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Abstract 

The present study investigated the morphology and structure of pelvic floor in 50 nulliparous 
and 50 pelvic organ prolapse (POP) women using translabial three-dimensional (3D) ultra-
sound. The levator hiatus in POP women was significantly different from that in nullipara 
women. In POP women, the size of pelvic floor increased, with a circular shape, and the axis 
of levator hiatus departed from the normal position in 36 (72%) cases. The puborectalis was 
avulsed in 18 (36%) cases and the pelvic organs arranged abnormally in 23 (46%) cases. In 
summary, 3D ultrasound is an effective tool to detect the pelvic floor in POP women who 
presented with abnormalities in the morphology and structure of pelvic floor. 
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Introduction 
Pelvic organ prolapse (POP) refers to a protru-

sion of one or more pelvic organs (bladder, rectum, 
uterus, vaginal vault, bowel) through vaginal fascia 
into the vagina. POP may cause different symptoms 
such as vaginal bulging (a major symptom), urinary 
or fecal incontinence, obstructed micturition or def-
aecation, sexual disorders and perineal pain [1-2]. POP 
affects many females with a mean prevalence of about 
19.7% (range: 3.4-56.4%) in developing countries, and 
the prevalence of urinary incontinence with uterine 
prolapse, anterior vaginal wall prolapse and posterior 
vaginal wall prolapse was 31.3%, 59.7% and 44.8%, 
respectively, in Beijing, a city of China.[3-4]. The etiol-
ogy of POP is multifactorial. Delivery damage, 
chronic increasing abdominal pressure, congenital 
dysplasia of pelvic floor tissues are frequently found 
in clinical practice. It has been shown that age, parity 

and menopause are significantly associated with POP 
[5]. The pelvic floor supporting structures undertake 
the load of pelvic cavity and keep the pelvic organs 
above the levator hiatus in normal position. However, 
the damage of the pelvic floor supporting structures, 
especially the defects of levator ani muscle, may con-
tribute to the occurrence of POP [6]. Of course, digital 
palpation is a good and easy method to detect avul-
sion of the levator ani muscle, while clinical evalua-
tion should be performed together with imaging. 
Now the diagnosis of levator ani muscle trauma has 
become much easier with the help of modern imaging 
methods. Since the 1990s there has been description of 
levator ani trauma as visualized by magnetic reso-
nance imaging (MRI). Three-dimensional modeling of 
MRI allows volumetric analysis to be performed and 
clarifies the spatial relationship of pelvic anatomic 
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structures. Due to the superior spatial resolution and 
ability to identify different muscles in the pelvic floor, 
MRI has been a preferred method to assess the pelvic 
floor [7]. To date, the levator ani muscle trauma and 
the changes in the morphology of the pelvic floor after 
vaginal delivery and prolapse have been demon-
strated using MRI [8-9]. But MRI has been of limited 
clinical use in the evaluation of pelvic floor disorders 
due to cost and access problems. Recently, with the 
technical improvement of three-dimensional (3D) 
ultrasound, 3D ultrasound has become a new tool in 
the detection of pelvic floor. Rendered 3D volume has 
the ability to visualize the axial plane with good spa-
tial and superior temporal resolution, with volume 
datasets obtained per second [10]. Translabial 3D ul-
trasound can directly display the entire levator hiatus, 
puborectalis, previouslythe domain of MRI [11-14]. The 
agreement of features of the levator hiatus in 3D ul-
trasound and MRI was moderate as shown in a study 
of Kruger et al[13]. Dietz et al [15-16] proposed that, to 
detect the levator-urethra gap and asymmetric in-
crease in the size of the levator hiatus with ultrasound 
can be used for the diagnosis of levator avulsion in-
jury. The levator avulsion can be diagnosed reliably 
by tomographic ultrasound [17-18]. At the same time, 
ultrasound has the advantages of clinical conven-
ience, easy access and safety throughout pregnancy. 
Moreover, patients with minimal discomfort can be 
examined at little expense and real time recording is 
also feasible. The present study aimed to detect the 
morphology and structure of the levator hiatus in 
POP women using the translabial 3D ultrasound and 
compare these features between POP and nulliparous 
women.  

