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Abstract
This was a prospective cross-sectional study conducted at Bashaiar
teaching hospital during the period from November 2015 to February
2016, eighty ethnically Sudanese pregnant women with regular
menstrual period, the problem of the study is absence of any previous
studies about estimation of gestational age by using Crown Rump
Length is an ethnic Sudanese women, the objective of this study is to
estimate of gestational age by using Crown Rump Length is an ethnic
Sudanese women.
Ultrasound scans were performed using a 3.5-MHz curvilinear probe
on a Mindary DP20 (Mindray, China) machine.
All statistical analyses were performed using the Statistical Package
for the Social Sciences Version 15.0 (SPSS Inc., Chicago, IL, USA),
by finding the linear association between the CRL and GA in weeks.
21.26 % of women in study were primgravida, with age range (19-36
years) Table 4.1, the median gestational age at ultrasound examination
according to dates of last menstrual period was 11.2 weeks, range (713 weeks) table 4.2
The result reveled that Crown Rump Length (CRL) is strongly
correlated with gestational age as well as are found to be statistically
very highly significant. (P <0.001) Regression and Equation derived
for CRL is Gestational Age (GA) = 7.018 + 0.911 CRL, while Sahota
et al (2008) equation was

⁄

ملخص البحث

ححذيذ عمش الجىيه في مشاحل الحمل االولي يعخبش را اهميت قصىي مه حيث
حشخيص امشاض االجىت وعالجها ،وحهذف هزي الذساست اليجاد معادلت ححذد
عمش الجىيه بىاء علي قياس طىل الجىيه باسخخذام المىجاث فىق
الصىحيت،اجشيج الذساست علي  08امشاة سىداويت بفخشة الحمل االولي بىاليت
الخشطىم في الفخشة مه وىفمبش  5802وحخي ماسس 5802؛حخشاوح اعماس
الىساء المشخشكاث بالذساست بيه  62-01سىت بيىما وسبت  %5012كان حملهه
االول علي االطالق وخلصج الذساست الي ايجاد اسحباط احصائي قىي بيه طىل
الجىيه وعذد اسابيع الحمل وان المعادلت االفضل لخحذيذ عمش الجىيه مه خالل
قياس طىل الجىيه هي عمش الجىيه =× 81100+ 81800طىل الجىيه
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Chapter One

Chapter one

1-1 : Introduction
Sonographic measurement of the Crown Rump Length (CRL) during
the first trimester is the best parameter for estimating gestational age
and is accurate within five days of the actual conception date. (Wisser
1994)
Accurate assessment of gestational age is fundamental in managing
both low and high risk pregnancies; in particular, uncertain gestational
age has been associated with adverse pregnancy outcomes including
low birth weight, spontaneous preterm delivery and perinatal
mortality, independent of maternal characteristics. ( Kalish 2003)

In one study by Kramer et al 1988 that assessed over 11,000 pregnant
women who underwent early ultrasound, one-fourth of all infants who
would be classified as premature and one-eighth of all infants who
would be classified as post term by menstrual history alone would be
misdiagnosed. (Kramer et al 1988)

Traditionally, the first day of the last menstrual period (LMP) has
been used as a reference point, with a predicted delivery date 280 days
later; however, there are inherent problems in assessing gestational
age using the menstrual cycle. ( Kalish 2003)

One obstacle in using the LMP is the varying length of the follicular
phase and the fact that many women do not have regular menstrual
cycles. ( Kalish 2003)
Walker et al 1988 evaluated 75 ovulatory cycles using luteinizing
hormone levels as a biochemical marker and found that ovulation
occurred within a wide range of 8–31 days after the LMP.(Walker
1988)

Similarly, Chiazze et al 1968 collected over 30,000 recorded
menstrual cycles from 2316 women and found that only 77% of
women have average cycle lengths between 25 and 31 days, Campbell
et al 1985 demonstrated that of more than 4000 pregnant women, 45%
were not certain about their LMP as a result of poor recall, irregular
cycles, bleeding in early pregnancy or oral contraceptive use within
two months of conception. (Chiazze 1968)

1-2: Statement of the problem
There is no pervious study for estimation of gestational age using
CRL in an ethnic Sudanese woman, this study revealed a different
equation for estimation of gestational age using CRL in an ethnic
Sudanese.

