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Abstract
Introduction and hypothesis Pregnancy and delivery are well-established risk factors for pelvic floor dysfunction (PFD), but the
physiopathology, such as the delivery route, is not well understood. This study evaluated the impact of delivery route on the
pelvic floor muscles via 3D ultrasound.
Methods This review is registered in the PROSPERO database. The criteria for inclusion were prospective studies with 3D
translabial ultrasound assessment in primigravida women during pregnancy and postpartum published in English, Spanish or
Portuguese between 1980 and 2016. We excluded studies that did not include the topic of urogenital hiatus measurement and
literature reviews. The MeSH terms were obstetric delivery, postpartum period, labor, parturition, three-dimensional images,
ultrasonography, pelvic floor, and pelvic floor disorders.
Results The search retrieved 155 articles. After analysis, 6 articles were included. Four studies showed that vaginal delivery (VD)
was associated with a larger hiatal area. One study associated the hiatal area with levator ani muscle (LAM) defects in VD. Four
articles evaluated the bladder neck, 3 of which showed a significant increase in bladder neck mobility associated with VD and 1
showed decreased bladder neck elevation, not associated with the deliverymode; the first 3 articles all evaluated LAM injuries and
showed an association between VD and LAM injury. Women who underwent VD presented defects of the puborectalis muscle.
Conclusions Vaginal delivery was associated with a higher number of LAM injuries, puborectalis defects, increased bladder neck
mobility, and enlargement of the hiatal area.

Keywords Obstetric delivery . Postpartum period . Parturition . Three-dimensional images . Ultrasonography . Pelvic floor
disorders

Introduction

Pelvic floor dysfunction (PFD) comprises disorders that include
stress urinary incontinence (SUI), overactive bladder, pelvic
organ prolapse (POP), and fecal incontinence [1]. These disor-
ders are prevalent among women, affecting approximately 24%
of American women, of which 16% present with SUI, 3%
present with POP, and 9% present with fecal incontinence [2].
An increase from 28million affected American women in 2010
to 43.8 million in 2050 is estimated [3].

The physiopathology of PFD is complex and has many
factors, such as obesity, menopause, aging, and a chronic in-
crease in intra-abdominal pressure [4, 5], but some factors,
such as pregnancy and delivery, play an important role in the
etiology of these dysfunctions [6]. During the gestational pe-
riod, there is a maternal weight gain and uterine weight in-
crease, leading to an increase in intra-abdominal pressure and
therefore an overload of the ligamentous structures, fascias,
and pelvic floor muscles [7–9]. Furthermore, the pregnant
uterus necessitates an increase in the urethrovesical angle,
which in turn leads to an increase in the mobility of the vesical
neck and can contribute to the onset of urinary symptoms [10].
Some authors have shown that an increase in the size of the
hiatal area could occur in the antepartum period [11, 12], and
an increase in the hiatal area may be a risk factor for POP.

However, pregnancy is not the only factor that can lead to
PFD. Several authors identify vaginal delievery (VD) as a risk
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factor for PFD, as it causes changes in shape and damage to the
levator ani muscle (LAM). LAM defects, particularly its avul-
sion, are associated with enlargement of the genital hiatus after
delivery. In the case of levator defects, the genital hiatus may
increase 20–30% in size [13]. Maternal expulsive efforts during
delivery and the force uterine contractions exert on the fetal head
can induce stretching and compression of the pelvic floor nerves,
which may lead to ischemia, neurapraxia or compromised nerve
function [14]. It is believed that nerve lesion during delivery can
entail muscle atrophy, altering its function and morphology [15].

Many recent studies have tried to establish PFD through
imaging methods, such as ultrasound, because of its ease of
use, lack of ionizing radiation, minimal discomfort, the rela-
tively short period required for its use, and low price [16–20].

Studies that used 3D ultrasound demonstrated that the pel-
vic floor muscles undergo considerable distension in VD dur-
ing crowning [17]. The degree of muscular distension may
lead to either a lesion or avulsion [18], especially of the
puborectalis muscle, the latter being important to the physio-
pathology of the POP [19, 20].

Despite PFDs being very prevalent and causing great suf-
fering to women and costs to health services, the physiopa-
thology is not very clear [21].Many articles associate VDwith
PFD, but there is no consensus on the protective role of cesar-
ean section (CS).

The purpose of this systematic review was to evaluate the
impact of delivery route on the pelvic floor muscles, as eval-
uated by 3D ultrasound.

Materials and methods

A systematic review was conducted to evaluate pelvic floor
disorders during pregnancy and during the postpartum period
using 3D ultrasound images according to the type of delivery.
This study was recorded in the PROSPERO database under
the number CRD42016041313.

