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Abstract 
Introduction Accurate pregnancy dating is important for many aspects of 
obstetric care at individual level as well as population level. Traditionally, preg-
nancy dating has done by adding 9 months and 7 days to the last menstrual 
period (LMP) using Naegele’s formula. Determination of gestational age by 
ultrasound is more precise. Most commonly used parameters are mean sac 
diameter, gestation sac volume, crown-rump length (CRL), biparietal diame-
ter (BPD), head circumference (HC) and femur length (FL). After 24 weeks, 
gestational age cannot be accurately determined by ultrasound scans. The bi-
ological variability of CRL is small and growth is very rapid. There are many 
factors that can affect CRL such as measurement errors, differences in growth 
rates between individuals, fetal sex and maternal conditions such as diabetes 
mellitus. A correctly performed measurement of CRL is the most accurate way 
of estimating the gestational age in early pregnancy from 8 weeks to 13 weeks 
+ 6 days. Objectives Our study aims were to prepare a new Crown Rump 
Length chart with Sri Lankan population data and to compare new CRL chart 
with existing intergrowth CRL chart. Method Prospective observational study 
with recruitment of subjects by Quota sampling technique was carried out 
from April 2015 to March 2016. Spontaneously conceived uncomplicated sin-
gleton pregnancies with normal Body Mass Index (BMI) 18.5 - 23 kg/m2 were 
recruited at the time of registration to antenatal care. Consenting woman 
with known LMP with regular cycles in preceding 3 months were undergone 
ultrasound examination only once at gestational age (GA) ranging from 8 
weeks to 13 weeks + 6 days. If ultrasound dating was different from LMP 
dating by more than 5 days in pregnancies with POA less than 9 weeks and 
dating differences more than 7 days in pregnancies between 9 weeks and 14 
weeks were excluded. Pregnancies complicated with uncertain viability, con-
genital anomalies and spontaneous miscarriage were excluded from statistical 
analysis. Data collection done with pre-tested interviewer administered form 
and analysis was carried out using the Statistical Package for Social Sciences 
(SPSS) version 21. Results A total of 653 subjects were recruited for the study 
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and 557 turned up for ultrasound dating assessment. Dating discrepancy and 
multiple pregnancies excluded 31 subjects, uncertain viability and spontane-
ous miscarriage excluded 15 subjects resulting 511 subjects for final statistical 
analysis. The mean CRL increased with GA almost linearly from day 56 to 97. 
Conclusions We have produced new CRL chart based on Sri Lankan data 
and it can be used for clinical practice in Sri Lanka. There is no statistically 
significant difference between our CRL chart and intergrowth CRL chart. 
 

Keywords 
Crown Rump Length, Gestational Age, Pregnancy Dating, Ultrasound Scan 
Dating 

 

1. Introduction 

Accurate pregnancy dating is important for many aspects of obstetric care at in-
dividual level and population level. At individual level dating needed for effec-
tive screening for chromosomal anomalies, reducing the pregnancies wrongly 
labeled as pre-term or post-term therefore minimizing unnecessary interven-
tions. At population level, it is important for resource allocation in above men-
tion settings and it will reduce health care cost due to avoidance of unwanted 
interventions to the pregnancy.  

Traditionally pregnancy dating has done by adding 9 months and 7 days to 
the last menstrual period (LMP) using Naegele’s formula. The LMP is unreliable 
if the date of the LMP is not accurately known, menstrual cycle is not 28 days 
long, menstrual cycle is irregular, woman has only stopped taking the combined 
oral contraceptive pill within the last 3 months, woman has bled in early preg-
nancy, and woman is breast feeding or has been pregnant in the preceding 3 - 6 
months. 

Determination of gestational age by ultrasound is more precise. Several ultra-
sound parameters have been used to estimate gestational age. The most com-
monly used are mean sac diameter, gestation sac volume, crown-rump length 
(CRL), head circumference (HC), biparietal diameter (BPD) and femur length 
(FL). After 24 weeks, gestational age cannot be accurately determined by ultra-
sound scans [1]. 

