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Abstract

Introduction: There is limited evidence about changes in the pelvic floor during active
labor. We aimed to investigate changes in hiatal dimensions during the active first
stage of labor and associations with fetal descent and head position.

Material and methods: We conducted a longitudinal, prospective cohort study at the
National University Hospital of Iceland, from 2016 to 2018. Nulliparous women with
spontaneous onset of labor, a single fetus in cephalic presentation, and gestational age
>37 weeks were eligible. Fetal position was assessed with transabdominal ultrasound
and fetal descent was measured with transperineal ultrasound. Three-dimensional
volumes were acquired from transperineal scanning at the start of the active phase
of labor and in late first stage or early second stage. The largest transverse hiatal
diameter was measured in the plane of minimal hiatal dimensions. The levator ure-
thral gap was measured as the distance between the center of the urethra and the
levator insertion using tomographic ultrasound imaging. Measurements of the levator
urethral gap were made in the plane of minimal hiatal dimensions and 2.5 and 5mm
cranial to this.

Results: The final study population comprised 78 women. The mean transverse
hiatal diameter increased 12.4% between the two examinations, from 39.4+4.1 mm
(+standard deviation) at the first examination to 44.3 + 5.8 mm at the last examination
(p<0.01). We found a moderate correlation between the transverse hiatal diameter
and fetal station at the last examination (r=0.44, r>=0.19; p<0.01; regression equa-
tion y=2.71+0.014x), and a weak correlation between the change in transverse hiatal
diameter and change in fetal station (r=0.29; r?=0.08; p=0.01; regression equation
y=0.24+0.012x). Levator urethral gap increased significantly in all three planes on
both the left and right sides. Head position was not associated with hiatal measure-
ments after adjusting for fetal station.

Conclusions: We found a significant, but only modest, increase of the hiatal dimen-

sions during the first stage of labor. The risk of levator ani trauma will therefore be low

Abbreviations: 3D, three-dimensional; AoP, angle of progression; LUG, levator urethra gap; OP, occiput posterior.
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1 | INTRODUCTION

The muscles of the pelvic floor are located between the coccygeal
bone and the pubic bone; they attach to the perineal structures and
support the uterus, bowel, and bladder. Muscular bands encircle the
urethra, vagina, and anus as they pass through the pelvic floor.:2
Studies using three-dimensional (3D) transperineal ultrasound or
magnetic resonance imaging have shown that levator avulsion, a
uni- or bilateral detachment of the medial fibers of the levator ani
muscle from the pubic bone, is strongly associated with pelvic organ
prolapse later in life.® Such injuries are much more common after
forceps than after vacuum-assisted and normal vaginal delivery, and
are not seen after cesarean section, even when performed in the
second stage of labor.*>

Previous studies have found that hiatal dimensions, such as le-
vator hiatal area and anteroposterior and transverse diameters
increase throughout pregnancy.®’ Furthermore, smaller hiatal di-
mensions in pregnancy seem to be associated with longer second
stage and operative vaginal or cesarean delivery.g’10 Some studies
have even suggested that smaller hiatal dimensions in pregnancy
could put women at risk of levator avulsion during delivery.!?

The levator urethra gap (LUG) is the distance between the center
of the urethra and the levator insertion on the pubic bone. A LUG
>25mm is indicative for levator avulsion in women examined weeks
to months after delivery, but measurements during labor have not
been studied.*?> Computer models have shown an enormous stretch
capacity in the pelvic floor muscles, and the medial fibers of the le-
vator ani stretch nearly 2.5 times their original length during labor.*®
The main stretching occurs late in labor*; however, the levator ani
muscle is funnel shaped, and the stretching may start early in labor.
The fetal head is broader in the posterior part, and the stretching
may be associated with fetal position. In this study we aimed to in-
vestigate changes in hiatal dimensions during the active first stage of

labor and associations with fetal descent and head position.

2 | MATERIAL AND METHODS

We conducted a prospective cohort study at the National University
Hospital of Iceland, from January 2016 to April 2018. Nulliparous
women with spontaneous onset of labor, a single fetus in cephalic
presentation, and gestational age 237 weeks were eligible, corre-
sponding to group one in the 10-group classification system.'® The
primary aim of this study was to investigate fetal head descent and

during this stage. The change in transverse hiatal diameter was associated with fetal

descent but not with head position.

birth, fetal descent, head position, hiatal dimensions, injury, labor, levator ani, obstetrics, pelvic
floor, prolapse, ultrasound, urogynecology

Key message

The risk of levator ani trauma will be low during the first
stage of labor as there is only a modest increase of both the
transverse levator hiatal diameter and the levator urethra

gap.

rotation longitudinally with ultrasound, and these results have been
published previously.'®*” A secondary aim was to study changes
of the pelvic floor during active labor. No power analysis was per-
formed because the design was a longitudinal descriptive study.

