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Background The call for women-centred approaches to reduce

labour interventions, particularly primary caesarean section, has

renewed an interest in gaining a better understanding of natural

labour progression.

Objective To synthesise available data on the cervical dilatation

patterns during spontaneous labour of ‘low-risk’ women with

normal perinatal outcomes.

Search strategy PubMed, EMBASE, CINAHL, POPLINE, Global

Health Library, and reference lists of eligible studies.

Selection criteria Observational studies and other study designs.

Data collection and analysis Two authors extracted data on:

maternal characteristics; labour interventions; the duration of

labour centimetre by centimetre; and the duration of labour from

dilatation at admission through to 10 cm. We pooled data across

studies using weighted medians and employed the Bootstrap-t

method to generate the corresponding confidence bounds.

Main results Seven observational studies describing labour

patterns for 99 971 women met our inclusion criteria. The

median time to advance by 1 cm in nulliparous women was

longer than 1 hour until a dilatation of 5 cm was reached, with

markedly rapid progress after 6 cm. Similar labour progression

patterns were observed in parous women. The 95th percentiles

for both parity groups suggest that it was not uncommon for

some women to reach 10 cm, despite dilatation rates that were

much slower than the 1-cm/hour threshold for most part of

their first stage of labours.

Conclusion An expectation of a minimum cervical dilatation

threshold of 1 cm/hour throughout the first stage of labour is

unrealistic for most healthy nulliparous and parous women. Our

findings call into question the universal application of clinical

standards that are conceptually based on an expectation of linear

labour progress in all women.
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Introduction

The landmark studies of Emmanuel Friedman in the 1950s

and 1960s on normal and abnormal labour progression

have continued to influence labour management until

today.1–5 Since the early 2000s, however, there is increasing

evidence to suggest that the described relationship between

cervical dilatation and duration of the first stage of labour,
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and the definitions of labour protraction and arrest that

have informed obstetric practice for over six decades, may

be inappropriate.6,7 In practice, identifying abnormally pro-

gressing labour that justifies a medical intervention is often

challenging. Thus, ‘failure of labour to progress’—a poorly

defined but generally accepted term—has become a leading

indication for oxytocin augmentation and primary cae-

sarean section (CS). The need to medically expedite birth

on the grounds of slow labour accounts for the rapid esca-

lation in global rates of labour augmentation and CS in the

last two decades.8 This interventionist approach, including

the ‘active management of labour’ model of care, is likely

to interfere with a woman’s intrinsic capacity to give birth

and to negatively impact on her birth experience and

health outcomes.9

The call for women-centred approaches to reduce labour

and childbirth interventions, particularly primary CS, has

renewed interest in a better understanding of natural

labour progression.10,11 This has become more critical

because of the variations in current labour practices and

the characteristics of pregnant women compared with when

Friedman conducted his studies.12 An important derivative

of Friedman’s work—the ‘1-cm/hour’ alert line of the par-

tograph—has come under intense scrutiny as a result of

studies suggesting that labour can indeed be slower than

the limits earlier proposed.6,7,13 Studies published in the

last decade on ‘natural’ labour progression have prompted

a few international organisations to revise their labour

management guidelines to accommodate a cervical dilata-

tion rate slower than 1 cm/hour as the normal thresh-

old.11,14 In spite of these developments, several obstetric

textbooks and international guidelines still maintain 1 cm/

hour as the minimum dilatation threshold that should be

expected in all women.15,16 This lack of international con-

sensus calls for a systematic evaluation of the available

studies on this topic to justify a review of global guidance

on assessment of labour progression. The aim of this

review was to synthesise available data on cervical dilata-

tion patterns during the spontaneous labour of ‘low-risk’

women with normal perinatal outcomes.

Methods

We conducted this review in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines, and followed a protocol (PROS-

PERO2016:CRD42016053892).17 Eligible studies included

published and unpublished observational studies reporting

cervical dilatation over time for low-risk women with spon-

taneous labour and normal perinatal outcomes. We consid-

ered but did not identify randomised and non-randomised

trials in which observations of cervical dilatation patterns

were reported for our population of interest. We included

studies where the study population was defined as women

‘without risk factors for complications’ or women who

were deemed to be ‘low-risk’, or with clearly defined

criteria including at the minimum a singleton pregnancy,

near-term or term pregnancy, and cephalic (or vertex) pre-

sentation, and a labour progression that ended in a vaginal

birth or reached full cervical dilatation. ‘Normal perinatal

outcomes’ were as defined by the primary study authors,

but must include birth of a live baby with an Apgar score

of ≥7 at 5 minutes. We excluded studies that estimated the

linear cervical dilatation rate from the total duration of

labour without describing the labour progression patterns

throughout the first stage, and those that applied an ‘active

management of labour’ protocol in the management of all

study participants.

We searched PubMed, EMBASE, CINAHL, POPLINE,

Global Health Library, and the reference lists of eligible

studies, and contacted authors for any further published

and unpublished work. No date or language restrictions

were applied. The detailed search strategies are included in

Appendix S1. Two review authors independently performed

initial screening of search outputs, identified eligible stud-

ies, and extracted the data. A third author verified eligible

studies and checked data for errors. Any discrepancies were

resolved through discussion.

Outcomes of interest consisted of baseline information

(including demographic and reproductive characteristics

and labour admission findings) and interventions during

labour. To determine cervical dilatation patterns, we

extracted data on the time (in hours) needed to gain

1 cm as labour progresses through to 10 cm (i.e. the

‘traverse time’ or ‘sojourn time’ from 2 to 3 cm, 3 to

4 cm, etc.) To assess potential differences in labour pat-

terns based on cervical dilatation on admission, we

extracted data on the cumulative labour duration from

the cervical dilatation on admission (i.e. at 2, 3, 4, 5,

and 6 cm) at an interval of 1 cm until 10 cm. All time-

related variables were extracted using the reported mea-

sure of central tendency (median or mean) and their

corresponding distribution. Data were extracted according

to two parity groups: nulliparous (parity = 0) and parous

(parity ≥ 1) women.

