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Summary Cervical volume represents a promising predictor of labor induction outcomes, as smaller volumes
are associated with vaginal delivery within 24 hours and earlier transition to the active phase,
although not uniformly with overall success of labor induction.
Materials and methods Number of studies A systematic review and meta-analysis

Identificaion 7 StUdIES (I7 = 534)
n=1396
Population: pregnant women
Screening Exposure: measurement of cervical volume using ultrasonography
25 Comparator: cervical volume threshold
Outcomes: successful induction of labor
Hee Study design: cohort studies

Maternal outcomes

Outcomes
Outcome Cohort size Effect size (95% CI)
CV lower than threshold — VD within 24 hours 168 .7»19 (3.31t0 15.64)
Lower CV — active phase of labor within 12 hours 77 . ~5.73 cm? (~10.64 to —0.81)
Lower CV — overall induction of labor success 422 . -1.32 cm® (-8.37 10 5.72)
Lower CV — VD without a timeframe 289 IMD' —6.88 cm?(-14.6 10 0.83)
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Cl — confidence interval, CV — cervical volume, OR — oddis ratio, VD — vaginal delivery, MD — mean difference
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Aim. To compare the cervical volume of patients who underwent successful and failed induction of labor (I0L)
procedures.

Materials and methods. This systematic review and meta-analysis were conducted according to PRISMA guidelines.
A comprehensive literature search was performed in PubMed, EMBASE, Scopus, and Google Scholar to identify cohort
studies published between January 01, 2005 and December 31, 2024, that compared cervical volume in pregnant
women who underwent I0L. A random-effects meta-analysis was performed.

Results. Seven studies involving 534 pregnant women were included. Four studies were considered low risk of bias
and two studies were regarded as high risk of bias. Risk of bias assessment could not be performed in one study
because the full-text of the article was not available. The pooled analysis of two studies involving 168 pregnant
women demonstrated a positive association between the lower cervical volume and successful vaginal delivery
within 24 hours (odds ratio 7.19; 95% confidence interval: 3.31 to 15.64; 1> = 0%). The pooled analysis of five studies
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involving 422 pregnant women showed no statistically significant difference between successful and failed IOL, with
a mean difference —1.32 cm?® 95% confidence interval: -8.37 to 5.72; I* = 89.8%). Subgroup analyses showed no
statistically significant association between cervical volume and successful IOL when defined as vaginal delivery
without time restriction or within 24 hours. However, a significantly lower cervical volume was observed in women
who achieved the active phase of labor within 12 hours. The Egger’s regression test confirmed the absence of
small-study effects (coefficient = 0.50, standard error = 1.75, p = 0.78).

Conclusion. Cervical volume has significant potential as a parameter for predicting successful 10L, with a smaller
cervical volume being associated with better outcomes, although subgroup findings remain inconsistent.
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O6beM LWelKn MaTKU, OLleHEHHbI! Mo YNIbTPa3ByKOBOMY
nUccnenoBaHUIo, Kak NMpeauKTop ycnewHoM poaoson
AEeATENbHOCTU: CUCTEMATUYECKUIA 0630p U MeTaaHaNU3

I1. Kaccasinan!, K. Houranpom!, I1. Yanra6an?, C. Tanacanrymponrcak!, M. Cyarumnamn’*
Vuusepcumem Cpunaxapuneupom
yn. Cykxymeum 23, 0. 114, pation Bammana, 2. banexok, 10110, Taunano
2Bonvuuya Knone Jlyane
M.7 Knone Xok, 0. 30, pation Knone Jlyane, 2. [Tamxymmxanu, 12120, Taunano

GULETTER
Llenb. CpaBHUTH 06bEM LLEIKI MATKM Y MALMEHTOK C YCMELWHO U HeyCNeLHON MHAYKLMEN POAOBOI AeATeNbHOCTH

(MPL).

