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labor at term: results of an ultrasound-based
longitudinal study in nulliparous women
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BACKGROUND: Improved information about the evolution of fetal
head rotation during labor is required. Ultrasound methods have the po-
tential to provide reliable new knowledge about fetal head position.
OBJECTIVE: The aim of the study was to describe fetal head rotation in
women in spontaneous labor at term using ultrasound longitudinally
throughout the active phase.

STUDY DESIGN: This was a single center, prospective cohort study at
Landspitali - The National University Hospital of Iceland, Reykjavik, Iceland,
from January 2016 to April 2018. Nulliparous women with a single fetus in
cephalic presentation and spontaneous labor onset at >37 weeks’
gestation were eligible. Inclusion occurred when the active phase could be
clinically established by labor ward staff. Cervical dilatation was clinically
examined. Fetal head position and subsequent rotation were determined
using both transabdominal and transperineal ultrasound. Occiput positions
were marked on a clockface graph with 24 half-hour divisions and
categorized into occiput anterior (>10- and <2-o’clock positions), left
occiput transverse (>2- and <4-0’clock positions), occiput posterior (>4-
and <8 o’clock positions), and right occiput transverse positions (>8- and
<10-0'clock positions). Head descent was measured with ultrasound as
head-perineum distance and angle of progression. Clinical vaginal and
ultrasound examinations were performed by separate examiners not
revealing the results to each other.

RESULTS: We followed the fetal head rotation relative to the initial
position in the pelvis in 99 women, of whom 75 delivered spontaneously,
16 with instrumental assistance, and 8 needed cesarean delivery. At in-
clusion, the cervix was dilated 4 cm in 26 women, 5 cm in 30 women, and
>6 c¢m in 43 women. Furthermore, 4 women were examined once, 93

women twice, 60 women 3 times, 47 women 4 times, 20 women 5 times,
15 women 6 times, and 3 women 8 times. Occiput posterior was the most
frequent position at the first examination (52 of 99), but of those classified
as posterior, most were at 4- or 8-0’clock position. Occiput posterior
positions persisted in >50% of cases throughout the first stage of labor
but were anterior in 53 of 80 women (66%) examined by and after full
dilatation. The occiput position was anterior in 75% of cases at a head-
perineum distance of <30 mm and in 73% of cases at an angle of pro-
gression of >125° (corresponding to a clinical station of +1). All initial
occiput anterior (19), 77% of occiput posterior (40 of 52), and 93% of
occiput transverse positions (26 of 28) were thereafter delivered in an
occiput anterior position. In 6 cases, the fetal head had rotated over the 6-
o’clock position from an occiput posterior or transverse position, resulting
in a rotation of >180°. In addition, 6 of the 8 women ending with cesarean
delivery had the fetus in occiput posterior position throughout the active
phase of labor.

CONCLUSION: We investigated the rotation of the fetal head in the
active phase of labor in nulliparous women in spontaneous labor at term,
using ultrasound to provide accurate and objective results. The occiput
posterior position was the most common fetal position throughout the
active phase of the first stage of labor. Occiput anterior only became the
most frequent position at full dilatation and after the head had descended
below the midpelvic plane.

Key words: active phase, angle of progression, cesarean delivery, fetal
head position, head-perineum distance, progress of labor, transabdominal
ultrasound, transperineal ultrasound

Introduction

The study of fetal head rotation dur-

The position of the fetal head during
labor is an important factor to consider
when there are signs of labor protraction
or arrest disorders. Occiput posterior
(OP) and transverse positions have been
associated with poorer outcomes of
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labor for both the mother and fetus.! >

At present, position is predominantly
assessed clinically, and although some
obstetricians become skilled at this ex-
amination,»” many operators never ac-
quire it fully. The use of ultrasound has
been shown to be more accurate in
determining fetal head position” "' and
has a shorter learning curve than clinical
examinations,'” and the introduction of
this skill has been encouraged. With this
compelling evidence, ultrasound will
probably become common practice, and
it will be essential to have reliable data
about what constitutes normal findings
in labor in terms of occiput positions.
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ing labor has not been the subject of
many studies since Calkins et al'> pub-
lished their results on internal rotation
based on clinical examinations of
women in labor in 1939. This has formed
the basis of our knowledge and been
quoted in textbook chapters on the
mechanism of labor ever since.'>"” Ul-
trasound can be applied repeatedly dur-
ing labor to assess the fetal head position
accurately with a combination of trans-
abdominal and transperineal
approaches.” '

This offers the opportunity to study
fetal head rotation in great detail and
relates it to other factors, such as fetal
station, cervical dilatation, labor phases,
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Why was this study conducted?

labor onset.

