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Three-dimensional ultrasound measurement of cervical volume effectively predicts

spontaneous preterm birth: a nested case-control cohort study

GAN Hua, YAN Ping, WANG Yan, YAN Xiaoli, LIU Heying, LIANG Min, WANG Dan Department of
Gynecology and Obstetrics, First Affiliated Hospital, Army Medical University (Third Military Medical University) ,
Chongqing, China

[Abstract] Objective Preterm birth is the leading cause of neonatal morbidity and mortality.
Conventional two-dimensional (2D) ultrasound measurement of cervical length (CL) has limitations in
predicting spontaneous preterm birth (SPTB), making it difficult to accurately identify some high-risk pregnant
women at early stages. This study aims to investigate the value of three-dimensional (3D) ultrasound
measurement of cervical volume (CV) in predicting SPTB, providing a new direction for SPTB prediction.
Methods A nested case-control trial was conducted on the pregnant women undergoing prenatal
examinations in our department from January 2024 to November 2025. Transvaginal 2D ultrasound
measurement of CL. and 3D ultrasound measurement of CV were performed at 12 to 24 weeks and 28 to 32
weeks of gestation, respectively. After applying our inclusion and exclusion criteria, 237 cases with complete
follow-up and medical records were included as study subjects. According to gestational age at delivery, the
participants were divided into an SPTB group (n=36) for deliveries at 28 to <37 weeks, and a full-term delivery
(FTD) group (n=201) for deliveries at =37 weeks. Univariate analysis was initially performed to compare
various indicators between the 2 groups. To ensure model stability, 1 : 1 propensity score matching (PSM) was
employed for age, gestational weight gain, gravidity, parity, history of preterm birth, history of cervical
conization, history of full-term delivery, and premature rupture of membranes. Univariate and multivariate
conditional logistic regression analyses were applied to the PSM-matched SPTB (n=27) and FTD (n=27) groups
to assess the independent predictive value of CL and CV for SPTB. ROC curves were plotted to evaluate the
predictive efficacy of CL. and CV for SPTB, calculating AUC values, optimal cutoff values, sensitivities, and
specificities. Pearson correlation analysis was conducted to assess the association between CL and CV.
Results (D Intergroup analysis showed statistically significant differences between the SPTB and FTD
groups in terms of age, gestational weight gain, gravidity, parity, history of cervical conization, history of full-
term delivery, and premature rupture of membranes (P<0. 05). 2 After PSM, no significant differences were
found between the SPTB and FTD groups in these above factors. (3) At 12 to 24 weeks of gestation after
matching, CL was slightly lower in the SPTB group than in the FTD group, but the difference was not
statistically significant (31. 90+5. 96 mm vs 33.70£6. 97 mm, P=0. 314); the CV in the SPTB group was
significantly smaller than that in the FTD group (28. 45+5. 67 cm?® vs 32. 72£6. 23 cm®, P=0.011). At 28 to
32 weeks of gestation, the SPTB group exhibited both a significantly shorter CL (23. 69+9. 47 mm vs 30. 58+
8.48 mm, P=0.007) and a significantly smaller CV (22.70+7. 64 cm® vs 28.91+8.09 cm’, P=0.005)
compared to the FTD group. @ In the univariate model at 12 to 24 weeks of gestation, CV was significantly
associated with the risk of preterm birth (OR=0. 768, 95%CI: 0. 612 to 0. 964, P=0. 023). When both CL and
CV were included in the multivariate model, CV remained statistically significant (OR=0. 769, 95%CI: 0. 611
to 0. 967, P=0. 025), with smaller CV indicating greater preterm birth risk. The AUC value of CV was 0. 680
(95%CI: 0. 537 to 0. 824, P=0. 023), with an optimal cutoff value of 32. 47 cm’, a sensitivity of 81. 5% and a
specificity of 51.9%. In the univariate model at 28 to 32 weeks of gestation, both CL (OR=0. 864, 95%CI:
0.771 to 0.968, P=0.011) and CV (OR=0.827, 95%CI: 0. 688 to 0.994, P=0.043) were significantly
associated with the risk of preterm birth. When both were included in the multivariate model, neither showed

statistical significance (P>0.05). Pearson correlation analysis revealed a strong positive correlation between

