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ABSTRACT

Introduction: Estimation of gestational age (GA) is clinically crucial for managing pregnancy and assessing the foetal 
anatomy, growth and development. Transverse cerebellar diameter (TCD) has been reported as an accurate tool for 
dating the pregnancy. This study aimed to determine the accuracy of foetal TCD for dating the pregnancy and to con-
struct a reference chart for GA of Yemeni foetuses. Methods: We conducted this prospective cross-sectional study 
among 400 Yemeni pregnant women between 18 and 40 weeks of gestation provided that they were with known last 
menstrual period and singleton normal pregnancies. Sonographic TCDs were measured for each foetus. The mean 
TCD was measured for gestational weeks separately, and a polynomial regression model was then used to predict 
the GA by TCD. Results: There was a robust correlation between GA and TCD (r = 0.995, p <0.001). The coefficient 
of determination was 0.989, which indicates that the TCD explains 98.9% of GA change. Conclusion: TCD is an  
accurate tool to estimate the GA in second and third trimesters, including final weeks, among Yemeni pregnant 
women as in developed countries. The narrow range between the 5% and 95% percentiles is a significant indication 
of the accuracy of the TCD in estimating the GA. Therefore, clinicians are recommended to use TCD for estimating 
the GA and should be trained on measuring it accurately.
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INTRODUCTION

It is important to accurately estimate the gestational age 
(GA) in clinical practice for managing pregnancy as well 
as estimating foetal growth and development, especially 
when there is a GA uncertainty by the last menstrual 
period (LMP) or early ultrasonography (1, 2). Before 
the ultrasound era, healthcare providers have used the 
menstrual history and physical examination to estimate 
the GA. However, the date of conception cannot be as 
accurately predicted in most pregnancies, necessitating 
the estimation of GA by other methods. Ultrasonography 
is widely used for prenatal evaluation, where the most 
frequent biometric parameters to estimate GA are  

bi-parietal diameter, the circumferences of the head and 
abdomen and the femur length (3, 4). There is evidence 
that TCD could be a precise tool for estimating GA (5).

The cerebellum is the main structure in the hindbrain 
within the posterior cranial fossa beneath the tentorium 
cerebelli, appearing as a swelling overriding the fourth 
ventricle at the end of the fifth gestational week (6). It 
can be visualised at the end of the first trimester (7, 8). 
Several studies indicate that TCD is a precise parameter 
for estimating the GA because it is not significantly 
affected by the size and shape of the head, genetic 
disorders such as Down syndrome or extremes of the 
foetal growth (5-7, 9). Measurement of the posterior 
cranial fossa of the foetus has been routinely included as 
a part of ultrasound examination during antenatal care 
(ANC) (10). Because the growth of the foetal cerebellum 
parallels the GA, TCD can be used to predict the GA 
precisely in the second and third trimesters (2, 10).  
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Since the cerebellum is not affected by the shape and size 
of the head, TCD can be practically used to measure the 
GA when it is difficult or impossible to measure the bi-
parietal diameter as in macrocephaly or microcephaly 
(9, 11). It can also be used to establish the GA in normal 
foetuses and early diagnosis of intrauterine growth 
restriction (12).

The latest development of new software, such as volume 
contrast imaging, has contributed to a more accurate 
assessment of posterior cranial fossa anomalies and 
biometric measurements of the cerebellum (13, 14). 
High women illiteracy, ignorance of the importance of 
ANC and inadequate ANC services contribute to delayed 
pregnancy follow-up and failure of sonographic dating 
of pregnancy in developing countries, including Yemen. 
Therefore, this study aimed to determine the accuracy of 
TCD in the estimation of GA and to construct a reference 
range for GA by TCD of Yemeni foetuses.

