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ARTICLE INFO ABSTRACT

Keywords: Aims: The passage of the fetus through the birth canal, stretches the soft tissues of the pelvic floor, in particular
Levator ani m‘fSFle avulsion the levator ani muscle. Excessive distension of the levator ani muscle (LAM) hiatus and LAM avulsions are
Fetal head position associated with pelvic organ prolapse. Our aim was to evaluate the impact of the fetal head position and station
Fetal head station on the LAM

Transperineal ultrasound . . . . . . .
P Methods: A prospective cross-sectional observational study of women undergoing their first vaginal birth. Women

were examined vaginally by a doctor or midwife to assess the fetal head station in relation to the ischial spines.
Three dimensional transperineal ultrasound (3D TPUS) was performed on these women in the second stage of
labour when they had a vaginal examination. The 3D TPUS was done to identify LAM avulsion and measure the
anteroposterior (AP) diameter and the hiatal area. In addition, transabdominal ultrasound (TAUS) was used to
determine the fetal head position. A Kruskal-Wallis test was performed to compare non-parametric variables.
Results: 274 women were invited and 264 (95 %) agreed to participate. 52 women had a TPUS performed during
the second stage of labour. The fetal head position was occiput anterior (OA) 32 (62 %), occiput posterior (OP) 9
(17 %), and occiput transverse (OT) 11 (21 %).

There was a significant increase in the AP diameter and hiatal area as the fetal head descended from —1 to +2.
(AP diameter: 6.1 vs 8.1 cm, p = 0.002; hiatal area: 16.3 vs 30.3 cmz, p = 0.01).

The fetal head position did not affect the AP diameter or hiatal area measurements. No LAM avulsions were
diagnosed in the second stage of labour before birth.

No LAM avulsions were found following caesarean section (n = 7). Women who gave birth vaginally were invited
to have a repeat scan after three months, and 35/45 (78 %) came for follow-up. LAM avulsions were diagnosed
three months postpartum in 10/35 (29 %) women following their vaginal birth.

Conclusions: This is the first study to evaluate how the fetal head station and position affect the LAM after active
second stage of labour. There is a 25 % increase in AP diameter and a doubling of the hiatal area as the head
descends from station —1 to +2. LAM avulsions are known to occur following a vaginal birth, and this study
demonstrates that LAM avulsions do not occur until the birth of the head. It also highlights that despite pushing
in the active second stage of labour, an unsuccessful vaginal delivery followed by CS is not associated with a LAM
avulsion. This information will be useful to counsel women regarding mode of delivery.

Introduction alteration of the pelvic floor connective tissue [1]. During vaginal birth,
the rigid bony pelvis, cervix, and levator ani muscles (LAM) create

During pregnancy and childbirth, the pelvic floor undergoes signif- resistance as the fetal head moves through the birth canal. Computerized
icant changes. In pregnancy, there is pressure from the gravid uterus and models have shown that the greatest distension of the pelvic floor occurs
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when the fetal head is delivered [2,3], with the pubococcygeus muscles
(part of the LAM) experiencing the most strain. This makes them
particularly vulnerable to detachment, known as LAM avulsion, which is
a risk factor for pelvic organ prolapse (POP) [4]. POP is common and can
significantly affect a woman’s quality of life [5]. Between 10-36 % of
women with POP have an underlying LAM avulsion [4,6]. Additionally,
excessive distension of the hiatal area is associated with POP [7].

Studies using computerized models and 3D transperineal ultrasound
(TPUS) have assessed the impact of fetal descent on the pelvic floor
[2,3]. A prospective study on 35 primigravidae found that as the fetal
head descends, the levator hiatus area increases significantly. However,
this study did not evaluate the impact of the fetal head position on the
LAM specifically. It is known that an occipitoposterior (OP) fetal posi-
tion is associated with prolonged labour [8].

Conventionally, digital examination is used to evaluate the fetal head
station and position, which is essential in assessing labour progression
[9] and deciding whether a vaginal instrumental birth or caesarean
section is needed [10,11]. Accurate assessment is crucial, as errors can
lead to complications like fetal trauma [12,13]. Clinical examination to
determine the fetal head station and position is subjective and can be
inaccurate [14,15] Intrapartum TPUS has emerged as a more objective
method for assessing fetal head position and station [16], offering pa-
rameters such as the angle of progression (AoP) [17,18], which is a
reliable measure for determining head station [19-21].