CL and CV (r=0. 689, P<0. 001). The AUC value of CL was 0. 717 (95%CI: 0. 580 to 0. 855, P=0. 006), with
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an optimal cutoff value of 31. 5 mm, a sensitivity of 81. 5% and a specificity of 63%. The AUC value for CV
was 0.706 (95%CI: 0. 567 to 0.846, P=0.009), with an optimal cutoff value of 26.7 cm?, a sensitivity of
77. 8% and a specificity of 63%. (5 CL was significantly shorter at 28 to 32 weeks of gestation compared to
that at 12 to 24 weeks (27. 1349. 56 vs 32. 80+6. 49 mm, P<0. 001), and CV was obviously smaller (25. 80+
8. 40 vs 30. 58+6. 28 cm?®, P<0.001). Conclusion 3D ultrasound measurement of CV at 12 to 24 weeks of

gestation may have value in early identification of high-risk pregnant women for preterm birth.
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Single pregnant women who
underwent routine prenatal check-ups
at the First Affiliated Hospital of the
Army Medical University from January
2024 to November 2025 and are
willing to sign an informed consent
form (n=312)

Exclusion: 1
Nephrotic syndrome,n=1

Measure CL and CV between 12and 24
weeks of gestation

Exclusion: 27

1.Induced abortion due to fetal malformation
or chromosomal abnormalities,n=5
2.Prenatal bleeding induced abortion,n=2
3.Not willing to continue participating,in=20

Measure CL and CV between 28 and 32
weeks of gestation

Exclusion: 47

1.Anterior blood vessel,n=1
2.Central placenta previa,n=1
3.Lost to follow-up,n=45

SPTB group
(n=36)

FTD group
(n=201)

The covariates used for propensity score matching
included: Age, Gestational Weight Gain (GWG), Gravidity,Parity,
History of Preterm Birth, History of Full-term Delivery, History
of Cervical Conization, and Premature Rupture of
Membranes (PROM)

SPTB group
(n=27)

FTD group
(n=27)

E1 Z#8FNECYVHZEAMNRER

Figure 1 Flowchart for pregnant women inclusion in 3D ultrasound measurement of cervical volume
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Figure 2 Final cervical volume measured by transvaginal 3D ultrasound and calculated using VOCAL software
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Table 1 Comparison of demographic characteristics between SPTB group and FTD group [n(%) ,x+s, M(P,, P,,) ]

Items SPTB group(n=36) FTD group(n=201) )(z/t/Z P
Agelyears 32.17+4.37 30. 74+3. 85 -2.005 0. 046
Pre-pregnancy weight/kg 56.78+10. 05 55. 88+8. 41 -0. 577 0. 565
Weight at delivery/kg 66. 38+8. 54 67.27+8. 80 0. 564 0.573
GWG/kg 9.59+4. 15 11.41+4. 42 2.291 0.023
BMI/(kg/m”) 22.81+3.92 21. 82+3. 05 -1.700 0. 090
Gravidity 2.50(1.25,4.00) 2.00(1.00,3.00) 2.058 0. 040"
Parity 0(0,1.00) 0(0,0) 3. 144 0. 002"
Early miscarriage 0.50(0,2.00) 0(0,2.00) 0.562 0.574"
Late stage miscarriage 7(19.4) 21(10.4) 0.157°
History of preterm birth 4(11. 1) 7(3.4) 0. 068°
History of full-term delivery 13(36. 1) 30(14.9) 9.227 0. 002"
History of cervical conization 6(16.6) 13(6.4) 0. 049°
History of hysteroscopic surgery 6(16.6) 28(13.9) 0. 186 0. 666"
ART 7(19.4) 37(18.4) 0.022 0.883"
GDM 9(25.0) 48(23.8) 0. 021 0. 885"
Hypothyroidism 3(8.3) 28(13.9) 0.435°
PROM 18(50.0) 23(11.4) 31.726 <0.001"

a: Mann-whitney U test;b:){2 test; c: Fisher’s exact test. SPTB: spontaneous preterm birth; FTD: full-term delivery; GWG: gestational weight gain;