Two obstetricians carried out ultrasound examinations. The
women were examined with 3D ultrasound twice. The first examina-
tion was at the start of the active phase of labor or at admission for
women already in established active labor, and the last examination
was performed in late first stage or early second stage. Active labor
was defined as effaced cervix dilated 24cm in women with regular
contractions. On both occasions, transabdominal and transperineal
ultrasound examinations measuring fetal descent and head position
were performed. 3D ultrasound volumes of the pelvic floor were
stored on the ultrasound device. All measurements were carried
out between uterine contractions and without Valsalva maneuver
or pelvic floor muscle contraction using a 3.5-7.5-MHz 3D curved
multifrequency transabdominal transducer connected to a Voluson
i (GE Medical Systems).

The fetal position was marked like a clock-face with half-hourly
markings and categorized as occiput anterior (OA; 210 and <2
o'clock), left occiput transverse (LOT; >2 and <4 o'clock), occiput
posterior (OP; 24 and <8 o'clock), and right occiput transverse (ROT;
>8 and <10 o'clock) as described by Akmal et al.'® Fetal station was
measured as angle of progression (AoP) as previously described, see
Figure 1.Y

Several months later, the pelvic floor ultrasound volumes were
transferred to a personal computer and analyzed by the second au-
thor using 4D View software (GE Medical Systems). She was blinded
to information about fetal position and station, and she had been
trained by an experienced examiner (last author). Figure 2 shows a
2D acquisition in the mid-sagittal plane and a 3D rendered volume
at the level of minimal hiatal dimensions. The largest transverse hi-
atal diameter was measured from 2D images in the plane of minimal
hiatal dimension as illustrated in Figure 3.20 |t was difficult to outline
the posterior part of the hiatus late in labor when the fetal head was
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deeply engaged because of shadowing from the fetal skull. In these
cases, we used the appearance of the symphysis as a proxy to define
the plane of minimal hiatal dimensions.

The LUG was measured as the distance between the center of
the urethra and the levator insertion (Figure 3) using tomographic
ultrasound imaging. Measurements were made in three separate
planes, in the plane of minimal hiatal dimensions and 2.5 and 5mm

cranial to this.!?

2.1 | Statistical analyses

Normally distributed independent variables were compared with
t test. Changes in transverse hiatal dimensions and LUG between
the first and last examination were analyzed with paired samples t

test. Stratified analyses were carried out for women with the fetus

Symphysis pubis

Fetal head

FIGURE 1 Angle of progression was measured as the angle
between a longitudinal line through the symphysis pubis and a line
from the inferior edge of the symphysis pubis tangentially to the
fetal skull contour.

Symphysis pubis

FIGURE 2 Two-dimensional acquisition
in the mid-sagittal plane (left image) and
three-dimensional rendered volume at the
level of minimal hiatal dimensions (right
image). The image was acquired in late
first stage of labor.

in OP vs non-OP position and the occiput on the left vs. the right
side. Associations between the transverse hiatal diameter and fetal
position and fetal station were analyzed with multivariable logistic
regression analyses. The relationship between continuous variables
was analyzed with linear regression and Pearson correlation coef-
ficient. Data were analyzed with the statistical software package
SPSS statistics version 28.0 (IBM). Values of p<0.05 were consid-

ered significant.

FIGURE 3 The largest transverse hiatal diameter was measured
in the plane of minimal hiatal dimensions as illustrated with

the continuous line, and the levator urethral gaps (LUGs) were
measured as the distance between the center of the urethra and
the levator insertion (dotted lines). The LUGs were also measured
at planes 2.5mm and 5mm more cranial.
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2.2 | Ethics statement

The women were informed about the study on admission to the labor
ward, and written consent was obtained before inclusion. The study
was approved by the Landspitali Ethics Committee on November 13,
2015 (reference number 26/2015).

3 | RESULTS

The original study population comprised 100 women, but one
woman withdrew her consent, two women were only examined
once, and in 19 women the imaging quality was unsatisfactory, leav-
ing 78 women in the final population. Characteristics of the study
population are shown in Table 1.

