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ABSTRACT

Objective To test the null hypothesis that no correlation
exists between transvaginal digital and the gold standard
technique of transabdominal suprapubic ultrasound
assessments of fetal head position during labor. A secondary
objective was to compare the performance of attending
physicians vs. senior residents in depicting fetal head position
by transvaginal digital examination in comparison with
ultrasound, respectively.

Methods Consecutive patients in active labor at term with
normal singleton cephalic-presenting fetuses were included.
All participants had ruptured membranes, cervical
dilation ≥ 4 cm and fetal head at ischial spine station –2 or
lower. Transvaginal sterile digital examinations were per-
formed by either senior residents or attending physicians and
followed immediately by transverse suprapubic transabdom-
inal ultrasound assessments. Examiners were blinded to each
other’s findings. Power-analyses dictated number of subjects
required. Statistical analyses included Chi-square, Cohen’s
Kappa test and logistic regression analysis. P < 0.05 was con-
sidered statistically significant.

Results One hundred and two patients were studied
(n = 102). In only 24% of patients (n = 24), transvaginal
digital examinations were consistent with ultrasound
assessments (P = 0.002, 95% confidence interval, 16–33).
Logistic regression revealed that cervical effacement
(P = 0.03) and ischial spine station (P = 0.01) significantly
affected the accuracy of transvaginal digital examination.
Parity, gestational age, combined spinal epidural anesthesia,
cervical dilation, birth weight and examiner experience did
not significantly affect accuracy of the examination. The
accuracy of the transvaginal digital exams was increased to

47% (n = 48) (95% confidence interval, 37–57) when fetal
head position at transvaginal digital examination was
recorded as correct if reported within ± 45° of the ultrasound
assessment. The rate of agreement between the two assess-
ment methods for attending physicians vs. residents was 58%
vs. 33%, respectively (P = 0.02) with the ± 45° analysis.

Conclusions Using ultrasound assessment as the gold standard,
our data demonstrate an overall high rate of error (76%) in
transvaginal digital determination of fetal head position during
active labor, consistent with the null hypothesis. Attending
physicians exhibited an almost two-fold higher success rate
in depicting correct fetal head position by physical examination
vs. residents in the ± 45° analysis. Intrapartum ultrasound
increases the accuracy of fetal head position assessment during
active labor and may serve as an educational tool for physicians
in training.

INTRODUCTION

Intrapartum assessment of the fetal head position and station
is traditionally performed by Leopold’s maneuvers followed
by transvaginal digital examination1,2. Information obtained
with the latter include: clinical adequacy of the maternal
pelvis, cervical position, dilation, consistency and effacement
and fetal presentation and pelvic (ischial spine) station of the
presenting fetal part3. These data are used to monitor the
progress of labor and assist in the successful performance of
instrumental deliveries. Transvaginal digital examination is
highly subjective and is both operator- and experience-
dependent. Intrapartum sonographic depiction of fetal head
position has been described previously4–6. Application of
intrapartum suprapubic transabdominal ultrasound may
improve accuracy of fetal head position determination5.
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However, a paucity of data exists regarding the accuracy of
transvaginal digital assessment of fetal head position in com-
parison with intrapartum ultrasound as the ‘gold standard’5.
We therefore tested the null hypothesis that no correlation
exists between transvaginal digital and transabdominal
suprapubic ultrasound assessments of fetal head position
during labor. A secondary objective of the study was to
compare the performance of senior residents vs. that of
attending physicians in depicting fetal head position by
transvaginal digital examination in comparison with intra-
partum ultrasound.

PATIENTS AND METHODS

This prospective study was conducted in the Labor and
Delivery ward at Roosevelt Hospital, University Hospital
of Columbia College of Physicians and Surgeons, New
York, NY, USA. The study was approved by the Institu-
tional Review Board of the St Luke’s Roosevelt Hospital
Center, and informed consent was obtained from all
participants.