Marepuanbl u metogbl. CcTeMaTyecKmii 0630p 1 MeTaaHann3 BbINMOSHEH B COOTBETCTBUN C PeKOMEeHAaLMsaMM
PRISMA. Mownck nuTepatypbl npoBoanncs B 6azax PubMed, EMBASE, Scopus u Google Scholar ans BbisiBneHus
KOrOPTHbIX UCCNefoBaHWiA, 0ny6ANKOBaHHbIX B Nepuof ¢ 1 aHeapsa 2005 no 31 aekabps 2024 roga, B KOTOPbIX
CpaBHMBANCA 06bEM LUENKM MaTKK y BepEMEHHDBIX XeHLLMH, nepeHecwvx WP, Ans meTaaHann3a ucnonb3oBam
MOZENb CO CyYaitHbIMK 3 dekTamm.
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Pesynbratbl. B aHanM3 BK/IKOYEHbl CEMb UCCNEA0BaHNIA C y4acTnem 534 6epeMeHHbIX XeHLLMH. B yeTbipex uc-
CNef0BaHNAX BbIABNEH HU3KWIA PUCK CUCTEMATUYECKMX OLUMOOK, B [BYX — BbICOKWIA, B OLHOM MCCNeaoBaHum
OLIEHKa pucKa He BbIMOMHEHa M3-3a OTCYTCTBMA NOMHOMO TekcTa. Mpn 06beMHEHHOM aHann3e ABYX MCCNefoBa-
HWit (n = 168) 06Hapy»keHa NoNOXUTENbHAs CBA3b MEX Y MEHbLINM 06bEMOM LUENKM MATKM W YCMEWHbIMM ecTe-
CTBEHHbIMM poflamMu B TeyeHne 24 yacoB (OTHOLLEHWe WwaHcoB 7,19; 95% noBepuTenbHblii nHTepBan: 3,31-15,64;
I2 = 0%). Mpn 06beanHEHHOM aHann3e NATU UCCNeAoBaHuiA (n = 422) He BbIABIEHO CTAaTUCTUYECKM 3HAYUMOIA
pasHULbl Mexy ycnelHoi v HeycnewHoit UPL (pasHuua cpeaHnx —1,32 cm3; 95% f0BepUTENbHbIA MHTEPBAN:
-8,37-5,72; I = 89,8%). AHanu3 NOArpynn He BbIABWA CTAaTUCTUYECKM 3HAUNMOI CBA3M Mexay 06BEMOM LLEN-
KW MaTKu 1 ycnewHon VP npy onpefeneHun CxoAa Kak eCTeCTBEHHble pofbl 683 OrpaHUYeHns No BPEMEHM
NN NPOAOIKUTENBHOCTBIO [0 24 YacoB. BMecTe ¢ TeM CyLLECTBEHHO MEHbLUIMIA 06BbEeM LIEHKN MaTKi OTMeYeH
Y KEeHLLMH, AOCTUrLIMX akTUBHOI (ha3bl pofoB B CPok 40 12 Yacos. TecT 3rrepa NOATBEpAUA OTCYTCTBME NY6N-
KaLMOHHbIX cMeLeHnit (koadduumeHT = 0,50; cTaHaapTHas owubka = 1,75; p = 0,78).

3akntouenne. OnpeaeneHue ob6bema LLEiKM MaTKI B Ka4eCTBe napameTpa Ans NporHo3upoBaHus yenewHoit NP/
06nafaeT 3HauYMTENbHbIM NOTEHLMANOM; MEeHbLLUVE 3HAYEHNS aCCOLMMPYIOTCS C NIYYLUMMM UCXOAAaMK, XOTS pesynb-
TaTbl aHannsa NogArpynn oCTatoTCH HEOAHO3HAYHBIMN.

KnioueBble cnoBa: 06beM LLEAKIM MaTKK; YNbTPa3BYKOBasA AWArHOCTMKA; MHAYLMPOBAHHbIE POAbI; ECTECTBEHHbIE
POAbl; KECapeBo CeyeHne.

Py6pukn MeSH:

POJbl NCKYCCTBEHHbIE - METO/ZbI

WEVKA MATKW = AVATHOCTUYECKOE N30BPAYXEHUE

YNBTPACOHOI PAGUA

OB30P

Ona yntnposanua: KaccasHaH [1., Hontanpom K., YaHtaban [1., TaHacaHTympoHrcak C., CyHTunan M. O6beM Luei-
KW MaTKW, OLIEHEHHBbIV M0 YIbTPa3BYKOBOMY MCCNEL0BAHWI0, KaK NPeavnkTop YCnewHon pogoBon AEATENBHOCTH: CU-
cTemaTuyeckuit 0630p 1 MeTaaHanua. CeyeHoBCKMIA BeCTHUK. 2025; 16(3): 4-16. Epub ahead of print 17.09.2025.
https://doi.org/10.47093/2218-7332.2025.1223
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HIGHLIGHTS KJIOYEBDIE MOJIOXXEHNA

Smaller cervical volumes associate with successful vaginal delivery
within 24 hours and aligns with earlier achievement of the active
phase, but not with overall IOL success across studies.

Differences in time-based outcome definitions and measurement
techniques (2D vs 3D) underpin substantial between-study
variability.

Cervical volume may be most informative when interpreted
alongside established clinical and sonographic factors;
standardized measurement and prespecified time windows in
larger, geographically diverse cohorts could clarify its incremental
predictive value.

Induction of labor (IOL) is a common procedure
in the field of obstetrics which is aimed at stimulating
uterine contractions before the onset of labor to
achieve vaginal delivery (VD) [1]. The World Health
Organization reported in 2018 that the prevalence of
IOL reaches 25% in developed countries!. However,
IOL can lead to maternal and fetal morbidity and
mortality [1]. It increases the risk of emergency
cesarean delivery (CD) (odds ratio (OR) 1.89;
95% confidence interval (CI): 1.12 to 3.18) [2],
chorioamnionitis (OR 2.6; 95% CI: 2.0 to 3.4) [3],
postpartum hemorrhage (OR 1.57; 95% CI: 1.2 to
2.04), and uterine rupture or dehiscence at 1.1% (OR
1.62;95% CI: 1.13 to 2.31) [4]. These risks emphasize
the need for pre-induction assessment to predict
successful IOL and minimize adverse outcomes.