We synthesised data on cervical dilatation patterns to

generate aggregate estimates of time to gain 1 cm from one

level of cervical dilatation to the other (i.e. centimetre by

centimetre), and time to advance by 1 cm from cervical

dilatation at admission, until 10 cm. For studies reporting

medians, we determined the weighted median of time (in

hours) to pool data across studies. The weighted approach,

based on the number of women providing the data from

each study, took into consideration the individual study

size. To derive confidence bounds for pooled medians for

the centimetre by centimetre labour duration, we combined
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samples generated with quantiles and sample sizes assum-

ing uniform probability, and used a two-level Bootstrap-t

method to estimate standard errors and percentiles of the

Student’s t-statistic to compute confidence intervals.18 We

used SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and R-

CRAN 3.4.0 for these analyses.19

We designed a checklist and criteria to assess the

methodological quality of the included studies to investi-

gate their internal and external validity based on the fol-

lowing attributes: primary intent of the research question

(evaluation of labour progression clearly described as pri-

mary study objective versus secondary analysis); represen-

tativeness of the study population (truly representative of

low-risk women, with a detailed description of normal

perinatal outcomes, versus unclear representativeness

because of a lack of details on the excluded risk factors

and/or inadequate description of perinatal outcomes);

ascertainment and temporality of the observations

(prospective direct observations versus retrospective

review of medical charts); adequacy of data points for

valid assessment of cervical dilatation patterns for study

participants (restriction of analysis to women with at

least three versus two or fewer/unreported data points);

and the use of a valid and robust approach for analysing

labour progression and constructing the labour curve

(advanced statistical and/or computational method versus

graphical or other methods). The studies were assessed to

be at low, moderate, or high risk of bias based on com-

pliance with more than three, three, and fewer than three

of the above criteria, respectively.

Results

We prepared the results according to the proposed report-

ing checklist for meta-analysis of observational studies.20

Of the 8785 citations obtained from the search strategies,

169 potentially eligible studies were identified for full-text

assessment (Figure 1). Seven observational studies con-

ducted in the USA,6,7,21 China,22,23 Japan,24 Nigeria (OT

Oladapo et al., unpubl. data), and Uganda (OT Oladapo

et al., unpubl. data) met our inclusion criteria.

Tables S1 and S2 show the characteristics of the

included studies and corresponding study populations.

Study populations were generally made up of the nation-

ality where each study was conducted, except for studies

in the USA.6,7,21 All of the studies provided data for

nulliparous women (n = 43 148), whereas three studies

provided data for parous women (n = 56 823) (OT

Oladapo et al., unpubl. data).6,21 Nulliparous women had

mean ages of 20.3–28.0 years and gestational ages at

delivery of 39.3–39.8 weeks. Parous women had mean

ages of 22.7–30.9 years and gestational ages at delivery of

39.1–39.8 weeks.

Table 1 shows the baseline characteristics of women at

labour admission, and the interventions received during

labour. For nulliparous women the median cervical dilata-

tion was 3.0–4.0 cm, with variable degrees of effacement,

and for parous women the median cervical dilatation was

3.5–5.0 cm, with a considerable proportion of women with

a well-effaced cervix. Oxytocin augmentation varied from

0% (in a Chinese study)23 to 50% in a US study,7 for nulli-

parous women, and between 126 and 45%21 in two US

study populations for parous women. Epidural analgesia

use was restricted to the US studies for both parity

groups.6,7,21

Tables S3 and S4, and Figure S1, present the risk of

bias for the included studies. Of the seven studies examin-

ing nulliparous women, four were considered to be at low

risk of bias (OT Oladapo et al., unpubl. data),6,21,22 two

at moderate risk of bias,7,24 and one at high risk of bias.23

All three studies examining parous women were assessed

to be at low risk of bias (OT Oladapo et al., unpubl.

data).6,21

Cervical dilatation patterns

Time to advance by 1 cm during the first stage of labour in
nulliparous women
Table 2 shows the time required to advance from one

level of cervical dilatation to the next. From six studies,

the pooled median time to advance by 1 cm in nulli-

parous women was longer than 1 hour until a dilatation

of 5 cm was reached (i.e. when the median dilatation

rate became 1.09 cm/hour) (OT Oladapo et al., unpubl.

data).6,7,21,22,24 The transition to more rapid progress

started between 5 and 6 cm, but it was only after 6 cm

that the dilatation rate doubled (Figure S2). The 95th per-

centiles of the time reported by individual studies suggest

that it was not uncommon for women to spend more

than 4 hours progressing from 3 to 4 cm, as well as from

4 to 5 cm. As labour progressed, the 95th percentiles

show wide variability around the median for each level of

cervical dilatation in each study; however, there is a con-

siderable overlap in the distributions of women whose

labours were slower than the median for their popula-

tions, but who achieved full dilatation when considered

centimetre by centimetre (Figure S3). The exception is

Suzuki et al.,24 who reported an even slower labour than

all other studies. Based on the lowest values of 95th per-

centile data across studies, there were always women

whose rates of dilatation never reached the 1-cm/hour

threshold except between 9 and 10 cm. The data show

that it was not uncommon for women to achieve full cer-

vical dilatation despite progressing at rates slower than the

1-cm/hour threshold for the most part of their labours.