Consecutive patients with normal singleton, cephalic-
presenting fetuses at term in active labor, were included in
the study. All patients had ruptured membranes, cervical
dilation ≥ 4 cm and fetal head at ischial spine station –2 or
lower. Clinically indicated transvaginal sterile digital exami-
nations were performed by either senior residents (postgraduate
year 3 or 4) or attending physicians, randomly. The classically
described method utilizing palpation of the sagittal suture
and fontanels and location of these in relation to the maternal
pelvis was performed to determine fetal head position7,8.
Head position was classified as occiput anterior (OA), pos-
terior (OP), left or right occiput transverse (LOT) (ROT), left
or right occiput anterior or posterior (LOA) (ROA) (LOP)
(ROP)7. All vaginal digital examinations were performed
after a uterine contraction. Immediately following the trans-
vaginal digital examination (and also not during a uterine
contraction), transverse suprapubic transabdominal real-
time ultrasound fetal head position assessments were per-
formed by an independent single sonographer (D.M.S.), uti-
lizing a mobile compact ultrasound unit (Sonoline Prima
Ultrasound, Siemens Medical Systems Inc, Issaquah, WA,
USA; 3.5-MHz curvilinear transducer). Ultrasonographic
depiction of fetal head position was performed utilizing
midline intracranial structures (cavum septi pellucidi, falx
cerebri, thalami and cerebellar hemispheres), and anterior or
posterior cranial structures (orbits, nasal bridge and cervical
spine). Fetal head position was classified to one of the above-
mentioned eight positions (Figures 1–5)7. Right to left mirror
images (ROP, right occiput posterior; ROT, right occiput
transverse; ROA, right occiput anterior) are not demon-
strated due to limited space. Note that not all intracranial
landmarks are visualized in each frame, yet each frame con-
tains position-defining structures. Figures 2–4 differ in incli-
nation of intracranial midline structures reflecting LOA,
LOT and LOP fetal head position. In Figures 1 and 2, the
maternal bladder is depicted. Uniformly, transverse sup-
rapubic transabdominal scanning sufficed. Both examiners
were blinded to each other’s findings, respectively.

Power analysis

Power analyses were performed for both the primary and sec-
ondary objectives. Analysis designed with a prerequisite of a
95% confidence interval (CI) around an estimated fraction of
error of no more the ± 10% (primary objective), indicated
that 100 subjects were required. Regarding the secondary
objective, we assumed a 2 : 1 rate of correct transvaginal dig-
ital fetal position assessments (as confirmed by ultrasound)
for attending physicians vs. senior residents. With α set at

Figure 1 Transverse (axial) suprapubic intrapartum sonographic view 
depicting fetal head in occiput anterior (OA) position. pf, posterior fossa; 
cp, cerebral peduncle; fc, falx cerebri.

Figure 2 Transverse (axial) suprapubic intrapartum sonographic 
view of fetal head in the left occiput anterior (LOA) position. 
Intracranial structures designating position in relation to maternal 
pelvis: th, thalamus; fc, falx cerebri; csp, cavum septi pellucidi. 
Sonolucencies reflecting the left lateral ventricle may be seen in the distal 
hemisphere (asterisks).
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0.05 and power set at 80% (β = 0.2), at least 49 subjects were
required in each group (similar to the number required for the
primary objective).

Statistical analysis

Exact binomial confidence intervals around all observed
rates and proportions were calculated and compared utiliz-
ing Chi-square analysis, and Cohen’s Kappa test to examine
the degree of agreement between the two examination
methods. Univariate logistic regression analysis was applied

to identify the net effect of variables that may have affected
the accuracy of the transvaginal digital examination. These
were cross-checked with non-parametric (Mann–Whitney)
tests for continuous variables, and χ2 tests for categorical
variables. In addition, stepwise multivariate regressions were
performed to identify significant predictive subsets of variables.
P < 0.05 was considered statistically significant throughout.
Statistical packages utilized included Excel 1998 (Microsoft
Office 1998, Microsoft Corporation, Redmont, WA, USA)
and SPSS statistical package (version 10.1, SPSS Inc, Chicago,
IL, USA).

RESULTS

One hundred and two consecutive patients were included
in the study. Mean maternal age was 27.7 ± 6.1 years, 48%
(n = 49) of the patients were primigravidas, 68% (n = 69)
were nulliparous, mean gestational age was 39.6 ± 1.3 weeks,
and mean birth weight was 3399 ± 491 g. Transvaginal
digital exams were performed in 44% (n = 45) of cases by
senior residents and 56% (n = 57) of cases by attending
physicians. All (n = 102) transverse suprapubic transabdominal
ultrasound assessments were successful and yielded inter-
pretable fetal head position determinations (Figures 1–5). At
times, difficulty was encountered in depicting direct occiput
anterior position (OA) due to the intracranial midline struc-
tures (falx cerebri and cavum septi pellucidi) being located
parallel to the ultrasound beam. In these cases, slight lateral
angulation or lateral ‘rocking’ of the transducer (Figure 1)
assisted the depiction of these structures.

Frequencies of the various ultrasound-depicted fetal head
positions (‘gold standard’) according to the various eight
positions are presented in Table 1. The frequencies of various
pelvic (ischial spine) stations encountered at transvaginal dig-
ital examination are given in Table 2.

Figure 3 Transverse (axial) suprapubic intrapartum sonographic view 
of fetal head in the left occiput transverse (LOT) position. The figure 
depicts intracranial structures as in Figure 2, but is unmarked to retain 
clarity.