The Bishop score is a bedside, pre-induction cervical
assessment that sums dilation, effacement, station,
position, and consistency to estimate the likelihood of
successful IOL. However, because it relies on digital
examination rather than objective imaging, it is inherently
subjective with notable intra- and inter-observer
variability [5, 6], which has driven interest in ultrasound-
based pre-induction assessments. Ultrasonographic
cervical assessment is performed to assess pre-induction
cervical ripening. Common sonographic parameters
for predicting IOL success include cervical length,
uterocervical angle, and cervical elastography which
represents cervical stiffness.

Ultrasonographic cervical assessment shows promise,
but prior studies report variable results, so its predictive
value for IOL outcomes is not fully established [7-11].
Cervical volume, an alternative novel sonographic
measure, may be a predictor of successful IOL. However,

MeHbLuKii 06bEM LIEHKM MaTKN acCcoLMMpoBaH C HacTynaeHueMm
€CTECTBEHHbIX POAOB B TeyeHue 24 yacoB, a Takxe c 6onee
paHHUM BCTYMNEeHWeM B aKTWUBHYIO (asy PoAoB, OAHAKO CBA3b
He MOATBEPXKAAETCA B OTHOWEHUM O06wWeld 3hheKTUBHOCTH
MHAYKLNN POLOB.

BbipakeHHasi reTeporeHHOCTb  WCCef0BaHuiA  06ycnoBJieHa
pasnuyuaMK BO BPEMEHHbIX KPUTEpUsX OMpefeneHus UCXOfoB
1 B MeTofMKax U3MepeHns o6bema Lweiikun Matkm (2D vs 3D).

NHdOpMaTUBHOCTb OLEHKM 06beMa Lueitkun MaTKuM MakcuMasbHa
npM  KOMMMEKCHOW OLiEHKE COBMECTHO C  KJIMHWUYECKUMU
W  YNbTPasBYKOBbIMM MOKa3aTensiMu. [Ns  yTOUHeHUs ee
LOMOJHUTENbHOM  MPOrHOCTUYECKOH  LIEHHOCTM  Heobxoauma
CTaHAapTU3aUus  MEeTOAMK  W3MEepeHus U MpoBefeHue
MHOTOLIEHTPOBbIX  UCCNEefoBaHWii Ha 6ase reorpaduyecku
AVBEPCUGULMPOBAHHbIX  KOTOPT C  3apaHee  3afjaHHbIMK
BPEMEHHbIMU MHTEPBAIaMU HabNOAEHNS.

its efficacy in predicting successful IOL has not yet been
thoroughly explored or reviewed.

Aim of the study: to compare the cervical volume
of patients who underwent successful and failed IOL
procedures.

MATERIALS AND METHODS

This systematic review and meta-analysis were
conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
extension statement for reporting systematic reviews
incorporating meta-analysis [12]. Preliminary data was
presented at an international conference?.

Information sources

The databases search was performed covering all
available studies, conference proceedings, dissertations,
and theses published between January 01, 2005 and
December 31, 2024. The studies were identified in
PubMed, EMBASE, Scopus, and via manual searches
using Google Scholar. The final search was conducted
on March 28, 2025.

Eligibility criteria and search strategy

Search terms were developed based on the PECOS
framework  (population, exposure, = comparator,
outcomes, and study design)®. The full search strategy
is presented in Supplement 1 (Supplementary materials
on the journal’s website https://doi.org/10.47093/2218-
7332.2025.1223-annex).

Inclusion criteria:
¢ Population: pregnant women who underwent IOL;
¢ Exposure: the measurement of cervical volume using

ultrasonography via any route (transabdominal,

! WHO recommendations on induction of labour, at or beyond term. World Health Organization; 2022. p 43 (access date: 01.11.2024).

2 Kassayanan P., Chantabal P., Suntipap, M. Ultrasonography cervical volume as a predictor of successful induction of labor in pregnant women
with induction of labor, A systematic review and Meta-analysis. Procedia of Multidisciplinary Research. 2024. 2(10): 99.

5 Collaboration for environmental evidence. Guidelines and standards for evidence synthesis in environmental management. Pullin AS, GK
Frampton, B Livoreil & G Petrokofsky, editors. 2022. http://www.environmentalevidence.org/information-for-authors (access date: 31.07.2025).
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transvaginal, or transperineal), with or without a
specified cut-off value;

e Comparator: cervical volume threshold (for studies
with a cut-off value);

¢ Qutcome: at least one definition of successful IOL,
characterized by: VD without a specified timeframe,
VD within 24 hours, and achievement of the active
phase of labor within 12 hours;

e Study design: cohort studies.
Non-inclusion criteria:

¢ Non-English languages that were untranslatable;

¢ The insufficient data for analysis despite three contact
attempts with the authors spaced two weeks apart.

Selection process

Studies were manually and independently screened
by two reviewers (P.K. and P.C.) based on the titles
and abstracts, without the use of automation tools. The
full articles were subsequently reviewed to confirm
inclusion. Any disagreements were resolved through
discussion with a third reviewer (M.S.).

Data collection process

Data was collected independently by two reviewers
(P.K. and P.C.) using a standardized data extraction
form. Extracted data comprised 6 sections: general
study information, study characteristics, participant
characteristics, ultrasonographic cervical volume
assessment details, outcome summaries, and data for
pooling. Study characteristics included the extraction
date, author name, study location, ultrasound type
and name of ultrasound machine, route of ultrasound,
cervical volume measurement methods, participant
demographics, method of IOL, indications of IOL,
pregnancy complications, ultrasonographic cervical
volume, and outcomes of IOL. The researchers classified
‘CD,” ‘not achieving VD, and ‘no achievement of
the active phase of labor’ as failed IOLs to avoid
inconsistency.

