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Antepartum 2-dimensional sonographic evaluation of
levator ani muscle coactivation and correlation with
labor outcomes in nulliparous women at term
gestation
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BACKGROUND: Levator ani muscle (LAM) coactivation consists in the
inappropriate contraction − i.e. shortening − of the LAM during pushing
effort. The condition is reported to occur in up to 30% of pregnant women
prior to active labor, and has been associated with increased duration of
the second stage in the context of the so-called soft tissue dystocia.
OBJECTIVE: This study aimed to evaluate the correlation between
levator ani muscle coactivation and labor outcome in a cohort of nullipa-
rous women with singleton pregnancy at term.
STUDY DESIGN: This was a single-center prospective observational
study that included nulliparous women with low-risk term pregnancy with
a cephalic-presenting fetus who were enrolled between 39 and 40 weeks
of gestation. During routine term obstetrical assessment, trained midwives
performed transperineal ultrasound on the midsagittal plane to evaluate
the anteroposterior diameter of the levator ani muscle. The minimal dis-
tance between the posteroinferior border of the pubic symphysis and the
anterior border of the puborectalis muscle was evaluated at rest and at
the acme of a pushing effort. Levator ani muscle coactivation was defined
as a reduction in the anteroposterior diameter of the levator hiatus during
the pushing efforts. The primary outcome was to compare the duration of
the second stage of labor between coactivating and noncoactivating
women and evaluate the occurrence of composite adverse labor outcome
as defined by the occurrence of any of the following conditions:
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episiotomy, vacuum or cesarean delivery for second-stage dystocia,
obstetrical anal sphincter injury, or severe postpartum hemorrhage.
RESULTS: A total of 201 women were included, of whom 42 (20.9%)
had levator ani muscle coactivation. Compared with women without levator
ani muscle coactivation, those with levator ani muscle coactivation showed
longer active second stage of labor duration (64§45 minutes vs 84§50,
respectively; P=.02) and higher rates of composite adverse labor outcome
(12.5% vs 31.0%, respectively; P<.01) and obstetrical anal sphincter
injury (5.4% vs 0.0%, respectively; P<.01). Levator ani muscle coactiva-
tion only was associated with composite adverse labor outcomes (34.3%
in women with levator ani muscle coactivation vs 18.1% in those without
levator ani muscle coactivation; P<.01).
CONCLUSION: Within a population of women with singleton term
pregnancies at low risk, the antepartum demonstration of levator ani mus-
cle coactivation at transperineal ultrasound was associated with an
increased duration of the second stage of labor and a higher frequency of
composite adverse labor outcomes, including obstetrical anal sphincter
injury.

Key words: labor dystocia, pelvic floor ultrasound, perineal care, peri-
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Introduction

T he levator ani muscle (LAM) con-
sists of the anatomic and functional

interactions of the pubococcygeus, ilio-
coccygeus, and coccygeus muscles1 and
plays a crucial role in the support of pelvic
organs, forming the pelvic floor dia-
phragm.2 Moreover, LAM is involved in
the processes of childbirth.3 The LAM
can increase its length up to 3-fold at the
end of the active second stage of labor
from an anatomic perspective,4 whereas
maternal pushing effort is physiologically
associated with relaxation of the LAM,
increased pelvic floor dimensions, and
descent of the fetal head in the birth canal
from a functional perspective. Optimal
synergy occurs when abdominal muscle
contraction is synchronized with relaxa-
tion of the LAM, which widens the pelvic
hiatus and reduces soft tissue resistance.5

LAM coactivation involves the inappro-
priate contraction—that is, shortening—of
the LAM during pushing effort. The con-
dition is reported to occur in up to 30% of
pregnant women before active labor6−8

and has been associated with an increased
duration of the second stage of labor8 in
the context of soft tissue dystocia.5

The clinical assessment of the anat-
omy and function of the pelvic floor is
complex and associated with poor
reproducibility.9 Conversely, transperi-
neal ultrasound (TPU) has been pro-
posed as a simple, noninvasive, and
reproducible tool10,11 to evaluate the
mechanics of the LAM. It allows for the
investigation of changes in the diame-
ters of pelvic floor muscles at rest and
during pushing effort,5 thereby assess-
ing LAM coactivation and the width of
the anteroposterior diameter (APD) of
the hiatus. Such an assessment has been
proposed to predict the length of the
second stage of labor and the need for
operative delivery.12,13 This study aimed
to compare the duration of the second
stage of labor and the occurrence of
labor complications between women
with and without LAM coactivation
with an uncomplicated pregnancy at
term.
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Why was this study conducted?
This study aimed to investigate the feasibility of the transperineal sonographic
assessment of levator ani muscle (LAM) coactivation by trained midwives and
compare the duration of the second stage of labor and the occurrence of labor
complications between women and without LAM coactivation with an uncom-
plicated pregnancy at term.

