques in detection rate; the
sensitivity of defecography in detection of intussus-
ception was (90%) and by US, it was (50%). This
copes with Beer-Gabel and Carter [8] who reported
that (94%) of cases of intussusception were diagnosed
by defecography while only (75%) by US. This can be
explained by the variation in the ability of the patient
to fully strain during introital US, and perhaps due to
patient reticence because of the perineal proximity to
the probe, also sitting position during defecation
proctography mimicking actual defecation process, en-
hanced the appearance of intussusception.
The greatest utility of ultrasonographic imaging in pa-

tients with obstructed defecation is the identification of
anatomical and functional abnormalities of the pelvic
floor muscles. It can identify not just the clinical mani-
festation (rectocele or intussusception) but the under-
lying abnormality itself. Global levator ani damage,

Fig. 2 Control group. Nulliparous female patient 23 years old. 2D ultrasound shows: (a): normal rectum, vagina, and anal canal. Anorectal
angle (100°). No detected rectocele or intussusception. 3D ultrasound shows: At rest (b): levator area: transverse diameter 3 cm. AP
diameter 5 cm. Hiatal area: 11.5 cm2. Thickness of internal sphincter 1.7 mm (arrow). Thickness of external sphincter 2.4 mm (arrow head).
Thickness of PRS about 3.7 mm (double arrows). During squeezing (c): levator area: transverse diameter 3.3 cm. AP diameter 4.3 cm.
Hiatal area: 10.7 cm2. Thickness of internal sphincter 1.7 mm (arrow). Thickness of external sphincter 2.8 mm (arrow head). Thickness of
PRS about 2.6 mm (double arrows). During straining (d): levator area: transverse diameter 3.4 cm. AP diameter 4.2 cm. Hiatal area:
14.8 cm2. Thickness of internal sphincter 2 mm (Arrow). Thickness of external sphincter 1.9 mm (arrow head). The thickness of PRS about
4 mm (double arrows)
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avulsion defects, abnormal levator ani contractility, and
a pathologically enlarged levator hiatus (ballooning) were
also diagnosed by introital US, while defecography can-
not identify this. This study included three patients
(15%) with levator muscle avulsion that could not be di-
agnosed by defecography.
In the current study, the morphology and dimen-

sions of the levator hiatus were compared between
patients with obstructed defecation and control group.
The mean size of the levator area in patients during
straining was (23.1 ± 1.0 cm2) larger compared with
the mean size in control group (15.2 ± 0.6 cm2); the
morphology in the diseased patients tended to be
more circular due to ballooning of hiatal area.

Braekken et al. [10] reported similar findings; their re-
sults shown that mean size of levator area in patients
and control group were 23.2 ± 5.3 cm2 and 16.6 ±
2.82 cm2 respectively.
Dietz [11] said that the most accurate phase in de-

tection of rectal prolapse and so measuring the hiatal
area distensibility was during straining with cut off
value 25 cm2, yielding a sensitivity of 70% and specifi-
city of 83%. In our study, we noticed that the param-
eters describing the size and distensibility of the
hiatus area should be investigated during maximum
Valsalva (straining), which is the most accurate phase
in detection of its distensibility with cut off value
20.7 cm2, give a sensitivity of 100% and specificity of

