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Abstract
Introduction and hypothesis We used clinical examination and transperineal 3D/4D ultrasound (US) to evaluate pelvic floor
muscles (PFM) after different delivery modes.
Methods Women were surveyed using validated questionnaires. PFM were evaluated and classified according to the Modified
Oxford Scale following 3D/4D transperineal US. For statistical analysis, Kruskal–Wallis, Mann–Whitney, chi-square, and Fisher
exact tests were used.
Results Fifty-three women were evaluated: 32 with previous vaginal delivery (VD) and 21 with cesarean section (CS) (8
nonelective and 13 elective). No significant difference among groups was observed regarding urinary incontinence (UI) after
delivery (p = 0.39), loss of muscle strength referred by the patient (p = 0.48), or evaluated through digital examination (p = 0.87).
No patient with elective CS had avulsion, with difference between VD and elective CS (p = 0.008). US evaluation identified no
differences in bladder-neck elevation (p = 0.69) or descent (p = 0.65) , and no difference in genital hiatus size (p = 0.35), levator
ani thickness (p = 0.35 –0.44), or presence of major or minor levator ani avulsion (p = 0.10).
Conclusions We evaluated primiparous women within 12 to 24 months of delivery and found that VD was associated with PFM
avulsion. There was no difference among VD and nonelective or elective CS in symptomatology or other anatomic alterations
evaluated through 3D/4D transperineal US.
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Abbreviations
PFD Pelvic floor dysfunction
VD Vaginal delivery
PFM Pelvic floor muscle
US Ultrasound
CS Cesarean section
ICIQ-VS International Consultation on Incontinence

Questionnaire–Vaginal Symptoms
ICIQ-SF International Consultation on Incontinence

Questionnaire–Short Form

POP-Q Pelvic Organ Prolapse Quantification system
BN Bladder neck
TUI Tomographic ultrasound imaging

Introduction

Pelvic floor dysfunction (PFD) is a disorder that includes pel-
vic organ prolapse (POP), urinary incontinence (UI), fecal
incontinence (FI), and overactive bladder (OAB) syndrome
[1]. The prevalence of these dysfunctions is elevated and has
a great impact on women’s quality of life (QoL). In 2010, 28
million women in the United States presented with PFD, and it
is believed that this number may increase to 43 million by
2050 [2]. Of the various risk factors associated with the inci-
dence of PFD, vaginal delivery (VD) is considered to be the
main contributor to pelvic floor dysfunction compared with
cesarean section (CS) [3]. A systematic review and metanal-
ysis of women with UI, with a follow-up period longer than 1
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year after delivery, showed that VD was associated with a
two-fold risk of developing stress urinary incontinence (SUI)
compared with CS and a three-fold risk compared with elec-
tive CS, showing a 10% increase in risk [4].

VD appears to have a considerable impact on pelvic floor
muscles (PFM). During labor and delivery, excessive
stretching of the PFM, especially the levator ani, with direct
injury to the muscle, might have an important impact on pelvic
muscle support [2]. Pelvic denervation may also contribute to
levator ani inefficiency, which would diminish urethral sup-
port and consequently induce UI with or without pelvic organ
prolapse [5]. Therefore, it is believed that CS, especially elec-
tive CS, could have a protective effect on the perineal trauma
associated with labor and delivery [6].

The 3D/4D ultrasound is used as a tool to evaluate patients
with PFD. It is a simple and accessible method, radiation-free,
minimally invasive, cost-effective and has the benefit of pro-
viding a real-time and dynamic appraisal of the pelvic floor [7].

Despite growing evidence in the literature, there is still great
controversy on the real impact of labor and delivery mode on
the occurrence of pelvic floor dysfunctions and anatomic re-
covery in the long run. The objective of this study was to
evaluate, through clinical examination and transperineal 3D/
4D US, the ,s after the different delivery modes.

Materials and methods

This is a cross-section study of primiparous women with a
history of delivery at the Women’s Hospital Professor
Doctor José Aristodemo Pinotti-CAISM-UNICAMP. The pe-
riod of data collection was between November/2015 to
December/2016, after approval of the Ethics Committee at
our institution (CAAE: 45,792,115.6.0000.5404).

The sample power was calculated based on avulsion (major
and minor) in three groups (VD, nonelective and elective CS)
and it was established in 93.7%.