1-3: Objectives
1-3-1: General objective
To estimate of gestational age using Crown Rump Length in an ethnic
Sudanese population.
1-3-2: Specific objectives
 To determine the sonographic dating formula based on CRL.
 To quantify systemic predication error of sonographic dating
formula based on CRL.
 To compare the performance of developed sonographic dating
formula with established dating formulae.
 To testing correlation between LMP and CRL.
1-4: Ethical Issues:
The procedures of the scanning with ultrasound explained to the
women included in study and the purpose of incorporating his data in
the study, where verbal consent was acquired in case of agreement.
1-5: Overview of the study
This study is concerned with estimation of gestational age using Fetal
crown–rump length in an ethnic Sudanese population, it’s falls into
five chapters.
Chapter one is an introduction, which include introductory notes on
pregnancy, first trimester sonography, as well as statement of the
problem and study objectives, while Chapter tow includes a
comprehensive scholarly literature reviews concerning the previous
studies.

Chapter three deals with the methodology, where it provides an
outline of material and methods used to acquire the data in this study
as well as the method of analysis approach.
While the results were presented in chapter four, and finally Chapter
five include discussion of results, conclusion and recommendations
followed by references and appendices.

Chapter Tow

Chapter Two
Literature review
2-1: Anatomy
At the beginning of the third month, the head constitutes
approximately half of the CRL (Figs 2.1 and 2.2), by the beginning of
the fifth month, the size of the head is about one third of the Crown
Heel Length (CHL) and at birth, and it is approximately one quarter of
the CHL (Fig 2.2) (Sadler 2012)
During the third month, the face becomes more human looking (Figs
2.3 and 2.4), the eyes, initially directed laterally, move to the ventral
aspect of the face, and the ears come to lie close to their definitive
position at the side of the head (Fig 2.3)(Sadler 2012)

Fig 2.1: Photographic image for A 9-week fetus (T.W. Sadler;
angman’s medical embryology - 12th editions; 2012)

Fig 2.2: schematic representation of size of the head in relation to the
rest of the body at various stages of development (T.W. Sadler;
angman’s medical embryology - 12th editions; 2012)

The limbs reach their relative length in comparison with the rest of the
body, although the lower limbs are still a little shorter and less well
developed than the upper extremities.
Primary ossification centers are present in the long bones and skull by
the 12th week.(Sadler 2012)
Also by the 12th week, external genitalia develop to such a degree
that the sex of the fetus can be determined by external examination.
(Sadler 2012)

Fig 2.3: photographic image for An 11-week fetus (T.W. Sadler;
angman’s medical embryology - 12th editions; 2012)

Fig 2.4: photographic image for A 12-week fetus in utero(T.W.
Sadler; angman’s medical embryology - 12th editions; 2012)

During the sixth week, intestinal loops cause a large swelling
(herniation) in the umbilical cord, but by the 12th week, the loops
have withdrawn into the abdominal cavity.

At the end of the third month, reflex activity can be evoked in aborted
fetuses, indicating muscular activity, while during the fourth and fifth
months, the fetus lengthens rapidly (Table 2.2), and at the end of the
first half of intrauterine life, its CRL is approximately 15 cm, about
half the total length of the newborn (Sadler 2012)
Some developmental events occurring during the first 7 months are
indicated in Table 2.1

Table 2.1: Developmental horizons during fetal life events (T.W.
Sadler; angman’s medical embryology - 12th editions; 2012).

Developmental event

Age (weeks)

Taste bud appear

7

Swallowing

10

Respiratory movements

14-16

Some sound can be heard

24-26

Eyes sensitive to light

28

2-2: Clinical Methods for Determining Gestational Age

Other methods used to assess gestational age have included uterine
size assessment, time at quickening and fundal height measurements.
However, these clinical methods are often suboptimal. Robinson
noted that uterine size determination by bimanual examination
produced incorrect assessments by more than two weeks in over 30%
of patients. (Kalish 2003)

Similarly, fundal height estimation does not provide a reliable guide
to predicting gestational age, Beazly et al found up to eight weeks
variation in gestational age for any particular fundal height
measurement during the second and third trimesters. (Kalish 2003)

2-3: Ultrasound Findings during First Trimester

In 1973, Robinson reported using the crown-rump length (CRL) for
determining gestational age, since that time, ultrasound equipment,
techniques and prediction formulas have substantially improved and
allow for more rapid and precise measurement of the crown rump
length and determination of gestational age and for the best results
,the fetus should be imaged in a longitudinal plane.(Robinson 1993)
The greatest embryonic length should be measured by placing the
calipers at the head and rump of the fetus (Fig 2.5),three adequate
CRL measurements should be taken and the average used for
gestational age determination.(Robinson 1993)

Fig 2.5: Transabdominal Ultrasound image demonstrating the fetal
crown-rump length measurement in the first trimester (Donald School
Textbook of Ultrasound in Obstetrics and Gynecology -2nd edition 2003)
The accuracy of the CRL measurement has been well documented in
the medical literature; specifically, gestational age can be estimated
safely with a maximal error of three to five days in the first trimester.

