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Abstract
Aim. To compare the cervical volume of patients who underwent successful and failed induction of labor (IOL) 
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 IOL. 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; I2 = 0%). The pooled analysis of five studies 

4.0

20 minutes 
to read

Cohort size Effect size (95% CI)

CV lower than threshold → VD within 24 hours

Lower CV  →  active phase of labor within 12 hours

Lower CV  →  overall induction of labor success 

Lower CV  →  VD without a timeframe

OR  7.19 (3.31 to 15.64)

MD  –5.73 cm3 (–10.64 to –0.81)

MD  –1.32 cm3 (–8.37 to 5.72)

MD  –6.88 cm3 (−14.6 to 0.83)
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Materials and methods
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Outcome

n = 1396

Screening
n = 9

Included
n = 7

A systematic review and meta-analysis
7 studies (n = 534)

Population: pregnant women 
Exposure: measurement of cervical volume using ultrasonography
Comparator: cervical volume threshold
Outcomes: successful induction of labor
Study design: cohort studies

Number of studies

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.
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involving 422 pregnant women showed no statistically significant difference between successful and failed IOL, with 
a mean difference –1.32 cm3; 95% confidence interval: –8.37 to 5.72; I2 = 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 IOL, with a smaller 
cervical volume being associated with better outcomes, although subgroup findings remain inconsistent.
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Объем шейки матки, оцененный по ультразвуковому 
исследованию, как предиктор успешной родовой 

деятельности: систематический обзор и метаанализ
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Аннотация
Цель. Сравнить объем шейки матки у пациенток с успешной и неуспешной индукцией родовой деятельности 
(ИРД).
Материалы и методы. Систематический обзор и метаанализ выполнен в соответствии с рекомендациями 
PRISMA. Поиск литературы проводился в базах PubMed, EMBASE, Scopus и Google Scholar для выявления 
когортных исследований, опубликованных в период с 1 января 2005 по 31 декабря 2024 года, в которых 
сравнивался объем шейки матки у беременных женщин, перенесших ИРД. Для метаанализа использовали 
модель со случайными эффектами.
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Результаты. В анализ включены семь исследований с участием 534 беременных женщин. В четырех ис-
следованиях выявлен низкий риск систематических ошибок, в двух  – высокий; в одном исследовании 
оценка риска не выполнена из-за отсутствия полного текста. При объединенном анализе двух исследова-
ний (n = 168) обнаружена положительная связь между меньшим объемом шейки матки и успешными есте-
ственными родами в течение 24 часов (отношение шансов 7,19; 95% доверительный интервал: 3,31–15,64; 
I² = 0%). При объединенном анализе пяти исследований (n = 422) не выявлено статистически значимой 
разницы между успешной и неуспешной ИРД (разница средних –1,32 см³; 95% доверительный интервал: 
–8,37–5,72; I² = 89,8%). Анализ подгрупп не выявил статистически значимой связи между объемом шей-
ки матки и успешной ИРД при определении исхода как естественные роды без ограничения по времени 
или продолжительностью до 24 часов. Вместе с тем существенно меньший объем шейки матки отмечен 
у женщин, достигших активной фазы родов в срок до 12 часов. Тест Эггера подтвердил отсутствие публи-
кационных смещений (коэффициент = 0,50; стандартная ошибка = 1,75; p = 0,78).
Заключение. Определение объема шейки матки в качестве параметра для прогнозирования успешной ИРД 
обладает значительным потенциалом; меньшие значения ассоциируются с лучшими исходами, хотя резуль-
таты анализа подгрупп остаются неоднозначными.

Ключевые слова: объем шейки матки; ультразвуковая диагностика; индуцированные роды; естественные 
роды; кесарево сечение.
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HIGHLIGHTS КЛЮЧЕВЫЕ ПОЛОЖЕНИЯ

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.