Fifty-three primiparous women with an interval after deliv-
ery of 12 to 24 months were included in this study. Women
with neurologic or muscular conditions and those with previ-
ous pelvic surgery were excluded. The women were divided
in three groups: VD (n = 32), nonelective CS (CS during la-
bor, n = 8), and elective CS (planned CS, n = 13). The primary
outcome evaluated was the levator ani avulsion by 3D/4D
transperineal US. Secondary outcomes were urinary and vag-
inal symptoms before, during, and after delivery; loss of mus-
cle strength; PFM strength; bladder-neck (BN) mobility; and
hiatal area dimensions.

Demographic data and delivery parameters were collected
from medical records. Patients were surveyed about urinary
symptoms before and after delivery using the following ques-
tionnaires validated to Portuguese: International Consultation
on Incontinence Questionnaire–Vaginal Symptoms (ICIQ-VS),

which evaluates vaginal, sexual, and QoL issues [8]; the
International Consultation on Incontinence Questionnaire–
Urinary Incontinence–Short Form (ICIQ-UI-SF), which evalu-
ates urinary symptoms [9].

Physical examination of the PFM was performed by a sin-
gle physiotherapist specialized in women’s health. Patients
were evaluated in the lithotomy position after micturition,
without stirrups, and classified according to the Pelvic
Organ Prolapse Quantification system (POP-Q) when neces-
sary [10]. Then, digital palpation was undertaken while the
patient performed three maximal pelvic floor contractions.
The strongest one was graded according to the Modified
Oxford Scale (0–5 points) [11]. After a physical examination,
participants underwent a 3D/4D transperineal US by the same
previous examiner trained and supervised by a physician spe-
cialized in gynecologic US with >15 years of experience.

GEVoluson 730 (GEMedical SystemKretz-Technik GmbH
and Co OHG, Zipf, Austria) US was attached to a RAB4-8 L
convex transducer and transversely positioned at the vaginal
introitus, protected with a latex condom. Images were captured
at rest, during maximum Valsalva maneuver (VM), and during
voluntary PFM contraction. Imaging analysis was performed
by a second examiner (NM) blinded to evaluation data using
4D View software. BN mobility was measured during VM and
PFM contraction to evaluate, respectively, its descent and ele-
vation according to Naranjo–Ortiz et al. methodology [12].
Mobility was calculated based on the distance toward the
inferoposterior margin of the pubic symphysis, which was mea-
sured using a reference line of its axis (x-axis) and its perpen-
dicular intersection with the inferoposterior margin of the pubic
symphysis (y-axis). A negative x coordinate indicates that the
bladder is to the right of the reference point and a positive x
coordinate indicates that the bladder is to the left. BN descent
was calculated based on dislocation at resting position and VM
using the following formula: √{(Vy-Ry) [2]+(Vx-Rx) [2]}, de-
scribing the difference between coordinates of the x (vertical
distance) and y (horizontal distance) points in resting position
(R) and Valsalva (V). Similarly, PFM contraction was calculat-
ed by the same formula, substituting V values for PFM contrac-
tion (C) values, as follows: √{(Cy-Ry) [2]+(Cx-Rx) [2]} [13].

Hiatal dimensions were measured in the axial plane at the
level of minimum dimension [14], and three biometrical pa-
rameters were evaluated: anteroposterior diameter,
laterolateral diameter, and hiatal area. Then, levator ani max-
imum thickness was measured, moving the plane cranially
from the minimum hiatal dimension to the point of maximum
muscle thickness, where it was measured at each side, close to
the rectus, at 3 and 9 o’clock positions [14].

Levator ani integrity was evaluated through tomographic
ultrasound imaging (TUI). Imaging slices were obtained from
the minimum hiatal dimension, with 2.5 mm between them,
5 mm under it, and 12.5 mm above the reference plane. The
exact location of slices was adjusted according to pubic
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symphysis position. Muscle avulsion was categorized as com-
plete when abnormal insertion of the muscle to the pubic bone
was present in three central images (Fig. 1) and partial when
abnormal insertion was present at any three tomographic
slices among the eight obtained images [15].

To describe quantitative variables, means were compared
according to deliverymode. The Kruskal–Wallis test was used
to compare the three possible delivery modes; Mann–Whitney
test was used to compare VD and CS, using Bonferroni cor-
rection when appropriate. For categorical variables, distribu-
tion of frequency was compared using the chi-square or Fisher
exact test. SAS version 9.4 for Windows was used, and the p
value was set at 5%.,with Freeman–Halton extension.