The only study that reported the mean time to advance
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by 1 cm found similar patterns as were found in the stud-

ies reporting medians.23

Time to advance by 1 cm during the first stage of labour in
parous women
Similar to nulliparous women, Table 3 shows that the

pooled median time it took parous women to advance by

1 cm was longer than 1 hour until a cervical dilatation of

5 cm was reached (when the median dilatation rate

became 1.49 cm/hour); however, the dilatation rate

increased sharply and almost doubled between 5 and 6 cm,

and then rose rapidly as it advanced towards 10 cm (Fig-

ure S2). As labour progressed, the 95th percentile data

show considerable overlap in the distributions of women

with labours that progressed more slowly than the medians

and yet achieved full dilatation (Figure S4). When advanc-

ing from 4 to 5 cm, some women took between 3.30 and

8.05 hours, and when advancing from 5 to 6 cm, some

women took between 1.60 and 6.24 hours. Based on the

lowest values of 95th percentile data across studies, there

were always women whose rates of dilatation never reached

the 1-cm/hour threshold until 7 cm.

Cumulative labour duration from cervical dilatation at
admission in nulliparous women
Three studies reporting the median cumulative duration of

labour from the dilatation at admission to the next cen-

timetre, until 10 cm was reached, show the patterns

reflected in the centimetre-by-centimetre progression

(Table S5) (OT Oladapo et al., unpubl. data).6,21 When

estimated linearly, the total median time from any cervical

dilatation at admission until 10 cm reflects a dilatation rate

of less than 1 cm/hour: 2–10 cm (7.85 hours), 3–10 cm

(6.44 hours), 4–10 cm (4.86 hours), 5–10 cm (3.44 hours),

and 6–10 cm (2.86 hours). The rates became much faster

as the dilatation at admission increased, similar to the

observations in the centimetre-by-centimetre data; however,

the corresponding 95th percentile data show a wide vari-

ability above the median duration. Figure S5 illustrates

these 95th percentiles plotted as connected staircase lines

Records identified
through database
searching (n = 8784):

• PubMed = 2834
• EMBASE = 4684
• POPLINE = 424
• Global Index

Medicus = 581
• CINAHL = 262

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

Id
en

tif
ic
at
io
n

Additional record identified
through other sources: (n = 1)

Records after duplicates removed
(n = 6825)

Records screened
(n = 6825)

Records excluded
(n = 6656)

Full-text articles assessed
for eligibility

(n = 169)

Full-text articles excluded, with
reasons (n = 162)

• No relevant outcomes,
reporting only total duration of
labour or data in unusable
format (n = 85)

• Ineligible population (n = 22)
• Duplicate data (n = 3)
• Review paper (n = 23)
• Reported methods to measure

of cervical dilatation (e.g.
instruments) (n = 15)

• Conference lecture, letter,
commentary (n = 14)

Studies included in
quantitative synthesis

(n = 7)

Figure 1. Detailed study selection process.

947ª 2017 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of Obstetricians and Gynaecologists

Labour progression patterns of low-risk women



T
a
b
le

1
.
B
as
el
in
e
ch
ar
ac
te
ri
st
ic
s
at

ad
m
is
si
o
n
an

d
la
b
o
u
r
in
te
rv
en

ti
o
n
s
in

th
e
st
u
d
y
p
o
p
u
la
ti
o
n
s

S
tu
d
y

Y
e
a
r
o
f

p
u
b
li
ca
ti
o
n

R
u
p
tu
re
d

m
e
m
b
ra
n
e
s

(%
)

E
ff
a
ce
m
e
n
t

(m
e
d
ia
n
)

E
ff
a
ce
m
e
n
t

[p
1
0
(%

)]

E
ff
a
ce
m
e
n
t

[p
9
0
(%

)]

C
e
rv
ic
a
l

d
il
a
ta
ti
o
n

(m
e
d
ia
n
,

cm
)

C
e
rv
ic
a
l

d
il
a
ta
ti
o
n

(p
1
0
)

C
e
rv
ic
a
l

d
il
a
ta
ti
o
n

(p
9
0
)

Fe
ta
l

st
a
ti
o
n

(m
e
d
ia
n
)

Fe
ta
l

st
a
ti
o
n

(p
1
0
)

Fe
ta
l

st
a
ti
o
n

(p
9
0
)

V
a
g
in
a
l

e
x
a
m
/

w
o
m
a
n

(m
e
d
ia
n
)

V
a
g
in
a
l

e
x
a
m
/

w
o
m
a
n

(p
1
0
)

V
a
g
in
a
l

e
x
a
m
/

w
o
m
a
n

(p
9
0
)

A
m
n
io
to
m
y

(%
)

O
x
y
to
ci
n

a
u
g
m
e
n
ta
ti
o
n

(%
)

C
S
(%

)
IV
B

(%
)

E
p
id
u
ra
l

(%
)

N
u
ll
ip
a
ro
u
s
w
o
m
e
n
(p
a
ri
ty

=
0
)

C
h
en

et
al
.2
3

1
9
8
6

—
—

—
—

3
.6
*
*
*

+
0
.4
*
*
*

—
—

—
—

—
0
.0

0
.0

0
.0

0
.0

0
.0

Zh
an

g

et
al
.7

2
0
0
2

3
5
.0

1
0
0
%

ef
fa
ce
d

in
3
8
%

—
—

3
.5

1
.5

5
.0

—
—

—
6

4
1
0

—
5
0
.0

0
.0

1
3
.0

4
8
.0

Su
zu
ki

et
al
.2
4

2
0
1
0

—
—

—
—

2
.9
*
*
*

—
1
.6
*
*
*
*

—
—

—
4

—
—

—
6
.5

0
.0

0
.0

0
.0

Zh
an

g

et
al
.6

2
0
1
0

2
9
.0

8
5
%

5
0

1
0
0

3
1

6
0

�2
1

6
3

1
1

—
2
0
.0

0
.2
*
*
*
*
*

7
3
.0

4
.0

Zh
an

g

et
al
.2
1

2
0
1
0

—
9
0
%

6
0

1
0
0

4
1

7
�1

�3
0

5
1

9
—

4
7
.0

0
1
2
.0

8
4
.0

Sh
i et
al
.2
2

2
0
1
6

2
2
.7

5
7
%

ad
m
it
te
d
at

<
3
cm

—
—

—
—

—
—

—
—

4
3

6
4
9
.8

9
.2

0
.0

1
.3

—

O
T O
la
d
ap

o

et
al
.