This study aimed to evaluate the impact of the fetal head position
and station on the levator ani muscle .

Materials and methods

Women having their first vaginal birth over 16 months between
March 2016 and June 2017 at University Hospital Lewisham were
invited to participate. Women were given written information about the
study at their 20-22 weeks anomaly scan, and written consent was ob-
tained. This study is part of another study on obstetric anal sphincter
injuries that has been previously published [22].

Doctors and midwives performed digital vaginal examinations (VE)
on women to determine the fetal head station and cervical dilatation
when clinically indicated in labour as part of routine labour manage-
ment. All clinical examinations were performed when there was a
clinical indication, and no VE were performed solely for this study. The
station was assessed by determining the relationship between the level
of the ischial spines and the leading edge of the fetal head [23] from —5
to +5.

The fetal head position was determined when the cervix was fully
dilated (10 cm) by vaginal examination. Palpation of the sagittal suture
and fontanelles was performed to determine the fetal head position
[24,25] which was then classified as occiput anterior (OA), occiput
posterior (OP), and left or right occiput transverse (LOT/ROT).

Transabdominal ultrasound (TAUS) was performed using a GE olu-
son 730 system to assess the fetal head position in labour. A 4-8 MHz
transabdominal curved array volume transducer was used. Immediately
after the clinical examination, a TAUS was performed to identify the
fetal occiput position. The ultrasound scan was performed with the pa-
tient in the supine position. An abdominal probe was placed transversely
on the woman’s abdomen to visualise the axial view of the fetal trunk at
the level of the fetal upper abdomen or chest. The fetal spine could then
be visualised. The abdominal probe was moved down towards the
maternal suprapubic area, and a transverse view of the fetal head was
obtained. With TAUS, the landmarks used to determine an OP position
were the two fetal orbits; for the OT position, the midline cerebral echo,
and for the OA position, it was the occiput itself with the fetal cervical
spine in the sagittal plane. The fetal head position was recorded with the
short hand of a clockface: OT position between >02.30 and <03.30 or
between >08.30 and <09.30; OP position between >03.30 and <08.30;
and OA position between >09.30 and <02.30 [26].

2D TPUS was performed to assess fetal head station in labour by
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Table 1
Mean values of the angle of progression in relation to the fetal head station
determined by digital vaginal examination.

Station -3(m= —2(m= 1= 0(mn= +1(n= +2(n =
4) 25) 42) 42) 21) 8)
AoP 108.2 111 120.7 134.7 139.9 160.9
Mean (19.2) (13.5) 11.7) (10.8) (15.9) (14.9)
(SD)

AoP, angle of progression; SD, standard deviation.

measuring the AoP. TPUS was only performed when the research fellow
was available on the birth suite. Two-dimensional TPUS was performed
by the clinical research fellow (KW) immediately after each clinical
vaginal examination. The 2D TPUS was performed in the supine position
between contractions. The probe was placed between the labia and
below the pubic symphysis. The long axis of the pubic symphysis was
identified in the sagittal view. In the sagittal view two callipers were
placed at points to identify the long axis of the pubic symphysis from
which a line was drawn. A second line was subsequently drawn from the
most inferior portion of the pubic symphysis tangentially to the fetal
skull contour. Measurements were then taken from at least three sepa-
rate scans at each examination. The angle between the two calliper lines
was then measured offline by a single operator (KW) who was blinded to
the clinical findings, and the mean value of the three measurements was
calculated [19].

