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Abstract
Introduction and hypothesis: We studied ten different three-dimensional ultrasound (3D-US) and three-dimensional Power-
Doppler angiography (3D-PDA) variables to assess female pelvic floor status and endopelvic vascularization. We hypothesize
that 3D-US is a reliable method to determine and evaluate changes occurring in the pelvic floor during normal pregnancy and
puerperium, and can be used by any urogynecology specialist with US-imaging experience. We aimed to validate this method
for clinical application.
Materials and methods: We performed a prospective study of 162 nulliparous pregnant women evaluated at weeks 12, 28 and
36, and at 48 hours postpartum and three months post-delivery. At each of the five visits, we performed transperineal 3D-US of
the pelvic floor and 3D-PDA to assess periurethral vascularization.
Results: Quantification of the vaginal anterior vaginal wall anchors (AWA) is an anthropometric parameter sensitive to changes
in pregnancy and puerperium. Significant differences in AWA were observed according to delivery mode, being lower in vaginal
deliveries than cesarean sections and even lower in prolonged labor deliveries and those in which episiotomy was performed.
Posterior uretrovesical angle (UVA) increased during pregnancy, partially recovering after delivery although less so in those
with epidural analgesia. Urethral sphincter volume (USV) decreased significantly during labor and postpartum. Periurethral
vascularization increased during pregnancy and decreased significantly after delivery. Levator hiatus area (LHA) increased
during pregnancy and decreased after delivery. Patients who received epidural analgesia and oxytocin showed better LHA
recovery. Prolonged labor and greater fetal head circumference increased LHA. The anorectal angle (ARA) increased during
pregnancy and decreased postpartum.
Conclusion: All 3D-US variables and their changes during pregnancy, childbirth and the postpartum period are measurable
using the Virtual Computer-Aided Analysis (VOCAL method) with automatic threshold, which is more reliable and faster for
measuring USV. AWA as an important new biometric parameter should be included in the study of the pelvic floor.
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1 Introduction
The major causes of female pelvic floor disorders are preg-
nancy and childbirth, and women with at least one delivery
develop pelvic floor disorders more often than nulliparous
women.[1, 2] Levator ani muscle lesion is responsible for
many pelvic floor disorders, and the prevalence of symp-
tomatic lesions of this muscle after vaginal delivery ranges
from 15% to 35%.[3] Similarly, increased levator hiatus dur-
ing pregnancy and after delivery reflects distension of the
levator ani.[4, 5]

Multiparity, advanced maternal age, prolonged labor and fe-
tal macrosomia are related with lesions of the elevator ani
and anal sphincter.[6, 7] The use of forceps is also associated
with increased pubo-vesical muscle lesions and increases
the incidence of anal sphincter tears.[7, 8]

All these factors have been studied using three-dimensional
ultrasound (3D-US) and by 3D-power Doppler angiography
(3D-PDA) to determine the extent of such lesions arising
during pregnancy and the subsequent physiological impli-
cations. 3D-US is currently considered an important diag-
nostic tool in the assessment of the pelvic floor.

The objectives of our study were to determine changes dur-
ing normal pregnancy and puerperium in:

(1) Three pelvic floor compartments (anterior, central and
posterior) during normal pregnancy and puerperium
using 3D-US imaging.

(2) Periurethral vascularization during the different
phases of the study using 3D-PDA imaging.

(3) Maximum height of vaginal anterior wall anchors
(AWA) as a new biometric measure.

2 Materials and methods
We conducted a prospective, multicenter study involving
the departments of Obstetrics and Gynecology, Hospital de
Manacor (Mallorca Island) and Hospital Universitario de
Canarias in Tenerife (Canary Islands) between April 2012
and August 2013. The study was approved by the insti-
tutional committee following World Medical Association
Declaration of Helsinki regarding ethical conduct of re-
search in both institutions. Inclusion and exclusion criteria
for patients are shown in Table 1.

Of 174 women initially recruited, 12 were excluded: one
elective abortion for Edwards syndrome and eleven failed
to attend the outpatient clinic after delivery or missed more
than one visit before. The final study sample comprised 162
women.

Study protocol

Each patient was evaluated on five occasions; three times
during pregnancy and twice after delivery, according to the

following schedule: 1st visit before weeks 12 of gestation;
2nd visit at 28 weeks; 3rd visit to 36 weeks; 4th visit at 48
hours postpartum; and 5th visit at three months postpartum.

