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ABSTRACT 

OBJECTIVE: To establish gestational age-specific nomograms for the corpus callosum (CC) and cere-

bellar vermis (CV) using two-dimensional (2D) ultrasound in a Turkish population between 18 and 36 

weeks of gestation. 

STUDY DESIGN: This cross-sectional study was conducted at the Maternal–Fetal Medicine Unit of a 

tertiary care centre. A total of 714 low-risk singleton pregnancies between 18+0 and 36+0 weeks of ges-

tation were included. Standardised midsagittal cranial sections were obtained using 2D ultrasound, and 

measurements were performed by maternal–fetal medicine specialists. Assessed parameters included 

CC length; thickness of the genu, body, and splenium; and CV anteroposterior (CVAPD) and cranio-

caudal (CVCCD) diameters. Statistical analysis included descriptive statistics and polynomial regres-

sion. Pearson correlation coefficients were calculated to assess the relationship between gestational 

age and each measurement. 

RESULTS: Nomograms with 5th, 50th, and 95th percentiles were created for each parameter. All mea-

surements showed significant positive correlations with gestational age (p<0.001). The CC length in-

creased from a mean of 15.96 mm at 18 weeks to 43.12 mm at 36 weeks. The 50th percentile values for 

CVAPD and CVCCD were 8.91 mm and 10.17 mm at 18 weeks, rising to 20.13 mm and 22.10 mm, re-

spectively, at 36 weeks. Thicknesses of the genu, body, and splenium also showed consistent growth 

patterns. 

CONCLUSION: The nomograms developed in this study provide normative data for fetal midline brain 

structures and may aid in the prenatal detection of neurodevelopmental abnormalities. 

Keywords: 2D ultrasound; Cerebellar vermis; Corpus callosum; Fetal neurosonography

Introduction 

The corpus callosum (CC) and cerebellar vermis (CV) can 

be visualised in the midsagittal section of the fetal cranium. 

Assessment of these midsagittal components during second-

trimester anatomy screening is not routinely recommended by 

professional organisations (1,2); targeted neurosonography 

should include midsagittal, coronal, and parasagittal planes (3).  

CC is the largest white matter structure in the brain and is 

critical for interhemispheric communication via commissural 

neuronal fibres. On ultrasound, it appears hypoechoic and 

consists of four segments: rostrum, genu, body, and splenium. 

CC development starts at 13 weeks of gestation and is usually 

complete by 18 weeks. All segments are visible with both 

transabdominal and transvaginal ultrasound. 

The CV connects the cerebellar hemispheres and supports 

motor coordination, postural control, and cardiovascular regu-
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lation. It appears echogenic on ultrasound above the brainstem 

and is involved in several posterior fossa anomalies and ge-

netic syndromes. 

In the present study, we evaluated CC and CV between 18 

and 36 weeks of gestation and developed nomograms for CC 

length, genu, body, and splenium thicknesses, and the cranio-

caudal and anteroposterior diameters of the CV in the Turkish 

population. 

Material and Method  

This cross-sectional study was conducted at the Maternal-

Fetal Medicine Unit of a tertiary care centre and analysed data 

collected between July 2020 and January 2025. A total of 714 

singleton pregnancies with gestational ages ranging from 

18+0 to 36+0 weeks were included after meeting the inclusion 

criteria. The study design and reporting followed the 

STROBE (Strengthening the Reporting of Observational 

Studies in Epidemiology) guidelines for cross-sectional stud-

ies. Ethical approval for the study was obtained from the hos-

pital’s institutional review board (Approval Date: 11/07/2025; 

Decision no: 173). Written informed consent was not obtained 

due to the study's retrospective nature. The study was con-

ducted in accordance with the ethical principles outlined in the 

Declaration of Helsinki. Gestational age was calculated based 

on the first day of the last menstrual period and verified by 

crown-rump length measurements during the first-trimester 

ultrasound. Singleton pregnancies between 18 and 36 weeks 

with normal fetal growth and good maternal health were in-

cluded in the study cohort. Pregnancies were excluded if there 

was a diagnosis of pregestational or gestational diabetes, 

chronic maternal illness, multiple gestation,pregnancy-related 

disease(e.g., preeclampsia), structural or genetic fetal abnor-

malities, or fetal growth restriction; or if there was insufficient 

or unclear visualisation and shadowing artefacts of the mid-

line structures due to technical challenges or absence of a first-

trimester crown-rump length measurement for verification of 

gestational age. The flow diagram of the study, according to 

the STROBE statement for cross-sectional studies, is shown in 

figure 1. 