MATERIALS AND METHODS

This prospective cross-sectional study was conducted 
in the Anatomy and Embryology Department of the 
University of Science and Technology (UST) and the 
Radiology Department of the University of Science and 
Technology Hospital (USTH) in Sana’a-Yemen, between 
June 2014 and January 2016. Four-hundred consecutive 
Yemeni pregnant women who attended the ultrasound 
unit of the USTH’s Diagnostic Radiology Department 
and met the inclusion criteria were included. Inclusion 
criteria were Yemeni pregnant women aged 18-40 years 
with a gestational age of 14-40 weeks, with known first 
day of the LMP, single pregnancy, no maternal diseases 
(chronic hypertension, diabetes mellitus, or renal 
disease) and absence of foetal abnormalities at the time 
of the scan.

TCD was measured by scanning the pregnant women 
using the Siemens Acuson X700TM ultrasound system 
(Siemens Healthcare GmbH, Erlangen, Germany) with 
a linear array of 3.5 MHz transducer. Transverse scans 
of the foetal intracranial anatomy were taken for each 
foetus. To view the cerebellum, the probe was put on 
the abdominal skin surface of the pregnant women to 
identify the landmarks of the thalami, the cavum septum 
pellucidum, and the third ventricle followed by rotating 
the transducer below the thalamic plane (15). The 
TCD was measured by placing the ultrasound machine 
callipers at the outer-to-outer edges of the cerebellum 
(Fig 1), according to McLeary et al. (16) and Goldstein 
et al. (17). Each woman was scanned only once 
during the study. A consultant radiologist performed 
all the measurements in millimetres. For the dating of 
pregnancy, days were rounded to the nearest week, with 
days < 4 days rounded to the fewer weeks and days ≥4 
rounded to the higher weeks (18). 

Data were analysed using the SPSS program, version 

21 (IBM Corp., Armonk, NY, USA). The categorical 
data were displayed as frequencies and percentages, 
while the quantitative data were displayed as means 
and standard deviations. The GA nomogram was 
constructed based on a suitable cubic polynomial 
regression of TCD, by modelling the means and SDs 
separately (17, 19). To model the mean, it was fitted to 
the raw data. The cubic curve gave the best fit to the 
data (p value= 0.00013). After that, residuals between 
the observed and fitted values were plotted against TCD 
to study the variability changes with gestation. The SD 
was modelled by a suitable regression model (19). The 
residuals were converted into absolute residuals, which 
were then regressed on the TCD. The quadratic curve 
gave the best fit to the data (p-value <0.001).

The values fitted from this model were multiplied by 
1.235 to obtain the age-specific estimated SD. These 
values ±1.645 SD were superimposed on the plot of 
the residuals to see how the SD would be modelled. 
The standard residuals (Z scores) or SD scores (SDS) 
were calculated by dividing the observed value minus 
fitted mean by the fitted SD. The distribution of SDS 
was assessed using a normal plot and Shapiro-Wilk test. 
The 5th and 95th percentiles were reported as the mean 
± 1.645 SD, and the 10th and 90th percentiles were 
calculated as the mean ± 1.28SD (19-22).

The protocol of this study was reviewed and approved 
by the Medical Ethics Committee of the Faculty of 
Medicine and Health Sciences at the UST, Sana’a, 
Yemen. Permission was obtained from the Department 
of Radiology at the USTH, and informed consent was 
obtained from the participating pregnant women after 
explaining the objectives of the study. The confidentiality 
of the pregnant women was also assured. 

RESULTS  

The mean age of the participating pregnant women was 
25.9 ± 5.4 years (range: 18-40), and their mean GA was 
31.2 ± 5.6 weeks (range: 18-40). Table I shows that the 
18-24 age group was the most frequent (183; 45.8%), 
while the women aged 35 years or older were the least 
frequent (29; 7.3%).

There was a robust correlation between GA and TCD  
(r = 0.995, p <0.001).  The coefficient of determination 
(R2) was 0.989, which indicates that TCD explains 98.9% 
of GA change. Besides, there was a strongly significant 
curvilinear relationship between the GA and TCD. The 
best regression model for the mean was cubic (Fig. 1). 

The GA was calculated using the following regression 
equation: GA = 7.377 + (0.470 × TCD) + (0.009 × TCD2) 
- (0.000133 × TCD3). For SD, the quadratic model was 
the best fit, and it was calculated using the following 
regression equation: SD = 0.470 + (0.00453 × TCD) - 
(0.000035 × TCD2)
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Fig. 3 shows the standardised residuals plotted against 
TCD, where their distribution did not exceed mean ± 3.