ART': assisted reproductive technology; GDM: gestational diabetes mellitus; PROM: premature rupture of membranes
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0. 567~0. 846,P=0. 009) , A 26. 7 cm’ A AR W {E, fBe BE
HT7. 8%, Fi 5B M 63% (K1 3.8 6) o PR Ll 77 =X
ZIEZER L5 . CLHICV AR M iE A G 56
% (r=0. 689, P<0. 001, /K 4).

2.5 CL.CV FiZ & 38 hu i 8, /)

UF IR 28~32 JE L IR IR 12~24 JE &1 CL Az CV 1
IR WEUR 12~24 J8  UE R 28~32 J8 SPTB 41 CL 43
54 (31.90+5. 96) mm . (23. 69+9. 47) mm, FTD 4H CL
43 514 (33.7046. 97) mm . (30. 58+8. 48) mm, i% 2 41

iﬁﬁ?ﬁﬁMﬁX(Ro 001). SPTBZ CV 434K
(28.45+5.67) cm’. (22.70+7.64) cm’, FTD 4H CV 43
WK (32.7246.23) em’, (28.91+8.09) cm’, 3% 2 41 2%
S G L(P<0.001), LR 7.,

#*2 PSMISSPTBA.FTDAANOSITZEHHE 4 (%), x+s, M(P,s, Pys) |
Table 2 Demographic characteristics of SPTB group and FTD group after PSM [n(%) ,x+s, M(P,,P,;) |

Items SPTB group(n=27) FTD group(n=27) Xz/t/Z P
Agelyears 31.41+4.43 31.07+4. 46 -0.275 0.784
Pre-pregnancy weight/kg 55.78+9. 88 55.04+7. 17 -0.317 0.753
Weight at delivery/kg 65.73+8.91 64. 65+8. 42 -0. 455 0. 651
GWG/kg 9.94+4.07 9.59+4. 15 -0.311 0.757
BMI/(kg/m®) 22.37+3.83 21.89+3. 12 -0. 501 0.618
Gravidity 2.00(1.00,4.00) 3.00(1.00,4.00) -0.222 0. 824"
Parity 0(0,1.00) 0(0,1.00) -0. 096 0.923"
Early miscarriage 1.00(0,2.00) 0(0,2.00) 0 1. 000"
Late stage miscarriage 5(18.5) 6(22.2) 0.114 0.735"
History of preterm birth 2(7.4) 0 0.491°
History of full-term delivery 7(25.9) 9(33.3) 0. 355 0.551"
History of cervical conization 1(3.7) 3(11.1) 0.610°
History of hysteroscopic surgery 5(18.5) 0 0.051°
ART 7(25.9) 4(14.8) 1.027 0.311"
GDM 7(25.9) 9(33.3) 0.355 0.551"
Hypothyroidism 3(11.1) 3(11.1) 1. 000°
PROM 9(33.3) 8(29.6) 0. 086 0.770"

. 2 .
a:Mann-whitney U test;b: x" test;c: Fisher’s exact test

£3 2HZPARRZEAN CL.CV L5 (3+s)

Table 3 Comparison of cervical length and cervical volume between 2 groups at different gestational weeks (¥+s)

Items SPTB group(n=27) FTD group(n=27) t P
12 to 24 weeks of gestation
CL/mm 31.90+5. 96 33.70+6. 97 1.018 0.314
CV/em’® 28.45+5. 67 32.72+6.23 2. 630 0.011
28 to 32 weeks of gestation
CL/mm 23.69+9. 47 30. 58+8. 48 2.817 0. 007
CV/em’® 22.70+7. 64 28.91+8. 09 2.901 0. 005




http://aammt. tmmu. edu. cn Bl 7222 155 R 241, 2026, 48(10) 1451

R4 3R 12~24 F TR 28~32 A CL 5 CV By 2 A & &4 Logistic B VA4 47
Table 4 Univariable conditional logistic regression analysis of CL and CV at 12 to 24 and 28 to 32 weeks of gestation