Key findings
In a population of low-risk nulliparous women electively evaluated at term gesta-
tion by trained midwives, the sonographic demonstration of LAM coactivation
at 2-dimensional (2D) ultrasound was associated with a longer duration of the
second stage of labor and adverse labor outcomes, including obstetrical anal
sphincter injury.

What does this add to what is known?
The antepartum demonstration of LAM coactivation at transperineal 2D ultra-
sound in the context of routine obstetrical care may represent a “window of
opportunity” for the implementation of targeted strategies, such as biofeedback
and perineal relaxation, to improve perineal health before the onset of labor and
reduce the risks of labor complications.
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Materials and methods
This was a single-center prospective
observational cohort study that was
conducted at the University of Parma,
Italy, over 12 months between January
1, 2024, and December 31, 2024. A non-
consecutive series of nulliparous women
with a singleton cephalic-presenting
fetus and low-risk pregnancy at term
was included. Patient recruitment was
performed in an outpatient setting dur-
ing routine obstetrical assessment at
term pregnancy. Low-risk patients
underwent routine obstetrical assess-
ment of the maternal and fetal well-
being in accordance with the local pro-
tocol. During such evaluation, midwives
submitted to a dedicated training in
TPU preliminarily to the study - which
consisted of 1 theoretical session and 5
practical sessions under the supervision
of a senior member of the study group
with dedicated expertise in pelvic floor
ultrasound (M.D.S.) - performed TPU
to measure the APD of the LAM at rest
and under the Valsalva maneuver.
TPU was performed with the patient

in the lithotomy position and with a
semifull bladder, as described by Yous-
sef et al,8 that is, by placing the ultra-
sound transducer between the maternal
labia majora in a midsagittal plane. The
anatomic structures included in the
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ultrasound views were the pubic sym-
physis, urethra, bladder, vagina, anorec-
tal angle, and puborectalis muscle (the
main component of the LAM) and the
fetal head (Figure). During the TPU
assessment, the patient was asked to
perform pushing efforts for at least 6
seconds. In accordance with the previ-
ous definition, the APD of the hiatus of
the LAM was calculated as the distance
from the posteroinferior border of the
pubic symphysis to the anterior bor-
der of the puborectalis muscle.5 The
difference in the measurement of the
APD of the LAM at rest and at the
acme of the pushing effort (delta LAM
length) was quantitatively evaluated
(Video 1). Coactivation of the LAM
was diagnosed when the APD of the
genital hiatus during the pushing
effort was shorter than that observed
at rest. Such information was collected
blindly and not reassessed before
delivery. Therefore, patients with
LAM coactivation and the clinicians
in charge of labor management were
unaware of the sonographic findings.

The exclusion criteria were presence
of uterine contractions, symptoms of
vulvodynia, vaginism, fecal or urinary
incontinence, pelvic organ prolapse,
and previous surgery on the uterus or
pelvic floor.
Medical history and maternal charac-
teristics were retrieved from the
patients’ clinical records and included
maternal age, body mass index, gesta-
tional age at delivery, induction of labor,
and epidural analgesia. Labor dystocia
was defined based on the recommenda-
tions of the American College of Obste-
tricians and Gynecologists/Society for
Maternal-Fetal Medicine for the safe
prevention of primary cesarean deliv-
ery.10 Labor arrest in the second stage
of labor was diagnosed when the dura-
tion of active pushing was at least 3
hours in nulliparous women on epidu-
ral analgesia or 2 hours in the event of
no epidural analgesia. The diagnosis of
labor dystocia was made by the senior
obstetrician in charge of patient care,
who was blinded to the findings of the
antenatal TPU evaluation. Obstetrical
intervention for labor dystocia was per-
formed when the criteria for arrest of
dilatation or arrest of labor in the sec-
ond stage of labor were fulfilled.10 Post-
partum hemorrhage was defined as an
estimated blood loss of >500 mL. Peri-
neal tears were classified according to
the classification of the Royal College of
Obstetricians and Gynaecologists11 into
first- and second-degree tears; obstetri-
cal anal sphincter injury (OASI)—
which included third- and fourth-
degree perineal tears—and episiot-
omy. In addition, information con-
cerning fetal outcome, such as
umbilical artery and vein pH, Apgar
score at 1 and 5 minutes, and birth-
weight, was retrieved.
This study aimed to investigate