The mean duration from the first examination to delivery was 9.8h,
and it was 131 min from the last examination to delivery. The mean +
standard deviation (SD) cervical dilatation was 5+1.2cm at the first
examination and 9+1.3cm at the last examination and correspond-
ing mean + SD AoPs were 100+ 11.0degrees and 121 +18.0degrees.
The mean + SD transverse hiatal diameter increased 12.4% between
the two examinations, from 39.4+4.1mm at the first examination to
44.3+5.8mm at the last examination (p<0.01). We found no correla-
tion between the transverse hiatal diameter at the first examination
and the fetal station measured as AoP (r=0.09; p=0.46). However,
at the last examination we found a moderate correlation (r=0.44,
r?=0.19; p<0.01; regression equation y=2.71+0.014x) (Figure 4).
We found a weak correlation between the change in transverse hiatal
diameter and change in AoP between the first and last examinations
(r=0.29; r’=0.08; p=0.01; regression equation y=0.24+0.012x).

The transverse hiatus diameter was 4.2% longer in OP positions

than in in non-OP positions at the first examination, 40.1+4.5mm

TABLE 1 Characteristics of the study population.

Maternal characteristics Median orn Range or %
Maternal age (years) 26 18-40
BMI at first visit (kg/m?) 23 17-36
Gestational age (days) 280 259-293
Labor characteristics
Oxytocin augmentation 35 44.9
Epidural analgesia 55 70.5
Spontaneous deliveries 57 731
Instrumental deliveries 13 16.7
Cesarean sections 8 10.3
Duration of active labor (hours) 9.9 2.2-26.0
Duration of second stage 93 24-366
(minutes)
Duration of pushing phase 62 13-188
(minutes)
Newborn characteristics
Birthweight (g) 3544 2478-4998

vs 38.5+3.6mm, respectively (p=0.10). At the last examination
the transverse hiatal diameter was 7.6% shorter in OP positions
(41.9+5.0mm) than in non-OP positions (45.1+5.8mm; p=0.03).
The corresponding fetal station was higher in OP positions (AoP
108 +17.7 degrees vs AoP 126 +16.0degrees, respectively) and the
transverse hiatal diameter was not associated with fetal position
after adjusting for AoP (p=0.48).

The mean LUG increased significantly in all three planes on both
the left and right sides from the first to the last examinations (Table 2).
The LUG was >25mm in the reference plane at the first examination
in four women on the left and in three women on the right side. At the
last examination the LUG was >25mm in the reference plane in 20
women on the left side and in 18 women on the right side. The LUG
was >25mm at one or both sides in all three planes in 16 women at the
last examination. In some planes we measured a significantly longer
LUG on the left side compared with the right side (Table 3).

We did not find any associations between the transverse hiatal
diameters and occiput position to the left or right nor any correlation
between the LUG and occiput position to the left or right at the first
or the last examination. The birthweight was not significantly cor-
related with hiatal measurements (r=0.11 for the first examination
and r=0.05 for the last examination). The duration of the second
stage was not significantly associated with hiatal measurements
(r=-0.17 for the first examination and r=-0.14 for the last exam-
ination), or with AoP (r=-0.19 for the first examination and r=-0.13

for the last examination).

4 | DISCUSSION

We observed a modest increase of 12.4% in the transverse hiatal
diameter during the active first stage of labor. The mean transverse
hiatal diameter was 4.4cm at 9-cm cervical dilatation and a further
increase of 127% is needed for a fetal head with a biparietal diam-
eter around 10cm to pass through the birth canal. Most stretching
must occur during the second stage.

Krofta et al. constructed a 3D model of the female pelvic floor
and fetal head, and simulated a vaginal birth with cardinal move-
ments.® They found that the levator ani muscle was elongated
nearly 2.5 times from its resting position and that the stress values
were highest close to the insertion in the pubic bones at the onset
of fetal head extension.

Garcia Mejido et al. examined women longitudinally with 3D
transperinal ultrasound and found that the main stretching occurred
at the fourth plane of Hodge, which corresponds to the level of the
pelvic floor.}

The mean AoP at the last examination in our study was 126 de-
grees in non-OP positions corresponding to the clinical station +1.2
We found that the transverse hiatal diameter was shorter in OP po-
sitions than in non-OP positions late in labor, but this was explained
by higher mean station in OP positions.

One study examined the pelvic floor in primiparous women with
ultrasound 2-4days after delivery and found partial or complete
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FIGURE 4 Association between
transverse hiatal diameter and fetal
station measured as angle of progression
at the last examination. (r=0.44, ?=0.19;
regression equation y=2.71+0.014x).