2- 4: previous studies

Sahota et al (2008) developed a sonographic dating formula based on
fetal crown–rump length (CRL) in a Hong Kong Chinese population,
quantify its systematic prediction error and compare its performance
with established dating formulae.

Methods were a prospective observational study of women with a
spontaneously conceived singleton pregnancy and a regular menstrual
cycle in the preceding 12-month period
Ultrasound examinations were performed at gestational ages ranging
from 6 to 15 + 6 weeks according to menstrual dates.
The CRL of each fetus was measured three times, the mean of which
was used to derive the best-fit fractional polynomial regression model
for estimation of gestational age in relation to CRL.
The mean of the differences between estimated and menstrual age was
calculated for each formula.
The best-fit equation for the sonographic estimate of gestational age
(GA, in days) from CRL (in mm) was GA = 26.643 + 7.822 × CRL1/2
(R2 = 0.96).
The mean difference between menstrual age and the predicted
gestational age was 0.2 days (95%

I, −0

to 0.56), which was

lower than that of the three established CRL dating formulae.

Papaioannou et al (2010), reporting normal ranges for CRL
measurements with gestation have essentially derived their data from
the examination of pregnancies in women with regular menstrual
cycles and known date of the last menstrual period (LMP).
Crown-rump length (CRL), heart rate (HR), gestational sac diameter
(GSD) and yolk sac diameter (YSD) measured at 6–10 weeks of
gestation.

They examined 4,698 singleton pregnancies with ultrasound
measurements of CRL, HR, GSD and YSD at 6–10 weeks and CRL at
11–13 weeks resulting in the live birth after 36 weeks of
phenotypically normal neonates with birth weight above the 5th
centile.
The Gestational age was derived from CRL at the 11- to 13-week scan
using the formula of Robinson and Fleming.
They estimated gestation from CRL was the same as that of Robinson
and Fleming for a CRL of 10.2–36.5 mm, but the formula of
Robinson and Fleming underestimated the gestation by 1 day for a
CRL 7.4–10.2 mm and this increased to 9 days for a CRL of 1 mm.

Drumm JE et al (1976) studied fetal crown-rump length (CRL) by
means of pulsed ultrasound, and the normal values between 47 and
101 days from the onset of the last menstrual period, determined from
cross-sectional data in 253 patients.
They found that for any given CRL, the range was found to be within
three days of the menstrual age with a maximum variation for a given
occasion of three days.
Their Detailed statistical analysis showed that the acceleration in the
rate of change in the CRL was a constant and that the intrapatient
variability, where measured, was low and close correlation between
the measurement and the date of ovulation was demonstrated in a
further 40 patients.

Koornstra et al (1991) studied fetal crown rump length by using
clinical and ultrasound data of 403 first-trimester pregnancies which
collected prospectively, two groups of patients were selected: Group
A with an optimal (menstrual) history (111 patients, 156 CRL
measurements) and Group B with available BBT charts (17 patients,
27 CRL measurements).
In Comparing to the Robinson CRL curve (SD +/- 4.7 days) they
found that the curve of group A (SD +/- 4.4 days) showed a small
underestimation of gestational age of 2.5 days in the 8th week,
gradually declining (p less than 0.001).

Robinson 1973, studied Fetal crown rump length, total of 214
examinations were performed on 80 patients, all of whom were
certain of the dates of their last menstrual periods, had normal
menstrual cycles, and were between the sixth and the 14th weeks of
pregnancy.
The measurements obtained that the fetal crown rump-length
increases from a mean of 10 mm at seven weeks to 70 mm at 13
weeks at a rate which increases as pregnancy advances, and that the
scatter of results increases from 5 mm at 61 weeks to 18 mm at 12.5
weeks, they found that the absolute range of gestational age at any
given crown-rump length measurement is never much more than plus
or minus four days.