whether the antepartum demonstration
of LAM coactivation by trained mid-
wives is associated with an increased
duration of the second stage of labor.
Power sample size calculation was per-
formed as follows: 1 previous study by
Youssef et al14 reported a longer mean
duration of the second stage of labor of
18 minutes (81§61 vs 63§43 minutes;
P=.03) in women showing LAM coacti-
vation. Based on the assumption that
the transperineal sonographic demon-
stration of LAM coactivation could
increase the duration of the second
stage of labor by 30%, the total sample
size of patients required to obtain a



FIGURE
Transperineal sonographic assessment on the midsagittal plane

Visualization of the pubic symphysis, urinary bladder, vagina, anal canal, rectum, puborectalis muscle, fetal head, and APD of the levator ani muscle at
rest (A) and during the pushing effort (B) in a patient showing coactivation of the levator ani muscle. The red dashed line represents the APD of the leva-
tor ani muscle.
APD, anteroposterior diameter.
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TABLE 1
Comparison of the antenatal characteristics and labor outcomes between
cases with and without LAM coactivation

Variable No coactivation (n=159) Coactivation (n=42) P value

White ethnicity, n (%) 140 (88.1%) 33 (78.6%) .12

Maternal age (y), mean§SD 30.6§4.5 30.9§4.6 .67

Gestational age (wk), mean§SD 41 0/7§0 3/7 41 0/7§0 3/7 .72

Booking BMI (kg/m2), mean§SD 22.7§4.6 22.6§2.9 .85

Augmentation, n (%) 67 (42.1%) 21 (50.0%) .36

Induction of labor, n (%) 78 (49.1%) 16 (38.1%) .21

Epidural, n (%) 107 (67.3%) 32 (76.2%) .22

LAM APD at rest (cm), mean§SD 4.8§0.7 4.8§0.9 .94

LAM APD at pushing (cm), mean§SD 5.6§0.8 4.5§0.9 <.01
APD, anteroposterior diameter; BMI, body mass index; LAM, levator ani muscle.

Di Serio. Antepartum assessment of levator ani muscle coactivation in low-risk pregnancies. Am J Obstet Gynecol
MFM 2026.
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statistical power of 90% with a 2-sided
type I error rate of 5% would be 182.
The secondary outcome was the

relationship between LAM coactiva-
tion and composite adverse labor
outcomes (CAOs). This was defined
as the occurrence of one of the
obstetrical interventions (vacuum
extraction or cesarean delivery) due
to labor arrest in the second stage of
labor, OASIs, episiotomy, or postpar-
tum hemorrhage of >1000 mL.
Statistical analysis was performed

using IBM SPSS Statistics (version 28;
IBM, Armonk, NY). Categorical and
continuous variables were compared
using the chi-squared or Fisher exact
test and the independent samples t test
or Mann-Whitney U test, respectively.
The relationship between the APD of
the LAM under pushing effort and the
duration of the second stage of labor
was assessed using the Pearson correla-
tion. Data were presented as mean and
standard deviation, median (interquar-
tile range), or number (percentage), as
appropriate. A P value of <.05 was con-
sidered statistically significant. The
study was approved by the local ethics
committee. Data were recorded and
stored in a Microsoft Excel pseudony-
mized database, which was only accessi-
ble by the members of the research
team. All study participants provided
written informed consent before being
enrolled in the study.
Results
A total of 201 women were included in
the study, of whom 42 (20.9%) showed
LAM coactivation before birth. Table
1 shows the comparison of demo-
graphic and labor characteristics
between the cases with and without
& 2026 AJOG MFM 3



TABLE 2
Comparison of the perinatal outcomes between cases with and without LAM coactivation

Variable No coactivation (n=159) Coactivation (n=42) P value

Length of the first stage of labor (min), mean§SD 365§224 413§219 .24

Length of the second stage of labor (min), mean§SD 65§45 84§50 .02

Length of the total labor (min), mean§SD 430§243 497§238 .13

Spontaneous vaginal delivery, n (%) 130 (81.3%) 29 (69.0%) .12

Fetal size at birth, n (%) AGA: 134 (84.3%)
SGA: 11 (6.9%)
LGA: 14 (8.8%)