Risk of bias assessment

Two reviewers (PK. and P.C.) independently
assessed the risk of bias in the studies using the modified
Newcastle-Ottawa scale, a validated tool for assessing the
quality of non-randomized studies®. This scale evaluates
three domains of bias: selection of the representativeness
of the study participants, comparability between groups,
and ascertainment of outcomes and study factors. Each
item contains a question with three possible answers:
yes, no, or unclear. The scale assigns scores ranging
from O to 9 stars. Individual studies were categorized
according to these stars; those with 7 to 9 stars were
classified as having a low risk of bias, those with 4 to 6
stars as having a moderate risk of bias, and those with 0

to 3 stars as having a high risk of bias. The third reviewer
(M.S.) resolved any disagreements.

Data analysis

Data for pooling was divided into two types: cut-
off data and frequency data. For studies with a cut-
off, a comparator was implicitly defined (e.g., cervical
volume above vs below the threshold), and the data
were analyzed as binary outcomes using OR with 95%
CI. For studies without a cut-off, cervical volume was
considered as a continuous variable, and the data were
pooled using mean difference (MD) with 95% CI.
The cervical volume data was converted to mean and
standard deviation when reported as a median, range, or
interquartile range [13]. A random-effects meta-analysis
was performed to account for potential heterogeneity
across the trials. Leave-one-out sensitivity analyses were
performed to assess the robustness of pooled estimates.
Heterogeneity was assessed using Cochran’s Q test
and Higgins’s I? statistic, where an I> more than 50%
was considered indicative of substantial heterogeneity
[14]. Meta-regression and subgroup analyses were pre-
specified to explore potential sources of heterogeneity,
including outcome definitions, measurement techniques
(2D vs 3D), ultrasound route, parity, IOL indications, and
geographic region. Publication bias was evaluated using
Deeks’ funnel plot and Egger’s test [15]. A two-sided
p-value <0.05 was considered statistically significant,
except for the heterogeneity of Egger’s tests, where
a p-value <0.1 was used. The statistical analyses were
conducted using STATA software package, version 18.0.
(Stata Corp, College Station, Texas, USA).

RESULTS

Study selection

Data were collected from three databases: EMBASE,
MEDLINE, Scopus, and from Google Scholar. Studies
from the reference lists of reviews, protocols, abstracts,
and grey literature were also searched and selected. In
total, 1396 eligible studies were included. Among these,
48 were excluded due to duplication. After screening
the titles and abstracts, seven studies met the inclusion
criteria and were incorporated into the final meta-
analysis (Fig. 1).

Study characteristics

Seven prospective cohort studies [16-22] involving
534 pregnant women evaluated cervical volume via
ultrasonography to predict successful IOL were included.
Five studies [16, 18-21] collected data primarily from
Asia, whereas one study collected data from Africa [20]
and one study from Europe [17]. One study [16] did not
report the baseline characteristics of pregnant women.
Sample sizes ranged from 36 to 126 participants per

4 Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomised studies in meta-analyses. 2000. https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (access date: 04.11.2024).
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Identification of studies via databases and registers

Records identified from
databases (N = 1396):
* MEDLINE (n = 6)

Records removed before
screening:

* EMBASE (n =5)
* Scopus (n = 1151)
* Google scholar (n = 234)

Identification

A

Records screened

¢ duplicate records removed
(n=48)

Records excluded:

n=1348

A 4

Reports sought for retrieval

» <ot study of interest
(n=1338)

Records excluded:

A4

n=10

Screening

A

Reports assessed for

* not retrieved (n = 1)

Reports excluded:
*due to SRMA (n=1)

eligibility
n=9

A 4

Studies included in review
n="17

=}
7]
=
=
P~
9
=]
—

FIG. 1. PRISMA flowchart.

Note: SRMA - systematic review and meta-analysis.

study (Table 1). Cervical volume was measured using
two techniques: four studies employed three-dimensional
ultrasonography using the Virtual Organ Computer-
aided Analysis (VOCAL) software, while two studies
utilized two-dimensional ultrasonography applying
the cylinder volume formula (mR?h). Five studies used
transvaginal ultrasonography, one study used translabial
ultrasonography, and the ultrasound approach used in one
study was not specified. Two studies reported a specific
cervical volume cut-off value to predict successful IOL.
The definitions of successful IOL varied across studies.
Six studies defined successful IOL as VD, including
four studies defined success as achieving VD within 24
hours and three studies defined success as achieving VD
without a time limit. Two studies defined it as attaining
the active phase of labor within 12 hours (Table 1).

The details of the patients’ characteristics and IOL
methods are available for six eligible studies (Table 2).
The mean age of participants across studies ranged
from 25.7 to 33.0 years and the mean body mass
index - from 24.0 to 30.5 kg/m?% The mean gestational
age varied between 37.7 and 42.3 weeks, and the mean

* same participants to
previous study (n = 1)

estimated fetal weight — from 3174 to 3346 grams. Two
studies enrolled only nulliparous women. Regarding
the IOL methods, one study used only prostaglandin
E1, four studies used prostaglandin E2, one study used
prostaglandin E2 and a Foley’s catheter.

