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Abstract
Introduction and hypothesis  Slow progress of labour is a risk for operative delivery. Smaller levator hiatal dimensions are 
possible risk factors for slow progress and operative delivery. Our aim was to explore associations between hiatal dimensions 
antenatally, duration of second stage of labour and mode of delivery.
Methods  Prospective cohort study of 65 nullipara examined at 20 weeks gestation and 6 months postpartum. Levator hiatal 
anteroposterior diameter and area were measured using 2D/3D transperineal ultrasound and compared between women with 
normal vaginal delivery and operative delivery (vacuum or caesarean) using t-test and with Spearman’s rank to explore cor-
relations with duration of second stage. ROC analysis established a cut-off for high risk of operative delivery.
Results  Two-dimensional anteroposterior diameter and 3D hiatal area at rest were smaller in women with operative delivery 
than with normal delivery, 5.0 cm vs. 5.7 cm, p = 0.007 and 18.5 cm2 vs. 14.9 cm2, p < 0.001. From the ROC curve for 2D 
anteroposterior diameter, a cut-off of 5.6 cm, (sensitivity = 0.94, specificity = 0.63) and for 3D hiatal area a cut-off of 17.6 cm2 
(sensitivity = 0.94, specificity = 0.65) predicted operative delivery. We found inverse correlations between second stage of 
labour and anteroposterior diameter at rest, r = −0.330, contraction, r = −0.365, area at rest, r = −0.324, and contraction, 
r = −0.521, all p < 0.05.
Conclusions  Smaller hiatal dimensions at 20 weeks gestation were associated with longer second stage of labour and 
increased risk of operative delivery in nullipara. A 2D anteroposterior hiatal diameter < 5.6 cm and 3D hiatal area < 17.6 cm2 
at rest imply increased risk of operative delivery.
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Introduction

Slow progress of labour increases the risk of operative 
delivery [1, 2]. There are several known risk factors for 
unplanned operative delivery including antenatal variables 
such as maternal body mass index (BMI), height, age and 
estimated fetal birthweight [3–6]. In addition, intrapar-
tum parameters such as induction of labour, Bishop score, 

oxytocin augmentation, stage and position of the fetal head 
are associated with risk of operative delivery [7–9].

During the process of labour, the fetal head exerts a large 
force on the pelvic floor as the fetus progresses through the 
birth canal. The levator ani muscle (LAM) has to stretch 
around three times its original length, making it a non-
negligible barrier for a normal vaginal delivery [10]. A few 
studies have attempted to describe relationships between 
levator hiatal dimensions antepartum and mode of delivery 
[11–13]. Results have been somewhat inconclusive, but indi-
cate that women with smaller hiatal dimensions on 3D/4D 
ultrasound have a tendency toward longer second stage of 
labour, which in turn could cause higher rates of operative 
delivery [11–13]. The role of levator morphology in birth 
mechanics is not fully understood, and whether smaller 
hiatal dimensions is an independent risk factor for operative 
delivery needs further investigation. If hiatal dimensions in 
early pregnancy could be used to determine increased risk 
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of operative delivery, this could improve the selection of 
women for low- or high-risk delivery units and contribute 
to planning the level of monitoring during delivery. Three-/
four-dimensional ultrasound requires post-processing of 
ultrasound volumes, and if 2D technique can be applied, 
this will increase the clinical utility of ultrasound.

The purpose of this study was therefore to explore asso-
ciations between hiatal dimensions measured antenatally and 
mode of delivery, in particular the value of 2D ultrasound 
measurements. We also explored the association between 
duration of second stage of labour and hiatal dimensions.

Methods

This was a prospective cohort study of 65 Caucasian nul-
lipara examined at Trondheim University Hospital between 
1 January 2017 and 30 June 2018. The women in this cohort 
were part of a larger study where the primary aim was to 
determine intra- and interrater reliability and agreement for 
ultrasound measurements of pelvic floor muscle contraction 
and correlation between ultrasound and palpation for assess-
ment of pelvic floor muscle contraction [14]. The study sam-
ple size was based on power calculations for the primary 
outcome in the parent study, requiring 65 pregnant women. 
Postpartum data of this cohort have not been analyzed previ-
ously. Eligibility criteria were age >18 years, ability to con-
sent, singleton pregnancy, no previous deliveries and being 
fluent in Norwegian or English. The study was approved by 
the Regional Committee for Medical and Health Research 
Ethics (REK midt 2015/1751) and registered in clini​caltr​ials.​
gov with identifier NCT03064750.