A 4-8 MHz transabdominal curved array volume transducer was
used with an acquisition angle of 85 degrees. The images were acquired
at rest. The minimal anteroposterior (AP) diameter of the levator hiatus
was identified in the mid-sagittal plane, from the posterior margin of the
pubic symphysis to the anterior margin of LAM [7]. The hiatal area and
AP diameter were measured from the rendered volume in the axial plane
[27]. Tomographic ultrasound imaging at rest was used to assess the
entire LAM and to diagnose levator avulsions [28]. Eight slices were
obtained in the axial plane from 5 mm below the plane of the minimal
hiatal dimension to 12.5 mm above the plane at 2.5-mm slice intervals
[28]. Direct visualisation gave Scores as zero or positive for LAM avul-
sion to the central three slices. LAM avulsions were then scored sepa-
rately for the left and right sides from O (no avulsion) to 3 (complete
LAM avulsion) [28]. The final bilateral score was 0 for no LAM avulsion,
1 to 3 for a minor LAM avulsion and either a score of 4 to 6, or a uni-
lateral score of 3 for a major LAM avulsion [29].

Data was entered into a Microsoft Excel database and analysed with
SPSS version 26 (Chicago, Illinois, USA). This study was approved by the
South East Coast — Surrey Research Ethics Committee (REC 16/L0O/
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Fig. 1. Association between ultrasound (Angle of Progression) and vaginal
examination for fetal head station.
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Table 2
Fetal head position in the second stage of labour determined by digital VE and
TAUS.

TAUS Fetal head position - digital VE
Fetal head position OA OoP oT
OA 28 0 1
oP 6 3

oT 0 0 11

*The kappa value quantifying the agreement between methods was 0.73, with a
corresponding confidence interval from 0.52 to 0.93.
OA, occiput anterior; OA, occiput posterior, OT occiput transverse; TAUS,
transabdominal ultrasound, VE vaginal examination

2140).
Results

Eighty nine women participated in the study, a total of 142 TPUS
were performed on them. Fifty nine (42 %) of the 142 scans were done in
the second stage of labour. Of the 89 women 24 (16.8 %) had a spon-
taneous vaginal birth, 7 (4.9 %) a vacuum extraction, 21 (14.7 %) a
forceps birth and 37 (25.9 %) a caesarean section.

Fetal head station

The station of the head determined by VE was between —3 and +2 in
relation to the ischial spines. There was a significant correlation between
clinical examination of the head station and the angle of progression
0.71 (P < 0.001), see Table 1 and Fig. 1.

Fetal head position

One hundred and thirty four digital VE and ultrasound examinations
were done in the first and second stage of labour. Clinicians were unable

European Journal of Obstetrics & Gynecology and Reproductive Biology 313 (2025) 114577

to determine the fetal head position in 47 (35 %) cases. Of these 47
digital VE, 24 (51 %) were in the OA position, 12 (26 %) in the OP
position and 11 (23 %) in the OT position as determined by TAUS. Fifty-
nine digital VE were performed in the second stage of labour and ten (17
%) were excluded as the doctor or midwife could not determine the fetal
head position. The fetal head position was also determined by ultra-
sound examination in all 49 cases. Of these 49 women, the fetal head
position was OA in 29 (59 %), OP in 9 (18 %) and OT in 11 (22 %) cases.
Vaginal digital examination failed to identify the correct fetal head
position in 7 (13.4 %) cases (Table 2). Table 2 shows that there is good
agreement, the biggest source of disagreement being between those
classified as OA on digital VE and OP with ultrasound assessment. The
Kappa value quantifying the agreement between methods was 0.73,
with a corresponding confidence interval from 0.52 to 0.93. This dem-
onstrates good agreement between the two sets of measurements. All OT
positions and 28 of the 29 (97 %) OA were correctly identified with
vaginal examination. For babies in OP position clinicians missed the
diagnosis in 6 (67 %) of the 9 cases.

Levator hiatal measurements

No levator avulsions were diagnosed in the first or second stage of
labour (Figs. 2 and 3). As the fetal head descended (determined by
clinical examination or ultrasound) the hiatal area and AP diameter
increased significantly (Tables 3 and 4).

A total of 134 ultrasound assessments were undertaken in the first
and second stages of labour. Babies in the OA position had a significantly
larger hiatal area than those in an OT or OP position (Table 5).

Discussion

This is the first study to evaluate the impact of the fetal head station
and position on the integrity of the LAM after second stage of labour. As
the head descends the birth canal from —3 above the ischial spines to +2
below the ischial spines, the hiatal area increased 2.5-fold and the AP

Fetal head

Fig. 2. Transperineal tomographic ultrasound imaging: intact levator ani muscle during the second stage of labour.
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Fig. 3. Tomographic ultrasound imaging: intact levator ani muscle during second stage of labour.