AGA: 33 (78.6%)
SGA: 3 (7.1%)
LGA: 6 (14.3%)

.57

Vacuum extractor for dystocia, n (%) 9 (5.6%) 5 (11.9%) .16

Obstetrical intervention for labor dystocia, n (%) 15 (9.5%) 7 (16.6%) .18

OASI, n (%) 0 (0%) 2 (5%) .01

Estimated blood loss of >500 mL, n (%) 39 (24.5%) 14 (33.3%) .42

Second-degree obstetrical tears, n (%) 46 (28.9%) 17 (40.5%) .15

Episiotomy, n (%) 8 (5.0%) 5 (11.9%) <.01

Apgar score of <7 at 5 min, n (%) 1 (0.6%) 1 (2.4%) .31

Neonatal acidemia, n (%) 1 (0.6%) 1 (2.4%) .31

CAO, n (%) 23 (14.5%) 12 (28.6%) .01
AGA, appropriate for gestational age; CAO, composite adverse outcome; LAM, levator ani muscle; LGA, large for gestational age; OASI, obstetrical anal sphincter injury; SGA, small for gestational age.

Di Serio. Antepartum assessment of levator ani muscle coactivation in low-risk pregnancies. Am J Obstet Gynecol MFM 2026.
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LAM coactivation. Women with LAM
coactivation showed no difference in
terms of APD of the LAM at rest but
had shorter APD of the LAM during
the pushing effort than those in the
control group (5.6§0.8 vs 4.5§0.9
cm, respectively; P≤.01). The compar-
ison of labor and perinatal outcomes
between the cases with and without
LAM coactivation is presented in
Table 2. Women with LAM coactiva-
tion showed longer second stage of
labor duration than those without
LAM coactivation (64.7§45 vs 84§50
minutes, respectively; P=.02). Further-
more, compared with women without
LAM coactivation, those with LAM
coactivation had higher rates of com-
posite adverse outcomes (28.6% vs
14.5%, respectively; P<.01), episiot-
omy (11.9% vs 5.0%,
respectively; P=.001), and OASIs
(5.0% vs 0.0%, respectively; P=.02).
There was no significant difference in
the rate of obstetrical intervention for
dystocia between the 2 groups. The
Pearson correlation showed a weak
4 AJOG MFM & 2026
negative correlation between the APD
of the LAM during the pushing effort
and the duration of the second stage
of labor (�0.226; P<.01). The com-
parison of the antepartum character-
istics between cases experiencing
CAO and those that did not showed
an increased frequency of LAM coac-
tivation (34.3% vs 18.1%, respectively;
P<.01) in the former group (Table 3).

Discussion
Principal findings
The findings of this study showed an
increased duration of the second stage
of labor in low-risk nulliparous women
demonstrating LAM coactivation at
term pregnancy before the onset of
labor. Furthermore, our data showed an
association between LAM coactivation
with CAO and the occurrence of
OASIs.

Results in the context of what is
known
In our population, sonographically eval-
uated by means of TPU by trained
midwives, the frequency of LAM coacti-
vation was consistent with that from
previous studies conducted by obstetri-
cians with dedicated expertise, showing
figures ranging between 18% and
31%.7,8 Previous studies evaluating the
presence or absence of LAM coactiva-
tion concerning the occurrence of labor
dystocia in the second stage of labor
consistently showed an increasing dura-
tion of the second stage of labor in the
event of LAM coactivation in nullipa-
rous women.10,11,13−17 In addition, this
finding was confirmed by Kamel et al,7

who demonstrated a longer duration of
the second stage of labor after induction
of labor in cases of LAM coactivation.
Such inappropriate contraction of the

LAM negatively affects the descent of
the presenting part in the context of soft
tissue dystocia.15−17 In addition, the
findings of our study indicated a longer
duration of the second stage of labor,
which was not associated with an
increased rate of operative delivery or
with operative delivery due to labor dys-
tocia. Consistently, previous data from



TABLE 3
Comparison of the antenatal characteristics between cases with and without composite adverse labor outcomes

Variable No composite adverse labor outcome (n=166) Composite adverse labor outcome (n=35) P value