Risk of bias in studies

Risk of bias assessment could not be performed
in one study [16] due to unavailability of the full-text
article. Among the remaining studies, four studies
[17, 20-22] were considered low risk of bias (Fig. 2).
Whereas two studies were regarded as high risk of
bias: one study [18] raised concerns in the domains
of ascertainment of exposure, follow-up period adequacy,
and comparability, while another study [20] identified
a high risk in the representativeness of the exposed
cohort, ascertainment of exposure, and comparability.

Indication for induction of labor

Six studies reported the indications for IOL
(Table 3). Among IOL, pregnancy-induced hypertension
demonstrated a median prevalence of 11.45%, gestational
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Table 1. Key characteristics of included studies

Author, year Sa:ir;zle VD/CD sE:::lsTfT:; IO(IL cﬁf_’:}:ﬁ:{::"::ﬁ Ultrasound (type, name, method, route)
Rovas, 20052 36 23/13 VD 24 hours NA 3D, Voluson 730, VOCAL, TVS
Rovas, 2005° 36 32/4 Acg'fel‘;eb‘:)f?z"’;oz'r‘:se NA 3D, Voluson 730, VOCAL, TVS
Kim, 2010 41 3017 Achievedactive phase NA 3D, Accuvix XQ, Medison, VOCAL, TVS

of labor 12 hours
Young, 2014 126 88/38 VD NA NA
Esin, 20162 38 29/9 VD NA 3D, Volson, VOCAL, TLS
Esin, 20162 29 20/9 VD 24 hours NA 3D, Volson, VOCAL, TLS
Athulathmudali, 2021 100  63/37 VD 24 hours 28.5 2D, Medison, cylinder volume formula, TVS
ileri, 2023 125 93/32 VD NA 3D, NA, VOCAL, TVS
Elsheikh, 2024 68 37/31 VD 24 hours 27.0 2D, NA, 2D, Medison, cylinder volume formula, TVS

Notes: @ two different outcomes were accessed in the study.
CD - cesarean delivery (failed I0L); IOL - induction of labor; NA - not available; TLS - translabial ultrasound; TVS - transvaginal ultrasound;
VD - vaginal delivery (successful I0L); VOCAL - Virtual Organ Computer-Aided Analysis; 2D - two-dimensional view; 3D - three-dimensional view.

Table 2. Baseline characteristics of participants

Author, year Mean age, year Mean BMI, kg/m? Nulliparous, % Mean GA, weeks Mean EFW, g 10L method % Foley, %
Rovas, 2005 33.0 30.5 47 423 NA PGE, (100) NA
Kim, 2010 28.5 26.6 100 37.7 3174 PGE, (100) NA
Young, 2014 NA NA 100 NA NA NA NA
Esin, 2016 25.7 304 50 41.0 3346 PGE, (69.6) 30.4
Athulathmudali, 2021 28.4 24.0 71 39.9 3071 PGE, (100) NA
ileri, 2023 27.6 28.7 50.4 38.8 3179 PGE, (100) NA
Elsheikh, 2024 25.7 26.9 NA 38.9 3181 PGE, (100) NA

Note: BMI - body mass index; EFW - estimated fetal weight; GA - gestational age; IOL - induction of labor; NA - not available; PGE, -
prostaglandin E1; PGE, - prostaglandin E2.

Table 3. Indication for induction of labor of included studies

Author, year PHH, % GDM, % FGR, % OHA, % PTR,% PROM,% LGA, % NRFS, % MC, %
Rovas, 2005 7.9 NA 7.9 68.4 7.9 NA 7.9 NA NA
Kim, 2010 14.6 9.8 19.5 4.9 NA NA 293 NA 19.5
Young, 2014 NA NA NA NA 100 NA NA NA NA
Esin, 2016 8.3 NA 8.3 18.8 64.6 NA NA NA NA
Athulathmudali, 2021 6.0 33.0 NA NA 61.0 NA NA NA NA
ileri, 2023 20.0 7.2 22.4 12.0 21.6 NA NA 11.2 4.8
Elsheikh, 2024 17.2 7.8 NA 6.3 20.3 28.1 NA NA 20.3

Note: FGR - fetal growth restriction; GDM - gestational diabetes mellitus; LGA - large for gestational age; MC — maternal condition; NA - not
available; NRFS - non-reassuring fetal status; OHA - oligohydramnios; PIH - pregnancy-induced hypertension; PROM - premature ruptured
of membrane; PTP - post-term pregnancy.

diabetes mellitus - 8.8%, fetal growth restriction -  positive association between lower cervical volume and
13.90%, oligohydramnios - 18.76%, post-term  successful VD within 24 hours (OR 7.19; 95% CI: 3.31
pregnancy - 41.30%, premature ruptured of membrane -  to 15.64; t2> = 0.00; I? = 0%; 95% predictive interval
28.1%, large for gestational age — 18.6%, non-reassuring  (approximate, normal-quantile due to only two studies):
fetal status - 11.2%, maternal condition - 19.5%. 3.31 to 15.64; Fig. 3A).