The women were enrolled at the 18-week routine ultra-
sound examination and examined at 20 weeks gestation and 
6 months postpartum. All were low-risk nullipara planned 
for a normal vaginal delivery. Details regarding height, 
weight, age, infant birthweight, induction of labour, dura-
tion of active second stage of labour, gestational length, use 
of epidural analgesia and mode of delivery were collected 
from electronic patient journals several weeks to months 

after delivery. Mode of delivery was categorized into normal 
vaginal and operative delivery, the latter including vacuum, 
forceps and caesarean section after the start of labour.

The women were examined in the supine position in 
a gynecological examination chair, with knees and hips 
semi-flexed and abducted. Bladder and bowel were emptied 
prior to the examination, and the women were thoroughly 
instructed in how to perform pelvic floor contraction and 
maximal Valsalva manoeuvre.

A 3D/4D ultrasound examination of the pelvic floor was 
performed by one of three experienced clinicians (M.Ø.N., 
S.M., I.V.) using a Voluson GE S10 or E8 (GE healthcare, 
Zipf, Austria) device with a RAB 4–8-MHz curved array 
transducer, and the acquisition angle was set at 85°. The 
ultrasound examination was performed with the transducer 
in the midsagittal plane and the following volumes were 
recorded: from rest to maximum pelvic floor muscle con-
traction and from rest to maximal Valsalva manoeuvre [15].

Offline analysis of the ultrasound volumes was performed 
6–12 months after the ultrasound scan by one examiner 
(M.Ø.N.) using 4Dview Version 14 Ext.0 (GE Healthcare, 
Austria) software, blinded to all clinical data. Volumes from 
the 20 weeks gestation scan were used to measure the anter-
oposterior diameter of the hiatus (from the distal point of the 
symphysis pubis to the proximal point of the puborectalis 
muscle) at rest and contraction in the 2D mid-sagittal image; 
see Fig. 1. The rendered 3D volume was used to measure the 
levator hiatal area at rest, during contraction and Valsalva, 
as previously described; see Fig. 2 [15]. These measures 
have previously been demonstrated to have high inter- and 
intrarater reliability in women in this study population [14, 
15]. Volumes from the postpartum scan were used to identify 
LAM macrotrauma and anal sphincter injury according to 
standardized criteria [15, 16].

Statistical analysis was performed using SPSS version 26 
(SPSS Inc., Chicago, IL). Normality of the continuous vari-
ables was assessed using histograms, boxplots and QQ plots. 
The independent samples t-test and chi-square test were used 
to investigate differences in hiatal dimensions and obstetrical 
data between women with operative (caesarean or vacuum) 

Fig. 1   Dimensions of the leva-
tor hiatus at 20 weeks gesta-
tion. The 2D anteroposterior 
diameter is measured from the 
symphysis pubis (SP) to the 
medial portion of the puborec-
talis muscle (PRM) at rest (A) 
and contraction (B)
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and normal vaginal delivery. Other possible confounders 
(maternal age, weight, height, infant birthweight) were not 
associated with mode of delivery or hiatal dimensions and 
therefore not included in the analysis.

We used receiver-operator curve (ROC) analysis to define 
a cut-off value of hiatal dimensions for women at high risk 
of operative delivery. Spearman’s rank correlation analy-
sis was used to test the association between hiatal dimen-
sions and duration of second stage of labour. The closer the 
correlation coefficient is to 1, the stronger the correlation: 
> 0.3 = weak correlation; > 0.5 = moderate correlation; > 
0.7 = strong correlation [14]. Women registered with dura-
tion of active second stage of 0 min were eliminated from 
analyses of duration of active second stage since they were 
all first stage caesarean section cases.

Level of statistical significance was set at 5% for all tests.

Results

In total, 56/65 (86%) women completed the study. One par-
ticipant declined further participation, five did not attend 
the follow-up, and three were excluded because of missing 
ultrasound volumes. There were 40 (71.4%) normal vaginal 
deliveries and 16 (28.6%) operative deliveries. Among the 
operative deliveries, seven (12.5%) were caesarean sections 
and nine were vacuum-assisted (16.1%). There were no 

forceps deliveries. Eleven (19.6%) women were registered 
with levator ani macrotrauma 6 months postpartum, two 
(3.6%) had anal sphincter injury, 34 (60.7%) had epidural, 
and six (10.7%) had induction of labour. In the operative 
delivery group, epidurals were more frequent. There were no 
intrauterine foetal deaths or preterm deliveries and the mean 
(95% CI) gestational age was 281.7 (279.7–283.7) days. 
Table 1 shows background characteristics grouped by mode 
of delivery. No significant difference in BMI, height, weight, 
maternal age or infant birth weight was found between 
women with normal vaginal and operative delivery.