For a complete literature search regarding the original arti-
cles, the following steps were followed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flowchart [22]. Criteria for inclusion: pro-
spective studies with 3D ultrasound assessment of the pelvic
floor muscles in primigravida women during pregnancy and
postpartum, with at least one 3D ultrasound examination to
identify the pelvic floor muscles during pregnancy and at least
one examination in the postpartum period, with the identifica-
tion of the method of childbirth. We included studies published
in English, Portuguese, and Spanish. The criteria for exclusion
were studies that did not include the topic, literature reviews and
studies that did not include a urogenital hiatus measurement.
The variables evaluated were hiatal area, bladder neck mobility,
LAM injury, and pelvic floor muscle strength.

The database used for the search was PubMed®, and the
following search strategy was elaborated after Medical
Subject Headings (MeSH) terms: Bdelivery, obstetric^ OR
Bpostpartum period^ OR Blabor, obstetric^ OR Bparturition^
AND Bthree-dimensional images^ OR Bultrasonography^
AND Bpelvic floor^ OR Bpelvic floor disorders.^ The search
was conducted on 28 June 2016.

The inclusion process for studies was performed by two
independent reviewers (CCA/SC). Initially, the articles were
selected by analyzing their titles and summaries. Then, full-
text articles that potentially addressed the topic were accessed.
Whenever the two reviewers were not in consensus, a third
reviewer (CRTJ) was consulted to solve the disagreement. The
risk of bias in the studies was evaluated by the Risk Of Bias In
Non-randomized Studies of Interventions (ROBINS-I) [23].

Results

The search strategy cross-referenced the descriptors Bdelivery,
obstetric^ OR Bpostpartum period^ OR Blabor, obstetric^ OR
Bparturition^ AND Bthree-dimensional images^ OR
Bultrasonography^ AND Bpelvic floor^ OR Bpelvic floor
disorders^ beginning in the PubMed database. A total of 155
articles were found in the PubMed database. A filter tool was
used to filter the results by species (Bhuman^), gender
(Bfemale^), and language (BEnglish,^ BPortuguese,^ and
BSpanish^).

Of 155 articles, 117 were excluded by title or summary
because they did not meet the inclusion criteria (Fig. 1).
After evaluating 38 full articles, 32 studies were excluded
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because they did not have the proper methodology or did not
include a urogenital hiatus measurement. After a final analy-
sis, 6 articles were included (Table 1). The risk of bias was
evaluated using the tool ROBINS-I. All studies showed a low-
risk bias overall (Table 2).

The six articles included in this review were prospective
studies, with primigravida women, evaluated both before and
after delivery. A total of 1,153 women were included in this
review, of which 926 underwent VD and 227 underwent a CS.
All studies had at least one ultrasound analysis in the third
trimester of pregnancy and one ultrasound analysis in the
postpartum period, which varied between 6 weeks and
12 months. The ultrasound devices used were the GE
Voluson and Kretz Combison. With regard to the 3D evalua-
tion, all studies evaluated the hiatal area, 4 evaluated bladder
neck mobility, and 3 evaluated levator defects (Table 1). The
principal results are summarized in Table 3.

Hiatal area

Six studies evaluated the hiatal area [17, 24–28]. Four studies
[17, 24, 27, 28] showed that VD was associated with a larger
hiatal area in the postpartum period. Toozs-Hobson et al.
showed that VD was associated with a significant increase in
the levator hiatus area at rest, and during the Valsalva maneu-
ver and pelvic floor contraction. Six weeks postpartum, the
differences in the hiatal area between the VD and CS groups
were +5.43 cm2 (Valsalva), +3.68 cm2 (rest), and 2.95 cm2

(squeeze; all p < 0.001). Six months postpartum, the differ-
ences in the hiatal area between the VD and CS groups were
+3.76 cm2 (Valsalva), +1.83 cm2 (rest), and 1.50 cm2

(squeeze; p < 0.001, 0.002, and 0.002, respectively) [28].
Chan et al. also showed that the hiatal area was significant-

ly increased in the VD group compared with the cesarean
group 8 weeks after delivery [27]. The study included 442
women, of whom 328 completed a 12-month postpartum fol-
low-up. Hiatal areas according to VD and CS were 10.76 ±
2.28 and 8.95 ± 1.74 cm2 (<0.005), 10.04 ± 2.17 and 8.83 ±
1.86 cm 2 (p < 0.005), and 9.99 ± 2.11 and 9.22 ± 1.67 cm 2

(p = 0.002) at 8 weeks, 6 months, and 12 months postpartum
respectively. One-third (34.8%) of VD women had irrevers-
ible hiatal distension, defined by more than 20% of the in-
crease in hiatal area. The hiatal area was persistently larger
after VD [27].