Maternal age (y), mean§SD 30.6§4.6 30.7§4.4 .95

Obesity, n (%) 8 (4.8%) 1 (2.8%) .64

Augmentation, n (%) 70 (42.1%) 18(51.4%) .24

Induction of labor, n (%) 74 (44.6%) 20 (57.1%) .12

Epidural, n (%) 110 (66.3 %) 26 (74.3 %) .23

Fetus LGA, n (%) 16 (9.6%) 4 (11.4 %) .70

LAM APD at rest (cm), mean§SD 4.8§0.8 4.8§0.7 .81

LAM APD at pushing (cm), mean§SD 5.4§1.0 5.2§0.9 .13

LAM coactivation, n (%) 30 (18.1%) 12 (34.3%) <.01
APD, anteroposterior diameter; CAO, composite adverse outcome; LAM, levator ani muscle; LGA, large for gestational age.

Di Serio. Antepartum assessment of levator ani muscle coactivation in low-risk pregnancies. Am J Obstet Gynecol MFM 2026.
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another unit reporting higher rates of
cesarean delivery and instrumental
delivery could not demonstrate any
association between LAM coactivation
and operative delivery.8

In our population, the LAM APD at
rest was similar between the LAM coac-
tivation and noncoactivation groups.
Therefore, based on our data, we
hypothesize that the negative effect on
head progression and descent is depen-
dent on the inappropriate contraction
of the LAM during active pushing only
and not on a short APD of the LAM at
rest. This result is consistent with a pre-
vious study by Brunelli et al,18 where an
increase in the APD of the LAM from
rest to Valsalva maneuver before the
onset of labor at term was associated
with a shorter duration of the active sec-
ond stage of labor.
Another—and previously unreported

—finding from our study was the asso-
ciation between LAM coactivation and
OASIs. Here, the overall incidence of
OASIs was 1% in the context of the lim-
ited number of included cases, which is
consistent with the rate reported from
centers with dedicated expertise in peri-
neal care.11,19 However, both cases of
OASI were recorded among women
with LAM coactivation. We believe that
such a finding is clinically—other than
statistically—relevant. From a patho-
physiological perspective, the increased
rate of OASIs in women with LAM
coactivation can be explained by the
fact that patients with coactivation often
show hypertonicity and reduced disten-
sibility of the pelvic floor.15−17 Other
potential explanations include the dys-
functional distribution of pressure in
the birth canal resulting in increased
stretching tension on the posterior com-
partment in the event of LAM CoA20

together with the increased frequency of
perineal edema resulting in reduced dis-
tensibility and increased fragility of the
perineal tissue.16 Finally, LAM CoA has
been reported to increase the duration
of the second stage of labor, hence indi-
rectly represents a risk factor for opera-
tive vaginal delivery5, which is also
acknowledged as a risk factor for OASIs.
In our study no difference in the fre-
quency of operative vaginal delivery nor
for operative delivery due to labor dys-
tocia was recorded between coactivating
and non-coactivating patients, however
this finding may be dependent upon the
inadequate number of included cases to
assess such association.

Clinical and research implications
The early identification of women with
LAM coactivation may enable the
implementation of corrective interven-
tions, including targeted biofeedback or
neuromuscular pelvic floor training, to
optimize pelvic floor function and
improve labor outcomes. Ultrasound
visual feedback has been proposed as a
potential tool to improve labor out-
comes, given its potential to resolve
coactivation by teaching patients to
increase the APD of the hiatus during
the pushing effort.14 Previous data dem-
onstrated that ultrasound visual feed-
back before the onset of labor may
increase the dimensions of the LAM
and reverse LAM coactivation in 16% to
50% of cases.6,8 Such an approach ena-
bles women to visualize the dynamic
changes of the LAM, which may
enhance their ability to optimize relaxa-
tion of the LAM during the pushing
effort.6,18,21 This might positively affect
the fetal head descent. Youssef et al14

demonstrated a relationship between
LAM coactivation and the sonographic
indicators of head descent (ie, width of
the angle of progression [AoP] at term
pregnancy before the onset of labor.
More specifically, LAM coactivation
resulted in increased resistance to fetal
head descent at rest and during the
pushing effort, which translated into a
narrower AoP.17 Moreover, although
no study has specifically addressed
such an issue, we believe that it may
be worth investigating whether coacti-
vation and increased tone of the LAM
are associated with failed instrumental
delivery.
In addition, our data suggest that the

screening of pelvic floor health before
labor onset can be effectively under-
taken in the context of routine
& 2026 AJOG MFM 5
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midwifery follow-up assessment at term
pregnancy. Of note, 1 previous study
from our group demonstrated that
training midwives on ultrasound in
labor leads to improved imaging quality
and accuracy in the measurements.20

