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 Extensive evidence over the last 30 years has demon-
strated the value of ultrasound in the prenatal diagnosis 
of fetal abnormalities and in the assessment of fetal 
growth and wellbeing. Recent studies suggest that ultra-
sound may play an important role in the prediction of the 
time of onset and the progress of labor and in this article 
we review the evidence in favor of the use of ultrasound 
in the control of labor and delivery.

  Ultrasound before Induction of Labor 

 Induction of labor is a common obstetric intervention, 
performed in about 20% of pregnancies  [1] . However, 
about 20% of women having induction of labor need a 
cesarean section for delivery either because of failed in-
duction, failure to progress in labor or fetal distress  [2] .

  Several studies have examined a variety of maternal 
and fetal factors as well as screening tests to predict the 
outcome of labor induction. One meta-analysis by Crane 
 [3]  reported that certain characteristics of the woman 
(parity, age, weight, height and body mass index) and of 
the fetus (birth weight and gestational age) are useful pre-
dictors with parous young women who are tall and of low 
weight having a higher rate of induction success. Fetuses 
with a lower birth weight or increased gestational age are 
also associated with increased induction success. Pre-in-
duction cervical length, measured by transvaginal so-
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 Abstract 
 Ultrasound may play an important role in the management 
of labor and delivery. Induction of labor is a common obstet-
ric intervention, performed in about 20% of pregnancies. 
Pre-induction cervical length, measured by transvaginal so-
nography, has been shown to have a significant association 
with the induction-to-delivery interval and the risk for cesar-
ean section. In the management of labor there is extensive 
evidence that digital pelvic examination does not provide 
accurate assessment of the position and descend of the fetal 
head both during the first but also in the second stage of 
 labor. Several recent studies using both two- and three- 
dimensional ultrasound have now described objective mea-
sures of progression of the fetal head during labor. In instru-
mental deliveries an important determinant of a successful 
and safe use of vacuum and forceps is the correct determina-
tion of the fetal head position and appropriate application 
of the instrument. However, ultrasound studies have shown 
that digital examination before instrumental delivery fails to 
identify the correct fetal position in a high proportion of cas-
es. The use of ultrasound is of crucial importance in perform-
ing a safe operative delivery and can help in the prediction 
of whether a vaginal delivery would be successful. 
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nography, has been shown to have a significant associa-
tion with the induction-to-delivery interval and the risk 
for cesarean section. There is evidence that pre-induction 
cervical length and the position of the fetal occiput in ad-
dition to maternal characteristics, including parity, ges-
tational age, maternal age, and body mass index, provides 
useful prediction of the likelihood of cesarean section  [4–
6] . For example, the odds of cesarean section increases by 
about 10% with each increase of 1 mm in cervical length 
above 20 mm and the odds are about 75% lower in mul-
tiparae, compared to nulliparae with the same cervical 
length  [7] . A series of models, incorporating sonographic 
and demographic characteristics, have been developed 
that can classify women into high and low risk groups for 
cesarean section and provide individual patient predic-
tions for outcome of induction of labor  [8] .

  The main indication for induction of labor is post-
term pregnancy because in such cases the risk of intra-
uterine and postnatal death is increased from 2.4 per 
1,000 pregnancies at 40 weeks to 5.8 at 43 weeks. In the 
management of the post-term pregnancies, induction of 
labor reduces perinatal mortality when compared with 
expectant management  [9] . The traditional approach to 
the management of prolonged pregnancy is to undertake 
delivery during the 41st week of gestation. Rao et al.  [10]  
reported the results of a new approach whereby an ultra-
sound-based assessment is undertaken at the end of the 
40th week or during the 41st week of gestation and unless 
there is evidence of a specific medical or obstetric indica-
tion induction of labor is delayed by 7–10 days. The study 
demonstrated that a policy of delaying induction resulted 
in spontaneous onset of labor and delivery in more than 
80% of cases. In addition, the rate of cesarean section for 
failure to progress or fetal distress was about 20% in the 
total population, including 15% in those with spontane-
ous onset of labor and 36% in those requiring induction 
of labor. The chance of spontaneous onset of labor was 
higher in parous than nulliparous women and was in-
versely related to maternal body mass index and cervical 
length. The chance of vaginal delivery was higher in 
those with spontaneous than induced onset of labor, in 
parous than nulliparous women, and in white than black 
women, and was inversely related to maternal body mass 
index and cervical length.

  An ultrasound-based prolonged pregnancy clinic can 
identify previously undiagnosed problems, such as breech 
presentation that may benefit from elective cesarean sec-
tion or oligohydramnios and fetal growth restriction for 
which early delivery with close intrapartum monitoring 
would be needed. In those with no specific medical indi-

cations for delivery during the 41st week a policy of delay-
ing induction of labor by 7–10 days would reduce sub-
stantially the rate of induction for prolonged pregnancy. 
The extent to which such policy could reduce the overall 
rate of cesarean section without an increase in perinatal 
death can only be answered by randomized studies.