Materials and Methods 
Subjects 

This study was undertaken in Affiliated Sixth 
People’s Hospital of Shanghai Jiaotong University 
from January 2011 to October 2011. This study was 
approval by the Ethics Committee of the hospital. 
Translabial 3D ultrasound was used to assess the pel-
vic floor in 50 POP women (POP group) and 50 nul-
liparous women (Nullipara group). All subjects gave 
their written informed consent before being enrolled 
into this study. The consecutive patients who would 
undergo prolapse repair were recruited into the POP 
group from the Department of Gynecology. The ex-
clusion criteria for POP were BMI≥28 and pelvic tu-
mor with the diameter≥3.0cm (such as uterine myo-
ma, ovarian tumor and fallopian tube tumor). Nul-
liparous women were also from the Department of 
Gynecology for the treatment of irregular menstrua-

tion, vaginitis, pelvic inflammatory disease or infer-
tility. Patients with a history of abortion, pelvic floor 
dysfunction and a family history, pelvic tumor (uter-
ine myoma, ovarian tumor and fallopian tube tumor), 
pelvic trauma or surgery, chronic cough or constipa-
tion leading to increase in abdominal pressure and 
BMI ≥ 28 were excluded from the Nulliparous group. 
All subjects were interviewed regarding the symp-
toms of urinary incontinence, prolapse or fecal incon-
tinence with a standardized questionnaire [19]. Pro-
lapse was examined according to the pelvic organ 
prolapse quantification (ICS POP-Q) staging system 
of International Continence Society [20].  

Ultrasound examination  
The translabial ultrasound was performed in 

women in a supine position after voiding using a GE 
Kretz Volusion 730 system (GE Kretztechnik GmbH, 
Zipf, Austria) with RAB4-8P 3D ultrasound trans-
ducer. The transducer was covered with a glove. Im-
aging examination was performed in the midsagittal 
plane. Volume datasets were acquired at rest, on 
maximum Valsalva and maximum pelvic floor con-
traction for processing and subsequent analysis. Eve-
ry patient was asked to push at her full stretch, each 
patient performed at least 3 Valsalva maneuvers, and 
the best one was used for evaluation. The 4D View 
software Version 1 (GE Medical systems, Kretztechnik 
GmbH, Zipf, Austria) was used to acquire the images 
of entire levator hiatus in the axial plane. Then, the 
morphology and structure of the pelvic floor (the size 
and position of the levator hiatus, puborectalis and 
pelvic organs) were observed and compared between 
both groups.  

The plane of minimum hiatal dimensions in the 
midsagittal view was identified by a line between the 
hyperechogenic posterior aspect of the symphysis 
pubis and the hyperechogenic anterior border of the 
puborectalis just posterior to the anorectal muscularis 
(represented by the single oblique line in Fig. 1) [12]. 
This line was then used to identify the plane of 
measurement in the axial plane. Figure 2 demon-
strated the morphological findings on the minimal 
plane of the levator hiatus: levator hiatus area (HA), 
anteroposterior diameter of levator hiatus (AP) and 
left to right diameter of levator hiatus (LR). The leva-
tor hiatus, puborectalis and pelvic organs were ob-
served in the 3D ultrasound. Two axile lines were 
defined to get a more accurate hiatal position. The 
symmetry axis of the bilateral pubic ramus was de-
fined as the pelvic floor axis. The line linking the 
midpoint of the inner edge of the symphysis pubis 
and puborectalis was defined as the levator hiatus 
axis. If there is an intersection angle between the pel-
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vic floor axis and the levator hiatus axis, it is defined 
that the levator hiatus axis departed from the pelvic 
floor axis. Using a tomographic ultrasound imaging 
(TUI), a set of 8 parallel tomographic slices was ob-
tained in the axial plane at intervals of 2.5 mm from 
5.0 mm caudal to 12.5 mm cephalad of the plane 
minimum dimensions. The puborectalis avulsion was 
identified at the plane of minimal hiatal dimensions 
and two slices above it on the maximum pelvic floor 
contraction [21]. The puborectalis avulsion was diag-
nosed when there was loss of continuity between 
muscle and pelvic sidewall at least on one slice. 

Avulsion includes full avulsion and partial avulsion. 
Full avulsionwas determined if the loss of continuity 
between muscle and pelvic sidewall is seen on all the 
3 slices. Partial avulsion is diagnosed when loss of 
continuity between muscle and pelvic sidewall is seen 
on at least one slice. In normal condition, the urethra, 
vagina and rectum arranged tightly in a line in ven-
tridorsal orientation inside the levator hiatus. If the 
other structures such as uterus, bladder, vagina vault, 
or intestinal canal other than the urethra, vagina and 
rectum were found in the hiatus, we defined the or-
gans arranged abnormally.  

 
 

 
Figure 1. The plane of minimal hiatal dimensions in the mid-sagittal plane (A) and axial plane (B). 