Dating by CRL more reliable between 7 weeks to 12 weeks, however between 
13 weeks to 15 weeks ultrasound dating can be less accurate as a result of flexion 
of the fetus. This will make measurement of CRL difficult. During this period 
dating by measurements of BPD or HC may also be inaccurate. Pregnancy dat-
ing errors by ultrasound measurements are smaller than dating calculated with 
last menstrual period. Pregnancies with assisted reproduction, where the exact 
date of conception was known dating error for both ultrasound and LMP can be 
calculated efficiently. Based on these studies, routine ultrasound dating errors 
distributed normally with standard deviation (SD) of ±4 days. The 95% confi-
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dence interval ranges from −8 days to +8 days. Although dating error with LMP 
heavily skewed positively towards overestimation where 95% confidence interval 
recorded as −9 days to +27 days [2]. 

The biological variability of CRL is small and growth is very rapid. However, 
there are still a number of factors that can affect the size of an early embryo such 
as measurement errors, differences in growth rates between individuals, fetal sex 
and maternal conditions such as diabetes mellitus. A correctly performed CRL 
measurement is therefore more accurate than the biparietal diameter in dating a 
pregnancy. Dating by CRL regarded as current best practice [1]. 

Commonly used CRL charts produced by Robinson and Hadlock predomi-
nantly included Caucasian population [3] [4] [5]. Pexsters et al. suggested the 
need for development of CRL charts for different population with different eth-
nic and socioeconomic backgrounds in order to minimize errors due to demo-
graphic characteristics of the population. They further suggested unavailability 
of such charts can produce dating errors which can lead to unnecessary inter-
ventions and adverse perinatal outcomes [6].  

Widely accepted initial studies were done more than twenty five years ago by 
Robinson and Hadlock. Methodological differences and changes in technology 
used in ultrasound scanners in the past and today’s practice justify the need of 
critical review of CRL charts in relation to accuracy in pregnancy dating. This 
concern was addressed by a systematic review of charts by Napolitano et al. in 
2014 [7]. The analysis included 29 studies (over 11,000 pregnancies) from 1975 
to 2011. Conclusion of the analysis was four studies conducted by Robinson [3] 
[4], Sahota [8], McLennan [9], Verburg [10] fulfill most of the quality criteria 
and they lead to minimal differences in GA estimation by CRL. 

In 1987 inaccuracies in dating using published CRL charts were noted among 
patients with infertility treatment. Exact date of ovulation was aware in these pa-
tients and dating by CRL found to be different than in vivo pregnancies. MacGre-
gor et al. studied seventy two patients with known ovulation dates and suggested 
there was underestimation of gestation age by using Robinson CRL chart [11]. 

Assessment of accurateness of dating formula using CRL was difficult task as 
it necessitates an independent gold standard for estimation of gestational age. 
Studies using in vitro fertilization [12] [13] with known dates of embryo transfer 
used to formulate CRL charts but problems of such approach were pregnancies 
using IVF technique not biologically comparable to natural spontaneously con-
ceived pregnancies. IVF pregnancies associated with high rate of congenital 
anomalies as well as carries higher perinatal risks [14] [15] [16]. Therefore, it is 
wise to assume early growth of the embryo and fetus also differs among sponta-
neously conceived pregnancies and IVF pregnancies. 