Key findings

position.

Clinical examination of the fetal head position has limited accuracy. Ultrasound
can reliably assess fetal head position. The study was conducted to describe the
fetal head rotation using ultrasound in nulliparous women with spontaneous

More than 50% of fetuses were in the occiput posterior position throughout the
first stage of labor. The occiput anterior (OA) position only became the most
common position below the midpelvic plane. Of initial occiput positions, all
anterior, 93% transverse, and 77% posterior positions were delivered in the OA

What does this add to what is known?

New and detailed information about fetal head rotation in nulliparous women is
presented. Fetal head rotation most often occurs at full dilatation and below the
midpelvic plane. Rotation could be >180° for some fetuses.

and mode of delivery. As labor pro-
gresses differently between nulliparous
and parous women and between induced
and spontaneous labors, it is important
to study clearly defined groups of
women.”” The objective of this study was
to describe fetal head rotation longitu-
dinally with ultrasound throughout the
active phase of labor in nulliparous
women with spontaneous onset of labor
at term.

Materials and Methods

This was a single center, prospective,
cohort study at Landspitali - The
National University Hospital of Iceland,
Reykjavik, Iceland, during the period of
January 2016 to April 2018. All women
received oral and written information on
admission to the labor ward and gave
written consent before inclusion.
Nulliparous women with a spontaneous
start of labor at >37 weeks’ gestation and
with a single fetus in cephalic presenta-
tion were eligible, corresponding to
group 1 in the 10-group classification
system proposed by Michael Robson.”*
Inclusion was nonconsecutive and
occurred on admission for women with
an established active phase of labor or
when that phase could be established in
women admitted during the latent
phase. The active phase was defined as a
fully effaced cervix, dilated at least 4 cm,
in the presence of regular contractions in
accordance with the actual World Health

Organization (WHO) recommenda-
tions.””*® Clinical and ultrasound ex-
aminations were paired throughout
labor by 2 separate examiners, blinded to
each other’s results. The midwife caring
for the woman performed a clinical ex-
amination at recruitment and then as
clinically indicated, in accordance with
the hospital guidelines recommending
vaginal examinations at least every 4
hours, recording cervical dilatation in
centimeters on a specially designed
medical record. Whenever the fetal
occiput position could be assessed
clinically, it was marked on a clockface
graph with 24 half-hour divisions.

All ultrasound examinations were
performed within 15 minutes of the
clinical examination by experienced ul-
trasound examiners (H.H. and S.B.) who
were not involved in the clinical care of
the laboring woman. A Voluson i ultra-
sound machine (GE Medical Systems,
Zipf, Austria) with a 3.5- to 7.5-MHz 3-
dimensional curved multifrequency
transabdominal transducer was used for
both transabdominal and transperineal
scans.

Fetal head position was determined
using both the transabdominal®” and the
transperineal”™® approaches. The trans-
abdominal examination was preferred
whenever reference structures could be
visualized. The occiput position was
marked on a similar clockface graph for
the clinical examinations. Fetal head

positions were categorized as occiput
anterior (OA; >10- and <2-o’clock po-
sitions), left occiput transverse (LOT;
>2- and <4-0’clock positions), OP (>4-
and <8-o’clock positions), and right
occiput transverse positions (ROT; >8-
and <10-o’clock positions).”” The fetal
spine, orbits, midline structures, and
choroid plexus were used to determine
the position by ultrasound.*

To assess fetal head station, trans-
perineal ultrasound was used, and the
measurements obtained were head-
perineum distance (HPD) and angle of
progression (AoP). HPD was measured
in the frontal plane (transverse plane
related to the perineum) as the shortest
distance from the transducer to the fetal
skull. The soft tissue was compressed
with the transducer until it met with
resistance against the pubic bone.'®”
AoP was measured in the sagittal plane
as the angle between the longitudinal
axis of the pubic symphysis and a line
from the inferior part of the symphysis
tangentially to the fetal head contour.”!
The spinal plane is considered to be at
an AoP level of 116° and at an HPD of 36
mm.”