All scans were performed by Maternal-Fetal Medicine 

specialists. Voluson E10 and Voluson S8 ultrasound ma-

chines (GE Healthcare, Zipf, Austria) equipped with both 

curvilinear and transvaginal transducers. Two-dimensional 

ultrasound was used to obtain a complete midsagittal image 

of the fetal cranium. If the fetus was in cephalic presentation 

and transabdominal imaging was not feasible due to fetal po-

sition, transvaginal sonography was performed. To acquire 

the midsagittal view of the corpus callosum, the anterior 

transfontanelle approach was employed. For optimal visuali-

sation of the cerebellar vermis, fourth ventricle, brainstem, 

and choroid plexus, the posterior transfontanelle approach 

was used.  

Once an optimal midsagittal section was obtained, clearly 

identifying all parts of the corpus callosum (CC) and cerebel-

lar vermis (CV), the measurements were performed. The CC 

appeared as a hypoechoic structure bordered by two hypere-

chogenic lines. The length of the CC was measured from the 

most anterior point of the genu to the most posterior point of 

the splenium. Callipers were placed on the outer edges of the 

hyperechogenic borders, and the measurement was taken from 

Figure 1: STROBE flow chart
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outer edge to outer edge (Figure 2). The thickness of the genu 

was measured from the most anterior point of the inner 

echogenic border to the most anterior point of the outer 

echogenic border. The thickness of the body was measured 

just above the most anterior aspect of the fornix, an echogenic 

structure forming the inferior border of the cavum septum pel-

lucidum. The thickness of the splenium was measured from 

the most posterior point of the inner echogenic border to the 

most posterior point of the outer echogenic border. For all 

thickness measurements of the CC, callipers were placed on 

the inner margins of the hyperechogenic borders, and the mea-

surements were taken from inner to inner (Figure 2). 

The CV is located above the brainstem and appears as an 

echogenic structure on ultrasound. The fastigium and primary 

fissure were used as landmarks to identify the optimal mid-

sagittal image. The anteroposterior diameter (APD) of the CV 

was measured from the most anterior point of the inferior ver-

mis to the most posterior point of the tuber. The craniocaudal 

diameter (CCD) was measured from the most superior point, 

known as the culmen, to the most inferior point, called the 

uvula (Figure 2).  

Each parameter was measured twice, and the two values 

were averaged for the final measurement. Freeze-frame and 

cine-loop functions with on-screen callipers were used for 

image acquisition and measurement. Values were measured to 

the nearest 0.1 mm. 

Statistical Analysis 
Data were analysed using IBM SPSS Statistics, version 21 

(IBM Corp., Armonk, NY, USA). For each parameter, the 

mean and standard deviation (SD) were calculated and pre-

sented in tables by weekly gestational age. The 5th percentile, 

mean, and 95th percentile values specific to gestational age 

were also computed. Polynomial regression analysis was ap-

plied, and these percentiles were plotted against gestational 

age. Pearson correlation coefficients were calculated (two-

tailed test), with p ≤ 0.05 considered significant. 

Results 

The development of the corpus callosum and cerebellar 

vermis, as visualised in midsagittal ultrasound images from 20 

to 32 weeks of gestation, is shown in figure 3. The mean ± SD 

and 5th, 50th, and 95th percentile values for corpus callosum 

length by gestational age are shown in table I. The mean ± SD 

and 5th, 50th, and 95th percentile values for the thicknesses of 

the genu, body, and splenium of the corpus callosum are pre-

sented in Table II. 