In 2014 Papageorghiou et al. (Intergrowth-21st project) produced first interna-
tional standards for ultrasound dating based on CRL measurement. In this study 
population recruited from eight different countries and mainly included urban 
population between 9 weeks and 13 weeks + 6 days of gestation who met strict 
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eligibility criteria. Adherence to strict protocols and quality assurance systems 
were mandatory prior to CRL measurements. Follow up arranged for all subjects 
during antenatal, intrapartum and postpartum period. Congenital anomalies, 
pregnancies with complications, fetal deaths and neonatal deaths were excluded. 
Final assessment included data from 4265 women [17]. Study demonstrated the 
differences between Robinson [4], Verburg [10] and Intergrowth-21st [17], in es-
timating GA based on CRL measurements were small. These small dating dif-
ferences between studies are unlikely to produce significant differences clinical-
ly. Up to CRL 80 millimeters difference between gestation age estimation by 
both Robinson and Verburg et al. was ±1 day. The Intergrowth-21st findings 
were also in line with Robinson up to CRL 80 mm. The Intergrowth-21st and 
Verburg et al. then exceed the difference to more than 2 days when CRL > 85 
mm. These remarkable similarities between studies done in different settings 
and different eras suggested early fetal growth assessed by CRL measurements 
appears to be uniform over time and between ethnicities after achieving ade-
quate standard of nutrition, health and socioeconomic condition. 

Our study aims were to prepare a new CRL chart based on Sri Lankan popula-
tion data and compare it with international CRL chart (Intergrowth-21st). Local-
ly produced CRL chart minimize errors due to demographic characteristics of 
the Sri Lankan population.  

2. Objectives 

To construct a new fetal crown-rump length (CRL) chart for early pregnancy 
dating in Sri Lanka. 

To compare new CRL chart with existing Intergrowth-21st CRL chart. 

3. Study Method 
3.1. Study Population and Recruitment 

The study was carried out as a prospective observational study conducted at the 
ward 9 & 10, Castle street hospital for women (CSHW), Colombo 08 and ward 
10 & 17, Colombo South Teaching Hospital (CSTH), Kalubowila. Recruitment 
of subjects by Quota sampling technique was carried out from April 2015 to 
March 2016. 

Spontaneously conceived subjects with normal Body Mass Index (BMI) 18.5 - 
23 kg/m2 were recruited at the time of booking visit prospectively. Consenting 
woman with known LMP with regular cycles in preceding three months were as-
signed with appointment for ultrasound assessment of CRL by author specifical-
ly for the purpose of study. Assessment gestation ages assign in a manner that 
they were ranging from 8 weeks to 13 weeks + 6 days. Each subject was assign 
for only one ultrasound scan to avoid serial measurement of same fetus. Preg-
nancies were dated in accordance with menstrual dates.  

At the time of recruitment to the study following exclusion criteria were em-
powered: uncertain LMP; irregular menstrual cycle; usage of hormonal contra-
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ception within 3 months of LMP; maternal medications and maternal disorders 
with known impact on fetal growth (hypertension, diabetes mellitus, renal dis-
ease,); previous history of intra uterine death (IUD) or fetal growth restriction 
(FGR); and multiple pregnancies. If ultrasound dating were different from LMP 
dating by more than 5 days in pregnancies with period of gestation (POG) less 
than 9 weeks and dating difference more than 7 days in pregnancies between 9 
and 14 weeks were excluded [18]. Pregnancies complicated with congenital ano-
malies, uncertain viability and spontaneous miscarriage at initial ultrasound as-
sessment or subsequently were excluded at the time of statistical analysis. 

3.2. Sample Size 

Calculation of suitable sample size for development of centile charts is not an 
easy task. Greater precision of centiles can be achieved by recruiting larger sam-
ple size. The standard error (SE) of the 100th centile (C100) can be expressed as 

( ) ( )2
100SE C 1 2  Z n = +   n = number of study subjects, Z score taken from 

standard normal distribution [19]. This disregards errors with inappropriate 
modeling in relation to GA. Thus the width of, for example a 95% confidence 
interval for the 90th centile (for which z = 1.282) is  

( )901.96 SE C 2.65 SD n± =  which for n = 1000 is ±0.08 SD and for n = 500 is 
±0.12 SD. More extreme centiles are less precisely estimated [20] [21].  

There were 42 data collection points (e.g. 8w + 0d, 8w + 1d, 8w + 2d…13w + 6d) 
in this study. Using quota sampling recruited 653 subjects with minimum of 10 
subjects to each data collection point. Final statistical analysis included 511 subjects. 