(u
n
p
u
b
l.

d
at
a)

2
0
1
7

2
4
.7

8
0
%

ef
fa
ce
d
in

4
2
.4
%

—
—

4
2

6
≤�

1
in

7
3
.5
%

—
—

3
2

5
—

2
3
.5

0
.0

2
.9

0
.0

P
a
ro
u
s
w
o
m
e
n
(p
a
ri
ty

≥
1
)

Zh
an

g

et
al
.*

6

2
0
1
0

2
6

8
0
%

4
5

1
0
0

3
.5

2
7

0
�2

1
5

2
9

—
1
2
.0

0
.0
2
*
*
*
*
*

4
5
.0

5
.5

Zh
an

g

et
al
.*
*
6

2
0
1
0

2
7

7
5
%

3
0

1
0
0

3
.5

1
.5

6
.5

�1
�3

1
5

2
9

—
1
2
.0

0
.0
5
*
*
*
*
*

2
4
.0

4
.0

Zh
an

g

et
al
.*

2
1

2
0
1
0

—
9
0
%

5
0

1
0
0

4
.5

2
8

�1
�3

0
4

1
9

—
4
5
.0

0
.0

3
.0

7
7
.0

Zh
an

g

et
al
.*
*
2
1

2
0
1
0

—
8
0
%

5
0

1
0
0

5
2

8
�2

�3
0

4
1

7
—

4
5
.0

0
.0

2
.0

7
1
.0

O
T O
la
d
ap

o

et
al
.

(u
n
p
u
b
l.

d
at
a)
*

2
0
1
7

1
9
.8

8
0
%

ef
fa
ce
d
in

4
9
.5
%

—
—

4
2

6
≤�

1
(in

7
1
.0
%

)

—
—

3
2

4
—

2
9
.8

0
.0

1
.3

0
.0

O
T O
la
d
ap

o

et
al
.

(u
n
p
u
b
l.

d
at
a)
*
*

2
0
1
7

2
1
.5

8
0
%

ef
fa
ce
d

in
4
7
.2
%

—
—

4
2

6
≤�

1
(in

7
0
.8
%

)

—
—

3
2

4
—

2
6
.7

0
.0

0
.5

0
.0

IV
B
,
in
st
ru
m
en

ta
l
va
g
in
al

b
ir
th
.

*
D
at
a
o
n
ly
fo
r
p
ar
it
y
=
1
.

*
*
D
at
a
o
n
ly

fo
r
p
ar
it
y
>
1
.

*
*
*
M
ea
n
.

*
*
*
*
SD

.

*
*
*
*
*
Se
co
n
d
-s
ta
g
e
ca
es
ar
ea
n
se
ct
io
n
(C
S)
.

–,
n
o
d
at
a
re
p
o
rt
ed

.

948 ª 2017 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of Obstetricians and Gynaecologists

Oladapo et al.



T
a
b
le

2
.
Ti
m
e
in
te
rv
al

(in
h
o
u
rs
)
at

ea
ch

st
ag

e
o
f
ce
rv
ic
al

d
ila
ta
ti
o
n
fo
r
n
u
lli
p
ar
o
u
s
w
o
m
en

S
tu
d
y

n
2
–3

cm
3
–4

cm
4
–5

cm
5
–6

cm
6
–7

cm
7
–8

cm
8
–9

cm
9
–1

0
cm

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

Zh
an

g

et
al
.7

1
1
6
2

3
.2

0
.6

1
5
.0

2
.7

0
.6

1
0
.1

1
.7

0
.4

6
.6

0
.8

0
.2

3
.1

0
.6

0
.2

2
.2

0
.5

0
.1

1
.5

0
.4

0
.1

1
.3

0
.4

0
.1

1
.4

Su
zu
ki

et
al
.2
4

2
3
6
9

7
.5

2
.7

2
1
.0

6
.2

2
.2

1
7
.7

4
.8

1
.5

1
5
.7

3
.3

1
.0

1
0
.7

2
.6

0
.7

9
.3

1
.8

0
.5

6
.8

1
.0

0
.2

4
.4

0
.9

0
.3

2
.6

Zh
an

g

et
al
.6

8
6
9
0

—
—

—
1
.2
0

—
6
.6
0

0
.9
0

—
4
.5
0

0
.6
0

—
2
.6
0

0
.5

—
1
.8
0

0
.4
0

—
1
.4
0

0
.4
0

—
1
.3
0

0
.4
0

—
1
.2
0

Zh
an

g

et
al
.2
1

2
7
1
7
0

—
—

—
1
.8

—
8
.1

1
.3
0

—
6
.4
0

0
.8
0

—
3
.2
0

0
.6
0

—
2
.2
0

0
.5
0

—
1
.6
0

0
.5
0

—
1
.8
0

0
.5
0

—
1
.8
0

Sh
i
et

al
.2
2

1
0
9
1

2
.6
7

—
7
.2
0

2
.0
0

—
4
.2
0

1
.7
1

—
4
.0
0

1
.0
0

—
2
.5
0

1
.0
0

—
2
.3
0

0
.9
0

—
2
.1
0

1
.0
0

—
2
.5
0

0
.3
3

—
1
.0
0

O
T O
la
d
ap

o

et
al
.