Table 3

Associations between levator hiatus measurements and fetal head station.
Variable 1 Variable 2 n Correlation ' p value
Angle of progression Hiatal area 142 0.46 <0.001
Angle of progression AP diameter 142 0.47 <0.001

tPearson correlation
AP, anteroposterior.

diameter increased by 75 %. In addition, this study shows that LAM
avulsions do not occur during the first stage of labour, which is in
keeping with the literature [31,32]. We also found that vaginal exami-
nation is a poor clinical tool in assessing the position of the fetal head as
two thirds of babies in the OP position were missed.

This is the first prospective study to evaluate the association between
the fetal head position and levator hiatal measurements. The hiatal area
was significantly larger with the fetal head position of OA when
compared with OP or OT.

During labour, the fetal head moves through the pelvic floor and
birth canal due to uterine contractions, maternal abdominal wall con-
tractions, and diaphragm muscle activity. 3D pelvic floor modelling has
demonstrated significant stretching of pelvic floor muscles as the fetal
head descends. The LAM faces the highest risk of injury during vaginal
birth. However, these models have limitations including assumptions
that the fetal head is a perfect sphere without taking into consideration

the variable stress of the surrounding tissues. During labour, the fetal
head moves through the pelvic floor and birth canal due to uterine
contractions, maternal abdominal wall contractions, and diaphragm
muscle activity [3]. With the use of a finite element model, Silva et al
[30] demonstrated how the LAM causes resistance to the descending
fetal head and how it may increase the risk of pelvic floor injury.
However, these models do not fully reflect what happens in real life.
Assessment of the LAM in labour with TPUS was first described by Blasi
et al in 2011 [31]. A prospective study of 56 women who had TPUS
performed during the first and second stages of labour found that it was
feasible to visualise the LAM in labour. Their study, however, did not
evaluate hiatal area measurements or the fetal head station during la-
bour. Another prospective cohort study [32] performed TPUS on 21
primiparous women in labour to assess the hiatal area and AP diameter.

Table 5
Hiatal area and AP diameter in different fetal head positions determined by
transabdominal ultrasound.

OA(n=56) OPm=29) ROT/LOT(n=49) pvalue
Mean + SD Mean + SD Mean + SD
AP diameter (cm) 6.1 +1.4 5.8 +£0.9 55+ 1.3 0.07
Hiatal area (cm?) 19.4 £ 6.1 17.1 £ 4.8 16.3 £ 5.6 0.02

§Analysis of Variance (ANOVA).
AP, anteroposterior; OA, occiput anterior; OA, occiput posterior, LOT, left
occiput transverse; ROT, right occiput transverse; SD, standard deviation.

Table 4
Median values of hiatal area and AP diameter in relation to fetal head station by digital vaginal examination.
Station Mean (Range) n = 142 -3 -2 -1 0 +1 +2 Correlation p value
n=4 n=24 n=42 n=41 n=21 n=2_8
Hiatal area (cm?) 10.7 (9.5-12) 15.7 (14.5-17.1) 17 (13-21) 18 (13-21) 19 (17-23) 26 (21-30) 0.39 <0.001
AP diameter (cm) 4.2 (3.5-4.9) 5.1 (4-6) 5.6 (4.5-6.7) 5.9 (4.8-7) 6.3 (5-7.5) 7.4 (6-8.8) 0.45 <0.001

iPearson correlation
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They demonstrated that the hiatal area increased significantly when the
fetal head station progressed from —5 to +4. However, the fetal head
station was only assessed by clinical examination, which has been shown
to be both inaccurate and subjective. In our study, fetal head station was
assessed by both clinical examination and ultrasound measurement of
the AoP. There was an increase in the hiatal area and the AP diameter as
the fetal head descended in the birth canal. The hiatal area and AP
diameter were significantly larger at fetal head station of +2 compared
with —3, which concurred with the findings of Garcia-Mejido [32]. They
[32] performed 3D TPUS on 35 primigravidae in the first and second
stages of labour. They demonstrated that the levator hiatus area in-
creases as the fetal head descends in the birth canal. Our findings on
levator hiatal dimensions during labour are consistent with previously
published data on fetal head size and the degree of pelvic floor stretch
required for vaginal delivery. Notably, Svabik et al. [33] reported that
the average smallest fetal head circumference is approximately 29 cm?.
This corresponds closely to the mean hiatal area we observed at +2
station in our cohort, suggesting a biomechanical compatibility between
the dimensions of the fetal head and the maternal levator hiatus at
advanced descent.