Table 2 shows hiatal dimensions at 20 weeks gestation 
grouped by mode of delivery. We found a significant dif-
ference in 2D levator hiatal anteroposterior diameter at rest 
between women with normal vaginal delivery and opera-
tive delivery. The mean diameters were 5.7 cm and 5.0 cm, 
respectively, p = 0.007. A significant difference was also 
found for 3D hiatal area at rest, 18.5  cm2 vs. 14.9  cm2 
(p < 0.001). A ROC curve was constructed to test the predic-
tive performance for operative delivery of 2D levator hiatal 
anteroposterior diameter at rest; see Fig. 3A. The area under 
the curve (AUC) was 0.75 (p = 0.004, 95% CI = 0.62–0.87). 
The cut-off of the 2D anteroposterior diameter was set to 
5.6 cm, giving a sensitivity of 0.94 and a specificity of 0.63 
to predict operative delivery. In our population, 30 (53%) 
women had an anteroposterior diameter < 5.6 cm. For com-
parison, a similar ROC curve was constructed for 3D hiatal 

Fig. 2   Area of the levator hiatus 
at 20 weeks gestation. The 3D 
area is measured by tracing the 
levator hiatus in the rendered 
3D volume during rest (A), con-
traction (B) and at Valsalva (C) 

Table 1   Obstetrical data of 
nulliparous women at 20 weeks 
gestation grouped by delivery 
mode with comparison between 
the groups (independent 
samples t-test)

NVD = normal vaginal delivery; OD = operative delivery; AP = anteroposterior
*One case missing for data on height and weight. n = 39

NVD, n = 40*
Mean (95% CI)

OD n = 16
Mean (95% CI)

p value

Maternal age (years) 29.6 (28.4–30.8) 31.2 (28.7–33.7) 0.193
Maternal height (cm) 167.8 (165.7–170.0) 165.4 (162.7–168.2) 0.203
Maternal weight (kg) 66.7 (62.9–68.7) 63.1 (66.2–72.2) 0.721
Maternal BMI (kg/m2) 23.3 (22.3–24.4) 24.5 (22.4–26.6) 0.265
Infant birthweight (g) 3469.8 (3359.8–3579.7) 3628.1 (3444.5–3811.8) 0.126
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area at rest; see Fig. 3B. The AUC was 0.83 (p < 0.001, 95% 
CI = 0.72–0.93). The cut-off area at rest was set to 17.6 cm2, 
giving a sensitivity of 0.94 and specificity of 0.65. A total of 
29 (52%) women had a 3D resting area below this cut-off. 
Twenty-five (45%) women fulfilled both criteria.

We found a weak significant inverse correlation between 
the active second stage of labour and anteroposterior diam-
eter at rest, r = −0.330 (p = 0.022), anteroposterior diam-
eter at contraction, r = −0.365 (p = 0.011) and area at rest, 
r = −0.324 (p = 0.025) measured at 20 weeks gestation. We 
found a moderate inverse correlation between the active 
second stage of labour and area at contraction, r = −0.521 
(p < 0.001).

Discussion

We found that a shorter levator hiatal anteroposterior diam-
eter at rest measured with 2D ultrasound and a smaller 3D 
hiatal area at 20 weeks gestation were associated with opera-
tive delivery. The 2D anteroposterior diameter had similar 
predictive performance for operative delivery as 3D hiatal 
area with AUC 0.75 and 0.83, respectively. Smaller hiatal 
dimensions were associated with longer duration of second 
stage of labour.

Previous studies are scarce and inconsistent but indicate 
a possible association between antenatal hiatal dimensions 
and mode of delivery [12, 13]. Lanzarone et al. examined 60 
nullipara at 36–40 weeks gestation and found no association 

Table 2   Hiatal dimensions of 
nullipara at 20 weeks gestation 
grouped by mode of delivery 
with comparison of groups 
(independent samples t-test)

NVD = normal vaginal delivery; OD = operative delivery; AP = anteroposterior
*n = 39

NVD n = 40
Mean (95% CI)