All data were collected and managed
using Research Electronic Data Capture
tools hosted at the hospital.”> The
study was approved by the Landspitali
Ethics Committee, reference number 26/
2015.

Statistical analysis

To describe the association between fetal
head station and fetal head position
against time, the delivery time was used
as a fixed reference point. From that
point, time was calculated backward.
The Shapiro-Wilk test for normality was
used for the AoP and HPD measure-
ments. As the AoP measurements were
not normally distributed, the differences
in median AoP and HPD measurements
by occiput position at inclusion were
estimated with the Kruskal-Wallis test.
The Fisher exact test was used to
compare proportions. Other results are
presented descriptively, and data were
analyzed using the statistical software
package R Core Team (R Foundation for
Statistical Computing, Vienna, Austria;
URL: https://www.R-project.org/; R: a
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Newborn characteristics
Birthweight
Apgar score at 1 min
Apgar score at 5 min

Labor characteristics
Mode of delivery
Cesarean delivery
Instrumental delivery
Spontaneous delivery
Length of labor, h

3530 (2480—5000)

3690 (2930—4480)

3530 (2750—4660)

TABLE 1
Characteristics of the study population stratified by occiput position on inclusion
0A LOT oP ROT
Characteristics n=19 n=15 n=>52 n=13
Maternal characteristics
Maternal age, y 31 (18—40) 27 (22—38) 26 (18—38) 26 (23—34)
Oxytocin augmentation 7(37) 5(33) 23 (44) 6 (46)
Epidural analgesia 10 (53) 6 (40) 37 (71) 8 (62)
Gestational age, wk 39 (37—42) 40 (39—42) 40 (37—42) 40 (37—42)

3440 (2560—4330)

9 (8—9) 9 (3—9) 9 (2—10) 7 (4—9)
10 (9—10) 10 (5—10) 10 (8—10) 9 (8—10)
1) 0(0) 6(12) 1(8)
1) 1) 11(21) 3(29)
17 (90) 14 (93) 35 (67) 9 (69)
7.9 (1.4—17.3) 8.0 (3.1—17.6) 8.9 (2.6—26) 9.7 (2.2—24.3)

Data are presented as median (interquartile range) or number (percentage).

LOT, left occiput transverse; OA, occiput anterior; OP, occiput posterior; ROT, right occiput transverse.
Hjartardéttir et al. Fetal head rotation in nulliparous women at term. Am ] Obstet Gynecol 2021.

language and environment for statistical
computing, 2018).

Results

Study population

Of the 100 women initially included, 1
withdrew her consent and was excluded.
Characteristics of the study population,
differentiated by occiput position at the
first examination, are presented in
Table 1. At inclusion, the cervix was
dilated 4 cm in 26 women, 5 cm in 30
women, and >6 cm in 43 women. A total
of 340 paired clinical and ultrasound
examinations were done, varying from 1
to 8 examinations for each woman,
depending on the length of labor.
Furthermore, 4 women were examined
only once, 93 women at least twice, 60
women 3 times, 47 women 4 times, 20
women 5 times, 15 women 6 times, and 3
women 8 times.

Fetal head position throughout the
active phase of labor

Figure 1 (left image) shows the frequency
and detailed distribution of the position

of the fetal head at the first ultrasound
examination. The OP position was the
most common position at the first ex-
amination (52 of 99). Of the other fe-
tuses, 19 were OA, 15 LOT, and 13 ROT.
Of those classified as OP, most were at
the 4- or 8-o’clock positions. Fetal head
position could only be clinically assessed
in 31 of 99 cases at the time of the first
paired examination, and only 14 of these
examinations (45%; 95% confidence
interval [CI], 28—89) agreed with the
ultrasound examination.

Fetal position at each examination is
presented in Table 2. Individual rotation
patterns showed that the occiput was
either in the left or right side position
throughout labor in most cases, but in 6
cases, the occiput was seen to rotate over
the 6-0’clock position. In Figure 1 (right
image), the detailed distribution and
frequency of positions of the fetal head at
the last ultrasound examination before
birth are shown, when 61 of 99 fetuses
were in the OA position, 9 in the LOT
position, 25 in the OP position, and 4 in
the ROT position. Fetal head position
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could be assessed clinically in 61 of 99
cases at the time of the last paired ex-
amination, and 52 of these examinations
(85%; 95% CI, 73—93) agreed with the
ultrasound-assessed position.