Figure 4 Transverse (axial) suprapubic intrapartum sonographic view 
of fetal head in the left occiput posterior (LOP) position. The figure 
depicts intracranial structures as in Figure 2, but is unmarked to retain 
clarity.

Figure 5 Transverse (axial) suprapubic intrapartum sonographic view 
of fetal head in the occiput posterior (OP) position. Note both fetal orbits 
facing anteriorly.
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In only 24% of patients (n = 24), fetal head position deter-
minations by transvaginal digital examination were con-
sistent with those obtained by suprapubic transabdominal
ultrasound (P = 0.002; 95% CI, 16–33). Cohen’s Kappa test
of concordance indicated a poor concordance of 0.12 (with
a ‘correct assessment’ rate attributed to chance alone of
0.135). Logistic regression analysis revealed that only cervi-
cal effacement (P = 0.03) and ischial spine station of the fetal
head (P = 0.01) significantly affected the accuracy of trans-
vaginal digital fetal head position examination. Gestational
age, parity, cervical dilation, combined spinal epidural
anesthesia, birth weight and examiner experience did not
significantly affect the accuracy of the transvaginal digital
examination.

Transvaginal examinations differed by 180° in compari-
son with the respective ultrasound examinations in 15.7%
(n = 16) of cases.

Further analysis of the data was performed to account for
potential combined method-dependent inaccuracies. In this
analysis, transvaginal digital fetal head position determina-
tions occurring within a ± 45° arc of the respective ultra-
sound assessments were designated as correct. This increased
the accuracy of transvaginal digital examinations to 47%
(n = 48) (95% CI, 37–57). Cohen’s Kappa test of concord-
ance in this comparison modality was 0.16 (with a calculated
‘correct assessment’ rate attributed to chance alone of 0.375),
confirming an overall extremely poor correlation between
the digital transvaginal and transabdominal assessments of
fetal head position, even when compensating for potential
method-dependent inaccuracy. When transvaginal digital
determined positions occurring within ± 45° of the ultrasound
position were considered correct, gestational age, parity,
cervical dilation, effacement, fetal station or birth weight did

not significantly affect the accuracy of transvaginal digital
examination. With the ± 45° analysis modality, transvaginal
digital examinations performed by attending physicians
were significantly more consistent with ultrasound than were
transvaginal digital examinations performed by senior
residents (58% vs. 33%, respectively, P = 0.02). Throughout
the study the most consistently depicted intracranial fetal
head position-defining structure was the thalamus.

DISCUSSION

While applied predominantly in the antepartum period, most
labor and delivery services maintain mobile real-time ultra-
sound capability9. An array of various indications have been
described for application of intrapartum sonography9–17.
However, intrapartum ultrasound is not currently widely
applied as a tool to depict precise fetal head position.

Our results indicate a high rate of error (76%) in intra-
partum fetal head position as determined by transvaginal
digital examination vs. the gold standard technique of trans-
abdominal suprapubic ultrasound assessment, consistent
with the null hypothesis.

Accurate intrapartum determination of fetal head position
is considered important for the management of both normal
and abnormal labor1,7. In labor, the fetal head usually
engages in an occiput transverse (OT) position as the head
enters and subsequently traverses the pelvic inlet. In patients
with a gynecoid (typical female) pelvis, this occurs more com-
monly in left vs. right positions (58.5% vs. 40.5%)7,18. This
fact, first established in the classic intrapartum Roentgeno-
logical studies of Caldwell and Moloy18 in the 1930s, was
strikingly confirmed in our ultrasound data (56.8% vs.
34.5%, respectively) and is reflected in detail in Table 1.
Interestingly, similar to the data of Caldwell and Moloy18 in
which the greater frequency of left positions was attributed
to larger numbers of LOT (32%) and LOP (6%) positions,
these specific positions also were the most commonly noted
in our ultrasound data (23.5% and 17.6%, respectively).
Absolute transverse positions were 54% vs. 35.3%, respec-
tively. Although sonographic assessment of the anterior pos-
terior aspect of the pelvic inlet has been reported in women
with breech-presenting fetuses13, this is not possible in those
with vertex-presenting fetuses. Minor differences between
the data of Caldwell and Moloy18 and those from our own
study may reflect the fact that we did not assess pelvic type
(although the gynecoid type predominates and is noted in
50% of women).