Staer-Jensen et al. evaluated the hiatal area using as a
definition for enlarged levator hiatus (also called balloon-
ing) an area of more than 25 cm2 during the Valsalva
maneuver. They found that women who underwent VD
had a significantly larger levator hiatus measurement at
6 weeks and 6 months postpartum than women who
underwent CS [24]. The percentage of women with VD
with an enlarged levator hiatus area increased at 6 weeks
postpartum (4.9 to 26.8%) and decreased at 6 and Ta
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12 months postpartum (most during 6 months postpartum,
14.8 and 14.1% respectively). In women with cesarean deliv-
ery, the number of enlarged levator hiatus areas remained sta-
ble in the postpartum period: 2.9% (21 weeks’ gestation), 20%
(37 weeks’ gestation), 11.4% (6 weeks postpartum), 5.7%
(6 months postpartum), and 14.3% (12 months postpartum).
The hiatal area difference and the number of women with
enlarged levator hiatus areas both decreased the most during
the first 6 months after VD. This study had the most evalua-
tions included out of any in this review (5 times between
before and after delivery), and it was the only study that
showed a decrease in the hiatal area 12 months after delivery,
suggesting recovery [24].

Two studies evaluated the hiatal area, but not before and
after delivery. Van Delft et al. compared hiatal areas with and
without avulsion of the LAM and showed 21% LAM avulsion
in women after VD. There was no avulsion after CS. The
LAM avulsion was associated with a smaller hiatal area dur-
ing pregnancy in the VD group [26].

Siafarikas et al. associated the hiatal area with major and
minor defects of the muscle and found 44 out of 234 women
with major LAM defects with VD. Only 5 women had CS
(2.1%), and none had major LAM defects. Smaller levator
hiatus areas in pregnancy are associated with major levator
defects. Women with a major LAM defects were more likely
to have an instrumental VD than a normal VD [25].

Table 2 Assessment risk of bias according to the different ROBINS-I judgments

Domain
Hobson et al, 

2008
Del� et al,

2014
Chan et al,

2014
Dixit et al, 

2014
Siafarikas et al, 

2015
Jensen et al, 

2015
Confounding bias
Selec�on bias
Classifica�on of interven�ons
Measurement interven�ons
Missing data
Measurement of outcomes
Reported result
Overall

Low: Bcomparable to a well-performed randomized trial^

Moderate: Bsound for a nonrandomized study^ but not comparable with a rigorous randomized trial

Overall risk of bias: equal to the most severe level of bias found in any domain

Table 3 Principal outcomes of the studies included

Reference Author/year Group (n) Outcomes

[28] Toozs-Hobson et al., 2008 (156) VD = 73 CS = 37 HA: VDwas associated with a significant increase in hiatus area at rest, during
VM and PFM contraction in postpartum

BN: VD was associated with a greater degree of BN mobility

[26] Van Delft et al., 2014 (269) VD = 143 CS = 48 LAM injury: 21% of women had LAM avulsion after VD and no one after CS
PFM strength: was significantly lower in women with avulsion compared with

women without LAM avulsion

[27] Chan et al., 2014 (442) VD = 60 CS = 76 HA: was significantly increased in the VD, and 34.8% had irreversible
hiatal distension

BN: wasmore displacement in the VD compared with the CS group at rest and
during VM at 8 weeks; however, this difference was not observed at 6 or
12 months postpartum

LAM injury: 19% of women had LAM injury 8 weeks after VD and it
decreased to 15.1% 12 months after delivery

[17] Dixit et al., 2014 (202) VD = 109 CS = 49 HA: VD was associated with the larger hiatal area in the postpartum
BN: reduction of BN elevation, not associated with delivery route

[25] Siafarikas et al., 2015 (234) VD = 187 CS = 5 LAM injury: major defects were diagnosed in 44 women (18.8% of all 234
deliveries); 27 women (14.4% of all 187 VD).