Table 1: Criteria for study inclusion and exclusion
 

 

Inclusion criteria 

Caucasian, primiparous or miscarriage before 12 weeks of 
pregnancy. 

Singleton pregnancy.  

Less than 12 weeks pregnancy at first visit: gestational age (GA) 
estimated by ultrasound: CRL ≤ 52 mm.  

Informed consent to participate in the study. 

Exclusion criteria 

Present or past urinary or fecal incontinence. 

History of pelvic surgery: hemorrhoids, anal fistulas, vaginal or 
uterine surgery, anexectomy, myomectomy, etc. 
History of any kind of muscular or neurologic disease that could 
cause weakness or paralysis of pelvic floor musculature.  
Regular consumption of any medication or drugs that could affect 
pelvic floor vascularization or musculature. 

 

At each of the five visits, the participants underwent 3D-US
imaging of the pelvic floor and completed an internationally
accepted questionnaire based on the International Consulta-
tion Questionaire-Urinary Incontinence Short Form (ICIQ-
UI-SF).[9]

The ultrasound examinations were performed using a Vo-
luson 730 Expert 3D multi-vaginal probe (3-9 MHz), GE
Medical System (Kretztechnik GMBH, Zipf, Austria).

Volume capture was performed by the same two observers
physicians (A and B) in each hospital, with over 20 years of
professional experience each and previously demonstrated
inter and intra-observer reproducibility.

Patients were scanned in the gynecologic lithotomy position
with a bladder volume between 175 ml and 200 ml, calcu-
lated by 3D-US volumetry. The scans were performed by
transperineal route but with a transvaginal probe for ease
and versatility of use, inserting the probe in the introitus.

For the acquisition of sagittal plane images, the probe was
directed towards the abdominal wall at an angle of 30◦with
respect to the longitudinal axis of the pregnant.

After visualizing the three compartments of the pelvic floor
in the same plane, the first volume was captured with the
patient in repose (see Figure 1A). Then, without moving the
probe, we selected the 3D-PDA option and captured a 3D
image of the periurethral vasculature (see Figure 1B), with
the following settings: Power (PWR): 100%; Gain: 7.4;
Frequency: medium; Quality: High; Wall Filter: Low 1;
Pulse repetition frequency (PRF): 0.6 kHz.

Subsequently, to obtain the volume with the Valsalva ma-
neuver, the image was captured at the point of maximum ef-
fort by the patient while maintaining the same sagittal plane.

24 ISSN 1925-4008 E-ISSN 1925-4016



www.sciedu.ca/jbgc Journal of Biomedical Graphics and Computing 2015, Vol. 5, No. 2

Finally, to selectively study the posterior compartment, the
probe was oriented perpendicular to the vaginal axis.

Four volumes of the pelvic floor were captured; three in the
sagittal plane of reference for the analysis of the anterior and
central compartment as follows: one at rest, one with the
Valsalva maneuver and a third evaluation of the pelvic floor
(at rest) with 3D-PDA. The fourth volume was obtained in
the coronal plane for the study of the posterior compartment.

Figure 1: (A) Three-dimensional ultrasound imaging of
the urogenital hiatus. U: Urethra; P: Pubis; Va: Vagina; A:
Anus; PR: Pubo-rectal muscle. (B) The power Doppler
(PD) option was selected to capture three-dimensional
images of the para-urethral anatomotic vascular complex
and the Santorini plexus. (C) Urethral sphincter volume
captured using VOCAL Threshold Mode

In all cases we chose to use the VOCAL technique with au-
tomatic threshold mode (TVM) to assess urethral sphincter
volume and 3D-PDA vascularization indices (vasculariza-
tion index (VI), flow index (FI) and vascularization flow
index (VFI), since this measurement mode is observer in-
dependent and is less time-consuming than the manual VO-
CAL mode (MVM) as well as being more accurate (see Fig-
ure 1C).

The variables studied for each patient are shown in Table 2.

Each observer (A and B) measured the 10 parameters twice
within a period of 24 hours. Regarding vaginal AWA as a
biometric parameter in our study, assessment of the anchors
was performed in the levator hiatus, measuring the maxi-
mum distance between the anchors and the lower edge of the
urethral sphincter in the axial plane (see Figure 2). In this re-
gard, the TUI modality (Tomographic Ultrasound Imaging)
has proved an optimal method for measurement, allowing a
4×4 format with 15 slices 1.5 mm apart (see Figure 3).