Fig. 3 Female patient aged 34 years with history of repeated four normal deliveries and complaining of chronic constipation.
Defecography shows: (a): anterior rectocele about 4 cm (arrow). Evidence of rectal intussusception (arrow head). Lax pelvic floor.
Anorectal angle (95°). 2D ultrasound shows: (b): anterior rectocele filled with gel measures about 2.5 cm and measures about 1.8 cm
empty. Anorectal angle (102°). 3D ultrasound shows: at rest (c): levator area: transverse diameter 3.2 cm. AP diameter 4.6 cm. Hiatal area:
11.4 cm2. Thickness of internal sphincter 2.7 mm (Arrow). Thickness of external sphincter 3.4 mm (arrow head). Thickness of PRS about
3 mm (double arrows). During squeezing (d): levator area: transverse diameter 3.3 cm. AP diameter 3.9 cm. Hiatal area: 10.7 cm2.
Thickness of internal sphincter 1.7 mm (arrow). Thickness of external sphincter 3 mm (arrow head). Thickness of PRS about 3.2 mm
(double arrows). During straining (e): anterior rectocele measures about 2.8 cm. Wide levator area: transverse diameter 4 cm. AP diameter
6 cm. Hiatal area: 20.3 cm2. Attenuation of internal sphincter 1.7 mm (arrow). Attenuation of external sphincter 1.5 mm (arrow head).
Attenuation of PRS about 2.9 mm (double arrows)
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Fig. 4 Female patient aged 45 years with history of three vaginal deliveries and complaining of feeling a vaginal lump and chronic constipation. Defecography
shows: a anterior rectocele about 4 cm. Anorectal angle (120°). 2D ultrasound: b resting: anorectal angle (118°). c Straining: anterior rectocele about 1.4 cm empty
and 2.6 cm filled with gel material and invaginating the rectovaginal septum. Anorectal angle (118°). 3D ultrasound shows: at rest (d): levator area: transverse
diameter 3.9 cm. AP diameter 5.7 cm. Hiatal area: 16.8 cm2. Thickness of internal sphincter 2.6 mm (arrow). Thickness of external sphincter 3.7 mm (arrow head).
Thickness of PRS about 4 mm (double arrows). During squeezing (e): levator area: transverse diameter 3.9 cm. AP diameter 5.3 cm. Hiatal area: 16.3 cm2. Decreased
thickness of internal sphincter 1.4 mm (arrow). Thickness of external sphincter 2.8 mm (arrow head). Thickness of PRS about 3.7 mm (double arrows). During
straining (f): anterior rectocele invaginating the rectovaginal septum. Wide levator area: transverse diameter 4.3 cm. AP diameter 6.2 cm. Hiatal area: 20.7 cm2.
Attenuation of internal sphincter 1.6 mm (arrow). Attenuation of external sphincter 1.7 mm (arrow head). Attenuation of PRS about 2.7 mm (double arrows)
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Fig. 5 Obese female patient aged 50 years old with history of five vaginal deliveries and complaining of incomplete evacuation. Defecography
shows: (a): anterior rectocele measures 6 cm (arrow). Evidence of rectal intussusception (arrow). Lax pelvic floor. Anorectal angle (115°). 2D
ultrasound shows: b Resting: anorectal angle (119°). c Straining: large rectocele filled with gel and appears on straining measures 4 cm and 2 cm
empty. Evidence of rectal intussusception. Anorectal angle (119°). 3D ultrasound shows: at rest: (d): levator area: transverse diameter 4.7 cm. AP
diameter 6.5 cm. Hiatal area: 18.3 cm2. Thickness of internal sphincter 3 mm (arrow).Thickness of external sphincter 2.7 mm (arrow head).
Thickness of PRS about 3.7 mm (double arrows). During squeezing: (e): levator area: transverse diameter 5 cm. AP diameter 6.6 cm. Hiatal area:
17 cm2. Thickness of internal sphincter 2.7 mm (arrow). Thickness of external sphincter 2.4 mm (arrow head). Thickness of PRS about 3 mm
(double arrows). During straining: (f): anterior rectocele invaginating the rectovaginal septum. Wide levator area: transverse diameter 5 cm. AP
diameter 6.5 cm. Hiatal area: 21.7 cm2. Thickness of internal sphincter 2.3 mm (arrow) attenuated at Lt side to 1.3 mm. Thinning of external
sphincter 1.8 mm (arrow head). Thickness of PRS about 3.7 mm (double arrows)
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95%.; on the other hand, squeezing phase shown in-
significant difference between cases and control with
(P value > 0.05).
Measurement of AP and transverse diameters of

hiatal area also give overall view of the hiatal distensi-
bility in patients with obstructed defecation. This
study showed a significant statistical difference be-
tween patients and control group during maximum
Valsalva (P value < 0.001). Resting and squeezing
phases showed insignificant statistical difference with
(P value > 0.05), so straining could be considered the
most sensitive phase in measuring AP and transverse
diameters of the hiatal area. These results are in
agreement with Braekken et al. [10] who reported
that straining is the most accurate phase in measuring
the dimensions of hiatal area.
In this study, there was attenuation in the thickness of

anal sphincters and puborectalis muscle (part of levator
ani muscle) during Valsalva in patients with rectal pro-
lapse and obstructed defecation compared with the con-
trol group; the mean thickness of IS, ES, and PRS in
patient group were 1.8 ± 0.6 mm,1.6 ± 0.3 mm, and 3.8 ±
0.5 mm respectively, while the mean thickness of these
parameters in control group were 2.8 ± 0.5 mm, 1.8 ±
0.18 mm, and 4.1 ± 0.5 mm respectively with (P value <
0.001). These results are not matched with Hall et al. [12], who found no significant difference for thickness of