3.3. Concerns in Measuring CRL 

The very early embryo is unflexed. CRL measurements taken between 5 and 7 
weeks are inaccurate because of either the full length of the embryo has not been 
obtained (this will produce an underestimated CRL) or the end-points of the 
embryo have not been clearly identified as separate from the closely adjacent 
yolk sac or the wall of the gestation sac and one or both have been included in 
the measurement (this will produce an overestimated CRL). 

Although it becomes much easier to identify the end-points of the embryo af-
ter 7 weeks, it remains just as important to ensure that imaging the maximum 
length of the embryo before taking the measurements. The CRL should be meas-
ured from three different images and the measurements should agree to within 3 
mm in the embryo and 5 mm in the fetus. Once the fetal spine can be easily 
identified, that is from about 9 weeks, this should be used as a guide in assessing 
true fetal length. The aim is to examine the fetus with the full length of its spine 
positioned directly anteriorly or posteriorly, thereby enabling to assess any de-
gree of flexion.  

When linear calipers are used flexion of fetal spine by any degree will result 
underestimation of CRL. Estimation of degree of flexion is difficult with lateral 
flexion. When performing trans-abdominal scans changing the angle of probe in 
relation to maternal abdomen might help to bring fetal spine into more posterior 
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or anterior position. This simple alteration of probe placement will make CRL 
measurement more accurate as far as possible [1]. 

3.4. Procedure 

After recruitment of subjects at booking visit they were given an appointment 
for dating ultrasound scan performed by author using either trans-abdominal or 
trans-vaginal probe for B-mode imaging. The trans-vaginal route used as pre-
ferred method for assessing gestational age by CRL until 9 weeks of gestation. 
After that trans-abdominal route is used [1]. CRL measured either using Noblus, 
Hitachi Aloka Medical Limited, Tokyo, Japan ultrasound diagnostic scanner or 
Logiq F series, GE healthcare, Germany ultrasound scanner. 

Neutral position of the fetus (between chin and chest visible amniotic fluid 
pocket) used to measure CRL. Measurements were taken along the longest axis 
of the fetus and fetal limbs and yolk sac excluded from the measurements. Mea-
surements were taken after satisfactory magnification (Screen almost filled by 
the fetus); in mid-sagittal section with correctly placed calipers (Caliper intersec-
tions were placed at outer borders of skin of head and rump). Three measure-
ments of each fetus were taken. Statistical analyses done with mean CRL.  

3.5. Data Collection 

Age, Parity, BMI, Education level, Employment, Monthly income, LRMP, POA 
and CRL recorded on a pre-tested interviewer administered data collection form 
(Annex 1) and was saved on to an ongoing electronic data base (Microsoft Excel). 

3.6. Data Analysis 

Statistical analysis was carried out using the Statistical Package for Social 
Sciences (SPSS) version 21. For each gestation age mean CRL and standard devi-
ation (SD) estimated. Calculation of centiles using mean and SD not a difficult 
task it can be done using following statistical formula: 

Pth centile = mean CRL ± (Z × SD) 

From the normal charts Z (Z score) were taken to particular centile e.g. Z = 
±1.88 (3rd and 97th centiles), Z = ±1.645 (5th and 95th centiles), Z = ±1.28 (10th 
and 90th centiles) respectively. Here we assume data for each GA comes from a 
normally distributed population [20] [21]. 

3.7. Ethical Considerations  

Ethical clearance for the study was obtained from Ethical Review Committee, 
Faculty of Medicine, University of Colombo (Annex 2). Informed written con-
sent obtained from subjects before recruitment (Annex 3). All participants were 
given contact details of the investigators and the contact details of the Ethics Re-
view Committee in case they need to clarify any doubts about the study.  

Name of the participants were not obtained for the data extraction process & 
data kept under lock & key. Computerized data kept under password protection 
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with the principal investigator. All data collection forms will be destroying six 
months after study. Data obtained through the study shall only be divulged at 
suitable scientific fora. Strict confidentiality of the collected data guaranteed and 
only grouped data will be presented and discussed. 

