ORIGINAL RESEARCH ARTICLE

Fetal Head–Perineum Distance on Transperineal
Ultrasound as Predictor of Vaginal Delivery in Term
Nulliparous Women Undergoing Induction of Labor
Suchandana Dasgupta1, Pratima Mittal2, Rekha Bharti3 , Megha Mittal4, Divya Pandey5, Jyotsna Suri6
Received on: 06 October 2020; Accepted on: 05 August 2022; Published on: 18 October 2022

A b s t r ac t
Aim: To study the association of fetal head perineum distance (HPD) on transperineal ultrasound (TPU) with the mode of delivery
in women undergoing induction of labor (IOL).
Materials and methods: Term nulliparous women with singleton pregnancy in cephalic presentation, admitted in the obstetrics
wards for IOL, were recruited in the study. After written informed consent, preinduction measurements of fetal HPD on digital
vaginal examination (DVE) and TPU were done in 300 women. HPD on TPU was compared with HPD on DVE. Women were
followed till delivery, association of HPD on TPU with the mode of delivery was noted, and receiver operating characteristic
(ROC) was plotted for successful IOL.
Results: For successful vaginal delivery, the ROC cutoff for HPD on TPU was ≤4.39 cm (95% CI 0.860–0.931, p < 0.0001) with
sensitivity, specificity, positive and negative predictive value, and likelihood ratio of 97.76, 75.32, 92, 92.1, and 3.96, respectively.
HPD on TPU showed significant difference but good positive correlation with HPD on DVE (r = 0.886; 95% CI 0.859–0.908, p < 0.001).
With every centimeter increase in the HPD from 4.39 cm, the likelihood of cesarean delivery increased by 47%. On multivariate
analysis, HPD measured by TPU was found to be the most significant independent predictor of risk of cesarean delivery, p < 0.0001.
Conclusion: Fetal HPD on TPU in term nulliparous women undergoing IOL is a good predictor of vaginal delivery, and every
centimeter increase in the HPD from 4.39 cm increases the risk of cesarean delivery by 47%.
Clinical significance: Fetal head perineal distance by TPU can be used for counseling primigravida regarding the outcome of IOL.
Keywords: Head perineal distance, Induction of labor, Predictor of successful vaginal delivery, Transperineal ultrasound.
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Introduction

1–6

Induction of labor (IOL) is one of the most frequently done
procedures in obstetrics. It is used when the continuation of
pregnancy would jeopardize the maternal or fetal well-being,
and there is no contraindication to vaginal delivery. In
developed countries, up to 25% of all deliveries at term now
involve IOL.1 Depending on the rate of admission of patients
and the protocol of a particular institution, the incidence
of IOL varies from 5 to 22%.2,3
Cesarean section rate after failed IOL is around 25%
in nulliparous women.4 It is considered that a minimum
of 24 hours should be allowed after cervical ripening
and oxytocin administration with or without ruptured
membranes prior to diagnosing a failed induction.5
The role of Bishop’s score as a predictor of successful IOL
and other confounding factors like maternal age, parity, weight,
height, body mass index (BMI), gestational age, birth weight
of the baby, and the risk associated with failed induction or
increased cesarean rate after IOL have been studied.6,7 The
Bishop’s score is conventionally done by DVE to assess the

cervical favorability and fetal head station. But the measurement
of the head station by DVE is shown to be highly subjective and
has an error rate of 50–88% and 36–80% when done on the birth
simulator by residents and attending physicians, respectively.8
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Preinduction ultrasonographic measurements of fetal
head station along with different cervical parameters
like cervical length, cervical angle, and effacement using
TPU are emerging as a newer modality for prediction of
successful IOL.4,8–11 The ultrasound parameters used for
assessing the fetal head station that involve visualization of
the symphysis pubis and ischial spines measurements are
difficult for resident doctors, whereas fetal HPD is measured
as the shortest distance from the perineal skin surface to
the outermost bony limit of the fetal skull is the easiest and
simplest to measure. The measurement of fetal HPD on TPU
is objective, more accurate, and reproducible.
The aim of the paper is to evaluate HPD on TPU as a
predictor of vaginal delivery and to compare HPD measured
by TPU with DVE in term nulliparous women undergoing IOL.