these muscles (P value of all > 0.05). This difference
could be attributed to the successive vaginal deliveries in
patients of our study and the possible complications of
deliveries in our patients.
The measurement of anorectal angle during strain-

ing showed a significant statistical difference between
patients and control group as the mean ARA of the
patients was (119.5 ± 5.8) and of control group it was
(96.3 ± 4.9). These results run in accordance with
Beer-Gabel et al. [9] who reported that the mean
ARA of patients and control group were (123.3 ± 4.32)
and (116.4 ± 3.32) respectively with good agreement
between ultrasonography and defecography in measur-
ing the ARA.

Table 4 Measured parameters in the patients and the control
group (mean ± SD) during resting

3D Ultrasonography
measurements

Patients Control group P value

Mean ± SD Mean ± SD

Levator Hiatus

AP Diameter (cm) 5.7 ± 0.7 4.4 ± 0.4 < 0.001

Tr Diameter (cm) 3.7 ± 0.4 3.5 ± 0.3 0.06

Area (cm2) 16.3 ± 1.9 10.4 ± 0. < 0.001

IS Thickness (mm) 2.1 ± 0.5 2.4 ± 0.7 0.12

ES Thickness (mm) 1.8 ± 0.2 2.5 ± 0.5 < 0.001

PRS Thickness (mm) 2.7 ± 0.2 3.1 ± 0.3 < 0.001

Table 5 Measured parameters in the patients and the control
group (mean ± SD) during squeezing

3D Ultrasonography
measurements

Patients Control group P value

Mean ± SD Mean ± SD

Levator Hiatus

AP Diameter (cm) 5.8 ± 0.9 5.3 ± 0.4 0.2

Tr Diameter (cm) 3.9 ± 0.4 3.6 ± 0.4 0.16

Area (cm2) 16.6 ± 1.1 14.9 ± 0.5 0.3

IS Thickness (mm) 1.9 ± 0.2 2.6 ± 0.5 < 0.001

ES Thickness (mm) 2.8 ± 0.2 2.3 ± 0.5 < 0.001

PRS Thickness (mm) 2.9 ± 0.63 3.3 ± 0.4 0.3

Table 6 Measured parameters in the patients and the control
group (mean ± SD) during straining

3D Ultrasonography
measurements

Patients Control group P value

Mean ± SD Mean ± SD

Levator Hiatus

AP Diameter (cm) 6.6 ± 0.4 4.6 ± 0.3 < 0.001

Tr Diameter (cm) 4.9 ± 0.4 3.9 ± 0.3 < 0.001

Area (cm2) 23.1 ± 1.0 15.2 ± 0.6 < 0.001

IS Thickness (mm) 1.8 ± 0.6 2.8 ± 0.5 < 0.001

ES Thickness (mm) 1.6 ± 0.3 1.8 ± 0.18 0.02

PRS Thickness (mm) 3.8 ± 0.5 4.1 ± 0.5 < 0.001

Receiver operator curve for the diagnosis of abnormal hiatal distensibility
(“ballooning”) on the basis of symptoms of prolapse during maximum
Valsalva (straining)
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A previous study done by Grasso et al. [13] re-
ported that ultrasound may be valuable as an initial
test or screening method in patients with defecatory
disorders, avoiding more invasive tests when findings
are positive. While, negative findings on ultrasound
may need confirmation by defecation proctography.
From this study and our results, it is better to aug-
ment results of both techniques that are complemen-
tary to each other’s.

Limitation
There is a limited number of patients in this study.

Recommendations
Further study with a large number of patients is
recommended.

Conclusion
Ultrasound is considered an available, cheap, and
noninvasive technique complementary to defecogra-
phy in the diagnostic work-up of patients with symp-
toms of obstructed defecation. Defecography is more
sensitive than US in detecting rectocele and rectal

intussusception; on the other hand, ultrasound can
diagnose the levator muscle attenuation and avul-
sion, thickness of IS, ES, PRS, and distensibility of
the hiatal area, while defecography cannot. So ultra-
sound can be considered a complementary test to
defecation proctography in investigation of patients
with obstructed defecation syndrome.
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