As the fetus descends, the fetal head diameter varies due to flexion of
the neck. In OP position, the fetal head is typically incompletely flexed,
leading to the presentation of the occipitofrontal diameter which mea-
sures 11.5 cm. This is larger compared to the smaller diameter associ-
ated with the OA position 9.5 cm [34]. Surprisingly we found that hiatal
area was larger in OA compared to OP or OT. One would expect that the
OP position is associated with larger hiatal area due to the larger pre-
senting diameter. An explanation for this may be that there are other
contributing factors, which might include the pressure on the pelvic
floor muscle, moulding and caput succedaneum of the fetal head and the
degree of the flexion of the fetal neck.

In our study no LAM avulsion was diagnosed in labour, confirming
the findings of two other prospective studies [31,32]. Blasi et al. [31]
performed TPUS on 35 primiparous women in the first and second stages
of labour before birth and found no LAM avulsion. More recently, in
2017 Garcia-Mejido et al. [32] studied 21 primiparous women and
found no LAM avulsion during labour but LAM avulsion was only
identified after birth of the baby. Caesarean section at full dilatation can
be technically challenging and is associated with increased maternal and
neonatal morbidity. However, women can be reassured that a caesarean
section conducted in the active second stage of labour is not associated
with LAM avulsion.

Strengths and limitations

Our study is the first to evaluate the impact of fetal head position on
the levator hiatal area and the integrity of the LAM after active second
stage of labour. Our study population included women undergoing their
first vaginal birth with variations in body mass index, ethnicity and
anesthesia. Therefore, our results could be generalizable to other centres
with a mixed population. Doctors and midwives remained blinded to the
ultrasound findings during all clinical examinations, and the research
fellow was blinded to the VE findings; thus the findings on VE and
subsequent management did not influence the research findings or vice
versa.

This study has limitations, including ultrasound scans being per-
formed only when the research fellow was available, meaning scans
weren’t conducted after each vaginal examination. The accuracy of ul-
trasound was assumed to be 100 %, though it may not be entirely pre-
cise. Additionally, while ultrasound can assess caput and moulding [35],
which can affect labour progress, these measurements were not included
in the study.

We also acknowledged that our findings suggest that an AoP of 134
degrees corresponding to station 0, which is different from other liter-
ature. These variations may be due to differences in study populations,
vaginal examination variability and measurement technique variability.
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We agree that the laterality of avulsion remains speculative. While
our dataset does not contain diagnosed cases of avulsion during labour
(either first or second stage), it offers meaningful insight into how pelvic
floor muscles vary with head position and descent.

Conclusions

To date, this is the largest study to evaluate how the fetal head sta-
tion and position affects the LAM. There is an increase in the AP diam-
eter and the hiatal area doubles as the head descends from a station of
—3 to +2. No LAM avulsion occurred in labour but was identified after
the birth of the baby. Despite pushing in the active second stage of la-
bour, an unsuccessful vaginal delivery followed by CS is not associated
with a LAM avulsion. This information will be useful to counsel women
regarding the mode of delivery.

CRediT authorship contribution statement

Ka Woon Wong: Writing - review & editing, Writing — original draft,
Formal analysis, Data curation. Abdul H Sultan: Writing — review &
editing, Supervision. Vasanth Andrews: Writing — review & editing,
Supervision. Heather Allen-Coward: Writing — review & editing, Su-
pervision. Ranee Thakar: Writing — review & editing, Supervision.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Some of the contents of this paper were included in “Transperineal
Ultrasound Assessment of Pelvic Floor Dysfunction’ for Doctor of
Medicine (Research) at St. George’s, University of London (Published
date 1st July 2021).