Results

Hospital records showed that 822 primiparous women had a
delivery in the 12–24 months before data collection. Among
them, 602 could not be included in this study: 72 for a second
pregnancy, 30 refused, and 500 had no updated contact num-
ber. Among the 220 women who agreed to participate, only 53
attended the evaluation: 32 with previous VD and 21 with CS
(eight nonelective and 13 electives) (Fig. 2). Median age at
evaluation was 24.8 (±5.7) years in the VD group, 24.3 (±4.4)
years in the nonelective CS group, and 29.8 (±5.9) years in the
elective CS group. Patients in the last group were significantly
older than those in the VD (p = 0.02) and nonelective CS (p =
0.02) groups. No difference in age between VD and nonelec-
tive CS was identified (p = 0.93). There was also no statistical
difference with regards to body mass index (BMI), ethnicity,
smoking, sedentary lifestyle, or profession (Table 1).

Mean length of labor was 10 h (±8.9), with a mean expulsive
stage of 39.3 (±32.4) min in the VD group and 16 h (±9.4) of
labor in the nonelective CS group, without significant difference

between groups (p = 0.10). Episiotomy was performed in more
than half of women during VD, and first -and second-grade
laceration occurred in 15 patients (46.9%). Mean newborn
weight was 3.200 (±0.4) g in the VD group, 3.600 (±0,2) g in
the nonelective CS group, and 3.000 (±1.0) g in the elective CS
group (p = 0.07); average gestational age was 38 (±2.1) weeks,
39 (±0.9) weeks, and 38 (±2.7) weeks, respectively, for each
group (p = 0.14)., and head circumference was 33.9 (±1.1), 35.0
(±0.7), and 34.2 (±5.3) cm, respectively (p = 0.03).

Women were asked about UI symptoms before and after
delivery. Prior to pregnancy, 21.9% in the VD group, 25% in
the nonelective CS group, and 30.8% in the elective CS group
referred incontinence symptoms, without statistically signifi-
cant differences between groups. After delivery, more than
half in the VD group, 50% in the nonelective CS group, and
30.8% in the elective CS group referred symptoms, with no

Fig. 1 Tomographic ultrasound
imaging (TUI) of a left-side
avulsion affecting all eight slices,
indicated by (*) and diagnosed as
full avulsion due to an abnormal
insertion of the muscle into the
pubic bone present in all three
central slices

Primíparous women 12-24 months
postpartum
(n=822)

No success in phone contact (n=500)
New pregnant (n=72)

Did not agree to par�cipate (n=30)

Accepted to par�cipate by
telephone contact

(n=220)

Came to evalua�on
(n=53)

Non-elec�ve cesarean (n=8)
Elec�ve cesarean (n=13)

Vaginal delivery
(n=32)

Cesarean sec�on
(n=21)

Fig. 2 Selection process of study participants
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significant difference between groups (p = 0.39).or between
referred complaints of muscle strength loss after delivery.
Also, there was no difference in reports of these complaints
according to the Oxford Modified Scale (p = 0.48 –0.87).
Postpartum, no difference was identified in urinary symptoms
evaluated on the ICIQ-SF (p = 0.28), vaginal symptoms on the
ICIQ-VS (p = 0.29), sexual function (p = 0.36), and QoL (p =
0.24) between groups (Table 1).

In US evaluation, whether in resting position or on VM, no
difference in BN elevation (p = 0.69) or descent (p = 0.65) was
observed any group. Anteroposterior diameter in the sagittal
plane (p = 0.36, p = 0.37), laterolateral diameter (p = 0.12, p =

0.50), hiatal area (p = 0.35, p = 0.68), and levator ani thickness
at the right (p = 0.35, p = 0.19) and left (p = 0.44, p = 0.26)
showed no significant difference between groups. No patient
who underwent elective CS had levator ani avulsion, with a
statistical difference among three groups (p 0.05). Levator ani
avulsion between VD and elective CS groups showed signif-
icant statistical difference (p = 0.008)\.; there was no differ-
ence between nonelective CS and VD (p = 0.67) or elective
CS (p = 0.19). In the VD group, eight (33.3%) women pre-
sentedwithmajor and six (25%)withminor avulsion, whereas
in nonelective CS, one woman presented with major avulsion
and two (28.6%) with minor avulsion (Table 2).