Regarding statistical analysis, a descriptive analysis of the

variables was performed by calculating the mean and 95%
confidence intervals, or medians and quartiles 1 and 3 de-
pending on distribution. For comparisons, we used Stu-
dent’s t test or the Mann-Whitney U test and ANOVA or
Kruskal-Wallis test, as appropriate. Spearman correlation
coefficients were used to study the correlation between vari-
ables, and multivariate analysis was also performed using
multiple regression. All analyses were carried out with
SPSS 17.0 (SPSS Inc. Chicago, USA).

Table 2: Ultrasound variables studied in each patient at
each of their 5 visits

 

 

Abbreviation Extensive form 

UVA Urethral-Vesicle Angle 

USV Urethral Sphincter Volume 

MVM Manual VOCAL Mode 

TVM Threshold VOCAL Mode 

VI Vascularization Index 

FI Flow Index 

VFI Vascularization Flow Index 

LHA Levator Hiatus Area 

AWA (Maximum height of vaginal) Anterior Wall Anchors 

ARA Anorectal Angle 

 

Figure 2: Measurements of vaginal anterior wall anchors
maximum height: distance between the anchors and the
lower edge of the urethra (arrows)

Figure 3: Maximum height of vaginal anterior wall
anchors measured using TUI: Tomographic Ultrasound
Imaging
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3 Results
3.1 Maternal variables

The mean age of the participants was 27 years (P25−75
24-31). Regarding body mass index (BMI), most began
pregnancy with a healthy weight with mean BMI of 24.02
(P25−75 21.61 to 27.03). BMI increased to the end of preg-
nancy; at the third visit, median BMI was 28.86 (P25−75
26.50 to 31.81). At three months postpartum, most partici-
pants were slightly overweight, with a mean BMI of 25.45
(P25−75 22.03 to 28.57).

3.2 Symptoms: clinical questionnaire

The results of the questionnaire are shown in Table 3. We
disregarded the questionnaire conducted at 48 hours after

delivery since the results were practically the same as those
obtained at the third visit and the patients were not yet able
to appreciate and evaluate the changes in symptoms in just
48 hours.

Urine loss (with urge and stress component) was reported
by increasing numbers of patients throughout pregnancy
(32%), but the number of women reporting this symptom
decreased (5%) at three months after delivery.

Urinary frequency was undoubtedly the most common com-
plaint reported (59.7%). More than half had already re-
ported this at their first visit and this proportion increased
throughout pregnancy, reaching 80.6% of the patients in the
third trimester. Three months after delivery, 32.2% still had
urinary frequency.

Table 3: Results of the questionnaire on clinical symptoms
 

 

(ICIQ-UI-SF) 1st VISIT 2nd VISIT 3rd VISIT 5th VISIT 

MEAN LIQUIDS (litres) 2 1.9 1.8 1.7 

STRESS URINARY INCONTINENCE (nº cases) 4 50 50 8 

URGE URINARY INCONTINENCE URGENCY (nº cases) 10 21 18 16 

PROTECTOR (nº cases) 3 23 29 8 

POLYAQUIURIA (nº cases) 97 117 131 52 

NOCTURIA ( nº cases) 76 89 107 21 

ENURESIS ( nº cases) 0 0 0 0 

CONSTIPATION (nº cases) 13 23 18 5 

FLATUS INCONTINENCE (nº cases) 0 0 0 3 

FECAL INCONTINENCE (nº cases) 0 0 0 0 

Note. (ICIQ-UI-SF): International Consultation on Incontinence Questionnaire-Urinary Incontinence-Short Form. 

Nocturia was another of the symptoms reported by most pa-
tients. The number of cases increased during pregnancy,
reaching 66.1% at the third visit. After delivery, this greatly
decreased to only 12.9%. No patient had nocturnal enuresis
during pregnancy or after delivery.

Regarding other symptoms, a small number of patients re-
ported constipation during pregnancy, which decreased af-
ter delivery. No patient had fecal incontinence before or
after birth, and only one referred flatus incontinence at three
months postpartum.