M at e r ia l s

and

Methods

It was a prospective observational study conducted
on 300 term nulliparous women undergoing IOL in the
Department of Obstetrics and Gynaecology, Vardhman
Mahavir Medical College and Safdarjung Hospital, New Delhi,
India, from October 2017 to January 2019. The study was
approved by the Institute Ethics Committee, and informed
consent was obtained from all the women before recruitment.
The sample size calculation was based on the study by
Eggebø et al., who observed area under fetal HPD ROC curve
for prediction of vaginal delivery as 62%; 95% CI, 0.52–0.71;
p = 0.03.12 Taking these values as reference and a 5% level of
significance, the calculated sample size was 292. To reduce
the margin of error, a sample size of 300 was taken.
Term nulliparous women (37–42 weeks) with singleton
pregnancy in cephalic presentation undergoing IOL with
poor Bishop’s score were enrolled. Women with antepartum
hemorrhage, fetal macrosomia, fetal growth restriction,
preterm rupture of membranes, previous uterine surgery, and
favorable Bishop’s score ( >6) were excluded from the study.
Under all aseptic precautions, a DVE was performed and,
Bishop’s score and pelvic assessment were done, and it was
followed by a TPU within 10 minutes. Women were laid in
dorsal position with an empty bladder, and all five parameters
of Bishop’s score were noted, and a pelvis assessment was
done. Fetal head station was expressed as −3, −2, −1, 0, +1,
+2, +3, where −3 was the level of the pelvic brim, 0 was the
level of the ischial spine, and +3 was at the perineum. Station
of the head was also documented as per American College of
Obstetricians and Gynecologists (ACOG) classification from
−5 to +5, where 0 station was the level of ischial spines, and
each centimeter above and below was labeled as a station
in ”+” and ”−”, respectively. To compare with HPD measured
in centimeters by TPU, the station of head measured on
DVE was also converted into the HPD in centimeters, taken
as 0–10 cm, where −5 station was 10 cm, 0 station was 5 cm,
and +5 station was 0 cm.
For TPU, a 3–5 Hz probe was covered with unpowdered
latex glove and ultrasound gel. It was placed in anteroposterior

direction over the perineum with firm pressure, but without
creating any discomfort to the patient as described by Dietz
et al.13 The transducer was moved and angled, maintaining a
transverse view until the shortest distance to the fetal head
was visualized. The distance from the outer bony limit of the
fetal skull to the skin surface of the perineum was measured
and it was taken as the fetal HPD in centimeters.4
After assessment of the above-mentioned parameters,
IOL using dinoprostone (PGE2) gel was done. Assessment
after the first dose of PGE2 gel was done after 6 hours, and a
second dose was administered based upon the Bishop’s score.
Maximum two doses of gel were used for priming of cervix
followed by artificial rupture of membrane and induction or
augmentation of labor with oxytocin according to the cervical
favorability and uterine contractions. Failed induction was
defined as the failure to enter active stage of labor (cervical
dilation ≥4 cm) with regular uterine contractions after two
doses of PGE2 gel and 6–12 hours of oxytocin administration
after artificial rupture of the amniotic membranes.14
These women were followed till delivery, mode of
delivery, induction to delivery interval, and fetal outcomes
were noted.

Statistical Analysis
The data analysis was done using Statistical Package for
Social Sciences software version 21.0. Categorical variables
were presented in number and percentage (%), and
continuous variables were presented as mean ± standard
deviation (SD) and median. Normality of data was tested
by Kolmogorov–Smirnov test. If the normality was rejected
then, nonparametric test was used. Quantitative variables
were compared using the Kruskal–Wallis test (when the data
sets were not normally distributed) between the groups.
Qualitative variables were correlated using Chi-squared
test/Fisher’s exact test. ROC curve was used to find out the
cutoff point of parameters for predicting successful IOL.
Logistic regression was used to assess significant factors
affecting vaginal and cesarean delivery.