Maternal outcomes Mean cervical volume and successful VD and CD

Cervical volume cut-off value and successful VD Five studies involving 422 pregnant women reported
within 24 hours cervical volume without specific cut-off values. Notably,

Two studies involving 168 pregnant women  Esin et al. [19] reported data for two predefined outcome
evaluated cervical volume using different cutoff values  definitions: VD without a specified timeframe and
of 27 cm® and 28.5 cm®. Pooled analysis demonstrated VD within 24 hours, which were analyzed separately.
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D3 Overall

Rovas, 2005

Kim, 2010

Esin, 2016

Athulathmudali, 2021

lleri, 2023

Elsheikh, 2024

Judgement

I Low

D1: Selection
D2: Comparability
D3: Outcome

FIG. 2. Traffic light plot for cohort studies using the modified Newcastle-Ottawa scale.

Note: D1 - selection domain; D2 — comparability domain; D3 - outcome domain.

The pooled analysis showed no statistically significant
difference between successful and failed IOL (MD
-1.32 cm?; 95% CI: -8.37 to 5.72; I* = 89.8%; Fig. 3B).
The mean cervical volume in successful IOL ranged from
23.99 with 6.04 cm?® to 44.17 with 8.66 cm®, whereas
in failed IOL - from 30.1 with 14.7 cm® to 48.07 with
11.34 cm® Two studies found a significant difference
in cervical volume between successful and failed 1OL:
36.21 with 9.62 cm3vs. 48.07 with 11.34 cm® (p < 0.01)
[17] and 23.99 with 6.04 cm® vs. 29.80 with 7.38 c¢m?®
(p = 0.02) [22], respectively.

Subgroup analysis

The sources of heterogeneity were explored among the
studies using subgroup analysis. Three studies involving
289 pregnant women defined successful IOL as VD
without a timeframe. The pooled analysis showed that
women with successful VD had a lower mean cervical
volume (MD -6.88 cm? 95% CI: —14.6 to 0.83 cm3;
I? = 83.5%) without a statistically significant difference
(Fig. 4A). Exclusion of the outlier study by Young et al.
[16] reduced heterogeneity to zero (I* = 0%) but did not
change the non-significant difference between groups
(MD -2.54 cm?; 95% CI: -6.19 to 1.11; Fig. 4B).

Three studies involving 133 pregnant women defined
a successful IOL as a VD within 24 hours. The pooled
analysis demonstrated no significant difference between
the two groups (MD 5.23 ecm3; 95% CI: 2.27 to 8.19; I* =
0; Fig. 4C)

Two studies involving 77 pregnant women defined
successful IOL as actively going into labor within
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12 hours. Pregnant women who achieved the active phase
of labor had a lower mean cervical volume compared
with those who did not (MD -5.73 cm3; 95% CI: -10.64
to -0.81; I* = 0%, 95% predictive interval (approximate,
normal-quantile due to only two studies): -10.64 to
-0.81; Fig. 4D).

Publication bias

Visual inspection of the contour-enhanced funnel plot
demonstrated no substantial asymmetry (Fig. 5). Egger’s
regression test confirmed the absence of small-study
effects (coefficient = 0.50, standard error = 1.75,
p = 0.78), indicating no evidence of publication bias.

DISCUSSION

This systematic review and meta-analysis evaluate
the association between cervical volume and successful
IOL. The aggregated data from seven prospective cohort
studies suggest that cervical volume, as an objective
sonographic parameter, may have a clinically meaningful
predictive value in estimating the probability of successful
IOL. Specifically, pooled results demonstrate that lower
cervical volume cutoff values (less than 27 to 28.5 cm®)
are strongly associated with VD within 24 hours (OR
7.19), although the estimate has wide precision (95% CI:
3.31-15.64).

When compared with the Bishop score for predicting
successful IOL, reported ORs for achieving VD within a
specified timeframe ranged from 2.15 to 4.22 [6]. Other
ultrasonographic cervical parameters demonstrated a
similar direction of association. For example, cervical
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A VD cD

Author,Year Low® High* Low* High*

Odds ratio
with 95% ClI

Weight
(%)

Athulathmudali, 2021 58 5 22 15

7.91[2.57, 24.36] 47.70

Elsheikh, 2024 29 8 11 20

Overall

Heterogeneity: 1° = 0.00, I> = 0.00%, H* = 1.00
Test of 6, =6;: Q(1) = 0.05, p=0.82

Testof 6=0:z=4.98, p=0.00

6.59[2.25, 19.30] 52.30
7.19[3.31, 15.64]

4 8 16
Random-effects REML model
* cervical volume high* Low*

B VD CD MD* Weight
Author, Year N Mean* SD N Mean* SD with 95% CI (%)
Rovas, 2005 23 36.2 10.2 13 341 123 —-L.— 2.05[ -5.41, 9.51] 17.01
lleri, 2023 93 442 87 32 464 115 —- -2.25[ -6.04, 1.54] 19.81
Esin, 2016 29 352 179 9 414 179 L -6.20[-19.59, 7.19] 11.95
Esin, 2016 20 371 192 9 31.0 147 i 6.10[ -8.05, 20.25] 11.38
Elsheikh, 2024 40 29.8 7.4 28 240 6.0 . B 581[ 250, 9.12] 20.09
Young, 2014 88 362 9.6 38 481 113 -+ -11.86 [ -15.73, -7.99] 19.77
Overall = -1.32[ -8.37, 5.72]
Heterogeneity: 7° = 61.47, I = 89.77%, H> = 9.77
Test of 6, = 6;: Q(5) = 48.86, p = 0.00
Testof8=0:z=-0.37,p=0.71

T 1

Random-effects DerSimonian—Laird model -2|0

* cervical volume

FIG. 3. Forest plots showing weighted effect.
A. Cervical volume cut-off value.
B. Mean cervical volume.