3.3 Labor and delivery variables

Labor started spontaneously in 75.8% and was induced in
19.4%. Oxytocin was administered in 75.8% of cases.
Epidural analgesia was administered in 85.5%. Mean time
in labor was 6.23 hours (95% CI 5.34 to 7.11). Mean ex-
pulsive time for patients who delivered vaginally was 1.16
hours (95% CI 0.9-1.41).

3.4 Type of delivery

Of a total 162 deliveries, 75.8% were vaginal, of which
16.1% were instrumental deliveries and 24.2% were cae-

sarean. In the instrumental deliveries, 60% were by vacuum
extraction and 40% by forceps. Episiotomy was performed
in 53.2% of the vaginal deliveries. Almost half the patients
(46.8%) had no tears, 25.5% had first-degree and 27.7% had
second degree tears. No third degree tears were recorded.

3.5 Neonatal variables

Median birthweight was 3,350 g (P25−75 2940-3640) and
the median head circumference was 34.5 cm (P25−75 33.50
to 35.00).

3.5.1 Anterior compartment ultrasound results

We analyzed 1,200 volumes, making a total of 2,700 mea-
surements of the variables in each patient at each of their
five visits.

(1) Posterior uretrovescical angle (UVA) expressed in de-
grees (◦)

Mean UVA values clearly increased throughout pregnancy
and at 48 hours of delivery, by 12◦from the first visit (X̄:
114.0◦; 95% CI 111.5-116.4) to the fourth visit (X̄: 125.8◦;
95% CI 122.9-128.6) (p < .01), as shown in Figure 4.
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Figure 4: Urethrovesical angle (mean values in degrees)

At two months postpartum, mean UVA was X̄: 120.3◦; 95%
CI 117.7-122.9 thus showing a decrease of 5◦with respect to
the immediate postpartum period (p < .01), but not declin-
ing to the baseline value recorded in early pregnancy. The
difference in mean UVA between the first and last visit was
6.3◦(p < .01).

We, therefore, conclude that UVA increases throughout
pregnancy and then decreases somewhat after birth but does
not return to baseline values recorded in the first trimester
of pregnancy.

(2) Urethral sphincter volume in cm3

We observed a clear trend towards loss of urethral sphinc-
ter volume throughout pregnancy and even after birth (see
Figure 5).

Figure 5: Urethral sphincter (mean values in cm3)

Although urethral sphincter volume losses were subtle dur-
ing pregnancy, they became more evident after birth. At
three months of delivery, the mean loss was 0.3 cc compared

to baseline values at the first visit (p < .01). Therefore, there
is a loss of urethral sphincter volume following pregnancy
and delivery.

The mean value of vascularization index (VI) expressed as
a percentage (%) increased significantly during pregnancy
and decreased significantly after delivery (p < .01), as shown
in Figure 6.

Figure 6: Vascularization Index (VI) (mean values)

Mean value of the flow index (FI), measured on a scale of
1-100, also increased throughout pregnancy and decreased
after delivery (p < .002) as shown in Figure 7, although the
changes were less pronounced than those of VI.

Figure 7: Flow Index (FI) (mean values)

Similarly, mean value of the vascularization flow index
(VFI), measured on a scale of 1 to 100, also increased during
pregnancy and then fell sharply after delivery; at 3 months
postpartum, this was almost half of the value recorded at the
first visit (see Figure 8).

Published by Sciedu Press 27



www.sciedu.ca/jbgc Journal of Biomedical Graphics and Computing 2015, Vol. 5, No. 2

Figure 8: Vacularization-Flow Index (mean values)

3.5.2 Central or medium compartment ultrasound re-
sults

(1) Levator Hiatus Area (LHA) in repose, measured in
cm2

Figure 9 shows how LHA, in blue, increased during preg-
nancy and reached its maximum at 48 hours of delivery. We
recorded a mean increase of 1.6 cm3 between the first visit
and 48 hours postpartum (p < .01).

Figure 9: Length of urogenital hiatus area in repose (LHA)
shown in blue, and length of urogenital hiatus area with
Valsalva Maneuver (LHAV) shown in red (mean values in
cm2)

At the last visit, three months after delivery, mean LHA had
decreased with respect to 48 hours postpartum value (p <
.01) but did not descend to the baseline value recorded in
early pregnancy. Our data indicate that LHA increases by
0.9 cm2 after the first birth (p < .01).