The mean ± SD and 5th, 50th, and 95th percentile values 

for the anteroposterior and craniocaudal diameters of the cere-

bellar vermis are provided in table III. Reference curves for 

corpus callosum length (Figure 4), thicknesses of the genu, 

body, and splenium (Figures 5-7), and vermis anteroposterior 

and craniocaudal diameters (Figures 8 and 9) are illustrated 

accordingly.  

There was a very strong correlation between gestational 

age and corpus callosum (CC) length, vermis APD, and ver-

mis CCD. Pearson correlation coefficients were 0.939, 0.946, 

and 0.937, respectively. A strong correlation was also ob-

served between gestational age and the thicknesses of the 

genu, body, and splenium of the CC, with Pearson r-values of 

0.703, 0.751, and 0.702, respectively. 

Figure 2: Measurement of corpus callosum length; thickness 
of the genu, body, and splenium; and anteroposterior and 
craniocaudal diameters of the cerebellar vermis, as demon-
strated on  
CCL: Corpus callosum length, Gt: Thickness of the genu,       
Bt: Thickness of the body, St: Thickness of the splenium, 
CVAPD: Anteroposterior diameter of the cerebellar vermis, 
CVCCD: Craniocaudal diameter of the cerebellar vermisa mid-
sagittal cranial section obtained using 2D ultrasound.

Figure 3. Development of the corpus callosum and cerebellar vermis, as visualised in midsagittal ultrasound images from 20 to 32 
weeks of gestation
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Table I: Corpus callosum length by gestational age, presented as the mean±, 
SD and 5th, 50th, and 95th percentiles 

GA N CC CC h CC CC 

 Length Lengt Length Length 

(mm) (mm) (mm) (mm) 

(weeks) Mean±SD 5% 50% 95% 

18+0-19+6 50 16.99±2.86 12.55 17.38 21.08 

20+0-21+6 222 22.23±2.35 18.12 22.15 26.32 

22+0-23+6 241 26.03±2.19 22.35 26 29.93 

24+0-25+6 51 29.15±2.43 25.42 29.6 32.71 

26+0-27+6 45 32.51±2.93 27.47 32.16 37.53 

28+0-29+6 43 35.93±2.61 32.03 35.6 41.07 

30+0-31+6 22 38.83±2.25 34.18 39.58 42.55 

32+0-33+6 20 39.74±2.1 35.07 39.83 43.33 

34+0-36+0 20 42.74±2.12 39.3 42.76 46.19 

GA: Gestational age, CC: Corpus callosum, SD: Standard deviation 
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Discussion 

In the present study, the 5th, 50th, and 95th percentile values 

for CC length were 11.4 mm, 13.6 mm, and 16.18 mm at 18 

weeks, increasing to 39.27 mm, 43.12 mm, and 46.21 mm at 36 

weeks. Several nomograms for CC length covering different 

gestational periods have previously been published (8-17). The 

most recent and, to date, most comprehensive reference is the 

multicenter study by Paladini et al. (17), in which all measure-

ments were obtained transvaginally by expert operators. They 

reported 5th-, 50th-, and 95th-percentile values of 9.43 mm, 

11.82 mm, and 14.25 mm at 18 weeks, rising to 37.87 mm, 

42.01 mm, and 46.15 mm at 37 weeks. In most previously pub-

lished nomograms, CC length measurements are generally 

comparable after 24 weeks of gestation. However, before 24 

weeks, several studies have reported differing mean CC 

Figure 4: Reference curves between 18 and 36 gestational 
weeks for corpus callosum length, with the 5th, 50th, and 95th 
percentiles

Figure 7: Reference curves between 18 and 36 gestational 
weeks for splenium thickness of corpus callosum, with the 5th, 
50th, and 95th percentiles

Figure 8. Reference curves between 18 and 36 gestational 
weeks for the anteroposterior diameter of cerebellar vermis, 
with the 5th, 50th, and 95th percentiles

Figure 9: Reference curves between 18 and 36 gestational 
weeks for the craniocaudal diameter of cerebellar vermis, with 
the 5th, 50th, and 95th percentiles

Figure 5: Reference curves between 18 and 36 gestational 
weeks for genu thickness of corpus callosum, with the 5th, 50th, 
and 95th percentiles