Table II shows the constructed GA nomogram based on 
TCD with 5%, 10%, 50%, 90% and 95%. The range 
between the 5% and 95% percentiles was narrow and 
did not exceed three weeks at its maximum value, and it 
exceeded two weeks against three values of TCD only.

On comparing our results with those of some Western 
studies (Fig. 4), we found a great match, especially with 
the findings of Hill et al. among American pregnant 
women (3).

pregnancy. Our findings are very consistent with those 
of other studies (3, 7, 23), and a near-perfect match was 
observed among American pregnant women (3).

Our findings are also consistent with the curve of 
Goldstein et al. (7), which between the gestational 
weeks of 18 and 22 weeks; however, it began to increase 
slightly until the cerebellum diameter of 50 mm, where 
it became flat. The authors attributed this to the fact that 
the growth of the cerebellum becomes flat in the final 
weeks of pregnancy (7). In contrast, studies conducted 
on foetal corpses showed continued growth of the 
cerebellum until the final weeks (2), which is consistent 
with the results of the present study and those of  
Hill et al. (3).

The findings of Chavez et al. (23) among American 
women were almost identical to ours up to the 
cerebellum diameter of 47 mm, where they became 
slightly less. In contrast, the findings of Altman et al. (24) 
were significantly different from our results and those of 
other studies, where they found that the TCD is suitable 
for estimating GA for up to 20-25 weeks only (up to 30 

Table I : Frequency distribution of pregnant women by age

Age group (years) n (%)

18-24 183 (45.8)

25-29 112 (28.0)

30-34 76 (19.0)

≥35 29 (7.3)

Total 400 (100.0)

Figure 1 : Gestational age vs. transverse cerebellar diameter (TCD) with 
cubic polynomial fit.

Figure 2 : Scatter plot of standardized residuals from the model 
describing mean vs. transverse cerebellar diameter (TCD).

Figure 3 : Comparison of predicted GA of the present study with those of 
previous studies.

DISCUSSION

Although several studies indicate the accuracy of the 
TCD in estimating the GA, they have been mostly 
conducted in developed countries. Therefore, this study 
is the first to determine the applicability of using TCD 
to estimate the GA among Yemeni women as a model 
of developing countries. Using advanced statistical 
reference methods, we explored whether the results 
of using TCD in a developing country did not differ 
from those in developed countries and constructed a 
nomogram for the expected GA based on the TCD.

The present study revealed a strong correlation between 
TCD and GA, where the relationship between them 
was of a polynomial degree (cubic regression), and the 
slope was curvilinear. Therefore, TCD is an accurate 
tool for estimating the GA among Yemeni women in the 
second and third trimesters, even in the final weeks of 
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mm diameter). This difference could be attributed to 
several factors, including the different statistical methods 
used, where the latter study used a different logarithmic 
equation. Altman et al. (24) reported that measuring the 
TCD in the third trimester had been challenging and 
unreliable.

Although this study was based on a single hospital and 
its sample may not be representative of pregnant women 
at the community level in Yemen, it was conducted in 
a referral hospital that receives cases from the capital 
Sana’a and other governorates of the country.

CONCLUSION

TCD is an accurate tool to estimate the GA in the 
second and third trimesters, including final weeks, 
among Yemeni pregnant women as found in developed 
countries. The narrow range between the 5% and 95% 
percentiles, which does not exceed three weeks at 
maximum, is a significant indication of the accuracy of 
the TCD in estimating the GA. Therefore, clinicians are 
recommended to use TCD for estimating the GA and 
should be trained on measuring it accurately.

ACKNOWLEDGEMENT

We thank the Administration of the USTH and the 
Department of Radiology staff for cooperation and 
facilitation of work, with special thanks to Dr Saba Amer.
 



Mal J Med Health Sci 16(SUPP7): 23-27, Aug 2020 27

restricted fetuses in Western Uttar Pradesh. PJSR. 
2014;7(2):16-21.