Chapter Three

Chapter Three
Methodology

3-1: Study design
This was a prospective cross-sectional study aimed to estimated
gestational age using CRL in ethnic Sudanese women.
Ethnically Sudanese women, where the father of the pregnancy was
also ethnically Sudanese, were recruited prospectively at the time of
their initial visit for prenatal care.
Consenting women who were sure of their menstrual dates and who
had had a regular 28–32-day menstrual cycle in the preceding 12
months were assigned an appointment for an ultrasound examination
at gestational ages ranging from 6 to 14 weeks.
Ultrasound examinations were specifically arranged for the purposes
of this study and each subject had only one ultrasound appointment.
Pregnancies were dated using menstrual dates and adjusted for
individual cycle length.
3-2: Study area
The study was took place in Khartoum state in Bashaiar Teaching
Hospital.
3-3: Study period
The study was done during the period from November 2015 to
February 2016

3- 4: Population of the study
Eighty Sudanese pregnant women with regular menstrual period.
3-5: Inclusion and Exclusion criteria
The following exclusion criteria were employed at the time of
recruitment: uncertain date of last menstrual period; irregular
menstrual cycle; maternal disease or medication likely to affect fetal
growth and size (diabetes mellitus, renal disease, hypertension); and
multiple pregnancies.
Pregnancies that were subsequently found to be complicated by
spontaneous miscarriage, intrauterine fetal demise, and congenital
abnormalities were excluded at the time of statistical analysis.
No exclusions were made on the other antenatal complication.
3-6: Study variables
Variables of this study consisted of the following: age, CRL, LMP,
GA in weeks
3-7: Method of data collection
Ultrasound scans were performed using a 3.5-MHz curvilinear probe
on a Mindary DP20 (Mindray, China) machine.
The ultrasound scan performed in supine position, multiple scan
planes used to obtain the embryo in mid sagittal plane in neutral
position.

The CRL was measured along the longest axis of the embryo or fetus
in a neutral position, excluding the limbs and yolk sac; each fetus was
measured three times and the mean was used in subsequent statistical
analysis.
3-8: Method of data analysis
All statistical analyses were performed using the Statistical Package
for the Social Sciences Version 15.0 (SPSS Inc., Chicago, IL, USA),
By finding the linear association between the CRL and GA in weeks
Simple fractional polynomial regression models, where the powers
selected contain conventional polynomials as a subset of the family,
were obtained to describe the best point estimate of gestational age in
relation to CRL.
The best model was chosen based on the correlation R2. Models used
to assess the standard deviation were either straight lines or quadratic
curves.
3-9: Data presentation
The data presented in tables and figures
3-10: Data storage
Data stored in personal computer and data sheets kept safely and
responsibly.
3-11: Ethical Issue
Verbal informed consent was obtained from all participants.

Chapter Four

Chapter Four
Results
The following figures and tables represent the results of this study, the
data of eighty pregnant women collected by master data sheet, the
relation between different variables are represented by using scatter
plot diagram, bar graph, and ANOVA test, t-test
Eighty subjects recruited, the median age of the subjects was 27 years
(range, 19–36) years. (Table 4.1)
Table 4.1: shows the statistical data according to subject’s ages

the median gestational age at ultrasound examination, according to
dates of the last menstrual period, was 11.2 (range, 7–13) weeks
Table 4.2: Median value for gestational age by ultrasound
Value

CRL

GA

Mean

4.3989

11.0248

Median

4.3500

11.2150

Mode

1.99

11.29

Minimum

1.52

7.86

Maximum

7.65

13.71

14.00

13.00

Gestational Age

12.00

11.00

10.00

9.00

8.00

7.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Fetal crown Rump Leng

Figure 4.1 shows the raw data and the estimated mean gestational age
(in days) by CRL (in mm) for the best fit fractional simple regression
model.
The best-fit equation for the estimate of gestational age (GA) from the
observed CRL measurement was GA = 7.018 + 0.911X (R2 = 0.98).
Table 4.3 Correlation between parameter studied
Studied parameter

Correlation coefficient(r) standard Error

CRL

0.99

0.20

Table 4.4: Comparing Robinson& Fleming (1975) Drum (1976) with
Present study

Gestational age in

Robinson& Fleming Drum J.E Present study

weeks

(1975)

(1976)

8

1.87

2.00

1.07

9

2.70

2.60

2.17

10

2.60

3.60

3.27

11

4.83

4.80

4.37

12

5.37

5.20

5.46

Table 4.5 shows the values from present study and previous studies
Gestational Sahota PapaioannouDrumm Koornstra Robinson Present
age

in(2008) (2010)

(1976) (1990)

(1976)

study

5.6

6.4

5.46

weeks
12

7.4

5.1

5.5

Table 4.6 Values for Gestational age for given CRL in mm according to
present study
Gestational Age (Weeks)

Crown Rump Length (mm)