All fetuses in the OA position at the
first examination were delivered in the
OA position. From an initial OT posi-
tion, 26 of 28 fetuses (93%; 95% CI,
75—99) rotated to the OA position,
whereas 2 cases in the right-sided OT
positions were in the OP position at
delivery. Of the initial OP positions, 40
of 52 fetuses (77%; 95% CI, 63—87) were
delivered in the OA position. All 61 fe-
tuses in the OA position at the last ex-
amination and all 13 fetuses in the LOT
position were delivered in the OA posi-
tion. Of the 4 fetuses in the ROT posi-
tions at the last examination, 2 were
delivered in the OA position, and 12 of
the 25 fetuses in the OP position were
delivered in the OA position.

All the 6 cases seen to rotate over the
6-0’clock position ended as spontaneous
OA  deliveries (rotating  >180°).
Furthermore, 2 cases rotated from the
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FIGURE 1
Fetal head position at the first and last examinations
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The circular bar graphs show the distribution and frequency of each occiput position at the first (left image) and at the last (right image) ultrasound
examinations of nulliparous women in the active phase of labor with spontaneous onset at term. Each bar represents a marking on a clockface with half-
hour intervals. The frequency at each position is counted from the center outward, the scale being represented on the y-axis. The bars are colored

according to the classification of the occiput position.
LOT, left occiput transverse; OA, occiput anterior; OP, occiput posterior; ROT, right occiput transverse.

Hjartardéttir et al. Fetal head rotation in nulliparous women at term. Am J Obstet Gynecol 2021.

left side to the right side (initially at the
3:30 position and 4-o’clock position)
and 4 cases from the right side to left side
(initially at the 6:30 position and 7-, 8-,
and 9-o’clock positions).

Occiput position and mode of
delivery

Overall, 75 women had a spontaneous
delivery, 15 fetuses were delivered with
vacuum extraction, 1 fetus was delivered
with forceps, and 8 fetuses were deliv-
ered by cesarean delivery. Furthermore,
6 of the fetuses that were delivered by
means of cesarean delivery were in the

OP position at the first examination, 1
was in the OA position, and 1 was in the
ROT position. At the last examination
before birth, all 6 fetuses at the OP po-
sition remained in the OP position, the
one in the ROT position had rotated to
the OP position, and the one in the OA
position remained in the OA position.

Direct occiput posterior position

and mode of delivery

Of note, 14 fetuses were in the direct or
almost direct OP position (from a 5- to
7-0’clock position) at inclusion, and 10
of the 14 fetuses (71%; 95% CI, 42—90)

rotated to the OA position at delivery. Of
the 14 fetuses, 11 were delivered spon-
taneously (79%; 95% CI, 49—94), 2 were
delivered with instrumental assistance (1
in the OA position and 1 in the OP po-
sition at delivery), and 1 was delivered
via cesarean delivery (in the OP position
at delivery).

Oxytocin augmentation and occiput
position at delivery

Of the women needing oxytocin
augmentation, 8 of 41 women delivered
a fetus in the OP position vs 6 of 58
women who did not receive oxytocin.

Data are presented as number.

TABLE 2
Fetal position at each examination

First Second Third Fourth Fifth Sixth Seventh Eighth Last
Position n=99 n=93 n=60 n=47 n=20 n=15 n=3 n=3 n=99
Occiput anterior 19 28 19 24 6 8 0 2 61
Left occiput transverse 15 13 6 2 1 0 0 0 9
Occiput posterior 52 42 28 19 10 6 1 1 25
Right occiput transverse 13 10 7 2 3 1 2 0 4

Hjartardottir et al. Fetal head rotation in nulliparous women at term. Am J Obstet Gynecol 2021.
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The difference was not significant
(P=25).

Occiput position and fetal head
station

Table 3 shows the ultrasound measure-
ments of the fetal head station at the first
and last examinations according to the
occiput position at inclusion. OA posi-
tion at inclusion was associated with
lower stations (shorter HPD and wider
AoP) at both the first and last examina-
tions. Table 4 and Table 5 show the as-
sociation between fetal position and
station in all examinations. The occiput
position was anterior in 75% of cases
when HPD was <30 mm and in 73% of
cases when AoP was >125° (corre-
sponding to a clinical station of +1). The
associations among fetal head station,
occiput position, and time to delivery at
each ultrasound examination are pre-
sented in Figure 2. The OA position did
not become predominant until 2 hours
before birth.