OD n = 16
Mean (95% CI)

p value

2D AP diameter rest (cm) 5.7 (5.4–6.0) 5.0 (4.7–5.3) 0.007
2D AP diameter contraction (cm) 4.3 (4.1–4.5) 4.0 (3.8–4.3) 0.149
3D hiatal area rest (cm2) 18.5 (17.4–19.5) 14.9 (13.8–15.9) < 0.001
3D hiatal area contraction (cm2) 12.8 (11.9–13.8) 11.4 (10.4–12.5) 0.100
3D hiatal area Valsalva (cm2) 23.2 (21.1–25.4)* 21.1 (18.1–24.1) 0.260

Fig. 3   ROC curve of the predictive performance of 2D levator hiatal anteroposterior diameter at rest (A) and 3D levator hiatal area at rest (B) for 
operative delivery in nulliparous women at 20 weeks gestation
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between levator hiatal area, anteroposterior or transverse 
diameter, measured in the 3D volume and delivery mode 
[11]. Similar to our study, they found a weak inverse cor-
relation between antenatal hiatal dimensions and length of 
second stage of labour. In a study including 231 women, 
Siafarikas et al. demonstrated an association between larger 
transverse levator hiatal diameter and hiatal area measured 
with 3D ultrasound at 37 weeks gestation and operative 
delivery [12]. They also found a correlation between larger 
levator hiatus and shorter second stage of labour. Van Veelen 
et al. used 3D ultrasound and found that women who deliv-
ered by caesarean section because of failure to progress had 
a significantly shorter transverse diameter and smaller area 
on contraction at 12 weeks gestation, and a shorter anter-
oposterior diameter on contraction at 37 weeks, than those 
with a normal vaginal delivery [13].

The correlation between duration of second stage of 
labour and hiatal dimensions provides a possible explana-
tion for the association between hiatal dimensions and mode 
of delivery by mediation. Maternal height was not associated 
with hiatal dimensions or mode of delivery.

All previous studies used 3D ultrasound, requiring post-
processing of the ultrasound volumes. Unique for our study 
is that we measured the 2D anteroposterior diameter in the 
midsagittal plane at rest and found a strong association to 
mode of delivery; 2D anteroposterior diameter had similar 
predictive performance for operative delivery as 3D hiatal 
area, but 2D ultrasound is more convenient in a clinical set-
ting since it requires no post-processing of the ultrasound 
volume. In our study, the mean difference in 2D anteropos-
terior diameter between groups of normal vaginal delivery 
and operative delivery was 0.7 cm. The above-mentioned 
studies have found mean differences of 0.2–0.5 cm for 3D 
measurements [12, 13]. Whether the larger diameter differ-
ence between the groups in our study population is linked to 
the use of 2D and not 3D ultrasound remains hypothetical.

Apart from using 2D measurements, the novelty of our 
study is that we constructed ROC curves to test the predictive 
performance of ultrasound measurements at 20 weeks gesta-
tion to identify women at increased risk of operative deliv-
ery. When selecting women for low-risk delivery units (or 
home delivery), it is important to exclude women at increased 
risk of operative delivery. We therefore suggested a cut-off 
for anteroposterior diameter of 5.6 cm, giving high sensi-
tivity (0.94) and acceptable specificity (0.63) in predicting 
increased risk of operative delivery in primipara. For com-
parison, the cut-off for 3D resting area was set to 17.6 cm2, 
giving a similar sensitivity of 0.94 and a specificity of 0.65, 
and identifying the same women as the 2D measurement 
does. Women with hiatal measurements below these cut-offs 
could probably be counseled not to give birth in maternal 
wards with minimal monitoring or limited possibilities for 
obstetrical and neonatal intervention. In countries where 

home birth is an option, the same rationale could be applied, 
and perhaps the cut-off should be even higher in this setting.

One of the strengths of this study is the prospective longi-
tudinal design with examination of women before and after 
delivery. The sonographic methods used are well established, 
and reliability data from this population indicated good inter- 
and intrarater validity [14]. The off-line analysis was per-
formed by one examiner, reducing bias. In a clinical setting, 
2D ultrasound probes are readily available; the levator hiatal 
anteroposterior diameter is easy to measure and requires no 
post-processing. Hence, this measurement could easily be 
incorporated in a routine mid-pregnancy ultrasound examina-
tion. By using measurements obtained at rest, one avoids the 
need to educate women in pelvic floor contraction and Vals-
alva manoeuvre, reducing sources of error [17, 18]. Another 
strength is that we examined participants at 20 weeks gesta-
tion, corresponding to the timing of routine ultrasound scan 
in all Nordic countries. The timing is presumably of impor-
tance as the dimensions of the levator hiatus increase during 
pregnancy [19, 20]. We argue that determination of risk of 
operative delivery in mid-pregnancy allows clinicians to plan 
follow-up in pregnancy and select women with need of addi-
tional monitoring during delivery. In turn, this could promote 
more efficient management of maternal wards.