Transverse hiatal diameter (mm)

TABLE 2 Levator urethral gap at the
first and last examination.

100 125 150 175

Angle of progression (degrees)

First Last

examination examination p value

Right LUG reference plane (mm), n=68 21.2+2.3 22.9+3.3 <0.01
Left LUG reference plane (mm), n=68 22.1+2.3 23.8+3.8 <0.01
Right LUG 2.5mm cranial (mm), n=68 204+2.3 22.7+3.4 <0.01
Left LUG 2.5mm cranial (mm), n=68 21.8+2.0 23.4+3.8 <0.01
Right LUG 5mm cranial (mm), n=68 20.2+2.2 22.1+3.3 <0.01
Left LUG 5mm cranial (mm), n=67 21.4+1.9 23.7+3.9 <0.01

Note: Values are mean +standard deviation, and are compared with paired t-test.

Abbreviation: LUG, levator urethral gap.

-r[;gAhf Ia-nEd :I;eftL:i\(;Zt.or urethral gap at the Right side Left side p value
First examination reference plane (mm) n=75 21.3+24 22.2+2.3 0.02
Last examination reference plane (mm) n=75 229+3.2 23.8+3.8 0.13
First examination 2.5 mm cranial (mm) n=75 20.5+2.3 21.8+2.0 <0.01
Last examination 2.5mm cranial (mm)n=71 227+3.4 23.5+3.8 0.22
First examination 5mm cranial (mm) n=71 20.3+24 21.6+2.0 <0.01
Last examination 5mm cranial (mm) n=70 22.2+3.5 23.8+3.9 0.01

Note: Values are mean +standard deviation, and are compared with t test.

levator muscle avulsion in 24% and hematoma in 9%. The trauma was
bilateral in 48%, right sided in 24%, and left sided in 28%.%2 Similar
to our findings, this study could not identify any association between
head position at delivery and the affected body side.?? Another study
found that unilateral avulsions were more common on the right side,
80% right sided and 20% left sided, without giving any explanation of
the difference.?® We found a longer LUG on the left side, but the side
difference was not associated with head position and may be due to
slight tilting of the ultrasound probe at examination.

Dietz et al. suggested using LUG >25mm as a diagnostic crite-
rion for levator avulsion.'?> We measured the LUG >25mm at one or
both sides in all three planes in 16 women at the last examination.
We think it is unlikely that a levator avulsion occurred before the

expulsive phase, and this is more likely an expression of the elasticity
of the muscle. Unfortunately, we did not examine the status of the
levator after delivery. Furthermore, it could be that Icelandic women
have a different cut-off for avulsion, as differences have been found
in other populations.24

Garcia Mejido et al. reported four cases of unilateral right avul-
sion among 21 women with vaginal births (two vacuum deliveries
and two forceps deliveries).**

We found a significant increase of the transverse levator hiatal
diameter and LUG with progression of labor. Still, the mean trans-
verse levator hiatal diameter was 4.4cm at the last examination,
and the clinical interpretation is that major levator stretching occurs
during the second stage of labor. The risk of levator ani trauma will
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therefore be low in the first stage of labor. This is also supported
by studies showing no levator avulsion in women with intrapartum
cesarean section even in the second stage.5'25’26

Strengths of the study are the prospective design during active
labor, and that fetal position and station were objectively examined
with ultrasound at the same time as the pelvic floor was assessed.

Limitations are the small study population and that the women
were not examined during the expulsive phase or after delivery. We
do not have information about levator trauma on ultrasound or clin-
ical signs of prolapse after delivery. In some women the first exam-
ination was late in labor because of late admission to the labor ward.
We examined women between contractions, and more stretching
may occur during contractions. It is a major limitation that we could
not examine the posterior part of the levator hiatus in all cases as
the result of shadowing from the fetal head. We therefore used the
appearance of the symphysis pubis as a proxy to define the plane of
minimal hiatal dimensions. Still, we were able to measure both the
transverse levator hiatal diameter and the LUG. In future studies,
the examiner should be aware of this problem and try to identify
the levator muscle as it passes behind the rectum. It is also a limita-
tion that we did not include any measurements of the bony pelvis.
A small increase in the subpubic arch angle has been found during
pregnancy,27 and it could be interesting to study eventual changes in
the subpubic arch angle during active labor in future studies.

5 | CONCLUSION

We found only a modest increase of both the transverse levator hi-
atal diameter and the LUG during the first stage of labor. The risk
of levator ani trauma will therefore be low during this stage. The
change in transverse hiatal diameter was associated with fetal de-

scent but not with head position.
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