Acknowledgements

We would like to thank P. Bassett at Statsconsultancy Ltd for the
support with the statistical analysis.

References

[1

—

Landon CC, Smith ARB, Trowbridge EA. Mechanical properties of fascia during
pregnancy: a possible factor in the development of stress incontinence of urine.
Contemp Rev Obstet Gynaecol 1990;2:40-6.

[2] Lien KC, Mooney B, DeLancey JO, Ashton-Miller JA. Levator ani muscle stretch
induced by simulated vaginal birth. Obstet Gynecol 2004 Jan;103(1):31-40.
https://doi.org/10.1097/01.

[3] Ashton-Miller JA, DeLancey JO. Functional anatomy of the female pelvic floor. Ann
N Y Acad Sci 2007 Apr;1101:266-96. https://doi.org/10.1196/annals.1389.034.

[4] Dietz HP, Lanzarone V. Levator trauma after vaginal delivery. Obstet Gynecol 2005
Oct;106(4):707-12. https://doi.org/10.1097/01.

[5] Fritel X, Varnoux N, Zins M, Breart G, Ringa V. Symptomatic pelvic organ prolapse
at midlife, quality of life, and risk factors. Obstet Gynecol 2009 Mar;113(3):
609-16. https://doi.org/10.1097/A0G.0b013e3181985312.

[6] van Delft K, Thakar R, Sultan AH, Schwertner-Tiepelmann N, Kluivers K. Levator
ani muscle avulsion during childbirth: a risk prediction model. BJOG 2014 Aug;121
(9):1155-63. https://doi.org/10.1111/1471-0528.12676. discussion 1163.

[7] Dietz HP, Shek C, Clarke B. Biometry of the pubovisceral muscle and levator hiatus
by three-dimensional pelvic floor ultrasound. Ultrasound Obstet Gynecol 2005 Jun;
25(6):580-5. https://doi.org/10.1002/10g.1899.

[8] Ponkey SE, Cohen AP, Heffner LJ, Lieberman E. Persistent fetal occiput posterior
position: obstetric outcomes. Obstet Gynecol 2003 May;101(5 Pt 1):915-20.
https://doi.org/10.1016/s0029-7844(03)00068-1.

[9] Lavender T, Hart A, Smyth RM. Effect of partogram use on outcomes for women in
spontaneous labour at term. Cochrane Database Syst Rev Jul 10 2013;7. https://
doi.org/10.1002/14651858.

[10] American College of Obstetrics and Gynecology Committee on Practice Bulletins-
Obstetrics. ACOG Practice Bulletin Number 49, December 2003: Dystocia and
augmentation of labour. Obstet Gynecol 2003 Dec;102(6):1445-54. https://doi.
org/10.1016/j.obstetgynecol.2003.10.011.

[11] Murphy DJ, Strachan BK, Bahl R. Royal College of Obstetricians and
Gynaecologists. Assisted Vaginal Birth: Green-top Guideline No. 26. BJOG 2020;
127(9):e70-112. https://doi.org/10.1111/1471-0528.16092.

[12] Olagundoye V, MacKenzie IZ. The impact of a trial of instrumental delivery in

theatre on neonatal outcome. BJOG 2007 May;114(5):603-8. 10.1111.


http://refhub.elsevier.com/S0301-2115(25)00853-X/h0005
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0005
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0005
https://doi.org/10.1097/01
https://doi.org/10.1196/annals.1389.034
https://doi.org/10.1097/01
https://doi.org/10.1097/AOG.0b013e3181985312
https://doi.org/10.1111/1471-0528.12676
https://doi.org/10.1002/uog.1899
https://doi.org/10.1016/s0029-7844(03)00068-1
https://doi.org/10.1002/14651858
https://doi.org/10.1002/14651858
https://doi.org/10.1016/j.obstetgynecol.2003.10.011
https://doi.org/10.1016/j.obstetgynecol.2003.10.011
https://doi.org/10.1111/1471-0528.16092
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0060
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0060

KW.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Wong et al.