Occiput position and cervical
dilatation

The relation between clinically assessed
cervical dilatation and fetal head posi-
tion is shown in Figure 3. OP positions
persisted in >50% of cases throughout
the first stage of labor but were anterior
in 53 of 80 cases (66%) examined by full
dilatation.

Comment

Principal findings

Determining the fetal head position with
ultrasound during labor was easy and
could always be done. We found that the
OP position was the most common po-
sition at the first examination, but most
of the OP positions were at the 4- or 8-
o’clock position (Figure 1). The OP po-
sition remained the most common one
until the cervix was fully dilated and the
fetal head had descended below the
midpelvic plane. All fetuses starting in
the OA position were delivered in the OA
position, 93% of fetuses starting in
transverse positions rotated to the OA
position, and 77% of fetuses starting in
the OP position rotated and were deliv-
ered in the OA position.

TABLE 3

Ultrasound measuring fetal head station at first and last examinations
according to fetal head position at the first measurement

posterior; ROT, right occiput transverse.

0A LOT oP ROT

(n=19) (n=15) (n=52) (n=13) Pvalue
First examination
AoP 107 (82—123) 98 (87—117) 98 (73—128) 103 (88—114) .02
HPD 40 (24—56) 43 (37—56) 46 (29—66) 44 (31—54) .05
Last examination
AoP 128 (95—161) 110 (98—124) 106 (76—142) 116 (106—138) <.01
HPD 27 (9—49) 40 (21-51)  41(20—62) 33(26—39) <.01

Data are presented as median (interquartile range). The differences in median AoP and HPD measurements by fetal head
position at inclusion were estimated with the Kruskal-Wallis test.

AoP, angle of progression; HPD, head-perineum distance; LOT, left occiput transverse; OA, occiput anterior; OP, occiput

Hijartardéttir et al. Fetal head rotation in nulliparous women at term. Am ] Obstet Gynecol 2021.

Clinical significance

As ultrasound is being used increasingly
during labor, accurate knowledge on
fetal head position and rotation is
needed. It is one of the factors observed
in assessing labor progress, and de-
viations from the normal should guide
the obstetrician and midwife to timely
and correct interventions. Ultrasound
could conceivably lead to an increased
frequency of interventions if these me-
chanics are not well described.”” We
observed that the fetal head position
could only be correctly identified in a
minority of cases at inclusion, but even
at the last examination, only around
two-thirds of the clinical staff felt they
could determine the position but with
increasing accuracy. This is very much in

. . 6—8,34,35
agreement with other studies,’ 7

but Iversen et al* have shown that this
can be improved with structured clinical
assessment.

As shown in this study, at the start of
the active phase of spontaneous labor,
the OP position was common. This is
important knowledge when estimating
progress in established labor. In accor-
dance with clinical knowledge, it is only
persistent OP position that is likely to
lead to delayed and difficult labor.”® The
OP position should not by itself be
considered a negative sign. The fetal
head should not be expected to rotate to
the OA position until toward the end of
labor, when the cervix is fully dilated and
the head has descended below the mid-
pelvic plane.

Data are presented as number (percentage).

TABLE 4
Fetal head position at the level of the head-perineum distance

>50 mm 41—50 mm 31—40 mm <30 mm
Position (n=51) (n=116) (n=112) (n=57)
Occiput anterior 2(4) 19 (16) 41 (37) 43 (75)
Left occiput transverse 6(12) 18 (16) 11 (10) 2 (4
Occiput posterior 33 (65) 64 (55) 49 (44) 10 (18)
Right occiput transverse 10 (20) 15 (13) 11 (10) 2 (4)

Hiartardottir et al. Fetal head rotation in nulliparous women at term. Am ] Obstet Gynecol 2021.
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Data are presented as number (percentage).

TABLE 5
Fetal head position at the level of the angle of progression

<95° 95°—109° 110°—124° >125°
Position (n=68) (n=129) (n=95) (n=45)
Occiput anterior 4 (6) 27 (21) 39 (41) 33(73)
Left occiput transverse 10 (15) 17 (13) 10 (11) 0(0)
Occiput posterior 46 (68) 67 (52) 37 (39) 9 (20)
Right occiput transverse 8(12) 18 (14) 9(10) 3(7)

Hjartardéttir et al. Fetal head rotation in nulliparous women at term. Am ] Obstet Gynecol 2021.