  Ultrasound to Define Fetal Head Position and 
Progression during Labor 

 There is extensive evidence that digital pelvic exami-
nation for the determination of fetal head position during 
labor is not accurate. Sherer et al.  [11, 12]  reported a dis-
crepancy in the assessment of the fetal occipital position 
of at least 45° between digital examination and transab-
dominal ultrasound in 53 and 39% of patients in the first 
and second stage of labor, respectively. Akmal et al.  [13]  
reported that digital pelvic examination failed to deter-
mine the fetal head position in 34% of laboring women, 
and incorrectly determined head position in 51% of pa-
tients in whom the position could be defined. The rate of 
correct identification of the fetal position by digital ex-
amination increased with cervical dilatation, and if there 
was absence rather than presence of caput. Souka et al. 
 [14]  showed that assessment of the fetal head position by 
digital examination was not possible in 61% of cases in 
the first stage and in 31% in the second stage of labor. Dif-
ficulty in assessing the position was more likely if the oc-
ciput was posterior in comparison to anterior and in the 
maternal right in comparison to the left side. When as-
sessment by vaginal examination was possible, fetal head 
position assessment by digital examination was accurate 
in 31% of the cases in the first stage and in 66% of cases 
in the second stage of labor.

  The inaccuracy of clinical examination during labor 
has also been demonstrated in the descent of the head 
over the different planes of the maternal pelvis. Dupuis et 
al.  [15]  investigated the reliability of transvaginal assess-
ment of fetal head station by using a newly designed birth 
simulator. A fetal head mannequin was placed in 1 of the 
11 American College of Obstetricians and Gynecologists 
(ACOG) stations in a birth simulator equipped with real-
time miniaturized sensor. The operators (32 residents 
and 25 obstetricians) then determined head position clin-
ically. Mistakes in the ACOG position occurred in 50–
88% of cases for residents and in 36–80% of cases for ob-
stetricians, depending on the position. Regarding ‘group’ 
errors, classified as high, mid-pelvis, low and outlet, the 
mean ‘group’ error was 30% (95% CI 25–35%) for resi-
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dents and 34% (95% CI 27–41%) for obstetricians and 
alarmingly, from the group errors, the misdiagnosis of a 
station as representing a mid-pelvic station rather than a 
true high-pelvic station accounted for 88 and 67% of the 
errors made by residents and obstetricians, respectively. 
This can have major implications in the management of 
the patients in labor.

  Several studies have used ultrasound to provide an ob-
jective measure of head progression in labor  [16] . Head 
direction was defined by Henrich et al.  [17]  as the angle 
between the infrapubic line of the pelvis (a line perpen-
dicular to the longer diameter of the pubis starting from 
the inferior border) and another line drawn perpendicu-
lar to the widest diameter of the fetal head ( fig. 1 ). Using 
this technique, three types of head direction were deter-
mined: head down, horizontal and head up. ‘Head up’ is 
when the line drawn perpendicular to the widest diam-
eter of the fetal head points ventrally at an angle of  6 30°; 
head down is when this angle is  ! 0°; all other angles are 
considered ‘horizontal’. The head direction together with 
the descent in the maternal pelvis is a good indicator of 
successful vaginal delivery. An upward direction of the 

fetal head is a sign of good prognostic value for vaginal 
delivery contrary to a downward or horizontal direction 
of the head.

  Ghi et al.  [18]  combined head direction with the degree 
of rotation of the middle line of the fetal head to establish 
the descent in the pelvis and the prognosis of a vaginal 
delivery. Using translabial ultrasound at the second stage 
of labor, they observed that patients with a downward di-
rection of the fetal head would be eligible for an abdomi-
nal delivery because the presenting part of the fetus was 
above the mid-pelvis. A horizontal direction of the fetal 
head correlated in 90% of the cases with a mid-pelvis po-
sition of the fetal head and the management is unclear. 
Eventually, an upward direction indicated that the head 
was in the lower third of the pelvis in 89% of the cases. 
The combination of an upward direction of the fetal head 
with a rotation of  ! 45° indicated in 95% of the cases that 
the station of the fetal head was +3 cm or more and those 
patients could be delivered vaginally.