(2) Levator hiatus area with Valsalva maneuver (LHAV),
measured in cm2

By measuring the LHAV, we were able to calculate the dis-
tension of the urogenital hiatus, i.e. the difference between
the area measured on Valsalva and the area measured in re-
pose, shown in red in Figure 9.

The mean values of LHAV were always greater than those
measured in repose over the five visits, with a mean increase
of 0.9 cm2 (range 0.8 to 1.0).

(3) Maximum height of vaginal anterior wall anchors
(AWA), in cm

Mean AWA values recorded at each visit are shown in Fig-
ure 10. This figure shows how the maximum height of
AWA, measured in cm, decreased progressively throughout
pregnancy and after delivery. This loss of AWA means that
the “H” form of the vagina in nulliparous patients changed
to a “u” form.

Figure 10: Vaginal Anterior Wall Anchors (AWA) (mean
values in cm)

The loss of AWA height measured at three months of deliv-
ery was X̄: 0.7 cm, 95% CI 0.7-0.8, with respect to the first
visit (X̄: 0.9 cm, 95% CI 0.9-0.9) (p < .01).

Mean AWA height decrease was related to the mode of de-
livery, with lower AWA in women with instrumented de-
liveries than spontaneous deliveries and highest AWA in
women with cesarean deliveries. Likewise, AWAs were sig-
nificantly lower in patients undergoing episiotomy, and the
longer the expulsion period, the lower the maximum height
of the anchors.

3.5.3 Posterior compartment ultrasound results

The anorectal angle (ARA) in degrees (◦) followed a similar
pattern of evolution to that of the posterior UVA evolution.
ARA clearly increased throughout pregnancy and immedi-
ately after birth, and at three months postpartum showed a
tendency to return to first trimester values (see Figure 11).

We observed an increase of 9◦between the fourth visit (X̄:
140.6; 95% CI 138.9-142.4) and the first (X̄: 131.5; 95% CI
129.6-133.4), and a decrease of 2.5◦between the fifth visit
(X̄: 138.1; 95% CI 136.3-139.9) and the fourth (both dif-
ferences with p < .01). Therefore, all the patients showed a
mean increase in ARA of 6.5◦after the first birth (p < .01).
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Figure 11: Ano-rectal angle (ARA) (mean values in
degrees)

4 Discussion
4.1 On the method

In the present study, we used the transperineal route with
a three-dimensional vaginal probe. Although many differ-
ent routes have been used (urethral, vaginal, rectal transper-
ineal) for pelvic floor examination, Dietz’s group 10 de-
scribed the transperineal route as the most suitable since it
induces less anatomical deformation and functional changes
in pelvic organs, and also is less uncomfortable for the pa-
tient, but the probe used was abdominal because, in our
opinion, it allows better visualization of the three com-
partments. We used a transvaginal probe for the three-
dimensional study, since it provides a wide enough angle
of insonation, facilitates visualizing the three compartments
in a single image, and is much more manageable due to its
smaller size; it can readily be held still during the capture
of volumes. In our study, we captured one volume to assess
the central and anterior compartments and another for the
posterior compartment because we believe visualization of
the posterior wall of the rectal ampulla, which is necessary
to measure the ARA, is more accurate when the volume is
captured independently. For the assessment of ultrasound
variables, most studies recommend an intermediate bladder
volume, avoiding extremes, and this was followed in the
present study despite the fact that some studies have shown
that ultrasound variables are not affected by bladder filling
volume.[10, 11] In addition, following the recommendations
of Dietz,[10] it is preferable that the rectal ampulla be empty
for more accurate measurements.

In most published studies, only two examinations were per-
formed, one before and one after delivery, and changes oc-
curring throughout pregnancy, as in the present work, were
not recorded. Tunn et al.[12] showed that immediately after
birth there is a functional deficit of the pelvic floor muscles,
followed by a partial spontaneous recovery about six months

after delivery. Our last examination was performed at three
months postpartum, which we regard as sufficient time to
see some recovery of the pelvic floor, in order to minimize
loss of patients to follow-up. In fact, our data show sig-
nificant changes in most variables between the fourth and
the fifth visit, confirming that recovery at three months is
already evident.