With progressing descent of the fetal head, internal rota-
tion occurs and the fetal head will usually traverse the ischial
spines in an occiput anterior or posterior position7. In pro-
longed labor, the fetal head undergoes characteristic changes
in shape as a result of pressures to which it is subjected7. Prior
to complete cervical dilatation in prolonged labor, the por-
tion of the fetal scalp immediately over the cervical os may
become edematous and form a swelling known as caput
succedaneum. While this swelling usually is limited to a thick-
ness of only a few millimeters, it may be sufficiently extensive
in prolonged labor to prevent the differentiation of the various
sutures and fontanels7. It is imperative in these conditions

Table 1 Ultrasound position of fetal head

Ultrasound position n %

Occiput anterior 3 2.9
Left occiput anterior 16 15.7
Left occiput transverse 24 23.5
Left occiput posterior 18 17.6
Occiput posterior 6 5.9
Right occiput posterior 15 14.7
Right occiput transverse 12 11.8
Right occiput anterior 8 7.8
Total 102 100

Table 2 Frequency of occurrence vs. pelvic (ischial spine measured in 
centimeters) station, demonstrating that 90.1% of patients upon 
transvaginal digital examination, exhibited fetal head position at 
maternal ischial spine station 0 or higher

Pelvic station (cm) Frequency (n) % Cumulative %

–2 38 37.2 37.2
–1 39 38.2 75.4
0 15 14.7 90.1
+1 10 9.9 100
+2 0 0 100
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(especially if subsequently after a prolonged second stage
of labor and instrumental delivery is considered), that
the determination of fetal head position be accurate19,20.
Indeed, established prerequisites of both forceps and vacuum
deliveries include a precise knowledge of accurate fetal head
position19,20. Correct application of forceps requires that
these be placed parallel to the sagittal suture19. Similarly, cor-
rect placement of a vacuum extractor entails that the latter
should be placed towards or upon the fetal occiput19,20. In
our experience, the formation of caput succedaneum does
not impair transabdominal suprapubic assessment of fetal
head position in that the former occurs at the leading point
of the fetal head7, while the ultrasound assessment is depend-
ent upon correct identification of midline intracranial struc-
tures and/or anterior posterior cranial structures which are
not affected by caput formation. We speculate that intra-
partum ultrasound may enhance correct placement of the
vacuum extractor upon the fetal occiput in cases of deep
transverse arrest (either to the left or right in cases of LOT or
ROT, respectively) despite considerable caput formation
when precise head position according to digital transvaginal
examination may not be obtainable. In a non-controlled
fashion, we have successfully applied a silastic vacuum
extraction with ultrasound-guidance, in the above-described
fashion, in three separate cases of deep transverse arrest of
labor, despite the presence of significant caput, negating pre-
cise transvaginal digital appreciation of precise fetal head
position.

Of note, we find asynclitism may be appreciated subjec-
tively in an indirect fashion when difficulty is encountered in
depicting symmetrically positioned midline fetal intracranial
structures. This may lead to acute ‘angling’ of the ultrasound
transducer by the operator (in either maternal cephalad
or maternal caudal directions) in order to capture optimal
symmetric fetal intracranial images. In the absence of
well-depicted maternal structures (symphysis pubis or sacral
promontory), appreciation of asynclitism is limited to a
highly subjective assessment and, as a result, we have yet
to precisely confirm or quantify this abnormal fetal head
position sonographically.

In our study, even when accounting for diagnosis within a
± 45° arc, we encountered a 47% error for transvaginal
digital assessment of fetal head position. Increased cervical
effacement and lower ischial spine station of the fetal head
were associated with higher rates of agreements between
the two methods only when minor degrees of potential error
(± 45° arc) were not accounted for. This finding suggests
that the contribution of either of these parameters to the
accuracy of the transvaginal digital fetal head position
assessment is minimal, and negated when a ± 45° arc is
allowed for potential method-dependent inaccuracy.
Other variables, such as parity, gestational age, combined
spinal epidural anesthesia, cervical dilatation and birth
weight, did not affect the accuracy of transvaginal digital
examinations.

In 15.7% (n = 16) of cases, transvaginal examinations
differed by 180° from the sonographic depicted fetal head
position. This fact demonstrates the examiner’s correct
recognition of the fetal sagittal suture but incorrect designa-

tion of the anterior and posterior fontanels, respectively. Our
data confirm that attending physicians exhibited a higher
rate of transvaginal digital fetal head position determinations
concordant with ultrasound than did physicians in training
(58% vs. 33%).

A potential weakness of our study is the cross-sectional
design. A longitudinal study with a larger number of patients
would have allowed stratification of data, especially regard-
ing the effect of dynamic intrapartum events (cervical
changes and descent of the fetal head) upon the accuracy of
transvaginal digital assessments of fetal head position. Cur-
rently studies are ongoing with this strategy.

In summary, our data demonstrate an overall high rate
of error in fetal head position determinations by trans-
vaginal digital examination. These data support the idea that
intrapartum application of transabdominal ultrasound may
significantly enhance correct determination of fetal head
position during active labor. Intrapartum ultrasound may
therefore potentially be utilized as an educational tool to
assist physicians in training.
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