The small sample size reduces power and sub-analysis of 
vacuum and caesarean section was not possible, nor did we 
stratify for indication of intervention, i.e., foetal distress or 
failure to progress. However, it is unclear whether the levator 
ani muscle plays a role in fetal distress. It has been hypothe-
sized that a poorly compliant pelvic floor may prolong second 
stage of labour or increase intrauterine pressure and thereby 
cause foetal distress and increased risk of operative delivery 
[11]. Our participants were Caucasians, influencing the exter-
nal validity of the study as muscle biometry differs between 
ethnic groups [21]. We have not analyzed data on head cir-
cumference or foetal head station/position prior to operative 
delivery. These factors may have influenced birth outcomes.

This study forms the basis for a more comprehensive, 
power-calculated study addressing the associations between 
hiatal dimensions measured with 2D ultrasound in mid-
pregnancy and mode of delivery. Hiatal dimensions could 
be included in a framework for risk assessment of opera-
tive delivery. In a larger study, it would be possible to study 
any difference in hiatal dimensions between women with 
caesarean and operative vaginal deliveries and differentiate 
between indications for operative delivery (foetal distress 
and failure to progress) and different ethnicities. One could 
also explore any relationship between hiatal dimensions and 
obstetric complications, such as perineal trauma and post-
partum hemorrhage.

In conclusion, smaller hiatal dimensions at 20 weeks ges-
tation were associated with longer second stage of labour 
and increased risk of operative delivery in nullipara. We 
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suggest that women with a resting 2D anteroposterior hiatal 
diameter < 5.6 cm and 3D hiatal area < 17.6 cm2 could be 
considered at increased risk for operative delivery and mon-
itored accordingly, but we acknowledge that a larger and 
properly powered study which includes additional obstetric 
variables is needed to confirm these results.

Acknowledgements  This study was funded by the Liasson committee 
Helse-Midt (Samarbeidsorganet). Thanks to Center for Foetal Medi-
cine, St Olav’s Hospital, for helping to recruit participants. Thanks to 
Nina Askimdal for organizing the visits.

Author contributions  FF Bjerkholt: Project/protocol development, data 
analysis, manuscript writing and editing.

MØ Nyhus: Data collection, project/protocol development, data 
analysis, manuscript writing and editing.

S Mathew: Data collection, project/protocol development, data 
analysis, manuscript writing.

I Volløyhaug: Data collection, project/protocol development, data 
analysis, manuscript writing.

Funding  Open access funding provided by NTNU Norwegian Univer-
sity of Science and Technology (incl St. Olavs Hospital - Trondheim 
University Hospital).

Declarations 

Conflict of interest  None.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Bugg GJ, Siddiqui F, Thornton JG. Oxytocin versus no 
treatment or delayed treatment for slow progress in the first 
stage of spontaneous labour. Cochrane Database Syst Rev. 
2013;6:CD007123.

	 2.	 National Collaborating Centre for Health and Care Excel-
lence. Intrapartum care for healthy women and babies 2007 
[03.12.2020]. Available from: https://​www.​nice.​org.​uk/​guida​
nce/​cg190/​chapt​er/​Recom​menda​tions.

	 3.	 Burke N, Burke G, Breathnach F, McAuliffe F, Morrison JJ, 
Turner M, et al. Prediction of cesarean delivery in the term nul-
liparous woman: results from the prospective, multicenter gen-
esis study. Am J Obstet Gynecol. 2017;216(6):598 e1–e11.

	 4.	 Schuit E, Kwee A, Westerhuis ME, Van Dessel HJ, Graziosi GC, 
Van Lith JM, et al. A clinical prediction model to assess the risk 
of operative delivery. Bjog. 2012;119(8):915–23.

	 5.	 Marshall NE, Biel FM, Boone-Heinonen J, Dukhovny D, 
Caughey AB, Snowden JM. The association between maternal 

height, body mass index, and perinatal outcomes. Am J Perina-
tol. 2019;36(6):632–40.

	 6.	 Mahmood TA, Campbell DM, Wilson AW. Maternal height, shoe 
size, and outcome of labour in white primigravidas: a prospec-
tive anthropometric study. BMJ. 1988;297(6647):515–7.