4. Results 

A total of 653 subjects were recruited for the study and 557 turned up for ultra-
sound dating assessment. Dating discrepancy and multiple pregnancies excluded 
31 subjects, uncertain viability and spontaneous miscarriage excluded 15 sub-
jects resulting 511 subjects for final statistical analysis (Figure 1). 

Age range of subjects was 18 years to 41 years and the median was 28 years. 
Median gestational age of ultrasound examination according to LMP was 11 
weeks + 1 day (range 8 weeks to 13 weeks + 6 days).  

Two hundred fourteen subjects (41.9%) were nulliparous. Majority 72.4% (n = 
370) are Sinhalese; basic characteristics of the study population are given in Ta-
ble 1. 

 
Table 1. Characteristics of subjects (n = 511). 

Characteristics No of Subjects Percentage 

Ethnicity 

Sinhala 370 72.4% 

Tamil 77 15.1% 

Muslim 52 10.2% 

Other 12 2.3% 

Age (years) 

<20 13 2.5% 

21 - 25 126 24.7% 

26 - 30 162 31.7% 

31 - 35 108 21.1% 

36 - 40 93 18.2% 

>40 9 1.8% 

Monthly  
Income (Rs) 

<25,000 123 24.1% 

25,001 - 50,000 286 56.0% 

50,001 - 75,000 75 14.7% 

75,001 - 100,000 18 3.5% 

>100,000 9 1.7% 

Education 
Level 

No Schooling 7 1.3% 

Grade 1 - 5 11 2.2% 

Grade 6 - 10 24 4.7% 

O/L 196 38.4% 

A/L 247 48.3% 

Higher Education 26 5.1% 

A/L = GCE Advanced Level, O/L = GCE Ordinary Level, Rs = Rupees. 
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Figure 1. Flow diagram of study recruitment process. 

 
Among study subjects 48.3% educated up to advanced level (A/L). Fifty six 

present of study subjects (n = 286) having monthly income between twenty five 
thousand to fifty thousand rupees. 

Mean fetal size increased with gestational age between day 56 and day 97. In-
crease of SD roughly linear between day 56 to day 84 thereafter declining (Table 
2, Figure 2). Calculation of centiles using mean and SD not a difficult task it can 
be done using following statistical formula: 

Pth centile = mean CRL ± (Z × SD) 

where Z (Z score) is the normal equivalent deviate corresponding to a particular 
centile, e.g. Z = ±1.88 (3rd and 97th centiles), Z = ±1.645 (5th and 95th centiles), 
Z = ±1.28 (10th and 90th centiles) respectively. Using above formula for day 56 
in our study 3rd, 5th, 10th, 50th, 90th, 95th and 97th centile values in millimeter are 
14.74, 14.95, 15.2, 16.43, 17.58, 17.91 and 18.12 respectively. 

Crown-rump length (mm) pattern change with gestational age in days with 
the best fit linear and quadratic regression model shows in Figure 2. Quadratic 
regression minimizes outliers in comparison to linear regression method in our 
study. 

After plotting mean CRL and mean ± 2 SD against period of gestation in 
weeks the curve showed almost linear increase in mean CRL with period of ges-
tation. Minimum SD 2.32 mm observed at 8 weeks of POG and maximum SD 
6.62 mm observed at 12 weeks of POG (Figure 3).  

Comparison with Intergrowth-21st chart and our new CRL chart showed a 
maximum difference in mean CRL of 2.95 mm at 11 weeks of POG and mini-
mum difference 0.85 mm at 10 weeks of POG (Table 3, Figure 4). Our sample 
SD was lower than that of intergrowth for all gestational ages. 
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Table 2. Crown-rump length (CRL) according to gestational age. 