With regard to measurement of the ultrasound variables con-
sidered in the present study, several published studies have
reported using the same methodology to measure the poste-
rior UVA, LHA and ARA.[13] However, for urethral sphinc-
ter volume (USV), periurethral vascularization and the max-
imum height of the AWA, we found no references in the lit-
erature since they are described here for the first time.

In assessing USV, both in vitro and in vivo studies have
demonstrated the high accuracy of 3D-US in estimating vol-
ume using the pre-set rotational planes of the VOCAL tech-
nique.[14] In addition, the reliability of three-dimensional
ultrasound has proved superior to two-dimensional ultra-
sound.[15] Robinson et al.[16] calculated the volume of the
urethral sphincter by 3D-US, but the study was conducted
with transvaginal ultrasound in the early 90s, and 3D-US
has advanced greatly since then. Digesu et al.[17] recently
published a method of measuring the urethral sphincter us-
ing a 3D vaginal probe via the transperineal route, with
an ultrasound scanner similar to ours. They measured the
sphincter in the axial plane, manually tracing the area of
the outer edge first, the then that of the interior edge, in both
cases measuring multiple planes 1 mm apart to complete the
entire length of the sphincter. The difference with respect
to our study is that they did not use the VOCAL rotational
method, which we believe simplifies the operation and re-
quires less time to calculate the volume, as well as offering
increased accuracy thanks to the preset rotational planes.

With respect to periurethral vascularization, the exact rela-
tionship between the various 3D indices with actual blood
flow is not fully known, and research on this is still ongoing.
However, it seems that these indices have demonstrated their
reliability to assess vascularization; various studies have re-
ported reproducible 3D results on blood flow in complex
networks, such as the endometrium and the ovary, with very
high intra-class and correlation coefficients.[17, 18]

There are publications on female periurethral vasculariza-
tion, but most are 2D-US studies.[19] Liang et al.[20] pub-
lished their results on periurethral vascularity with 3D-PDA
using color histograms and the three vascular indices IV, IF
and IVF. However, the big difference is that they applied a
threshold of 5 mm for the periurethral area instead of the
3 mm we used in our study. Considering the anatomical
distribution of urethral vascularity shown in Doppler flow
maps, it appears that beyond 3 mm one begins to include
vessels of the vaginal wall and the results may thus be con-
taminated.
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Regarding the study of AWA, many authors have described
images of paravaginal defects observed in the axial plane
of the urogenital hiatus,[21, 22] but these studies have focused
only on describing the shape of the anchors, so their correla-
tion with the clinical examination of patients was question-
able and reproducibility was poor.[22] In addition, we here
present a new anthropometric parameter, the AWA, that is
not a subjective impression of these anchors, but a measure
of the maximum height they present before and after child-
birth. The TUI (Tomographic Ultrasound Imaging) mode
with multiple slices only 1 mm apart allows precise mea-
surement of these anchors (see Figure 2B).

4.2 On the results

The proportion of patients who developed urinary loss dur-
ing pregnancy decreased after delivery, as reported by other
authors.[23]

We observed a significant increase in UVA during preg-
nancy, which coincides with the results of Wijma et al.,[23]

but they did not continue their study after delivery. Costan-
tini et al.[24] reported UVA measurements before and after
birth with similar results to ours, but their study only in-
cluded three examinations, one before 36 weeks and two
after delivery – at one week and three months postpartum,
without evaluating changes occurring during pregnancy.

We observed that UVA differences between the first and
the fifth visit were greater in patients who received epidural
analgesia during labor. However, we were unable to com-
pare these results with those of other authors for the lack of
data from similar studies. Furthermore, in patients reporting
urine loss at three months postpartum, there was no recov-
ery of UVA as in the rest of the patients, which indicates a
relationship between this variable and continued urine loss.

The significant decrease observed in USV during pregnancy
and after delivery is comparable to that reported by Robin-
son et al.[16] They found that USV before delivery was 1.15
cm3 versus 1.01 cm3 after delivery, which are somewhat
lower than those found in the present study (1.74 cm3 at 36
weeks and 1.49 cm3 at three months postpartum. These dis-
crepancies could be related to the different methods used,
and secondly to the differences in time periods (weeks of
pregnancy) in which the examinations were performed, and
the long interval described by Robinson is sufficient to ex-
plain the discrepancies. Even so, the loss of USV described
by Robinson before and after delivery is similar to that ob-
served in our study (0.14 cm3 in Robinson’s study, com-
pared to 0.25 cm3 in our study).