(u
n
p
u
b
l.

d
at
a)

2
1
6
6

—
—

—
2
.8
2

0
.6
0

1
3
.3
3

1
.7
2

0
.3
8

7
.8
3

1
.1
9

0
.2
3

6
.1
7

0
.6
6

0
.0
9

4
.9
2

0
.2
5

0
.0
2

3
.1
0

—
—

—
—

—
—

Po
o
le
d

va
lu
es

4
2
6
4
8

5
.2
8

2
.0
0

1
.4
6

0
.9
2

0
.7
0

0
.5
5

0
.5
2

0
.4
9

Lo
w
er

co
n
fi
d
en

ce

b
o
u
n
d

5
.0
7

1
.8
9

1
.3
9

0
.8
9

0
.6
8

0
.5
3

0
.5
0

0
.4
8

U
p
p
er

co
n
fi
d
en

ce

b
o
u
n
d

5
.4
6

2
.1
1

1
.5
2

0
.9
6

0
.7
3

0
.5
7

0
.5
3

0
.5
1

M
ed

ia
n

ra
te

o
f

d
ila
ta
ti
o
n

(c
m
/h
o
u
r)

0
.1
9

0
.5
0

0
.6
8

1
.0
9

1
.4
3

1
.8
2

1
.9
2

2
.0
4

n
m
*

1
S
D

2
S
D

m
*

1
S
D

2
S
D

m
*

1
S
D

2
S
D

m
*

1
S
D

2
S
D

m
*

1
S
D

2
S
D

m
*

1
S
D

2
S
D

m
*

1
S
D

2
S
D

m
*

1
S
D

2
S
D

C
h
en

et
al
.2
3

5
0
0

—
—

—
1
.3
9

1
.1
5

2
.3
0

1
.0
3

0
.9
9

1
.9
8

0
.8
1

0
.9
7

1
.9
4

0
.5
4

0
.6
0

1
.2
0

0
.4
6

0
.4
1

0
.8
2

0
.5
0

0
.4
4

0
.8
8

0
.5
6

0
.4
9

0
.9
8

M
ea
n
ra
te

o
f
d
ila
ta
ti
o
n

(c
m
/h
o
u
r)

—
—

—
0
.7
2

0
.9
7

1
.2
3

1
.8
5

2
.1
7

2
.0
0

1
.7
9

—
,
n
o
d
at
a
re
p
o
rt
ed

;
5
th
,
5
th

p
er
ce
n
ti
le
;
9
5
th
,
9
5
th

p
er
ce
n
ti
le
;
m
,
m
ed

ia
n
;
m
*,

m
ea
n
;
SD

,
st
an

d
ar
d
d
ev
ia
ti
o
n
.

949ª 2017 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of Obstetricians and Gynaecologists

Labour progression patterns of low-risk women



T
a
b
le

3
.
Ti
m
e
in
te
rv
al

(in
h
o
u
rs
)
at

ea
ch

st
ag

e
o
f
ce
rv
ic
al

d
ila
ta
ti
o
n
,
fo
r
p
ar
o
u
s
w
o
m
en

S
tu
d
y

n
3
–4

cm
4
–5

cm
5
–6

cm
6
–7

cm
7
–8

cm
8
–9

cm
9
–1

0
cm

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

m
5
th

9
5
th

Zh
an

g
et

al
.*

6
6
3
7
3

—
—

—
0
.7
0

—
3
.3
0

0
.4
0

—
1
.6
0

0
.4

—
1
.2
0

0
.3
0

—
0
.8
0

0
.3
0

—
0
.7
0

0
.2
0

—
0
.5
0

Zh
an

g
et

al
.*

2
1

1
7
8
5
0

—
—

—
1
.4
0

—
7
.3
0

0
.8
0

—
3
.4
0

0
.5
0

—
1
.9
0

0
.4
0

—
1
.3
0

0
.3
0

—
1
.0
0

0
.3
0

—
0
.9
0

O
T
O
la
d
ap

o

et
al
.
(u
n
p
u
b
l.

d
at
a)
*

1
4
8
8

2
.4
2

0
.4
1

1
4
.1
8

1
.3
7

0
.2
5

7
.6
5

0
.7
9

0
.1
3

4
.9
5

0
.3
3

0
.0
3

3
.6
7

0
.0
9

0
.0
0

2
.6
9

—
—

—
—

—
—

Zh
an

g
et

al
.*
*
6

1
1
7
6
5

—
—

—
0
.7
0

—
3
.5
0

0
.4
0

—
1
.6
0

0
.3

—
1
.2
0

0
.3
0

—
0
.7
0

0
.2
0

—
0
.6
0

0
.2
0

—
0
.5
0

Zh
an

g
et

al
.*
*
2
1

1
7
3
9
5

—
—

—
1
.4
0

—
7
.0
0

0
.8
0

—
3
.4
0

0
.5
0

—
1
.8
0

0
.4
0

—
1
.2
0

0
.3
0

—
0
.9
0

0
.3
0

—
0
.8
0

O
T
O
la
d
ap

o

et
al
.
(u
n
p
u
b
l.

d
at
a)
*
*

1
9
5
2

2
.3
5

0
.3
1

1
7
.8
5

1
.1
8

0
.1
7

8
.0
5

0
.7
9

0
.1
0

6
.2
4

0
.3
1

0
.0
3

3
.2
9

0
.1
7

0
.0
1

2
.4
4

—
—

—
—

—
—

Po
o
le
d
va
lu
es

5
6
8
2
3

2
.3
8

1
.1
7

0
.6
7

0
.4
4

0
.3
5

0
.2
8

0
.2
7

Lo
w
er

co
n
fi
d
en

ce

b
o
u
n
d
s

1
.4
1

1
.1
5

0
.6
6

0
.4
3

0
.3
4

0
.2
7

0
.2
6

U
p
p
er

co
n
fi
d
en

ce

b
o
u
n
d
s

2
.9
9

1
.1
8

0
.6
7

0
.4
4

0
.3
5

0
.2
8

0
.2
7

M
ed

ia
n
ra
te

o
f

d
ila
ta
ti
o
n

(c
m
/h
o
u
r)

0
.4
2

0
.8
5

1
.4
9

2
.2
7

2
.8
6

3
.5
7

3
.7
0

—
,
n
o
d
at
a
re
p
o
rt
ed

;
5
th
,
5
th

p
er
ce
n
ti
le
;
9
5
th
,
9
5
th

p
er
ce
n
ti
le
;
m
,
m
ed

ia
n
.