Murphy DJ, Liebling RE, Verity L, Swingler R, Patel R. Early maternal and neonatal
morbidity associated with operative delivery in second stage of labour: a cohort
study. Lancet 2001 Oct 13;358(9289):1203-7. https://doi.org/10.1016/50140-
6736(01)06341-3.

Dupuis O, Silveira R, Zentner A, Dittmar A, Gaucherand P, Cucherat M, et al. Birth
simulator: reliability of transvaginal assessment of fetal head station as defined by
the American College of Obstetricians and Gynecologists classification. Am J
Obstet Gynecol 2005 Mar;192(3):868-74. https://doi.org/10.1016/j.
ajog.2004.09.028.

Buchmann E, Libhaber E. Interobserver agreement in intrapartum estimation of
fetal head station. Int J Gynaecol Obstet 2008 Jun;101(3):285-9. https://doi.org/
10.1016/j.ijg0.2007.11.020.

Ghi T, Eggebg T, Lees C, Kalache K, Rozenberg P, Youssef A, et al. ISUOG practice
guidelines: intrapartum ultrasound. Ultrasound Obstet Gynecol 2018 Jul;52(1):
128-39. https://doi.org/10.1002/u0g.19072.

Tutschek B, Braun T, Chantraine F, Henrich W. A study of progress of labour using
intrapartum translabial ultrasound, assessing head station, direction, and angle of
descent. BJOG 2011 Jan;118(1):62-9. https://doi.org/10.1111/j.1471-
0528.2010.02775.x.

Ghi T, Farina A, Pedrazzi A, Rizzo N, Pelusi G, Pilu G. Diagnosis of station and
rotation of the fetal head in the second stage of labour with intrapartum translabial
ultrasound. Ultrasound Obstet Gynecol 2009 Mar;33(3):331-6. https://doi.org/
10.1002/u0g.6313.

Barbera AF, Pombar X, Perugino G, Lezotte DC, Hobbins JC. A new method to
assess fetal head descent in labour with transperineal ultrasound. Ultrasound
Obstet Gynecol 2009 Mar;33(3):313-9. https://doi.org/10.1002/10g.6329.

Wiafe YA, Whitehead B, Venables H, Odoi AT. Sonographic parameters for
diagnosing fetal head engagement during labour. Ultrasound 2018 Feb;26(1):
16-21. https://doi.org/10.1177/1742271X18755080.

Diickelmann AM, Michaelis SA, Bamberg C, Dudenhausen JW, Kalache KD. Impact
of intrapartal ultrasound to assess fetal head position and station on the type of
obstetrical interventions at full cervical dilatation. J Matern Fetal Neonatal Med
2012 May;25(5):484-8. https://doi.org/10.3109/14767058.2011.587057.

Wong KW, Thakar R, Sultan AH, Andrews V. Can transperineal ultrasound improve
the diagnosis of obstetric anal sphincter injuries? Int Urogynecol J 2022 Oct;33
(10):2809-14. https://doi.org/10.1007/500192-022-05290-7.

Cunningham FG, Leveno KJ, Bloom SL, et al. Williams Obstetrics. 23rd Edition. New
York: McGraw-Hill; 2010.

European Journal of Obstetrics & Gynecology and Reproductive Biology 313 (2025) 114577

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Cunningham FGMP, Gant NF, Leveno KJ, Gilstrap LC, Hankins GDVCS.
Mechanisms of normal labour in occiput presentation. Williams Obstetrics. 20th
ed. Stamford: Appleton & Lange; 1997. p. 319-25.

Norwitz ERRJ, Repke JT. Labour and birth. obstetrics: normal and problem
pregnancies. New York: Churchill Livingstone; 2001. p. 353-94.

Akmal S, Tsoi E, Nicolaides KH. Intrapartum sonography to determine fetal
occipital position: interobserver agreement. Ultrasound Obstet Gynecol 2004 Sep;
24(4):421-4. https://doi.org/10.1002/u0g.1065.

van Delft K, Schwertner-Tiepelmann N, Thakar R, Sultan AH. Inter-rater reliability
of assessment of levator ani muscle strength and attachment to the pubic bone in
nulliparous women. Ultrasound Obstet Gynecol 2013 Sep;42(3):341-6. https://
doi.org/10.1002/u0g.12426.