We observed major differences in loss of USV according
to the type of delivery (greatest loss in instrumental deliver-
ies, followed by spontaneous and then caesarean deliveries).
Interestingly, the patients with urinary frequency showed
greater loss of USV at three months postpartum, indicating
a possible relationship between USV and voiding function.

Periurethral vascularization increased throughout pregnancy
and decreased after birth. This coincides with the data pro-
vided by Liang et al.[20] showing higher periurethral vas-
cularity in pre-menopausal patients than in menopausal pa-
tients due to their hormonal status. The three vascular in-
dices were consistent with our results, although curiously
we found no correlation with USV.

The best vascular indices were found in patients who re-
ceived oxytocin during labor, perhaps due to the vasocon-
strictor effect of this hormone. Moreover, in our case, VI
and VFI correlated with the mode of delivery, with better
postpartum vascularization in patients with lower obstetric
trauma (higher vascularization in women with cesarean de-
liveries versus spontaneous deliveries and the least in instru-
mented deliveries).

For female pelvic floor assessment, the parameter most ex-
tensively studied using 3D-US is probably LHA. Its dimen-
sions and distension vary between populations of women,
as reflected by the great variability in hiatal area size pub-
lished to date.[13, 16, 24] Our measures of LHA, made in
primiparous women during the first trimester of gestation
(mean 11.71 cm2) coincide with those of other authors
(10.5 cm2).[25] In our sample, LHA increased progressively
throughout pregnancy and then decreased after childbirth,
but not to its original size in the first trimester. Svabik et
al.[4] described a mean LHA at week 36 in nulliparous preg-
nant women of 14.13 cm2 in repose and 20.17 cm2 with
Valsalva maneuver, somewhat larger than in our patients
(12.53 cm2 in repose and 13.39 cm2 with Valsalva maneuver
at week 36). Shek and Dietz[26] found a decrease in mean
LHA of 0.54 cm2 between week 36 of pregnancy and three
months postpartum. In our study, mean LHA also decreased
at three months postpartum compared to the fourth visit, but
between the third and the fifth visit, LHA remained virtually
unchanged.

It is relevant to note that at three months of delivery, LHA
was highest in women who had instrumented deliveries
compared to spontaneous deliveries, and lowest in those
with cesarean deliveries. Patients who received oxytocin
and epidural during labor had lower LHA and better hiatal
recovery at three months of delivery. We suspect that epidu-
ral analgesia probably has a muscle relaxant effect on the
perineum, thus promoting hiatal distension. On the contrary,
we observed that the longer the expulsion period and the
greater the fetal head circumference, the greater the LHA at
three months postpartum. These variables have also been
studied by other authors,[7, 8] although not related to the di-
mensions of LHA but to the presence of lesions.

The maximum height of the AWA which we anthropomet-
rically quantified for the first time has provided interesting
results in our study. Our results are significant and impor-
tant in the study of the changes taking place in the pelvic
floor during pregnancy and the postpartum.
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Finally, regarding the ARA, despite the large number of
studies on the subject, most were performed radiologically,
and ARA data in pregnant women are not described. In
general, most studies involving 3D-US are limited to as-
sessing and describing anal sphincter injury following child-
birth. Santoro[27] and Huang[28] described mean values of
ARA in non-pregnant nulliparous women, so we can only
compare our results from the first trimester of pregnancy
with theirs; in fact these measurements are comparable
(133.5◦and 125◦versus 131.5◦in our study). In our experi-
ence, ARA increased during pregnancy and decreased in the
postpartum period. Regarding the mode of delivery, mean
ARA was significantly higher in women with vaginal ver-
sus cesarean deliveries.

5 Conclusions
The 3D-PDA technique (VI, FI, and VFI) is most useful for
the assessment of periurethral vascularization. AWA height
as a new anthropometric parameter should be included as
another numeric indicator in the study of the pelvic floor.
In addition, since pelvic floor physiology and anatomy in
general, and maybe this parameter in particular, are influ-
enced by parity, further multicentric studies also including
multiparous patients are needed to improve and increase the
knowledge on this topic.

The VOCAL method with automatic threshold mode
(MVM) proved reliable and the least time-consuming way
to measure urethral sphincter volume.
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