Gestational Age 
(Days) 

Mean CRL 
(mm) 

SD 
Gestational Age 

(Days) 
Mean CRL  

(mm) 
SD 

56 16.43 0.90 77 40.68 3.15 

57 17.11 0.89 78 43.29 3.37 

58 17.87 1.21 79 44.39 3.33 

59 18.73 1.14 80 45.62 2.76 

60 20.00 1.89 81 47.38 3.67 

61 20.79 1.61 82 50.72 5.12 

62 21.96 1.99 83 51.05 5.61 

63 23.01 2.07 84 53.80 7.07 

64 23.87 2.13 85 55.31 5.46 

65 25.64 1.88 86 56.50 6.13 

66 26.24 1.96 87 59.87 5.08 

67 27.41 1.62 88 60.45 5.52 

68 28.29 1.66 89 62.45 4.55 

69 29.81 1.94 90 64.69 6.35 

70 31.00 1.71 91 65.42 5.45 

71 33.19 2.49 92 68.51 6.48 

72 34.55 3.04 93 70.69 4.62 

73 34.65 3.06 94 71.31 5.32 

74 36.43 2.22 95 74.52 3.12 

75 38.68 3.82 96 75.60 4.18 

76 40.26 3.89 97 77.24 2.78 

CRL = Crown Rump Length, SD = Standard Deviation. 
 

 
Figure 2. Observed relationship between CRL (mm) and Gestational Age 
(days) with the best fit linear and quadratic regression models. 
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Figure 3. New Sri Lankan CRL chart with mean ± 2 SD in relation to POG (Wk). CRL 
= Crown Rump Length, POG = Period of Gestation, SD = Standard Deviation, WK = 
Weeks. 

 

 
Figure 4. Comparison between new Sri Lankan CRL chart with Intergrowth-21st chart. 
CRL = Crown Rump Length, POG = Period of Gestation, SD = Standard Deviation, SL 
= Sri Lanka. 

 
In both studies mean CRL increased with gestation almost linearly and there 

were small difference between two sample means. Our sample mean + 2SD were 
lower than intergrowth mean + 2SD at all gestation ages. Mean − 2SD of our 
sample initially less than intergrowth mean − 2SD but after 11 weeks both are 
almost in line. Using independent sample paired T test there was no statistically 
significant difference between two sample means (t-value −0.135, the p-value 
0.447) and Standard deviations (t-value −1.756, p-value 0.585) of two studies. 
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Table 3. Comparison between our new study and Intergrowth-21st project mean CRL and 
SD according to gestational age. 

Weeks Mean ± SD (SL) Mean ± SD (Intergrowth) 

8 19.06 ± 2.32  

9 26.19 ± 2.87 27.47 ± 4.83 

10 35.48 ± 4.14 36.33 ± 6.10 

11 46.44 ± 5.34 49.39 ± 6.62 

12 58.95 ± 6.62 60.78 ± 7.07 

13 71.59 ± 5.95 72.53 ± 7.29 

SD = Standard Deviation, SL = Sri Lanka. 

5. Discussion 

We have developed new CRL chart based on Sri Lankan population data for ear-
ly pregnancy dating in Sri Lanka. New CRL chart correlate well with first inter-
nationally produced CRL chart by Intergrowth-21st project. 

There are two schools of thoughts among experts regarding development of 
centile charts. Some of them believe in development of centiles with serial as-
sessment of same fetus. CRL values obtain from serial measurements of same 
fetus highly correlated to each other therefore not suitable for development of 
fetal size charts. In studies with serial measurements effective sample size more 
related to number of fetuses than total number of observations [20]. More wide-
ly accepted approach is using single fetus only once for measurement of CRL in 
order to minimize this. Therefore in our study we measured CRL only once from 
single fetus.  

Some studies e.g. Pexsters et al. [6] done using routinely collected data there-
fore the possibility of inclusion of multiple CRL measurement from same fetus 
cannot be excluded. When there is clinical indication fetuses are measured re-
peatedly. Therefore routinely collected data analyzed in retrospective manner is 
not justified for development of centile charts. We have recruited our sample in 
prospective manner purposefully to avoid this.  