Dietz HP, Bernardo MJ, Kirby A, Shek KL. Minimal criteria for the diagnosis of
avulsion of the puborectalis muscle by tomographic ultrasound. Int Urogynecol J
2011 Jun;22(6):699-704. https://doi.org/10.1007/s00192-010-1329-4.

Lammers K, Fiitterer JJ, Inthout J, Prokop M, Vierhout ME, Kluivers KB.
Correlating signs and symptoms with pubovisceral muscle avulsions on magnetic
resonance imaging. 148.e1-7 Am J Obstet Gynecol 2013 Feb;208(2). https://doi.
0rg/10.1016/j.aj0g.2012.12.006.

Silva ME, Oliveira DA, Roza TH, Brandao S, Parente MP, Mascarenhas T, et al.
Study on the influence of the fetus head molding on the biomechanical behavior of
the pelvic floor muscles, during vaginal delivery. J Biomech 2015 Jun 25;48(9):
1600-5. https://doi.org/10.1016/j.jbiomech.2015.02.032.

Blasi I, Fuchs I, D’Amico R, Vinci V, La Sala GB, Mazza V, et al. Intrapartum
translabial three-dimensional ultrasound visualization of levator trauma.
Ultrasound Obstet Gynecol 2011 Jan;37(1):88-92. https://doi.org/10.1002/
u0g.8818.

Garcia Mejido JA, Sudrez Serrano CM, Fernéndez Palacin A, Aquise Pino A, Bonomi
Barby MJ, Sainz Bueno JA. Evaluation of levator ani muscle throughout the
different stages of labour by transperineal 3D ultrasound. Neurourol Urodyn 2017
Sep;36(7):1776-81. https://doi.org/10.1002/nau.23175.

Svabik K, Dietz HP. How much does the levator hiatus have to stretch during
childbirth? BJOG 2009;116:1657-62.

Anthony D’Esopo D, Md.. The occipito-posterior position: its mechanism and
treatment. Am J Obstet Gynecol 1941;38:937-57.

Wilkinson M, Usan S, Barton H, Lees C. Transperineal ultrasound to assess caput
succedaneum in labour: a more objective assessment compared to digital vaginal
examinations? Ultrasound Obstet Gynecol 2017;15:349.


https://doi.org/10.1016/S0140-6736(01)06341-3
https://doi.org/10.1016/S0140-6736(01)06341-3
https://doi.org/10.1016/j.ajog.2004.09.028
https://doi.org/10.1016/j.ajog.2004.09.028
https://doi.org/10.1016/j.ijgo.2007.11.020
https://doi.org/10.1016/j.ijgo.2007.11.020
https://doi.org/10.1002/uog.19072
https://doi.org/10.1111/j.1471-0528.2010.02775.x
https://doi.org/10.1111/j.1471-0528.2010.02775.x
https://doi.org/10.1002/uog.6313
https://doi.org/10.1002/uog.6313
https://doi.org/10.1002/uog.6329
https://doi.org/10.1177/1742271X18755080
https://doi.org/10.3109/14767058.2011.587057
https://doi.org/10.1007/s00192-022-05290-7
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0115
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0115
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0120
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0120
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0120
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0125
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0125
https://doi.org/10.1002/uog.1065
https://doi.org/10.1002/uog.12426
https://doi.org/10.1002/uog.12426
https://doi.org/10.1007/s00192-010-1329-4
https://doi.org/10.1016/j.ajog.2012.12.006
https://doi.org/10.1016/j.ajog.2012.12.006
https://doi.org/10.1016/j.jbiomech.2015.02.032
https://doi.org/10.1002/uog.8818
https://doi.org/10.1002/uog.8818
https://doi.org/10.1002/nau.23175
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0165
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0165
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0170
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0170
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0175
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0175
http://refhub.elsevier.com/S0301-2115(25)00853-X/h0175

	Does the fetal head station and position affect the pelvic floor muscles in labour? A prospective study using 3 dimensional ...
	Introduction
	Materials and methods
	Results
	Fetal head station
	Fetal head position
	Levator hiatal measurements

	Discussion
	Strengths and limitations
	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