[24] Staer-Jensen et al., 2015 (243) VD = 196 CS = 44 HA: VD was associated with increased HA in 6 weeks and 6 months
postpartum compared with women who underwent CS

BN: VD was associated with a greater BN mobility at 12 months postpartum,
and no difference for CS

HA hiatal area, BN bladder neck, PFM pelvic floor muscle, LAM levator ani muscle

642 Int Urogynecol J (2018) 29:639–645



Bladder neck

Four articles evaluated bladder neck [17, 24, 27, 28], of which
3 evaluated bladder neckmobility [17, 24, 27] and 1 evaluated
bladder neck elevation [28]. The first three articles showed a
significant increase in bladder neck mobility, and one showed
a decrease in bladder neck elevation [17] associated with VD.
According to Staer-Jensen et al., bladder neck mobility was
significantly higher at 12months postpartum than at 37weeks’
gestation in VD women. There was no difference for CS [24].
Another author showed that there was more displacement in
the VD group (0.42 ± 0.30 cm to 0.58 ± 0.64 cm) than in the
cesarean group (0.39 ± 0.30 cm to 0.47 ± 0.33 cm), but there
was no difference between the two groups 1 year after delivery
(0.59 ± 0.64 cm in the vaginal group and 0.47 ± 0.33 cm in the
cesarean group, p = 0.16) [27].

One article that evaluated the angle of the bladder neck
showed that VD was associated with a change in the position
of the bladder neck by 6 weeks postpartum. The bladder neck
analysis was performed using an x-y coordinate system, as
described by Peschers et al. [29]. The bladder neck changed
from 93° to 84° in VD and appeared to recover to the antenatal
position by 6 months. The differences in bladder neck mobil-
ity degrees between VD and CS were +18.38 (p < 0.001) and
+8.54 (p = 0.093) [28].

Another article showed a reduction in the average bladder
neck elevation from antepartum to postpartum (3.3 ± 3.2 mm
to 2.3 ± 2.2 mm, p = 0.001) that was not associated with de-
livery mode [17].

LAM injury

Three of the six articles included an evaluation of LAM inju-
ries [25–27]. All articles used the criteria proposed by Dietz
et al. [30] to define LAM injuries using tomographic imaging
of the axial plane at maximal LAM contraction. Major defects
in the medial part of the LAM were diagnosed when an ab-
normal insertion of the muscle into the pubic bone was present
in all three central slices at the plane of minimal dimension
and at 2.5 and 5.0 mm cranially to it. Minor defects were
diagnosed when an abnormal insertion of the muscle into the
pubic bone was present, but not in all three central slices. The
three articles showed an association between VD and LAM
injury.

Siafarikas et al. evaluated major defects of the LAM
6 weeks postpartum. Major defects were diagnosed in 44
women (18.8% of all 234 deliveries), of whom 14.4% had a
VD, and there were no major LAM defects in the 5 women
with second-stage CS. The most important finding of the
study by Siafarikas et al. was that women who presented ma-
jor defects in the postpartum period had a smaller hiatal area at
rest and during the Valsalva maneuver during the gestational
period, which indicates that a smaller hiatal area can be a risk

factor for muscle lesions. Women with and without major
defects showed a levator hiatus area of 10.84 ± 1.84 and
11.90 ± 2.25 cm2 (p = 0.005) at 21 weeks of pregnancy and
16.34 ± 5.08 and 19.18 ± 6.12 cm2 (p = 0.005) at 37 weeks’
pregnancy respectively [25].

Van Delft et al. [26] also showed that women who
underwent CS did not present avulsion. Twenty-one percent
of women who underwent VD presented avulsion; 4.9% pre-
sented minor avulsion, and 16.1% presented major avulsion.
The study also concluded that a smaller hiatal anteroposterior
diameter during the antenatal period increases the risk for
postnatal LAM avulsion. The anteroposterior diameter was
5.7 ± 0.7 (no avulsion group), 5.2 ± 0.8 (minor avulsion
group), and 5.3 ± 0.9 (major avulsion group). Van Delft et al.
assessed pelvic floor muscle strength by digital palpation
using the modified Oxford scale. Antenatal and postnatal pel-
vic floor muscle strength was significantly lower in women
with minor and major avulsion (3.0 and 2.4 respectively) than
in women without LAM avulsion (3.6 and 3.1 respectively).
Women with avulsion are less sexually active before and after
delivery and have more urinary incontinence symptoms, re-
duced vaginal sensation, and a Bloose vagina.^ No postnatal
differences were found for fecal incontinence, prolapse symp-
toms or quality of life [26].

A study by Chan et al. showed that 19% of women had a
LAM injury 8 weeks after VD, which decreased to 15.1%
12 months after delivery. VD and LAM injuries were factors
associated with irreversible hiatal distension at rest with ORs
3.10 (1.277–7.58, p = 0.013) and 7.19 (3.45-–4.97, p < 0.005)
respectively [27].

Discussion

This systematic review showed that LAM injury evaluated by
3D ultrasound was associated with VD. The LAM is the larg-
est component of the pelvic floor, and its lesions can be im-
plicated in some dysfunctions, such as POP, urinary inconti-
nence, and sexual complaints [4, 31].