Table 1 Patient demographics
characteristics Vaginal delivery Nonelective cesarean Elective cesarean P value

(n = 32) (n = 8) (n = 13)

Age in years (M ± SD)a 24.8 ± 5.7 24.3 ± 4.4 29.8 ± 5.9 0.04b

24.8 ± 5.7 24.3 ± 4.4 0.93c

24.8 ± 5.7 29.8 ± 5.9 0.02 c

24.3 ± 4.4 29.8 ± 5.9 0.03c

BMI (M ± SD) 16.5 ± 2.7 18.1 ± 3.8 17.2 ± 2.0 0.25b

Race, n (%)

Caucasian 13 (40.6) 4 (50.0) 9 (69.2) 0.21d

Other 19 (59.4) 4 (50.0) 4 (30.8)

Smoking, n (%) –

Yes 0 0 0

No 32 13 8

Sedentary lifestyle, n (%)

Yes 23 (71.9) 6 (75.0) 9 (69.2) 1.000d

No 9 (28.1) 2 (25.0) 4 (30.8)

Occupation

Without labor activity 19 (59.4) 3 (37.5) 6 (46.2) 0.50d

With labor activity 13 (40.6) 5 (62.5) 7 (53.8)

Modified Oxford scale (M ± SD) 2.6 ± 1.4 2.5 ± 0.8 2.4 ± 1.0 0.88b

UI before pregnancy (yes), n (%) 7 (21.9) 2 (25.0) 4 (30.8) 0.90d

UI during pregnancy (yes), n (%) 12 (37.5) 5 (62.5) 3 (23.1) 0.23d

UI postpartum (yes), n (%) 17 (53.1) 4 (50.0) 4 (30.8) 0.40d

Perception of the PFM (yes) 11 (34.4) 2 (15.4) 0 0.09d

Decreased strength of PFM
postpartum

12 (37.5) 3 (37.5) 2 (15.4) 0.48d

ICIQ-SF score 4.2 ± 5.1 6.1 ± 7.3 2.2 ± 5.0 0.29b

ICIQ-VS score

Vaginal symptoms 4.7 ± 4.7 4.3 ± 5.5 6.2 ± 4.0 0.29 b

Sexual function 8.0 ± 11.9 5.0 ± 11.8 14.9 ± 15.6 0.37b

Quality of life 2.8 ± 3.8 0.8 ± 1.8 1.7 ± 3.6 0.24b

SD, standard deviation; BMI, body mass index; Oxford, Modified Oxford scale; UI, urinary incontinence; PFM,
pelvic floor muscles; ICIQ-SF, International Consultation on Incontinence Questionnaire–Short Form; ICIQ-VS,
International Consultation on Incontinence Questionnaire–Vaginal Symptoms
a Bonferroni correction
bKruskal–Wallis test
cMann–Whitney test
d Fisher’s exact test
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Discussion

This study showed that in a population of women evaluated
12–24 months after delivery, there were no significant differ-
ences in PFD symptoms or 3D/4D transperineal US findings
according to deliverymode, except that womenwho had a VD
had significantly greater levator ani avulsion than those who
chose elective CS.

Levator ani muscle avulsion is defined as the separation
of the puborectal/pubococcygeus muscle complex from the
tendinous arch of the levator ani muscle and is the most
common form of levator trauma [15]. Avulsion may be a
causative or aggravating factor for SUI and is an indicator
of trauma to the perineal support system, commonly asso-
ciated with VD. In our study, among women with a VD,
one third presented with major avulsion of the levator ani,
which is consistent with current literature estimates of 10–
35% prevalence [16]. Avulsion was more prevalent in
women with VD and was absent in women with elective
CS, with a statistically significant difference. There was no
significant difference between nonelective CS and the oth-
er two groups. This study shows the importance of delivery
mode in the pathology of levator ani avulsion. Another
study reported similar results: 13% of avulsion in VD
(without forceps) and 0% in CS delivery [17]. Others stud-
ies found no levator ani muscle defects in women who had
a CS [18, 19].