Consistently, we hypothesized that
training midwives in evaluating the
presence or absence of LAM coactiva-
tion before labor—in the current case at
routine antenatal clinic evaluation—
may improve the antepartum identifica-
tion of the patients that may benefit
from visual biofeedback with or without
the adjunct of perineal massage to
reduce the rate of adverse labor out-
comes related to LAM coactivation.
OASIs and perineal management

represent crucial aspects of intrapartum
care,22 which are associated with short-
and long-term morbidities, including
anal incontinence23 and urinary incon-
tinence,24 perineal pain, or dyspareu-
nia.25 The current study shows that
LAM coactivation is a risk factor for
OASI. The strategies, including “hands-
on” protection of the perineum, woman
free position, “shoulder-up” bundle,
and perineum massage, have been pro-
posed to reduce the risk and incidence
of OASIs.26 In such a context, identify-
ing patients with LAM coactivation
may allow tailored antepartum perineal
management and intrapartum preven-
tive strategies given their increased risk
of OASIs.22,27

Strengths and limitations
The main strength of this prospective
study is its original design, as we
reported data on antepartum sono-
graphic transperineal assessment of the
LAM performed by trained midwives in
the context of a routine evaluation at
term pregnancy.
Concerning the limitations, the fact

that the primary outcome is a compos-
ite one depends on the expected low fre-
quency of labor complications in a low-
risk population. In addition, only nul-
liparous women were included, and
LAM coactivation was not reassessed
during labor. Another limitation is that
the ascertainment of OASIs was based
on clinical findings shortly after delivery
and not by a gold standard reference,
6 AJOG MFM & 2026
which is represented by endoanal ultra-
sound 6 to 12 weeks after delivery.
Therefore, an undefined number of
OASIs may have been overlooked. Fur-
thermore, the presence or absence of
LAM coactivation was evaluated by
means of 2-dimensional TPU on the
midsagittal plane only and not by mea-
suring transverse pelvic floor diameters
by means of 3- and 4-dimensional
TPUs as recently proposed by some
independent research groups.9,10,12,20

Finally, the single-center design may
reduce the generalizability of the study
findings.
Conclusion
Our study shows that, within a selected
cohort of low-risk nulliparous women
at term, the antepartum demonstration
of LAM coactivation by midwives with
dedicated training in TPU affects the
labor outcome and is particularly asso-
ciated with an increased duration of the
active second stage of labor and rate of
OASIs. Further studies are needed to
investigate the effect of targeted inter-
ventions in improving labor outcomes
in women with antepartum evidence of
LAM coactivation. &
CRediT authorship
contribution statement
Maurizio Di Serio: Methodology,
Investigation, Conceptualization.
Enrico Corno: Writing − review &
editing, Writing − original draft. Sara
dell’Omo: Investigation, Data curation.
Patrizia Melioli: Investigation. Giorgia
Contardi: Investigation. Adriane
Nigro: Investigation. Serena Neri:
Investigation. Tullio Ghi: Writing −
review & editing, Conceptualization.
Andrea Dall’Asta: Writing − review &
editing, Writing − original draft,
Conceptualization.

ACKNOWLEDGMENTS

We would like to thank the following study
collaborators: Gabriella Celora, Michela
Taverna, Elisa Lucchetti, and Francesca Frati.
Supplementary materials
Supplementary material associated
with this article can be found in the
online version at doi:10.1016/j.
ajogmf.2026.101901.