This systematic review concluded that VD had a close re-
lationship with imaging defect and no one article included in
this review showed imaging defect with CS, reinforcing the
current state of literature knowledge. Additionally, one-third
of women with lesions have decreased muscle strength [32].
The study by van Delft et al. included in this review supports
these data, showing decreased muscle strength in women with
major and minor lesions in the postpartum period [26].

All six studies included in this systematic review showed
that there is an increase in the hiatal area after delivery, espe-
cially if associated with VD. LAM defects are associated with
enlargement of the genital hiatus after delivery. In cases of
levator injury, the genital hiatus may increase 20–30% in size
[13]. Enlargement of the hiatal area has been associated with
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POP and symptoms [33]. However, this systematic review
was not able to reach a consensus on the resolution of the
enlargement of the hiatal area in the postpartum period. One
of the studies included [24] showed that there is resolution of
the genital hiatus 6–12 months after delivery and another
study showed that the hiatal area was persistently larger in
the VD group than in the CS group [27]. Two studies also
showed resolution of the genital hiatus size in the first
6 months postpartum [34, 35].

During VD, the levator ani is extended by approximately
25–245%, allowing the levator hiatus to widen during
crowning [17, 18, 36]. This distension can result in a LAM
injury and is a risk factor for levator hiatus Bballooning,^
which may be associated with POP [20]. One study included
in this systematic review showed that ballooning is more prev-
alent 6 months after VD than after CS [25].

Regarding the hiatal area, a small area during pregnancy
was associated with a greater risk for LAM injury in two
studies included in this review, because this requires the
LAM to stretch more to allow the passage of the fetus [25,
26]. This is a topic that should be better studied in future
articles. Neither of these two articles [16, 25] showed that
there is a threshold for hiatus size that indicates a greater
chance of a lesion.

This systematic review showed increased urethral mobility
after delivery, corroborating current knowledge. Additionally,
this systematic review showed that there is a recovery 6–
12 months after delivery. The study by Staer-Jensen et al.
showed resolution of bladder neck mobility 6 months postpar-
tum [24], and the study by Chan et al. supported these data.
There was greater bladder neck mobility 8 weeks after deliv-
ery in the VD group, but there was no difference between VD
and CS at 6 and 12 months postpartum [27]. Other articles in
the literature support these findings [27, 37–39].

With regard to CS, the literature is divergent regarding the
increase in urethral mobility after this delivery route. Staer-
Jensen et al. showed that there is no increase in bladder neck
mobility after CS [24]. Unlike the genital hiatus, there is no
consistency in the resolution of urethral hypermobility after
delivery, which shows that the effect of pregnancy on urethral
mobility may be persistent [40] and explains that there may
also be increased mobility in women who underwent a CS.

The 3D ultrasound was chosen in this study because it is
more accessible than magnetic resonance imaging (MRI). A
recent systematic review showed that translabial 3D ultra-
sound is reproducible for diagnosing levator ani defects and
a ballooning hiatus in a population with PFD [41]. Translabial
3D ultrasound is non-invasive and by far the easiest, cheapest,
and most widely available imaging modality at present. One
study showed that translabial ultrasound results are consistent
with the MRI results [42].

The strengths of this systematic review consist in the inclu-
sion of studies with only primigravida, as the number of

deliveries is a risk factor for pelvic floor trauma. Prospective
studies were included to evaluate the reversibility of the dam-
age found. We also included studies with at least one 3D
ultrasound examination to identify the PFM during pregnancy,
and at least one examination in the postpartum period as preg-
nancy could also be a risk factor for pelvic floor trauma. For
weaknesses, we found that only 3 of the 6 included studies
followed women for more than 6 months postpartum. More
studies with longer follow-up are required. Also, the hetero-
geneity of results was mitigated by inclusion of primiparous
women, to avoid measurement complexity arising from mul-
tiple births. Because this article has included only primiparous
women, the results could not be generalizable. Another point
is the potential bias inherent in the original studies. The ratio
of VD/CS births differs and this must represent a difference in
patient populations and/or obstetric practices. Finally, the rel-
evance of ultrasound findings is not clearly established.
Although levator enlargement is consistent after VD and bio-
logically plausible as a contributing factor to prolapse, the
association has not yet been proven to relate to causation.

Conclusions

Vaginal delivery was associated with an increased number of
LAM defects, bladder neck mobility, and enlargement of the
hiatal area, posing a risk factor for prolapses and urinary in-
continence. There are insufficient data to determine whether
post-partum ultrasound changes may resolve over time.
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