Urinary symptoms were more prevalent among women
with VD. One meta-analysis demonstrated a twofold in-
crease in the risk of developing long-term SUI, comparing
VD with CS [4]. Nevertheless, results of that article did not
reach statistical significance. Regarding vaginal symp-
toms, there was also no difference. These findings endorse
a study that evaluated women prior to and 1 and 4 years
after delivery using the same questionnaires as in our study
[20]. This could be due to long-term PFM recovery [21].
Another randomized study reinforces these findings, show-
ing a lower rate of SUI among women assigned to elective
CS compared with VD at 3 months after delivery.
However, it showed no difference 2 years after delivery
[22]. BN descent has been associated with the pathogene-
sis of SUI [12]. Among the methods used to evaluate ure-
thral mobility, the most frequently recommended are BN
descent assessed using US [12]. There is an association
between VD and greater descent [23]. Staer–Jensen et al.
identified greater mobility some weeks after delivery, with
recovery on subsequent months [21]. One study evaluated
BN descent 4 years after delivery and found no differences
between VD and elective CS. These results are resonant
with our data, which found no difference in BN descent
between delivery modes. These findings may be due to
recovery, as urethral mobility recovery 1 year after deliv-
ery has been reported [21], which corroborates our findings
at a mean of 18 months after delivery.

Table 2 Pelvic floor
measurements form 3D/4D
transperineal ultrasound

Vaginal delivery Nonelective cesarean Elective cesarean P value
n = 24 n = 7 n = 7

Mean (SD)

BN descent (cm) 0.9(±0.7) 0.8(±0.5) 1.1(±0.8) 0.65 a

BN elevation (cm) 0.6(±0.3) 0.6(±0.2) 0.5 (±0.5) 0.70a

At rest

AP hiatal diameter on
MSP (cm)

4.4 ± 0.8 4.4 ± 0.6 4.9 ± 0.9 0.37a

AP hiatal diameter (cm) 4.2 ± 0.6 4.2 ± 0.7 4.2 ± 0.9 0.98a

Transverse Hiatal diameter (cm) 3.3 ± 0.6 3.4 ± 0.5 2.9 ± 0.4 0.13a

Hiatal area (cm2) 8.5 ± 1.6 8.7 ± 2.2 8.0 ± 3.2 0.36a

Levator ani thickness, R (cm) 0.8 ± 0.4 0.7 ± 0.2 0.6 ± 0.1 0.36a

Levator ani thickness, L (cm) 0.8 ± 0.4 0.7 ± 0.2 0.6 ± 0.1 0.45a

LAM avulsion n (%)

No avulsion 10 (41.7) 4 (57.1) 7(100.0)

Any avulsion 14 (58.3) 3 (42.9) 0 0.05b

LAM avulsion n (%)

No avulsion 10 (41.7) 4 (57.1) 7(100.0)

Minor avulsion 6 (25.0) 2 (28.6) 0 0.10b

Major avulsion 8 (33.3) 1 (14.3) 0

BN, bladder neck; MSP, midsagittal plane; AP, anteroposterior; R, rigth; L, left; LAM, levator ani muscle
a Kruskal–Wallis test
b Fisher’s exact test with Freeman-Halton extension
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Our results did not identify a difference in hiatal area be-
tween VD and elective CS. One study associated VD with an
increase in hiatal area and genital prolapse [24], whereas one
third of women might have a 20% increase in hiatal area after
the first VD [25]. However, a recent study presents results
similar to ours, showing significant hiatal area reduction
months after delivery [26]. During pregnancy, physiological
changes in the pelvic floor increase perineal distensibility
[27]. Twelve months after delivery, an increase in elastin and
collagen restores pelvic floor tonus to pregestational status.

The strengths of this analysis are the use of validated ques-
tionnaires to evaluate symptoms of pelvic floor dysfunction
and the evaluation period of between 12 and 24 months, since
many symptoms may resolve 6 months after birth [21]. Only
30 women refused to participate, but attendance rates were
low. Acceptance to participate (21%) were similar to surveys
available in the literature (20–30%) [28]. Limitations of this
study are the small sample size and the possibility of recall
bias. Size limitation may lead to increased type 2 errors due to
the difficulty for women to return to the hospital at which they
delivered and, clearly, obstacles to research in countries like
Brazil, where offering financial compensation to participants
is not permitted. Evidence in the literature marks a positive
association between reward and participation rates in such
studies, independent of the amount of remuneration [29].
With regard to symptom evaluation, although questionnaire
assessment was prospective, evaluation of previous symptoms
may influence results. Prospective studies with more robust
samples may further elucidate the role of delivery mode on
symptoms and anatomic alterations of the pelvic floor.

Conclusions

In this study, which evaluated primiparous women over
12–24 months after delivery, VD was associated with le-
vator ani avulsion. There was no difference among VD,
nonelective CS, and elective CS groups regarding symp-
tomatology or other anatomic alterations evaluated through
3D/4D transperineal US.
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