  Another of these measurements is the angle of pro-
gression of the fetal head, described as the angle between 
a line through the midline of the pubic symphysis and a 

Fetal head

Pubic bone

Spine

Ultrasound transducer

  Fig. 1.  Ultrasound image and drawing to demonstrate the fetal head direction described as the angle between a 
vertical line from inferior apex of the symphysis (yellow line) and another line drawn perpendicular to the wid-
est diameter of the fetal head (red line). 
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line from the inferior apex of the symphysis to the leading 
part of the fetal skull ( fig. 2 ). An angle of progression of 
120° or greater is an excellent predictor of a successful 
vaginal delivery. Kalache et al.  [19]  evaluated prospec-
tively this measurement in women at term with failure to 
progress in the second stage of labor. Logistic regression 
analysis showed a strong relationship between the angle 
of progression and the need for cesarean delivery. When 
the angle of progression was 120°, the fitted probability 
of either an easy and successful vacuum extraction or 
spontaneous vaginal delivery was 90%. The same angle 
was measured by Barbera et al.  [20]  in 88 term laboring 
patients. He described a good intra- and inter-observer 
variability for the measurement that was less than 3°. 
Their data showed that an angle of at least 120° was al-
ways associated with subsequent spontaneous vaginal de-
livery. They also correlated the angle of progression with 
digital examination to determine head descent in the pel-
vis, finding a particularly poor correlation in mid-station 
(clinical station –2 to 0), reflecting how difficult it is for 
clinicians to accurately quantify clinical head station us-
ing the more subjective method of digital examination.

  Dietz et al.  [21]  described the progression distance of 
the head as the minimal distance from a line through the 
infero-posterior symphyseal margin (parallel to the main 
transducer axis) and the leading edge of the fetal skull 
( fig. 3 ). This was described in 140 nulliparous pregnant 
women who were not in labor for the assessment of head 
engagement. The authors provided evidence that this 
method was highly reproducible and the progression dis-
tance correlated well with the station of the fetal head by 
a combination of abdominal palpation and vaginal digi-
tal examination. This measurement may also be of value 
in determining the progress of the head in the second 
stage of labor.

  The three measurements, head direction, angle of pro-
gression and progression distance, together with the an-
gle from the middle line of the head to the vertical line of 
the pelvis (as an indicator of the rotation of the fetal head 
to anterior position) have been incorporated in a 3D soft-
ware called Sonography-based Volume Computer Aided 
Display, (SonoVCAD TM labor. Voluson i, General Elec-
tric ).  The aim of SonoVCAD is to provide an objective 
measure of progression of the fetal head during labor. 

Fetal head
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  Fig. 2.  Ultrasound image and drawing to demonstrate the angle of progression of the fetal head described as the 
angle between a line through the midline of the pubic symphysis (interrupted red line) and a line from the in-
ferior apex of the symphysis to the leading part of the fetal skull (solid red line). 
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However, there are no prospective studies using this tool 
to establish which of the measurements is more reliable 
and accurate in the prediction of vaginal delivery and in 
general there is a limitation of these measurements to an 
anterior position of the fetal occiput.

  Ultrasound to Define Fetal Head Position before 
Instrumental Delivery 

 Instrumental delivery is an integral part of obstetric 
care and is indicated for prolonged second stage of labor 
or fetal compromise or to shorten the second stage of la-
bor for maternal indications, such as cardiac, pulmonary, 
cerebrovascular or neuromuscular disease.

  Akmal et al.  [22]  carried out a study in 64 singleton 
pregnancies undergoing instrumental delivery. The fetal 
head position was determined by transvaginal digital ex-
amination by the attending obstetrician. Immediately af-
ter or before the clinical examination the fetal head posi-
tion was determined by transabdominal ultrasound by a 
trained sonographer who was not aware of the clinical 

findings. The digital examination was considered to be 
correct if the fetal head position was within  8 45° of the 
ultrasound finding. Digital examination failed to define 
the correct fetal head position in 27% of cases. The accu-
racy of vaginal digital examination was higher for oc-
ciput-anterior than occiput-lateral and occiput-posterior 
positions (83 vs. 54%) and for fetal head below than at the 
level of the ischial spines (77 vs. 33%).

  An important determinant of a successful and safe use 
of vacuum and forceps is the correct determination of the 
fetal head position and appropriate application of the in-
strument. Thus, placement of the vacuum cup on the 
flexing point and placement of the forceps blades parallel 
to the sagittal suture are associated with high success rate 
and reduction in maternal and fetal morbidity  [23, 24] . In 
contrast a deflexing or parasagittal placement of the vac-
uum on the fetal head, results in higher failure rate, cup 
detachment and fetal morbidity. In this study of vacuum 
extractions, incorrect cup placement was reported in 
about half of the procedures and an increase in neonatal 
injury from 5% for flexing median placement of the cup 
to 45% for deflexing paramedian application  [23] .

Fetal head
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  Fig. 3.  Ultrasound image and drawing to demonstrate the progression distance of the head described as the 
distance (red line) between a vertical line from inferior apex of the symphysis (yellow line) to the leading edge 
of the fetal skull. 
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