	 7.	 Eggebo TM, Wilhelm-Benartzi C, Hassan WA, Usman S, 
Salvesen KA, Lees CC. A model to predict vaginal delivery 
in nulliparous women based on maternal characteristics and 
intrapartum ultrasound. Am J Obstet Gynecol. 2015;213(3):362 
e1–6.

	 8.	 Kahrs BH, Usman S, Ghi T, Youssef A, Torkildsen EA, Lindt-
jorn E, et al. Sonographic prediction of outcome of vacuum 
deliveries: a multicenter, prospective cohort study. Am J Obstet 
Gynecol. 2017;217(1):69 e1–e10.

	 9.	 Dietz HP, Lanzarone V, Simpson JM. Predicting operative deliv-
ery. Ultrasound Obstet Gynecol. 2006;27(4):409–15.

	10.	 Lien KC, Mooney B, DeLancey JO, Ashton-Miller JA. Levator 
ani muscle stretch induced by simulated vaginal birth. Obstet 
Gynecol. 2004;103(1):31–40.

	11.	 Lanzarone V, Dietz HP. Three-dimensional ultrasound imag-
ing of the levator hiatus in late pregnancy and associa-
tions with delivery outcomes. Aust N Z J Obstet Gynaecol. 
2007;47(3):176–80.

	12.	 Siafarikas F, Staer-Jensen J, Hilde G, Bo K, Ellstrom EM. Leva-
tor hiatus dimensions in late pregnancy and the process of labor: 
a 3- and 4-dimensional transperineal ultrasound study. Am J 
Obstet Gynecol. 2014;210(5):484 e1–7.

	13.	 van Veelen GA, Schweitzer KJ, van Hoogenhuijze NE, van der 
Vaart CH. Association between levator hiatal dimensions on 
ultrasound during first pregnancy and mode of delivery. Ultra-
sound Obstet Gynecol. 2015;45(3):333–8.

	14.	 Nyhus MO, Oversand SH, Salvesen O, Salvesen KA, Mathew S, 
Volloyhaug I. Ultrasound assessment of pelvic floor muscle con-
traction: reliability and development of an ultrasound-based con-
traction scale. Ultrasound Obstet Gynecol. 2020;55(1):125–31.

	15.	 Dietz HP, Bernardo MJ, Kirby A, Shek KL. Minimal criteria for 
the diagnosis of avulsion of the puborectalis muscle by tomo-
graphic ultrasound. Int Urogynecol J. 2011;22(6):699–704.

	16.	 Guzmán Rojas RA, Kamisan Atan I, Shek KL, Dietz HP. Anal 
sphincter trauma and anal incontinence in urogynecological 
patients. Ultrasound Obstet Gynecol. 2015;46(3):363–6.

	17.	 Siafarikas F, Staer-Jensen J, Braekken IH, Bø K, Engh ME. 
Learning process for performing and analyzing 3D/4D trans-
perineal ultrasound imaging and interobserver reliability study. 
Ultrasound Obstet Gynecol. 2013;41(3):312–7.

	18.	 Ornö AK, Dietz HP. Levator co-activation is a significant con-
founder of pelvic organ descent on Valsalva maneuver. Ultra-
sound Obstet Gynecol. 2007;30(3):346–50.

	19.	 Sanozidis A, Mikos T, Assimakopoulos E, Athanasiadis A, 
Tantanassis T, Tarlatzis BC, et al. Changes in levator hiatus 
dimensions during pregnancy and after delivery in nulliparas: 
a prospective cohort study using 3D transperineal ultrasound. J 
Matern Fetal Neonatal Med. 2018;31(11):1505–12.

	20.	 van Veelen GA, Schweitzer KJ, van der Vaart CH. Ultrasound 
imaging of the pelvic floor: changes in anatomy during and after 
first pregnancy. Ultrasound Obstet Gynecol. 2014;44(4):476–80.

	21.	 Cheung RYK, Shek KL, Chan SSC, Chung TKH, Dietz HP. 
Pelvic floor muscle biometry and pelvic organ mobility in east 
Asian and Caucasian nulliparae. Ultrasound Obstet Gynecol. 
2015;45(5):599–604.

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

3534 International Urogynecology Journal (2022) 33:3529–3534

http://creativecommons.org/licenses/by/4.0/
https://www.nice.org.uk/guidance/cg190/chapter/Recommendations
https://www.nice.org.uk/guidance/cg190/chapter/Recommendations

	Are levator hiatal dimensions in mid-pregnancy associated with mode of delivery?
	Abstract
	Introduction and hypothesis 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References