Items Gestational week B SE Wald df OR 95%CI P

CL 121024 -0. 039 0. 042 0. 889 1 0. 962 0.886—1. 043 0. 346
281032 -0. 147 0.058 6.397 1 0. 864 0.771—0. 968 0.011

CvV 121024 -0. 264 0.116 5.158 1 0.768 0.612—0. 964 0. 023
28 to 32 -0. 190 0. 094 4.107 1 0. 827 0. 688—0. 994 0.043

R5 $EIR12~24 B $F YR 28~32 ] CL.CV B % F R £ Logistic [ )35 #
Table 5 Multivariable conditional logistic regression analysis of CL and CV at 12 to 24 and 28 to 32 weeks of gestation

Ttems Gestational week B SE Wald df OR 95%CI P
CL 12 t0 24 -0.011 0. 058 0. 035 1 0. 989 0.884—1.107 0. 851
28 to 32 -0.092 0.071 1.675 1 0.912 0.794—1.048 0. 196
CvV 12 to 24 -0.263 0.117 5.043 1 0.769 0.611—0.967 0.025
28 to 32 -0. 108 0. 106 1.033 1 0. 898 0.729—1. 105 0.309
AUC=0.680 AUC=0.706 AUC=0.717
_ (95%Cl: 0.537~0.824, P=0.023) 1.0 o (95%Cl: 0.567~0.846, P=0.009) 1.01 (95%Cl: 0.580~0.855, P=0.006)
0.8- 0.8 / )
/ .
>
£ 061 g 0.6 - §
& 044 3 0.4 1 2
Cervical volume Cenical volume — Cervical length
0.2 1 ) 0.2 4 Reference line
Reference line Reference line
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
1-Specificity A 1-Specificity B 1-Specificity c

A:CV at 12 to 24 weeks of gestation; B:CV at 28 to 32 weeks of gestation; C: CL at 28 to 32 weeks of gestation

B3 CV.CLTlAXMEE~H ROC#HZk
Figure 3 ROC curve of predicting spontaneous preterm birth using CL and CV

*6 WiRk12~24F CV. 114 28~32 8 CL 5 CV 3t B £ M B 7= XU B BE 5 47
Table 6 Analysis on the predictive efficacy of CV at 12 to 24 weeks gestation and CL. CV at 28 to 32 weeks of gestation for the

risk of spontaneous preterm birth

Gestational week Diagnostic methods AUC Cutoff Yoden Index  Sensitivity/% Specificity/% 95%CI P
12t0 24 CvV 0. 680 32. 47/em’ 0.334 81.5 51.9 0.611—0. 967 0.023
28 1032 CL 0.717 31. 5/mm 0.445 81.5 63 0. 580—0. 855 0. 006
to
CvV 0. 706 26. 7/em’ 0. 408 77.8 63 0.567—0. 846 0. 009

#7 CL.CVHEZBEZTHURKX R (vss)
Table 7 Changes in CL and CV with gestational week (x+s)

Group [tems 12 lOngt:tﬁill(b of 28 mgzi;ii]:b of Difference (95%CI) 3 P
All CL/mm 32. 80+6. 49 27.13+9. 56 5.67(3.43—7.91) 5.08 <0.001
CV/em’® 30. 58+6. 28 25. 80+8. 40 4.78(3.10—6. 46) 5.71 <0.001
SPTB Group CL/mm 31.90+5. 96 23.69+9. 47 8.21(4.01—12.41) 4.01 <0.001
CV/em® 28.45+5. 67 22.70+7. 64 5.75(2.98—8.51) 4.27 <0.001
FTD Group CL/mm 33.70+6. 97 30. 58+8. 48 3.12(1.81—4.42) 4.91 <0.001

CV/em® 32.72+6.23 28.91+8. 09 3.81(1.78—5.83) 3.86 <0.001
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Figure 4 Correlation analysis between CL and CV
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