Меньший объем шейки матки ассоциирован с наступлением 
естественных родов в течение 24 часов, а также с более 
ранним вступлением в активную фазу родов, однако связь 
не подтверждается в отношении общей эффективности 
индукции родов.

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

Выраженная гетерогенность исследований обусловлена 
различиями во временных критериях определения исходов 
и в методиках измерения объема шейки матки (2D vs 3D).

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.

Информативность оценки объема шейки матки максимальна 
при комплексной оценке совместно с клиническими 
и ультразвуковыми показателями. Для уточнения ее 
дополнительной прогностической ценности необходима 
стандартизация методик измерения и проведение 
многоцентровых исследований на базе географически 
диверсифицированных когорт с заранее заданными 
временными интервалами наблюдения.

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 countries1. 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, 

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 conference2.

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)3. 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, 
1	 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.
3	 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;

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

•	 Outcome: 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;

•	 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 (P.K. 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 studies4. 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 0 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 I2 statistic, where an I2 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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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 (πR²h). 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/m2. The mean gestational 
age varied between 37.7 and 42.3 weeks, and the mean 

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 

FIG. 1. PRISMA flowchart.

Note: SRMA – systematic review and meta-analysis.

Records identified from 
databases (N = 1396): 
• MEDLINE (n = 6) 
• EMBASE (n = 5) 
• Scopus (n = 1151) 
• Google scholar (n = 234) 
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Records removed before 
screening: 
• duplicate records removed 

(n = 48) 

Records screened 
n = 1348 

Reports sought for retrieval 
n = 10 

Records excluded: 
• not study of interest          

(n = 1338) 

Reports assessed for 
eligibility 

n = 9 

Records excluded: 
• not retrieved (n = 1) 

Reports excluded: 
• due to SRMA (n = 1) 
• same participants to 

previous study (n = 1) 

Studies included in review 
n = 7 

Identification of studies via databases and registers  
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diabetes mellitus  – 8.8%, fetal growth restriction  – 
13.90%, oligohydramnios  – 18.76%, post-term 
pregnancy – 41.30%, premature ruptured of membrane – 
28.1%, large for gestational age – 18.6%, non-reassuring 
fetal status – 11.2%, maternal condition – 19.5%.

Maternal outcomes
Cervical volume cut-off value and successful VD 

within 24 hours
Two studies involving 168 pregnant women 

evaluated cervical volume using different cutoff values 
of 27 cm3 and 28.5 cm3. Pooled analysis demonstrated 

positive association between lower cervical volume and 
successful VD within 24 hours (OR 7.19; 95% CI: 3.31 
to 15.64; τ2  = 0.00; I2  = 0%; 95% predictive interval 
(approximate, normal-quantile due to only two studies): 
3.31 to 15.64; Fig. 3A).

Mean cervical volume and successful VD and CD
Five studies involving 422 pregnant women reported 

cervical volume without specific cut-off values. Notably, 
Esin et al. [19] reported data for two predefined outcome 
definitions: VD without a specified timeframe and 
VD within 24 hours, which were analyzed separately. 

Table 1. Key characteristics of included studies

Author, year Sample 
size VD/CD Definition of 

successful IOL
Cervical volume 

cut-off value, cm3 Ultrasound (type, name, method, route)

Rovas, 2005a 36 23/13 VD 24 hours NA 3D, Voluson 730, VOCAL, TVS

Rovas, 2005a 36 32/4 Achieved active phase 
of labor 12 hours NA 3D, Voluson 730, VOCAL, TVS

Kim, 2010 41 30/11 Achieved active phase 
of labor 12 hours NA 3D, Accuvix XQ, Medison, VOCAL, TVS

Young, 2014 126 88/38 VD NA NA
Esin, 2016a 38 29/9 VD NA 3D, Volson, VOCAL, TLS
Esin, 2016a 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
İleri, 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: a two different outcomes were accessed in the study.
CD – cesarean delivery (failed IOL); IOL – induction of labor; NA – not available; TLS – translabial ultrasound; TVS – transvaginal ultrasound; 
VD – vaginal delivery (successful IOL); 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/m2 Nulliparous, % Mean GA, weeks Mean EFW, g IOL method, % Foley, %