Notes: * cervical volume.

40 0 10 20

Favors VD (lower*) — — Favors CD (higher®)

CD - cesarean delivery; Cl - confidence interval, MD — mean difference; VD — vaginal delivery.

length with cut-off values of 25 mm, 32 mm, and 40 mm
yielded ORs of approximately 5.52, 7.88, and 7.78,
respectively, for predicting VD within 24 hours [10].
The presence of cervical wedging was associated with
an OR of approximately 2.14 [10], cervical elastography
with an OR of 2.97 [8], and the uterocervical angle with
an OR of about 4.33 for predicting successful IOL [7].
Based on these findings, cervical volume appears to have
a stronger association with successful IOL than other
ultrasonographic cervical parameters. However, only two
studies [20, 22] provided data on cervical volume, which
limits the robustness of this conclusion. In addition,
this analysis did not directly compare cervical volume
with other ultrasonographic cervical parameters within
the same study populations. Variations in the definitions
of outcomes, especially differences in the timeframe
from induction to delivery, may further reduce the
comparability of results across studies.

This review evaluated the criteria for defining the
timing of successful IOL as a notable outcome. Studies
of cervical volume without cut-off values underwent

subgroup analysis for specified versus unspecified
time in the VD outcome. Smaller cervical volume was
associated with successful VD and the achievement of
an active phase within 12 hours. However, the results
indicated the opposite for successful VD without
timeframe, where larger cervical volume was associated
with VD within 24 hours. Therefore, the reliability of
these findings may be limited due to the small number
of included studies and the possibility that the timeframe
used to define successful IOL is overly restrictive.
Clinicians evaluating the probability of VD should
interpret these results cautiously, as strict time-based
definitions, such as requiring VD within 24 hours, may
reduce the applicability of the study’s results.

Both VD and achievement of the active phase of labor
showed a high level of heterogeneity. A subgroup analysis
was performed to explore the sources of heterogeneity
in the included studies based on the varying definitions
of outcomes [23]. When subgrouping by VD without
timeframe, I* decreased, indicating that one of the
sources of heterogeneity was the definition of outcomes

12 CEYEHOBCKW BECTHUK T. 16, Ne 3, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 3, 2025



| AKYLLUEPCTBO Y FUHEKONOM S

A VD cD MD* Weight
Author, Year N Mean* SD N Mean* SD with 95% CI (%)
lleri, 2023 93 442 8.7 32 464 115 —- -2.25[ -6.04, 1.54] 40.53
Esin, 2016 29 352 179 9 414 179 1 -6.20[-19.59, 7.19] 19.10
Young, 2014 88 36.2 9.6 38 481 113 —— -11.86 [ -15.73, -7.99] 40.37
Overall T -6.88 [ -14.60, 0.83]

Heterogeneity: 7 = 34.51, I” = 83.48%, H* = 6.05
Test of 6, = ;: Q(2) = 12.11, p = 0.00
Testof 6=0:z=-1.75, p =0.08

o 20 10 0 10
Random-effects DerSimonian—Laird model
*cervical volume Favors VD (lower*) — — Favors CD (higher*)
B VD CD MD* Weight

Author, Year N Mean* SD N Mean* SD with 95% CI (%)
lleri, 2023 93 442 87 32 464 115 —i—— -2.25[ -6.04, 1.54] 92.57
Esin, 2016 29 352 179 9 414 179 -6.20[-19.59, 7.19] 7.43
Overall P e -2.54[ -6.19, 1.11]
Heterogeneity: 7 = 0.00, I = 0.00%, H* = 1.00

Test of 8, =6;: Q(1) =0.31, p=0.58

Testof 6=0:z=-1.37,p=0.17

I T 1
Random-effects DerSimonian—-Laird model -20 -10 0 10
* cervical volume Favors VD (lower*) — — Favors CD (higher*)
C VD 24 hours No VD 24 hours MD* Weight

Author, Year N Mean* SD N Mean* SD with 95% ClI (%)
Rovas, 2005 23 362 102 13 341 123 = 2.05[-541, 9.51] 15.75
Esin, 2016 20 371 192 9 31.0 147 6.10[-8.05, 20.25] 4.38
Elsheikh, 2024 40 298 74 28 240 6.0 I 581[ 2.50, 9.12] 79.86
Overall 523[ 2.27, 8.19]

Heterogeneity: 1° = 0.00, I* = 0.00%, H? = 1.00
Test of 6, = 6;: Q(2) = 0.83, p = 0.66
Testof 6 =0: z=3.46, p = 0.00