R e s u lts
The mean age of the women, BMI, gestation age at induction
and birth weight of babies in the study were 23.99 ± 3.26 years,
23.76 ± 3.33 kg/m2, 39 weeks ± 9 days, and 2.76 ± 0.46 kgs,
respectively. The most common indication for IOL was
postdatism 130 (43.34%), followed by hypertensive disorders
75 (25%). All 300 women had Bishop’s score ≤5, and cervical
priming was done. The maximum number of women had a
Bishop’s score of 3.121 (40.33%). The mean HPD by DVE and
mean fetal HPD by TPU were 7.13 ± 1.06 and 3.92 ± 0.64 cm,
respectively. In the majority of women, the time taken to
perform HPD by TPU was within 1–3 minutes. In women who
were obese and who had higher stations, it took longer to
visualize the fetal skull and measure HPD by TPU.
There was good and significant correlation between
the HPD by DVE and TPU, r = 0.886 (95% CI 0.859–0.908,

Donald School Journal of Ultrasound in Obstetrics and Gynecology, Volume 16 Issue 3 (July–September 2022)

175

Ultrasound for Predicting Vaginal Delivery

p < 0.0001). The variation between HPD by DVE and TPU
was 1–5 cm. This variation was within 2 cm when the HPD
was short; that is the head station was lower (Table 1).
Out of 300 women, 214 (71.33%) had normal vaginal
delivery, 9 (3%) had an operative vaginal delivery, and 77
(25.67%) had cesarean delivery. Cesarean section was done
in 77 women, 29 (37.66%) for non-reassuring fetal heart rate
with or without meconium stained liquor, four (5.19%) for the
arrest of labor, and 44 (57.14%) for failed induction.
At HPD by DVE of ≤5 cm (head station 0), all women
(100%) had a vaginal delivery, and with HPD ≥ 9 cm (station
−4), all women (100%) had cesarean delivery. The number of
women having a lower station had a higher rate of vaginal
delivery. As HPD (station), increased the chance of cesarean
delivery increased.
For HPD measured by TPU, induction delivery interval,
mode of delivery, and indication for cesarean are shown in
Table 2. The spearman’s correlation coefficient calculated for
the HPD by TPU and induction to delivery interval showed
a good positive and significant correlation, r = 0.749, 95%
CI 0.695 to 0.795, p < 0.0001. ROC curve for Bishop’s score,
HPD by DVE, and HPD by TPU was used for calculating the
cutoff for successful IOL, that is, vaginal delivery (Figs 1 to 3).
The sensitivity, specificity, positive predictive value (PPV),

negative predictive value (NPV), and likelihood ratio for a
successful vaginal delivery for Bishop’s score, HPD by DVE,
and HPD by TPU are shown in Table 3. HPD by TPU of ≤4.39 cm
had the highest sensitivity and PPV for vaginal delivery.
Also, it was observed that with each centimeter increase
in HPD from 4.39 cm, the likelihood of cesarean delivery
increased by 47%. On multivariate analysis, HPD by TPU was

Fig. 1: ROC curve for Bishop’s score

Table 1: Difference of fetal HPD (station) by DVE and TPU

HPDa by DVEb (station)
10 (−5)
9 (−4)
8 (−3)
7 (−2)
6 (−1)
5 (0)

4.1–5 cm
n
%
1
8
–
–
–
–
–
–
–
–
–
–

3.1–4 cm
n
%
12
92
4
36
11
15
–
–
–
–
–
–

HPDa by TPUc
2.1–3 cm
n
%
–
–
7
64
61
82
96
84
12
15
–
–

1.1–2 cm
n
%
–
–
–
–
2
3
18
16
69
85
6
86

0–1 cm
n
–
–
–
–
–
1

%
–
–
–
–
–
14

a

HPD, head perineum distance; bDVE, digital vaginal examination; cTPU, transperineal ultrasound

Table 2: Fetal head–perineum distance by transperineal ultrasound and delivery parameters studied
Induction
to delivery
interval
HPDa by
TPUb
(cm)
2.1–3
3.1–4
4.1–5
5.1–6

Mean ± SD
min-max
(hours)
8.30 ± 1.86
6.41–12.58
13.30 ± 4.75
6.58–30.48
21.17 ± 6.72
8.16–33.58
27.58 ± 6.47
11.40–36.58

Mode of delivery

Indications of cesarean delivery

Vaginal
delivery (%)

Operative vaginal
delivery (%)

Cesarean
delivery (%)

Fetal indication
(%)