*
D
at
a
o
n
ly
fo
r
p
ar
it
y
=
1
.

*
*
D
at
a
o
n
ly

fo
r
p
ar
it
y
>
1
.

950 ª 2017 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of Obstetricians and Gynaecologists

Oladapo et al.



for specific dilatation observed at admission. For example,

in nulliparous women admitted with a dilatation of 2 cm,

the pooled median time to reach 4 cm was 2.96 hours, but

the 95th percentiles ranged between 11.20 and 12.60 hours.

Likewise, the pooled median time to achieve a dilatation of

10 cm for women admitted at 4 cm was 4.86 hours, but

the 95th percentiles were between 14.10 and 16.40 hours.

Cumulative labour duration from cervical dilatation at
admission in parous women
One study reported data on the cumulative duration of

labour based on the dilatation at admission for parous

women (Table S6) (OT Oladapo et al., unpubl. data). The

observed patterns are similar to those for nulliparous

women. Figure S6 illustrates the 95th percentile data plot-

ted as connected staircase lines for dilatation at admission.

For example, in women admitted at 3 cm, the pooled

median time to reach 5 cm was 3.49 hours, but the 95th

percentiles ranged between 18.55 and 20.75 hours, and for

women admitted at 4 cm, the pooled median time to reach

10 cm was 3.23 hours, but the 95th percentile ranged from

12.96 to 13.02 hours.

Discussion

Main findings
Our review shows that cervical dilatation patterns for low-

risk women are not linear. The overall labour progression

pattern deviates considerably from the classic Friedman’s

curve that has been central to labour practice for several

decades.1–3 In the early part of the period that is traditionally

described as the active phase, we found that the rate of cervi-

cal dilatation may be slower, and in advanced labour the rate

may indeed be faster than generally thought. Labour tends to

become accelerative (i.e. >1 cm/hour) between 5 and 6 cm

in both nulliparous and parous women. Thereafter, it esca-

lates rapidly as labour becomes more advanced. An impor-

tant finding across included studies is the wide variability in

the distribution of cervical dilatation profiles, as shown by

the 5th and 95th percentiles. Whereas the median cumulative

duration of labour from cervical dilatation at admission

through full dilatation is similar to the observations in earlier

studies,1–3,25,26 the corresponding 95th percentiles across

studies show that it is not uncommon for some women to

experience much longer labour and yet give birth vaginally

without adverse perinatal outcomes. Women admitted

before 4 cm tend to progress very slowly, and could take

close to 24 hours before achieving full cervical dilatation.

Strength and limitations
To our knowledge, this is the first systematic review that

has analysed cervical dilatation patterns centimetre by cen-

timetre for the assessment of labour progression. We

examined the cervical dilatation pattern from one level to

the next, rather than estimate the average dilatation rate

based on centimetres covered over a period of time. We

included studies that have taken advantage of statistical

advancements to minimise the challenges of studying

labour progression.27 We minimised potential bias in the

review process by searching major databases without any

restrictions, and considered studies conducted as long ago

as the 1950s. Our review included studies describing the

cervical dilatation patterns for close to 100 000 women of

diverse ethnicities, spread across major geographic regions

of the world. We employed a pragmatic statistical

approach to address the challenges of generating confi-

dence bounds for pooled medians when only quantiles

and sample sizes are provided, and other distributional

parameters for the underlying study populations are not

available. Nonetheless, a few limitations need to be high-

lighted.

The main limitations of this review relate to the inherent

limitations in the design and conduct of the primary stud-

ies. Notable is the potential selection bias that could arise

from the populations selected for individual studies (e.g.

the exclusion of women who had CS during first stage, and

the inclusion of women with variable use of oxytocin aug-

mentation, epidural analgesia, and instrumental vaginal

birth). Although it is possible that the synthesis of these

studies could accentuate such bias, the general consistency

in the observed patterns of cervical dilatation across all

studies is reassuring. We believe that the inclusion of

women with certain interventions, albeit variable across

studies, strengthens the generalisability of our results to

current obstetric practice, as the presented data reflect the

diversity in healthcare practices within and across settings.

Another limitation arises from the non-uniformity in

weights used for pooling medians. As women in the studies

were not admitted at the same cervical dilatation, and thus

would not have contributed data equally to every centime-

tre of cervical dilatation for their cohort, the use of the

same sample size for weighting could have impacted the

pooled values, especially for those reported for the early

phase of labour (e.g. 2–3 cm and 3–4 cm). Therefore,

aggregated values for the period traditionally described as

the latent phase should be interpreted with caution.

Interpretation
Our findings support the observations from other primary

studies showing that the dilatation rate in healthy pregnant

women could be slower than 1 cm/hour.25,26,28 Although

such studies have generally selected women who received

no obstetric intervention to explore the natural history of

labour, in our review we found that women could have

slower rates of cervical dilatation, even in contexts where

obstetric interventions are the norm.
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A remarkable finding of this review is the demonstration

of nonlinear changes in cervical dilatation rates throughout

the period commonly described as the active phase. For

instance, up to 50% of the nulliparous population analysed

progressed from a much slower (0.50 cm/hour at 3–4 cm) to

a much faster (2.04 cm/hour at 9–10 cm) rate, compared

with the accepted minimum threshold. The variability shown

by the 95th percentiles across studies confirms that although

it was not uncommon for some women to experience an even

slower cervical dilatation rate as they progressed in labour,

the nonlinear pattern remained preserved. Based on this find-

ing, it may be more clinically beneficial to conceptualise

labour pattern as a hyperbolic curve that is slower at the

beginning of the traditional active phase and faster towards

full dilatation, when prospectively making a clinical decision

about labour progress. Although this may be difficult to

implement in practice, especially because dilatation rates can

change very quickly, even in the same woman, it has the pro-

spect of reducing the premature diagnosis of dystocia in early

labour, and could potentially reduce the unnecessary use of

interventions to accelerate labour.