Rovas, 2005 33.0 30.5 47 42.3 NA PGE1 (100) NA
Kim, 2010 28.5 26.6 100 37.7 3174 PGE2 (100) NA
Young, 2014 NA NA 100 NA NA NA NA
Esin, 2016 25.7 30.4 50 41.0 3346 PGE2 (69.6) 30.4
Athulathmudali, 2021 28.4 24.0 71 39.9 3071 PGE2 (100) NA
İleri, 2023 27.6 28.7 50.4 38.8 3179 PGE2 (100) NA
Elsheikh, 2024 25.7 26.9 NA 38.9 3181 PGE2 (100) NA

Note: BMI – body mass index; EFW – estimated fetal weight; GA – gestational age; IOL – induction of labor; NA – not available; PGE1 – 
prostaglandin E1; PGE2 – prostaglandin E2.

Table 3. Indication for induction of labor of included studies
Author, year PIH, % GDM, % FGR, % OHA, % PTP, % 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 29.3 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
İleri, 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.
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The pooled analysis showed no statistically significant 
difference between successful and failed IOL (MD 
–1.32 cm3; 95% CI: –8.37 to 5.72; I2 = 89.8%; Fig. 3B). 
The mean cervical volume in successful IOL ranged from 
23.99 with 6.04 cm³ to 44.17 with 8.66 cm³, whereas 
in failed IOL – from 30.1 with 14.7 cm³ to 48.07 with 
11.34 cm³. Two studies found a significant difference 
in cervical volume between successful and failed IOL: 
36.21 with 9.62 cm3 vs. 48.07 with 11.34 cm3 (p < 0.01) 
[17] and 23.99 with 6.04 cm3 vs. 29.80 with 7.38 cm3 

(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 cm3; 95% CI: −14.6 to 0.83 cm3; 
I2 = 83.5%) without a statistically significant difference 
(Fig. 4A). Exclusion of the outlier study by Young et al. 
[16] reduced heterogeneity to zero (I2 = 0%) but did not 
change the non-significant difference between groups 
(MD –2.54 cm3; 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 cm3; 95% CI: 2.27 to 8.19; I2 = 
0; Fig. 4C)

Two studies involving 77 pregnant women defined 
successful IOL as actively going into labor within 

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; I2 = 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 cm³) 
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 

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

Note: D1 – selection domain; D2 – comparability domain; D3 – outcome domain.
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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, I2 decreased, indicating that one of the 
sources of heterogeneity was the definition of outcomes 

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

Notes: * cervical volume.
CD – cesarean delivery; CI – confidence interval; MD – mean difference; VD – vaginal delivery.

A

B
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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; CI – confidence interval; MD – mean difference; VD – vaginal delivery.

A

C

B

D
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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 I2 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 I2 

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. 

FIG. 5. Funnel plot for a meta-analysis of 7 cohort studies.
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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 

improve generalizability. Third, combining cervical 
volume with other clinical or sonographic parameters 
may enhance clinical utility. Finally, research should 
evaluate the clinical value of cervical volume in routine 
pre-induction assessments.

CONCLUSIONS
Cervical volume has significant potential as a 

parameter for predicting successful IOL in decision 
support frameworks in obstetrics. While some studies 
report smaller cervical volume being associated 
with better IOL outcomes, subgroup findings remain 
inconclusive. Ultrasonography to determine cervical 
volume can be combined with other clinical maternal 
and fetal parameters to enhance decision support 
systems and revolutionize delivery care in obstetrics. 
Further research using standardized cervical volume 
measurement methods, larger sample sizes, broader 
geographic representation, and analyses of pregnant 
women of the same parity may improve the precision 
of ultrasonographic cervical volume as a predictor of 
successful IOL.
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