References
1. Alketbi MSG, Meyer J, Robert-Yap J, et al.
Levator ani and puborectalis muscle rupture:
diagnosis and repair for perineal instability.
Tech Coloproctol 2021;25:923–33.
2. Ashton-Miller JA, DeLancey JOL. Functional
anatomy of the female pelvic floor. Ann N Y
Acad Sci 2007;1101:266–96.
3. Desseauve D, Fradet L, Lacouture P, Pierre
F. Position for labor and birth: state of knowl-
edge and biomechanical perspectives. Eur J
Obstet Gynecol Reprod Biol 2017;208:46–54.
4. Ashton-Miller JA, DeLancey JOL. On the
biomechanics of vaginal birth and common
sequelae. Annu Rev Biomed Eng 2009;11:
163–76.
5. Youssef A, Brunelli E, Fiorentini M, Pilu G,
Spelzini F. Soft-tissue dystocia due to paradoxi-
cal contraction of the levator ani as a cause of
prolonged second stage: concept, diagnosis,
and potential treatment. Am J Obstet Gynecol
2024;230:S856–64.
6. €Orn€o AK, Dietz HP. Levator co-activation is a
significant confounder of pelvic organ descent
on valsalva maneuver. Ultrasound Obstet
Gynecol 2007;30:346–50.
7. Kamel R, Montaguti E, Nicolaides KH, et al.
Contraction of the levator ani muscle during val-
salva maneuver (coactivation) is associated with
a longer active second stage of labor in nullipa-
rous women undergoing induction of labor. Am
J Obstet Gynecol 2019;220:189.e1–8.
8. Youssef A, Montaguti E, Dodaro MG, Kamel
R, Rizzo N, Pilu G. Levator ani muscle coactiva-
tion at term is associated with longer second
stage of labor in nulliparous women. Ultrasound
Obstet Gynecol 2019;53:686–92.
9. Van Delft K, Thakar R, Sultan AH. Pelvic floor
muscle contractility: digital assessment vs
transperineal ultrasound. Ultrasound Obstet
Gynecol 2015;45:217–22.
10. Lothian JA. Safe prevention of the primary
Cesarean delivery: ACOG and SMFM change
the game. J Perinat Educ 2014;23:115–8.
11. The Management of Third- and Fourth-
Degree Perineal Tears Green-top Guideline No.
29.Royal College of Obstetricians and Gynae-
cologists; 2015. Available at: https://www.
rcog.org.uk/media/5jeb5hzu/gtg-29.pdf.
Accessed April 29, 2025.
12. van Veelen GA, Schweitzer KJ, van Hoo-
genhuijze NE, van der Vaart CH. Association
between levator hiatal dimensions on ultra-
sound during first pregnancy and mode of
delivery. Ultrasound Obstet Gynecol
2015;45:333–8.
13. Dietz HP, Lanzarone V. Measuring engage-
ment of the fetal head: validity and reproducibil-
ity of a new ultrasound technique. Ultrasound
Obstet Gynecol 2005;25:165–8.
14. Youssef A, Brunelli E, Montaguti E, et al.
Transperineal ultrasound assessment of mater-
nal pelvic floor at term and fetal head

https://doi.org/10.1016/j.ajogmf.2026.101901
https://doi.org/10.1016/j.ajogmf.2026.101901
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0001
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0001
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0001
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0001
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0002
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0002
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0002
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0003
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0003
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0003
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0003
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0004
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0004
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0004
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0004
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0005
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0005
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0005
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0005
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0005
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0005
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0006
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0006
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0006
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0006
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0006
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0007
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0007
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0007
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0007
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0007
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0007
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0008
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0008
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0008
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0008
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0008
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0009
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0009
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0009
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0009
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0010
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0010
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0010
https://www.rcog.org.uk/media/5jeb5hzu/gtg-29.pdf
https://www.rcog.org.uk/media/5jeb5hzu/gtg-29.pdf
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0012
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0012
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0012
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0012
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0012
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0012
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0013
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0013
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0013
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0013
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0014
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0014
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0014