Next methodological strength was correct sampling process. Quota sampling 
technique with predefined minimum number of subjects for each data collection 
point avoided under-representation of subjects in any given gestation age. Some 
studies used to exclude fetus found to be large or small for dates in later gesta-
tion or after birth. This should not be done unless there is a congenital abnor-
mality in the fetus. Our study sample selected from healthy women. Predefined 
sample selection criteria and study protocol used for recruitment helps us to 
achieve representative sample of normal fetuses. Because of all above reasons we 
believe selected sample of subjects in our study had the optimal potential for 
ideal fetal growth. This approach permitted creation of Sri Lankan CRL chart 
with minimal bias. Our study sample from different ethnic backgrounds percen-
tage is similar to national figures provided by department of census and statistics 
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Sri Lanka [22]. This will help to make the findings as generalizable as possible in 
Sri Lankan setting. Ultrasound assessments were done by single operator and 
help to minimize inter-observer errors.  

In 2014, Papageorghiou et al. (Intergrowth-21st project) produced first interna-
tional standards for ultrasound dating based on CRL measurement. In this study 
population recruited from eight different countries and mainly included urban 
population between 9 + 0 and 13 + 6 weeks of gestation who met strict eligibility 
criteria. Final assessment included data from 4265 women [17]. Study demon-
strated the differences between Robinson [4], Verburg [10] and Intergrowth-21st 
[17], in estimating GA based on CRL measurements were small. These small 
dating differences between studies are unlikely to produce significant differences 
clinically. Up to CRL 80 millimeters difference between gestation age estimation 
by both Robinson and Verburg et al. was ±1 day. The Intergrowth-21st findings 
were also in line with Robinson up to CRL 80 mm. The Intergrowth-21st and 
Verburg et al. then exceed the difference to more than 2 days when CRL > 85 
mm. These remarkable similarities between studies done in different settings 
and different eras suggesting that early linear fetal growth measured with CRL 
seems to be uniform both over time and among ethnicities after achieving ade-
quate standard of nutrition, health and socioeconomic condition. 

Our study in comparison with Intergrowth-21st chart showed a maximum 
difference in mean CRL of 2.95 mm at 11 weeks of POG and minimum differ-
ence 0.85 mm at 10 weeks of POG. In both studies mean CRL increased with 
gestation almost linearly and there were small difference between two sample 
means. SD and mean + 2 SD of our sample were lower than that of intergrowth 
for all gestational ages. Mean − 2 SD of our sample initially less than intergrowth 
mean − 2 SD but after 11 weeks both are almost in line. Therefore dispersion of 
data set was smaller in our study. Using independent sample paired T test there 
was no statistically significant difference between two sample means (t-value 
−0.135, the p-value 0.447) and Standard deviations (t-value −1.756, p-value 
0.585) of two studies. 

6. Limitations 

Our study included 511 subjects in final statistical analysis. This size of sample 
selected because of feasibility to complete the study in given time frame. If we 
recruited larger sample size the precision of chart will be high. In comparison to 
the national figures from department of census and statistics 2012 our sample 
differs from education attainment this difference may be due to sampling done 
in Colombo district. Majority 48.3% educated up to advanced level (A/L) where 
as in national level 37.5% educated up to grade 6 to 10 [22].  

Our study included pregnancies between 8 weeks to 13 weeks + 6 days there-
fore the curve derived by these data cannot use to predict CRL outside this POG 
and it is one of limitation in our study. Before generalization our own Sri Lan-
kan CRL chat needs to be validated externally. This should be ideally done with 
different study population prospectively to see the reproducibility of findings.  
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7. Conclusions and Recommendations 

The new CRL chart based on local data will be suitable for application in Sri 
Lankan setting. The new CRL chart in comparison with Intergrowth-21st chart 
showed lower SD for all gestational ages. Therefore, dispersion of data set was 
smaller in our study. When two charts compared using independent sample paired 
T test, there was no statistically significant difference between two sample means 
(p-value 0.447) and Standard deviations (p-value 0.585). Prior to generalization 
our Sri Lankan CRL chart needs to be validated externally. 
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