The clinical decision about whether or not interventions

should be applied to accelerate labour requires an under-

standing of when a woman is truly in her phase of natural

acceleration. Although the commonly agreed point of onset

of accelerative labour is 4 cm, as popularised by the start

of the partograph alert line, our review suggests that labour

may indeed not begin to accelerate substantially until 6 cm

in a considerable proportion of women. This observation

from one of the studies in this review was used as the basis

for the recent American College of Obstetricians and

Gynaecologists’ (ACOG) recommendation that standards of

care for the active phase of labour should only be applied

when women have reached a 6-cm threshold.6,11 The pat-

terns observed in the individual studies included in our

review and the aggregated estimates provide even more

robust evidence in support of this recommendation. We

propose that the revision of norms and standards for

labour care should evaluate the impact of these findings on

the starting point of the partograph alert line.

The use of arbitrary statistical limits to define the

boundaries for normal labour progression deserves a special

mention. Since the pioneer studies of Friedman, the 95th

percentiles have been arbitrarily taken as the upper limit of

normal labour duration or dilatation rate. Although this

offers the clinician a benchmark against which to evaluate

women in labour, it does not imply that labour within this

boundary cannot result in adverse outcomes. Rather, the

95th percentiles provide boundaries within which, when

maternal and fetal conditions are reassuring, a woman

should continue to be offered expectant, supportive, and

woman-centred labour care. This assertion is supported by

the similarity between the labour progression patterns

described in this review and those reported from study

populations with risk factors and childbirth-related mor-

bidities.29,30

Conclusions

The opportunity to confidently assess natural labour pro-

gression without any intervention or interference in current

obstetric practice is limited; however, new computational

methods in the included studies offer an insight into what

may have been responsible for the increasing medicalisation

of birth over the last two decades. The overall labour pro-

gression data within and across studies show that an expec-

tation of a minimum cervical dilatation threshold of 1 cm/

hour throughout labour is unrealistic for most healthy nul-

liparous and parous women. To improve birth outcomes,

it is essential to lower this expectation and conceptualise

labour progress as a potentially hyperbolic rather than a

linear process. The findings of our review call into question

the application of standards that are currently in use based

on research conducted more than 50 years ago. A potential

direction for future research could be the use of individ-

ual-level data set meta-analysis, where statistical methodol-

ogy using LMS (Lambda, Mu, and Sigma) parameters

could be explored to construct normalised centile stan-

dards, similar to its application for the development of

growth charts.31

Disclosure of interests
Full disclosure of interests available to view online as sup-

porting information.

Contribution to authorship
OTO conceived the review and drafted the protocol, with

input from MB, EA, JPS, and AMG. OTO worked with the

WHO information specialists to build the search strategies

and undertake the searches. VD and MB performed the ini-

tial screening of search outputs, identified eligible studies

and extracted data. OTO verified eligible studies and

checked data for errors. SST, HC, and GP performed all

statistical analyses in the review. OTO drafted the manu-

script. All authors interpreted the data and revised the data

for intellectual content, and approved the article for publi-

cation.

Details of ethics approval
No ethical approval was required for this study.

Funding
The UNDP/UNFPA/UNICEF/WHO/World Bank Special

Programme of Research, Development and Research Train-

ing in Human Reproduction (HRP), Department of Repro-

ductive Health and Research, World Health Organization

952 ª 2017 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of Obstetricians and Gynaecologists

Oladapo et al.



funded the preparation of this systematic review through a

grant from the United States Agency for International

Development (USAID), as part of the evidence base prepa-

ration towards the WHO recommendations on intrapartum

care for a positive childbirth experience.

Acknowledgements
The authors are grateful to Tomas Allen and Jose Luis

Garnica Carreno, information specialists at the World

Health Organization, Geneva, Switzerland, for building the

search strategies, and for conducting and de-duplicating

the searches for this review. We thank Qian Long and

Elham Shakibazedeh for their help in translating Chinese

and Persian full texts, respectively, and Jim Zhang for pro-

viding additional information on eligible and potentially

eligible studies.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. Risk of bias assessment.

Figure S2. Cervical dilatation patterns according to

pooled median times to advance centimetre by centimetre.

Figure S3. Panel showing the distribution of median

time to gain 1 cm in nulliparous women, by study.

Figure S4. Panel showing the distribution of time to

gain 1 cm in parous women, by study.

Figure S5. Panel showing 95th percentiles of cumulative

duration of labour from admission, by study among nulli-

parous women.

Figure S6. Panel showing 95th percentiles of cumulative

duration of labour from admission, by study, among par-

ous women.

Table S1. Characteristics of included studies and study

populations (nulliparous).

Table S2. Characteristics of included studies and study

populations (parous).

Table S3. Risk of bias assessment of included studies.

Table S4. Overall risk of bias assessment.

Table S5. Cumulative duration of labour (in hours)

from cervical dilatation at admission in nulliparous

women.

Table S6. Cumulative duration of labour (in hours)

from cervical dilatation at admission in parous women

(parity = 1 or >1).
Appendix S1. Search strategies (date of search: 15

December 2016).&

References

1 Friedman E. The graphic analysis of labor. Am J Obstet Gynecol

1954;68:1568–75.