16.	 Mcleary RD, Kuhns LR, Barr Jr M. Ultrasonography 
of the fetal cerebellum. Radiology 1984;151(2):439-
42.

17.	 Goldstein I, Reece EA. Cerebellar growth in normal 
and growth-restricted fetuses of multiple gestations. 
Am J Obstet Gynecol. 1995;173(4):1343-8.

18.	 Salomon L, Duyme M, Crequat J, Brodaty G, Talmant 
C, Fries N, et al. French fetal biometry: reference 
equations and comparison with other charts. 
Ultrasound Obstet Gynecol. 2006;28(2):193-8.

19.	 Altman DG, Chitty LS. Charts of fetal size: 
1. Methodology. Br J Obstet Gynaecol. 
1994;101(1):29-34.

20.	 Reece EA, Goldstein I, Pilu G, Hobbins JC. Fetal 
cerebellar growth unaffected by intrauterine 
growth retardation: a new parameter for prenatal 
diagnosis. Am J Obstet Gynecol. 1987;157(3):632-
8.

21.	 Smulian J, Ananth CV, Vintzileos AM, Guzman ER. 
Revisiting sonographic abdominal circumference 
measurements: a comparison of outer centiles 
with established nomograms. Ultrasound Obstet 
Gynecol. 2001;18(3):237-43.

22.	 Royston P, Wright E. How to construct ‘normal 
ranges’ for fetal variables. Ultrasound Obstet 
Gynecol. 1998;11(1):30-8.

23.	 Chavez MR, Ananth CV, Smulian JC, Yeo L, Oyelese 
Y, Vintzileos AM. Fetal transcerebellar diameter 
measurement with particular emphasis in the third 
trimester: a reliable predictor of gestational age. 
Am J Obstet Gynecol. 2004;191(3):979-84.

24.	 Altman D, Chitty L. New charts for ultrasound 
dating of pregnancy. Ultrasound Obstet Gynecol. 
1997;10(3):174-91.

8.	 Singhakom N, Chawanpaiboon S, Titapant V. 
Reference centile charts for ratio of fetal transverse 
cerebellar diameter to abdominal circumference in 
a Thai population. J-Med Assoc Thai. 2004;87:S54-
8.

9.	 Campbell WA, Vintzileos AM, Rodis JF, Turner 
GW, Egan JF, Nardi DA. Use of the transverse 
cerebellar diameter/abdominal circumference 
ratio in pregnancies at risk for intrauterine growth 
retardation. J Clin Ultrasound. 1994;22(8):497-
502.

10.	 Malik G, Waqar F, Ghaffar A, Zaidi H. Determination 
of gestational age transverse cerebellar diameter in 
third trimester of pregnancy. J Coll Physicians Surg 
Pak. 2006;16(4):249-52.

11.	 Vinkesteijn A, Mulder P, Wladimiroff J. Fetal 
transverse cerebellar diameter measurements in 
normal and reduced fetal growth. Ultrasound 
Obstet Gynecol. 2000;15(1):47-51.

12.	 Hata K, Hata T, Senoh D, Makihara K, Aoki S, 
Takamiya O, et al. Ultrasonographic measurement 
of the fetal transverse cerebellum in utero. Gynecol 
Obstet Invest. 1989;28(2):111-2.

13.	 de Barros FSB, Bussamra LC, Araujo Júnior E, 
Freitas Lda S, Nardozza LMM, Moron AF, et al. 
Comparison of fetal cerebellum and cisterna magna 
length by 2D and 3D ultrasonography between 18 
and 24 weeks of pregnancy. ISRN Obstet Gynecol. 
2012;2012:286141.

14.	 Vinals F, Munoz M, Naveas R, Shalper J, Giuliano 
A. The fetal cerebellar vermis: anatomy and 
biometric assessment using volume contrast 
imaging in the C‐plane (VCI‐C). Ultrasound Obstet 
Gynecol. 2005;26(6):622-7.

15.	 Bansal M, Bansal A, Jain S, Khare S, Ghai R. A study 
of correlation of transverse cerebellar diameter 
with gestational age in the normal & growth 