Figure 6: Reference curves between 18 and 36 gestational 
weeks for the body thickness of the corpus callosum, with the 
5th, 50th, and 95th percentiles 
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lengths. There are several possible underlying reasons for these 

discrepancies. Although the corpus callosum is histologically 

fully formed by approximately 18 weeks of gestation, not all of 

its parts may be clearly identifiable-even with the most ad-

vanced imaging techniques (12). This limitation may lead to an 

underestimation of the actual CC length during earlier gesta-

tional weeks. Therefore, caution is warranted when comparing 

studies during this gestational period. Another contributing 

factor to these discrepancies may be the imaging technique em-

ployed: some studies used 2D ultrasound, while others utilised 

3D probes to visualise the corpus callosum, which can affect 

the accuracy and consistency of measurements.  

The 5th, 50th, and 95th percentile values for corpus callo-

sum (CC) thickness at the level of the genu were 1.1 mm, 

1.51 mm, and 2.27 mm at 18 weeks, increasing to 3.35 mm, 

4.00 mm, and 4.78 mm at 36 weeks of gestation. At the body 

level, the corresponding values were 1.04 mm, 1.50 mm, and 

2.04 mm at 18 weeks, rising to 3.13 mm, 3.85 mm, and 4.58 

mm at 36 weeks. 

For the splenium, the 5th, 50th, and 95th percentiles were 

1.16 mm, 1.55 mm, and 2.45 mm at 18 weeks, increasing to 

3.56 mm, 4.18 mm, and 4.88 mm at 36 weeks. Consistent with 

our findings, Achiron et al. evaluated CC thickness at the mid-

body level in the coronal plane and reported a mean thickness 

of 1.3 mm at 18 weeks, increasing to 2.76 mm at 35 weeks. 

Similarly, in a study from Turkey,Gunakan et al.assessed 

CC thickness at the body level and stated that the 5th, 50th, and 

95th percentiles were 1.0 mm, 1.4 mm, and 2.0 mm at 19 

weeks, increasing to 1.1 mm, 1.6 mm, and 2.2 mm at 21 weeks 

of gestation (13). Establishing normative data for these re-

gions may be valuable for assessing dysgenetic or abnormal 

CC development. The normal formation and length of the CC 

are considered more clinically significant than its thickness, as 

there is no established association between increased CC 

thickness and adverse neurocognitive outcomes (18). 

Conversely, reduced CC thickness may be associated with hy-

poplasia, but this finding should be interpreted in the context 

of other neuroanatomical and clinical features (19). 

Several nomograms have been published for CV height, 

area, CCD and APD measurements (20-24). However, the 

studies used different measurement methods and reference 

points. Due to these methodological differences, we were un-

able to compare the AP measurements of the CV. Our nomo-

gram of CCD measurements, however, is consistent with the 

literature (21). Malinger et al. conducted their study exclu-

sively with transvaginal ultrasound, whereas our study em-

ployed a mixed approach including both transvaginal and 

transabdominal imaging (21). Despite this methodological dif-

ference, our findings were consistent with theirs. Furthermore, 

two studies from Turkey evaluated the CC diameter of the CV, 

and our results are also in agreement with those reports (23,24). 

A key strength of this study is that all measurements were 

performed by maternal–fetal medicine specialists using stan-

dardised 2D ultrasound protocols in multiple planes, ensuring 

technical consistency. Additionally, the study population con-

sisted of low-risk pregnant women, which helped minimise 

potential confounding factors. Despite these strengths, the 

study has some limitations. First, its retrospective design may 

introduce inherent biases. Second, the lack of intra- and inter-

observer variability analysis limits the ability to assess the re-

producibility of the measurements. Future prospective, longi-

tudinal studies are warranted to confirm these findings. 

In conclusion, abnormalities in midline brain structures are 

associated with a range of chromosomal and genetic disorders, 

highlighting the importance of their evaluation during prena-

tal assessment. The nomograms presented in this study, de-

rived from a Turkish population, may serve as a useful refer-

ence for identifying deviations from normal development in 

these structures. 
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