Random-effects DerSimonian-Laird model -10 0 10 20

Eaneal valime Favors VD 24 hrs (lower*) — — Favors No VD 24 hrs (higher*)

D Active phase 12 hours No active phase 12 hours MD* Weight
Author, Year N Mean SD N Mean SD with 95% CI (%)
Rovas, 2005 74 346 11.0 19 389 11.1 1 -4.25[-11.47, 2.97] 46.28
Kim, 2010 30 31.0 10.5 11 38.0 6.9 T -7.00[ -13.70, -0.30] 53.72
Overall —e -5.73 [ -10.64, -0.81]

Heterogeneity: 7 = 0.00, I* = 0.00%, H? = 1.00
Test of 6, =6;: Q(1) =0.30, p = 0.58
Testof 8=0:z=-2.28, p=0.02

Random-effects DerSimonian-Laird model -1I 5 -1|0 -‘5 0 5

*cervical volume Favors active phase 12 hours (lower*) — — Favors no active phase 12 hours (higher*)

FIG. 4. Forest plots showing subgroup analysis.

A. Outcome without timeframe.

B. Outcome without timeframe (sensitivity analysis).
C. Outcome within 24 hours.

D. Outcome within 12 hours.

Notes: * cervical volume.
CD - cesarean delivery; Cl - confidence interval; MD — mean difference; VD - vaginal delivery.
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FIG. 5. Funnel plot for a meta-analysis of 7 cohort studies.

within a timeframe. Therefore, the interpretation of the
results caused inconsistencies. Additionally, a sensitivity
analysis for the outcome of VD within 24 hours was
performed by excluding one study [16]; this method
could clarify the source of heterogeneity when I? was
reduced. However, other factors including maternal
age, body mass index, gestation age, nulliparity, type
of ultrasound, methods of IOL, and indication for IOL,
might also have contributed to heterogeneity, because I*
was not reduced after analysis of these variables.

Furthermore, cervical volume measurement
techniques, using either 2D or 3D, influenced the
variability of the results in this study. Subgroup analysis
of studies employing 2D ultrasonography showed lower
heterogeneity than when 2D and 3D were combined.
Although 2D cervical volume measurement is simpler
and more accessible, it assumes a uniform cylindrical
shape of the cervix, which may not precisely reflect
cervical anatomy, whereas the 3D technique offers
potentially more accurate volume estimation. However,
this technique is operator-dependent and requires
specific skills and experience, which may contribute to
inter-observer variability [24].

For risk of bias assessment, although most
observational studies were considered to have a low
risk, careful interpretation is still needed, particularly
regarding potential issues with cohort comparability and
outcome measurements. In terms of publication bias,
although Egger’s test did not demonstrate a significant
small-study effect and the funnel plot appeared
generally symmetrical, the ability to detect asymmetry
is limited due to the small number of included studies.
Therefore, any conclusions that are drawn regarding
publication bias should be made cautiously. While
contour-enhanced funnel plots help visualize study

distribution, any observed asymmetry may reflect true
heterogeneity, methodological variation, or selective
publication.

This study assessed specific outcomes, including
successful VD and achievement of the active phase of
labor, and analyzed subgroups by specified versus non-
specified timeframe, which provided a more precise
context for interpretation and reduced heterogeneity.
Although the association among included studies was
similar for VD without a timeframe, heterogeneity was
substantial, with one study contributing a markedly high
MD. A sensitivity analysis was therefore conducted to
explore potential sources of heterogeneity. The results
indicated that pregnant women with successful VD had
a smaller cervical volume than those without. Sources of
heterogeneity were further explored based on different
clinical definitions to improve consistency. Additionally,
inclusion was not restricted to published papers. Other
relevant sources were considered to make the evidence
base as diverse and comprehensive as possible, reduce
the publication bias, and to make sure the findings are as
valid as can be.

Limitations of the study

This meta-analysis has several limitations. First, it
included only seven studies, rendering it statistically less
compelling and reducing the confidence in the pooled
estimates. Second, most studies were conducted in
Asia, with only one each from Europe and Africa. This
geographic imbalance may reflect differences in clinical
practice and available resources, which could affect the
generalizability of our findings. Third, cervical volume
was measured using different ultrasound modalities
(2D vs 3D). Currently, no standard method exists, and
thus there is an element of measurement variability.
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Fourth, some studies had a high risk of bias, especially
in exposure ascertainment, follow-up adequacy, and
comparability. One study could not be assessed due
to the lack of access to the full-text. Fifth, conflicting
findings were observed regarding cervical volume and
VD, possibly due to the timeframe used (within 24 hours
vs any time), which may influence the interpretation.
Lastly, substantial heterogeneity was present, likely
exacerbated by the small number of included studies.
All of these factors should be taken into consideration
when interpreting the results. Of course, further research
is needed to confirm all these findings.

Directions for further research

This study supports the potential role of cervical
volume in predicting successful IOL, but several
aspects require further investigation. First, standardized
measurement methods should be developed to reduce
variability in techniques (e.g., 2D vs 3D, use of VOCAL
vs cylinder volume formula, and ultrasound approach),
which can affect measurement reliability. Second, studies
with larger and more diverse populations are needed to
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