 

 
Figure 2. Measurement of levator hiatus in the minimal hiatal demensions: 1, hiatal area (HA); 2, anteroposterior diameter (AP); 3, 
left-right diameter (LR). 
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Statistical analysis 
Statistical analysis was done with statistical 

analysis system 8.0 statistical program (SAS Institute 
Inc., Cary, NC, USA). The measured parameters were 
presented as mean positive and negative standard 
deviation (mean±SD). The AP, LR and HA between 
both groups were compared using independent sam-
ple t-test. A value of P<0.05 was considered statisti-
cally significant.  

Results 
General data  

The general demographics of patients in both 
groups are shown in Table 1. Complaints at presenta-
tion of POP women were stress incontinence (15%), 
urge incontinence (10%), symptoms of voiding dys-
function (such as hesitancy, a poor stream and 
straining to void; 45%) and prolapse symptoms (90%). 
The evaluation with clinical POP-Q in the POP group 
revealed Grade II POP in 12 women, Grade III POP in 
20 women, and Grade IV POP in 18 women. On clin-
ical assessment, 19 women suffered from anterior 
compartment prolapse, 23 suffered from central 
compartment prolapse and 8 suffered from posterior 
compartment prolapse. In the Nullipara group, pa-
tients were assessed as Grade 0 POP. Satisfactory 
volume datasets were obtained in all cases. Table 2 
shows the measured parameters of two groups. 
Compared with the Nullipara group, the HA, AP and 
LR of the levator hiatus in the POP group were sig-
nificantly increased at rest, on maximum Valsalva and 
maximum pelvic floor contraction (P<0.001).  

3D ultrasound performance of pelvic floor in 
the Nullipara group 

Levator hiatus had compact structure outlined 
by the puborectalis and pubis. The pelvic floor axis 

and the levator hiatus axis overlapped (Fig. 3A). 
Puborectalis was symmetrical and continuous, and 
formed a “V”-shaped sling running from the pelvic 
sidewall towards the anorectal junction. On the ven-
tral side, puborectalis closely attached to the interior 
edge of the pubic ramus without abnormal echo, and 
surrounded the posterior rectum on the dorsal side. 
At rest and on maximum Valsalva, the urethra, vagina 
and rectum arranged tightly in a line in ventridorsal 
orientation inside the levator hiatus, and the bounda-
ries were clear. 

3D ultrasound performance of pelvic floor in 
the POP group 

The levator hiatus increased in size and had an 
oval or round shape. In 36 (72%) patients, the levator 
hiatus axis departed from the pelvic floor axis (Fig. 
3B). The puborectalis in 18 (36%) cases developed 
avulsion (Fig. 4), 10 had the unilateral right-sided 
avulsion (4 cases full avulsion, 6 partial avulsion), 6 
had unilateral left-sided avulsion (2 cases full avul-
sion, 4 partial avulsion) and 2 had bilateral full avul-
sion. In the levator hiatus at rest, 23 (46%) cases dis-
play abnormal organ arrangement. While on maxi-
mum Valsalva, 48(96%) cases displayed abnormal 
organ arrangement, including 18 cases cystocele, 8 
uterine prolapse, 15 vaginal vault prolapse and 7 rec-
tocele.  

 

Table 1. General demographics of patients the POP group 
and the Nullipara group 

Variables POP women Nullipara women 
Age (y) 64 (40-83) 23 (18-35) 
BMI (kg/m2) 23.23±1.46 21.92±2.23 
Gravidity (n) 3 (1-6) 0 
Parity (n) 2 (1-4) 0 

 
 

Table 2. Measured parameters in the POP group and the Nullipara group (mean±SD).  

Group AP (cm) LR (cm) HA (cm2) 
Rest Valsalva Contraction Rest Valsalva Contraction Rest Valsalva Contraction 

Nullipara 4.31±0.72 4.57±0.74 4.08±0.74 3.67±0.58 3.98±0.61 3.44±0.52 11.22±2.61 14.50±4.47 9.18±2.65 

POP 5.32±0.52 5.92±0.54 4.96±0.53 4.43±0.51 4.89±0.50 4.07±0.52 17.01±2.66 22.76±3.72 15.07±2.72 

P values <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Note: AP: anteroposterior diameter; LR: left to right diameter; HA: hiatus area. 
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Figure 3. Position of the pelvic hiatus. A, the axis of levator hiatus and pelvic floor overlapped in nullipara patients; B, levator hiatus axis 
departed from the pelvic floor axis in POP woman. Dot line, levator hiatus axis; Solid line, pelvic floor axis. 