Maternal
indication (%)

p-value

94.44

–

5.56

100

0

<0.0001

89.83

1.69

8.47

100

0

45.23

7.14

47.61

30

70

–

–

100

4.76

95.23

a

HPD, head perineal distance; bTPU, transperineal ultrasound
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the most significant independent predictor for calculating
the risk of cesarean delivery, p < 0.0001 (Table 4).
All 300 babies were live at birth, and the mean birth
weight was 2.76 ± 0.46 kg. No significant correlation was
found between HPD on TPU with any of the fetal outcomes
(neonatal intensive care unit admission and appearance,
pulse, grimace, activity, and respiration score <7).
The fetal head station is an important parameter of Bishop’s
score and also a predictor of successful vaginal delivery. It
is uniformly seen in various studies that higher the station
of the fetal head more the chances of cesarean delivery.
Traditionally fetal head station is assessed by DVE, but a more
objective and easy method for measuring head station by
ultrasound can also be used to counsel women regarding
the outcome of IOL.
We studied the prediction of vaginal delivery in 300 term
nulliparous women undergoing IOL using HPD measured
by DVE and TPU. The difference in HPD measured by the
two methods was also studied. A cutoff of ≤4.39 cm for
HPD measured by TPU was calculated for the prediction of
successful vaginal delivery with an likelihood ratio (LR) of 3.96.
We noticed that at higher stations of the head, it is difficult
to accurately measure HPD by DVE. It was also found that
duration of labor and risk of cesarean delivery for indications
like failed induction or arrest of labor increases with higher

fetal HPD measured by TPU. It was observed that with each
centimeter increase in HPD from 4.39 cm, the likelihood of
cesarean delivery increased by 47%. The method of measuring
HPD by TPU is simple and takes around 1–3 minutes except
in women with higher station and obesity.
There was a significant difference observed in the
HPD measured by DVE (station) and TPU (p < 0.0001).
Simon et al. and Arthuis et al. both stated that ACOG
classification is poorly standardized as it does not reflect
the true trajectory of the fetal head. Neither ACOG nor
the World Health Organization defines any plane through
which the line joining two ischial spines should pass. While
intrapartum TPU head station combines two parameters,
head extension and progression of head beyond the ischial
spine, the poor reproducibility of clinical examination is
because the plane where ischial spines join is not taken
into consideration.15,16
The reported cutoff values of HPD for a successful vaginal
delivery in previous studies were between 4 and 4.5 cm
except for two studies that have reported a higher cutoff
value of 4.8 and 5.5 cm (Table 5).15–20 The difference in the
observations could be because of the variation in the study
population. In some of these studies, both primigravida and
multigravida were included, which significantly affects the
HPD before IOL.4,15,16 Some studies reported lower HPD cutoff
as they included women in labor where fetal HPD was short;
hence the cutoff was lower.16–18

Fig. 2: ROC curve for fetal HPD by DVE

Fig. 3: ROC curve for fetal HPD by TPU

Discussion

Table 3: Prediction of vaginal delivery using Bishop’s score and HPD by DVE and TPU
Parameters
Bishop’s score ( >2)
HPDa by DVEb
(≤7)
HPDa by TPUc
(≤4.39 cm)

Sensitivity
95% CI

Specificity
95% CI

PPV
95% CI

NPV
95% CI

78.48
(72.5–83.7)
83.41
(77.9–88.0)
97.76
(94.8–99.3)

63.64
(51.9–74.3)
79.22
(68.5–87.6)
75.32
(64.2–84.4)

86.2
(80.7–90.6)
92.1
(87.5–95.4)
92
(87.8–95.1)

50.5
(40.2–60.8)
62.2
(51.9–71.8)
92.1
(82.4–97.4)

LR
2.16
4.01
3.96

a

HPD, head perineum distance; bDVE, digital vaginal examination; cTPU, transperineal ultrasound
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Table 4: Logistic regression analysis of maternal and fetal parameters for prediction of cesarean delivery
Multivariate analysis
Variables

Odds ratio

20–30
30–40
≥40

1
0.571
0.000

37–37+6
38–38+6
39–39+6
40–40+6
41–41+6
42

1
0.854
0.952
1.137
1.180
0.000

<23

1

23–27.5
≥27.5
Birth weight
HPDa by DVEb
HPDa by TPUc

95% confidence interval
Age (years)
–
0.066–4.966
–
Gestational age (weeks)
–
0.368–1.980
0.397–2.282
0.593–2.180
0.333–4.183
0.000
BMI
–

1.023
7.831
3.311
1.167
1.494

p-value
–
0.612
1.000
–
0.713
0.912
0.698
0.798
0.999

0.21–4.85
1.75–34.95
1.235–8.875
0.535–2.542
1.292–1.729

0.977
0.007
0.017
0.698
<0.0001

a

HPD, head perineum distance; bDVE, digital vaginal examination; cTPU, transperineal ultrasound