Research implications

Occiput position at the first
examination

Our findings of the high frequency of the
OP position early in the active phase of
labor differ from previous studies. The
results from the original radiological
studies by Caldwell et al’” suggested that
approximately 20% of fetuses were in the
OP position; the results had the same
frequency as the OA position, but OT
positions were considered predominant.
Steele and Javert,’® also using radiology,
found the fetus to be in OT position in

over 60% of cases. The populations
examined in these studies were, however,
not very clearly defined or timed in
relation to labor stages, and the tech-
nique used may not have given exact
positions other than classifying them as
OA, OP, or OT positions. Any degree of
deviation from those positions may be
open to interpretation because the
landmarks inside the fetal skull could not
be identified as accurately as now with
ultrasound. The clinical study of Cal-
kins'® from 1939 showed the occiput to
be posterior or in the direct transverse

position in 50% of nulliparous women
in early labor.

Several ultrasound studies have
described the occiput position at induc-
tion or admission in spontaneous labor
with frequencies of OP position varying
from 15% to 38%.”°"”""* The most
obvious explanations for such percent-
age discrepancies are differences in how
the OP position was defined. Some au-
thors divided the pelvis into 4 parts,**
some into 8 equal parts where the OP
position would extend from the 5:15
position to the 6:45 position”*” or into 2
parts, anterior or posterior.”” We used
the definition proposed by Akmal
et al”>** in which the OP position
extends from 4- to 8-o’clock position. In
the aforementioned studies, only trans-
abdominal ultrasound examinations
were used to determine the position,
which can be inaccurate when the head is
deeply engaged. We therefore combined
transabdominal and transperineal scan-
ning to improve accuracy.

Some variation may also be explained
by different timing of the examinations. If
examined before labor onset, the head is

FIGURE 2

Fetal head station and position in relation to time to delivery
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The dot plot shows the fetal head station measured as head-perineum distance in millimeter (left image) and angle of progression in degrees (right image)
on the y-axis in relation to time to delivery on the x-axis. The women examined were nulliparous in the active phase of labor with spontaneous onset at
term. Delivery is at point 0, and the time to delivery is calculated backward. The dots are colored according to the classification of the occiput position.
LOT, left occiput transverse; OA, occiput anterior; OP, occiput posterior; ROT, right occiput transverse.
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FIGURE 3

Fetal head position in relation to cervical dilatation
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The bar graph shows the number of ultrasound examination at each cervical dilatation in centi-
meters. The women examined were nulliparous in the active phase of labor with spontaneous onset
at term. The bars are colored according to the classification of the occiput position.

LOT, left occiput transverse; OA, occiput anterior; OP, occiput posterior; ROT, right occiput transverse.
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most often in the transverse position at
the inlet, but during the negotiation of the
pelvic cavity, the occiput may have to fit
into the hollow posterior aspect at each
side of the sacral promontory, which may
explain the higher frequency in our study
conducted in established labor.

Occiput rotation during labor

Of note, 3 longitudinal ultrasound studies
have examined fetal rotation.””*>*” The
populations studied in 2 of them were a
mixed group of nulliparous and multip-
arous women, and all included women in
both spontaneous and induced labors
with a limited number of repeated ex-
aminations being reported or a large
dropout owing to uninterpretable ultra-
sound scans so it is not possible to form a
full picture of when the rotation occurs
from these studies. To avoid this, we
included only nulliparous women with
spontaneous labor onset and combined
abdominal and perineal ultrasound ap-
proaches. This allowed the presentation
of more detailed information about the
exact fetal position and when the rotation

occurs during labor. Our results agree
with those of Adam et al’’ and Souka
et al’’ in that a fetus in the anterior fetal
head position at admission in labor does
not malrotate to an OP position and the
results of Lieberman et al*” that fetal head
rotation is a late occurrence during labor.
Our findings that 77% of OP positions
during labor rotated to be delivered in
the OA position confirm the results of
other studies of mixed groups of
nulliparous and multiparous women in
various stages of active labor.”****>*/
This was similar for the group that
were near to direct OP at inclusion (from
the 5- to 7-o’clock position) where 71%
of cases rotated to the OA position.
Oxytocin use could possibly have an
effect on the rotational forces during
labor, but we did not observe a difference
in the frequency of persistent OP posi-
tion in connection with oxytocin use.
Only 2 of 12 OP deliveries were in the
OT position on admission, whereas all the
others had an original OP position. This
confirms the view of several authors that
an OP position at delivery results from
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failed rotation from an original OP posi-
tion at the pelvic inlet’”**** rather than
being a malrotation from an OT or OA
position as suggested by Gardberg et al.”