 

 
Figure 4. Right-sided and left-sided puborectalis avulsed in POP women. 

 

 
Figure 5. Cystocele (arrow) on 3D ultrasound imaging in a woman with POP. 
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Discussion 
In the present study, the morphology and 

structure of the levator hiatus were compared be-
tween the POP women and nullipara women. In the 
POP group, the size was larger, and the morphology 
tended to be circular, and the levator hiatus axis de-
parted from the normal position. The puborectalis 
was avulsed, and the pelvic organs arranged abnor-
mally. 

The morphological changes and enlargement of 
the levator hiatus are the important characteristics of 
POP. It has been established that the size of the levator 
hiatus is related to the severity of prolapse [22-23], and 
may be used to predict the POP. In this study, results 
showed that the size of the levator hiatus of POP 
women was larger than that in nulliparous women at 
rest, on maximum Valsalva and maximum pelvic 
floor contraction. Vakili et al found that a widened 
genital hiatus correlated with an increase in surgical 
failures in the early postoperative period [24]. Thus, it 
may be important to assess the size of levator hiatus 
preoperatively and postoperatively. 

Direct disruption of the pelvic floor muscles or 
damage to the pudendal nerves and its branches 
causing denervation of the muscles may lead to a 
compromised muscle function[25], which was in ac-
cordance with the morphological alternations in the 
puborectalis detected by 3D ultrasound. Dietz et al 
revealed that women with levator avulsion defects 
were more likely to develop pelvic prolapse [26]. In this 
study, the puborectalis avulsion was detected in 18 
(36%) cases, which was unilateral or bilateral in the 
POP patients. However, in the Nullipara group, ab-
normality in morphology was not found in 
puborectalis, which was consistent with previous 
studies [7,27]. These findings indicate that the abnormal 
morphology of the puborectalis is closely related to 
the development of POP.  

In the Nullipara group, we found the pelvic floor 
axis and the levator hiatus axis overlapped, but in 
some POP patients the levator hiatus axis departed 
from the pelvic floor axis. The damage degree of 
puborectalis muscle is different in various patients. 
Some serious damage may lead to puborectalis avul-
sion which could be displayed by MRI or ultrasound. 
But some slight damage such as muscular flaccidity, 
diminished muscle contraction strength or inharmo-
nious bilateral muscle contraction function may only 
be displayed the levator hiatus axis departed from the 
pelvic floor axis.  

In the Nullipara group, the urethra, vagina and 
rectum arranged tightly in a line in ventridorsal ori-
entation inside the levator hiatus, while in the POP 

group, the organs in the levator hiatus in maximum 
valsalva arranged abnormally in 48 (96%) cases. The 
remaining 2 cases displayed normal arrangement may 
be due to the inadequate effort on pushing. Through 
comparing the images of the levator hiatus at rest and 
on maximum Valsalva, we could find more cases of 
abnormally arranged organs, thus performing ade-
quate Valsalva maneuver is necessary to avoid 
false-negative result. At the same time, when checking 
the patients with higher grades of prolapse, it is es-
sential not to exert undue pressure on the perineum 
so as to allow full development of pelvic organ de-
scent. 

In China, BMI≥28 was the criterion of obesity. 
Considering obesity may affect the penetration and 
resolution of ultrasound, we set BMI≥28 as one of the 
exclusion criterion of both groups when recruiting the 
subjects. At the same time, the pelvic tumor with the 
diameter≥3.0cm was excluded due to the large pelvic 
tumor could affect the movement of pelvic organs. In 
addition, to get the healthy and standard nulliparous 
pelvic floor as the control, the criterion is very strict, 
the nullipara who had a history of abortion, pelvic 
floor dysfunction and a positive family history and so 
on were all excluded. 

There are still some limitations in the present 
study. The age between both groups was significantly 
different. The pelvic floor may change with the in-
crease in age and thus age is a confounding factor. 
More studies are needed in which the age as a con-
founding factor should be adjusted for further analy-
sis. In addition, only ultrasound examination is done 
in the present study, and future study is required to 
compare the consistence among digital palpation, 
ultrasound examination and MRI in detecting the 
abnormalities of pelvic floor.  

Conclusion 
Under the translabial 3D ultrasound, the features 

of pelvic floor in POP women are significantly dif-
ferent from those in nullipara women, including the 
increased size, change in morphology, departed le-
vator hiatus axis, avulsed puborectalis and abnor-
mally arranged pelvic organs. 
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