Table 5: Comparison of PPV, NPV, sensitivity, and specificity for vaginal delivery
Study

Sample size

Torkildsen et al.17

110

Youssef et al.19

100

Egebbø et al.20

150

Saroyo et al.16

323

Kasbaoui et al.18

659

Ali et al.22

219

Present study

300

Criteria of study
population
Primigravida with
prolonged 1st
stage of labor
Primigravida and
multigravida for
IOLa
Primigravida and
multigravida with
prolonged 1st
stage of labor
Primigravida and
multigravida with
active phase of
labor
Primigravida and
multigravida
prior to OVDb
Primigravida and
multigravida for
IOLa
Nulliparous for
IOLa

Cutoff
(cm)

PPV

NPV

Sensitivity

Specificity

≤4

93

43

62

85

≤4.8

94.7

61.8

84.7

84

≤4

92

48

69

82

≤4.35

99.6

44

98

80

≤4

23.7

88.7

73.3

47.6

≤5.5

92.9

94.9

97

88.1

≤4.39

92

92.1

97.76

75.32

a

IOL, induction of labor; bOVD, operative vaginal delivery
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These studies have evaluated the PPV, NPV, sensitivity,
and specificity for vaginal delivery using the respective cutoff
of HPD by TPU obtained in their study (Table 5). The PPV
above 90% was observed by all authors except Kasabaoui
et al. Sensitivity and specificity reported in these studies
were 62–98% and 48–88%, respectively; in the present study,
it was 97.76 and 75.32%, respectively.15–20
We observed that short fetal HPD is associated with
successful vaginal delivery, and with long HPD, there was
an increased risk of cesarean delivery either due to failed
induction or arrest of labor. Ali et al. observed that all women
who had HPD < 4 cm delivered vaginally, and all women with
HPD > 6.1 cm had cesarean delivery.
With an increase in HPD, the rate of cesarean delivery
increases as there are more chances of failed induction and
arrest of labor.15,21 Eggebø et al. found a low (4%) cesarean
delivery rate in women with HPD < 45 mm.12 In another study
Eggebø et al. reported that cesarean delivery rate was 4%
in women with HPD ≤ 40 mm while it was 16% in women
with HPD > 40 mm.4 Ali et al. calculated the cutoff of HPD
for successful vaginal delivery as ≤5.5 cm, and only 7.1% of
their subjects required cesarean at this HPD. In women with
HPD > 5.5 cm, 95% had cesarean delivery.22
We studied different maternal and fetal parameters for
determining the risk of cesarean delivery, and HPD on TPU
was found to be the most significant independent predictor
of risk of cesarean delivery, p < 0.0001. Other factors found
to be associated with the risk of cesarean delivery were
BMI and baby weight (Table 4). In previous studies also, it is
observed that the risk of cesarean delivery increased with
increasing BMI as it is a major factor contributing to failed
induction.3,7,9,12,23 Similar findings for baby birth weight have
also been reported.9,23,24
Various studies have emphasized the importance of fetal
HPD as a predictor of successful vaginal delivery as well as
cesarean delivery.4,12,15,17
It was observed that as the HPD increases, the induction
to delivery interval also increases. A similar finding was
reported by Eggebø et al.; they also observed shorter
induction to delivery interval and duration of both 1st and
2nd stages of labor in women with HPD ≤ 40 mm.4 They
found that after 24 hours of induction, only 3% of women
with a short HPD were still in labor, while 11% of women with
a long HPD were in labor.

C o n c lu s i o n
Preinduction measurement of fetal HPD by TPU in term
nulliparous women undergoing IOL is a good predictor of
vaginal delivery. Each centimeter increase in HPD above the
cutoff value (≤4.39 cm) increases the likelihood of cesarean
delivery by 47%.

Strengths and Limitations of the Study
The main strengths of our study are the sample size of 300 term
nulliparous women undergoing IOL with unfavorable Bishop’s

scores and that all the women enrolled were followed till
completion of the study. Also, all the TPUs were done by the
same observer. The main limitation was that we didn’t study
the interobserver variation in the measurement of HPD by TPU.

Ethical Approval
The study was approved by Institute Ethics Committee of
VMMC and Safdarjung Hospital (IEC/VMMC/SJH/Thesis/
October/2017-130).
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