The frequency of rotation of more
than 180° has not been described before
but was seen in 5% (95% CI, 2—12) of
our study population.

Occiput position and head
descent

We have demonstrated the higher station
of the fetal head in the OP and OT po-
sitions in early labor. The rotation from
the common OP position to the OA
position did not occur until the head
began to descend, and the OA position
was not predominant until below the
midpelvic plane. It is not clear whether
the descent precedes the rotation, but it
is  likely  that  this  happens
simultaneously.

Occiput position and cervical
dilatation

We also confirmed the association be-
tween fetal head rotation and cervical
dilatation ascertained during the clinical
examinations. The OP position was the
most common position up to the point
when cervical dilatation had been
completed (Figure 3). Only then could
the OA position be demonstrated in
>50% of cases. This is a further confir-
mation of the late occurrence of fetal
head rotation to the OA position, which
only becomes the most common posi-
tion within approximately 2 hours
before birth. In a cross-sectional study by
Akmal et al,*® the frequency of OP, OA,
and OT positions was very similar dur-
ing the first stage of labor, but the OA
position predominated with 64% of
cases at full dilatation. Similar results
were obtained by Souka et al*’ (74% of
cases in the OA position at full
dilatation).

Strengths and limitations

The main strength of our study was the
prospective, longitudinal design exam-
ining a well-defined group of nulliparous
women in spontaneous labor throughout
the active phase. We used objective and
reliable methodology and combined
transabdominal ~ and  transperineal
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ultrasound examinations for defining the
exact fetal position. The definition of the
active phase at 4 cm dilatation was ac-
cording to the WHO criteria recom-
mended during the recruitment period.
We are aware of recent suggestions of
changing the definition to 5*’ or 6 cm,”
but because we use delivery as the fixed
reference point, the definition of active
labor will not have had an important
impact. The relatively limited sample size
was a weakness, especially regarding the
operative delivery numbers. The external
validity needs to be confirmed by further
studies in similarly well-defined groups of
parous women and women in induced
labor. The experience of the 2 ultrasound
operators in fetal medicine was a strength
for validating the results but might be
considered a weak point for external
validation. It has, however, been demon-
strated that the skills needed for exam-
ining women in labor with ultrasound are
easily obtained”’ and have a shorter
learning curve than vaginal examination
skills.'” The varying degree of experience
in clinical vaginal examinations by the
labor ward staff might likewise be
considered a weakness. This does, how-
ever, represent the situation in most labor
wards, and this is likely to be improved
with the ultrasound methods described in
the study. A further weakness was our
inability to examine the active phase from
the start by some women who were
admitted late in labor. This came from the
way women were recruited into the study,
but it also represents the reality among
spontaneously laboring women.
Excluding those women would have
created a selection bias. Although we
included fetal station and rotation in our
study, fetal attitude and flexion of the fetal
head were not considered as a possible
and additional variable for labor progress.
The occiput-spine angle is easy to mea-
sure in OA positions, but more chal-
lenging in OP positions.™

Conclusions

We have followed and given a detailed
description of the rotation of the fetal
head throughout the active phase of la-
bor in nulliparous women in sponta-
neous labor, using accurate, objective
ultrasound methods. The OP position

was the most common position
throughout the first stage, and the OA
position only became most frequent at
full dilatation and after the head had
descended below the midpelvic plane.
No fetus was seen to rotate from the OA
position to the OP position, and most of
the initial OT and OP positions rotated
to the OA position, but commonly late in
labor.

Highlights

e Ultrasound was used to examine fetal
head rotation longitudinally during
the active phase of labor.

e More than 50% of fetuses were in the
OP position throughout the first stage
of labor.

o The OA position only became the
most common position below the
midpelvic plane.

e All initially anterior, 93% transverse,
and 77% posterior positions were
delivered in the OA position.

e Fetal head rotation most often occurs
at full dilatation and below the mid-
pelvic plane.

e Rotation could be >180° for some
fetuses. |
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