8

1.07

8.5

1.62

9

2.17

9.5

2.72

10

3.27

10.5

3.82

11

4.37

11.5

4.91

12

5.46

12.5

6.01

13

6.56

13.5

7.11

Chapter Five

Chapter Five
Discussion, Conclusion and Recommendations

5.1: Discussion
This study was designed to estimate gestational age by using crown
rump length and establish a dating formula for use in Sudanese
population, for naturally conceived pregnancies between 6 and 14
weeks’ gestation
The data were prospectively collected for the purpose of this study
rather than being obtained from an available clinical dataset.
We recruited an unselected cohort of women and each subject
provided data on only one designated ultrasound examination.
Subject data were only excluded after recruitment if their pregnancy
was complicated by congenital abnormalities or intrauterine demise,
with no attempt has been made in this investigation to correlate
ultrasound maturity with the ultimate date of delivery as it was
thought that the time of spontaneous onset of labour was much more
variable than the potential error involved in accepting the date of the
last menstrual period when the patient is intelligent and wellmotivated.

In the present study, it becomes evident that both parameters increase
as gestational age advances.
Comparing with Sahota et al (2008), where the best-fit equation for
the sonographic estimate of gestational age (GA, in days) from CRL
(in mm) was GA = 26.643 + 7.822 × CRL1/2 (R2 = 0.96), the present
study found significant difference.
Also the Present study in comparing with Papaioannou et al (2010), is
agree with their study since the both studies shows association
between CRL and gestation (positive relationship),also both studies
agree with Robinson and Fleming formula . (Table 4.4)
Drumm JE et al (1976) studied fetal crown-rump length (CRL) by
means of pulsed ultrasound, Their Detailed statistical analysis are
agree with present study, since both studies showed that the
acceleration in the rate of change in the CRL was a constant and well
correlated .

The present study in comparing with Koornstra et al (1991) are agree
since both found that CRL not differ significantly.(Table 4.4)

Also comparing with Robinson et al(1976) study, the present study
shows positive relationships with their study since that the absolute
range of gestational age at any given crown-rump length measurement
is never much more than plus or minus four days.

5-2: Conclusion
Estimation of gestational age by Ultrasound is high importance for
diagnosis, investigation and treatment of fetus in vitro.
In present study, with each fetus being measured only once the data is
analyzed with gestational age as a dependent variable and equations
are generated.
From this study it becomes obvious that CRL is strongly correlated
with each other as well as are found to be statistically very highly
significant. (P <0.001) Regression Equation derived for CRL is Y =
7.018 + 0.911X (Y= GA, X = CRL in cm)
From the present study we may conclude that the usefulness of
Ultrasonography as an index for the measurement of gestational age is
beyond doubt.

5-3: Recommendations
The equation derived from this study should be used in daily basis for
Sudanese women with regular menstrual period.
The sample size should be greater to cover variation.
It is important to raise awareness about importance of first trimester
scan among pregnant population.
Further study can be done using high resolution ultrasound.
Performance of ultrasound examination routinely in first trimester is
fundamental in managing both low and high risk pregnancies.
CRL is important in determination of Gestational age and expected
delivery date (EDD) in first trimester.
Both obstetrician and sonologist should be well trained to perform
first trimester ultrasound.
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APPENDIX A

Image 1: Transabdominal ultrasound image shows CRL for 12 Weeks
fetus

Image 2: Transabdominal ultrasound image shows CRL for 10 Weeks
fetus

Image 3: Transabdominal ultrasound image shows CRL for 11 Weeks
fetus

Image 4: Transabdominal ultrasound image shows CRL for 13 Weeks
fetus

Image 5: Transabdominal ultrasound image shows CRL for 13 Weeks
fetus

Image 6: Transabdominal ultrasound image shows CRL for 12 Weeks
fetus

Image 7: Transabdominal ultrasound image shows CRL for 8 Weeks
fetus

Image 8: Transabdominal ultrasound image shows CRL for 14 Weeks
fetus

Image 9: Transabdominal ultrasound image shows CRL for
11Weeks+1Day fetus

Image 10: Transabdominal ultrasound image shows CRL for 7
Weeks+4 Days fetus

Image 11: Transabdominal ultrasound image shows CRL for
12Weeks+6Days fetus

Image 12: Transabdominal ultrasound image shows CRL for 10
Weeks fetus

Image 13: Transabdominal ultrasound image shows CRL for 9 Weeks
fetus

Image 14: Transabdominal ultrasound image shows CRL for 8 Weeks
fetus

Image 15: Transabdominal ultrasound image shows CRL for 13Weeks
fetus

Image 16: Transabdominal ultrasound image shows CRL for 10Weeks
fetus
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