2 Friedman EA. Primigravid labor; a graphicostatistical analysis. Obstet

Gynecol 1955;6:567–89.
3 Friedman EA. Labor in multiparas; a graphicostatistical analysis.

Obstet Gynecol 1956;8:691–703.
4 Friedman EA, Sachtleben MR. Dysfunctional labor. II. Protracted

active-phase dilatation in the nullipara. Obstet Gynecol 1961;

17:566–78.
5 Friedman EA, Sachtleben MR. Dysfunctional labor. I. Prolonged

latent phase in the nullipara. Obstet Gynecol 1961;17:135–48.
6 Zhang J, Troendle J, Mikolajczyk R, Sundaram R, Beaver J, Fraser W.

The natural history of the normal first stage of labor. Obstet

Gynecol 2010;115:705–10.
7 Zhang J, Troendle JF, Yancey MK. Reassessing the labor curve in

nulliparous women. Am J Obstet Gynecol 2002;187:824–8.
8 Betran AP, Ye J, Moller AB, Zhang J, Gulmezoglu AM, Torloni MR.

The increasing trend in caesarean section rates: global, regional and

national estimates: 1990-2014. PLoS One 2016;11:e0148343.

9 World Health Organization.WHO Recommendations for Augmentation

of Labour. Geneva, Switzerland: World Health Organization, 2014.

10 Committee on Obstetric Practice. Committee opinion no. 687:

approaches to limit intervention during labor and birth. Obstet

Gynecol 2017;129:e20–8.
11 American College of Obstetricians and Gynecologists, Society for

Maternal-Fetal Medicine, Caughey AB, Cahill AG, Guise JM, Rouse

DJ. Safe prevention of the primary cesarean delivery. Am J Obstet

Gynecol 2014;210:179–93.
12 Laughon SK, Branch DW, Beaver J, Zhang J. Changes in labor

patterns over 50 years. Am J Obstet Gynecol 2012;206:419 e1–9.
13 Neal JL, Lowe NK, Patrick TE, Cabbage LA, Corwin EJ. What is the

slowest-yet-normal cervical dilation rate among nulliparous women

with spontaneous labor onset? J Obstet Gynecol Neonatal Nurs

2010;39:361–9.
14 National Institute for Health and Clinical Excellence. Intrapartum

care for healthy women and babies. 2014 [www.nice.org.uk/guida

nce/cg190]. Accessed 25 June 2017.

15 Cunningham FG, Levono KJ, Bloom SL, Spong CY, Dashe JS,

Hoffman BL, et al. editors. Williams Obstetrics, 24th edn. New York,

NY: McGraw-Hill Education, 2014.

16 Cronj�e HS, Cilliers JBF, Pretorius MS editors. Clinical Obstetrics: A South

African Perspective, 3rd edn. Pretoria: Van Schaik Publishers, 2011.

17 Oladapo OT, Abalos E, Diaz V, Bonet M. Cervical dilatation patterns

of ‘low-risk’ women with spontaneous labour and normal perinatal

outcomes: a systematic review. PROSPERO 2016:CRD42016053892.

2016 [www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42

016053892] Accessed 25 June 2017.

18 DiCiccio TJ, Efron B. Bootstrap confidence intervals. Stat Sci 1996;

11:189–228.
19 RCore Team.R:A Languageand Environment for Statistical Computing.

Vienna,Austria:RFoundationforStatisticalComputing,2013.

20 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D,

et al. Meta-analysis of observational studies in epidemiology: a

proposal for reporting. Meta-analysis Of Observational Studies in

Epidemiology (MOOSE) group. JAMA 2000;283:2008–12.
21 Zhang J, Landy HJ, Branch DW, Burkman R, Haberman S, Gregory

KD, et al. Contemporary patterns of spontaneous labor with normal

neonatal outcomes. Obstet Gynecol 2010;116:1281–7.
22 Shi Q, Tan XQ, Liu XR, Tian XB, Qi HB. Labour patterns in Chinese

women in Chongqing. BJOG 2016;123 (Suppl 3):57–63.
23 Chen HF, Chu KK. Double-lined nomogram of cervical dilatation in

Chinese primigravidas. Acta Obstet Gynecol Scand 1986;65:573–5.
24 Suzuki R, Horiuchi S, Ohtsu H. Evaluation of the labor curve in

nulliparous Japanese women. Am J Obstet Gynecol 2010;203:

226.e1–6.

953ª 2017 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of Obstetricians and Gynaecologists

Labour progression patterns of low-risk women

http://www.nice.org.uk/guidance/cg190
http://www.nice.org.uk/guidance/cg190
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016053892
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016053892


25 Albers LL. The duration of labor in healthy women. J Perinatol

1999;19:114–9.
26 Albers LL, Schiff M, Gorwoda JG. The length of active labor in

normal pregnancies. Obstet Gynecol 1996;87:355–9.
27 Vahratian A, Troendle JF, Siega-Riz AM, Zhang J. Methodological

challenges in studying labour progression in contemporary practice.

Paediatr Perinat Epidemiol 2006;20:72–8.
28 Rajhvajn B, Kurjak A, Latin V, Barsic E. Construction and use of a

partograph in the management of labour. Z Geburtshilfe Perinatol

1974;178:58–62.

29 McPherson JA, Tuuli M, Odibo AO, Roehl KA, Zhao Q, Cahill AG.

Labor progression in teenage women. Am J Perinatol 2014;31:753–8.
30 Xiaowei Z, Pingping Y, Yue D, Xiaoqi Q. Curve of labor duration

in 2 140 nulliparous women. Chin J Perinat Med 2014;17:

849–51.
31 Cole TJ. The LMS method for constructing normalized growth

standards. Eur J Clin Nutr 1990;44:45–60.

954 ª 2017 World Health Organization; licensed by John Wiley & Sons Ltd on behalf of Royal College of Obstetricians and Gynaecologists

Oladapo et al.