ARTICLE IN PRESS
Original Research
engagement. Ultrasound Obstet Gynecol
2020;56:921–7.
15. Raimondo D, Youssef A, Mabrouk M, et al.
Pelvic floor muscle dysfunction on 3D/4D trans-
perineal ultrasound in patients with deep infil-
trating endometriosis: a pilot study. Ultrasound
Obstet Gynecol 2017;50:527–32.
16. Mabrouk M, Del Forno S, Spezzano A,
et al. Painful love: superficial dyspareunia and
three dimensional transperineal ultrasound
evaluation of pelvic floor muscle in women with
endometriosis. J Sex Marital Ther 2020;46:
187–96.
17. Mabrouk M, Raimondo D, Del Forno S,
et al. Pelvic floor muscle assessment on three-
and four-dimensional transperineal ultrasound
in women with ovarian endometriosis with or
without retroperitoneal infiltration: a step
towards complete functional assessment.
Ultrasound Obstet Gynecol 2018;52:265–8.
18. Brunelli E, Del Prete B, Casadio P, Pilu G,
Youssef A. The dynamic change of the antero-
posterior diameter of the levator hiatus under
valsalva maneuver at term and labor outcome.
Neurourol Urodyn 2020;39:2353–60.
19. Laine K, Skjeldestad FE, Sandvik L, Staff
AC. Incidence of obstetric anal sphincter inju-
ries after training to protect the perineum:
cohort study. BMJ Open 2012;2:e001649.
20. di Pasquo E, Ramirez Zegarra R, Kiener
AJO, et al. Usefulness of an intrapartum ultra-
sound simulator (IUSimTM) for midwife training:
results from an RCT. Fetal Diagn Ther
2021;48:120–7.
21. Gilboa Y, Frenkel TI, Schlesinger Y, et al.
Visual biofeedback using transperineal ultra-
sound in second stage of labor. Ultrasound
Obstet Gynecol 2018;52:91–6.
22.Webb SS, Hemming K, Khalfaoui MY, et al.
An obstetric sphincter injury risk identification
system (OSIRIS): is this a clinically useful tool?
Int Urogynecol J 2017;28:367–74.
23. Haylen BT, de Ridder D, Freeman RM,
et al. An International Urogynecological Associ-
ation (IUGA)/International Continence Society
(ICS) joint report on the terminology for female
pelvic floor dysfunction. Int Urogynecol J
2010;21:5–26.
24. Edozien LC, Gurol-Urganci I, Cromwell DA,
et al. Impact of third- and fourth-degree peri-
neal tears at first birth on subsequent preg-
nancy outcomes: a cohort study. BJOG
2014;121:1695–703.
25. McLeod NL, Gilmour DT, Joseph KS,
Farrell SA, Luther ER. Trends in major risk
factors for anal sphincter lacerations: a 10-
year study. J Obstet Gynaecol Can
2003;25:586–93.
26. Morganelli G, Fieni S, dell’Omo S, et al. Effi-
cacy of intrapartum bundles and interventions
in reducing vaginal delivery-related perineal
trauma: a systematic review. Eur J Obstet
Gynecol Reprod Biol 2025;305:107–16.
27. Del Forno S, Arena A, Alessandrini M, et al.
Transperineal ultrasound visual feedback assisted
pelvic floor muscle physiotherapy in women with
deep infiltrating endometriosis and dyspareunia:
a pilot study. J Sex Marital Ther 2020;46:603–11.
Author and article information
From the Department of Medicine and Surgery, Obstet-
rics and Gynecology Unit, University of Parma (Di Serio,
Corno, dell’Omo, Neri, and Dall’Asta), Italy; Department
of Woman and Child, University Hospital of Parma
(Melioli, Contardi, and Nigro), Parma, Italy; Catholic Uni-
versity of Sacred Heart, Department of Women and Child
Health, Fondazione Policlinico Universitario Agostino
Gemelli IRCCS (Ghi), Rome, Italy.
Received Nov. 21, 2025; revised Jan. 18, 2026;

accepted Jan. 21, 2026.
T.G. and A.D.A. share last authorship.
The authors report no conflict of interest.
No funding was received for this study.
Corresponding author: Andrea Dall’Asta, PhD.

andrea.dallasta@unipr.it
& 2026 AJOG MFM 7

http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0014
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0014
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0015
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0015
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0015
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0015
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0015
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0016
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0016
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0016
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0016
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0016
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0016
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0017
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0017
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0017
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0017
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0017
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0017
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0017
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0018
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0018
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0018
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0018
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0018
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0019
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0021
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0021
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0021
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0021
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0021
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0021
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0020
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0020
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0020
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0020
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0022
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0022
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0022
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0022
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0023
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0023
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0023
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0023
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0023
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0023
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0024
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0024
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0024
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0024
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0024
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0025
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0025
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0025
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0025
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0025
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0026
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0026
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0026
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0026
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0026
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0027
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0027
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0027
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0027
http://refhub.elsevier.com/S2589-9333(26)00012-1/sbref0027
mailto:andrea.dallasta@unipr.it

	Antepartum 2-dimensional sonographic evaluation of levator ani muscle coactivation and correlation with labor outcomes in nulliparous women at term gestation
	Introduction
	Materials and methods
	Results
	Discussion
	Principal findings
	Results in the context of what is known
	Clinical and research implications
	Strengths and limitations
	Conclusion
	CRediT authorship contribution statement

	Acknowledgments
	Supplementary materials
	References



