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INTRODUCTION 

During the last decade, estimation of fetal weight has 

been incorporated into the standard routine antepartum 

evaluation of high risk pregnancies. Knowledge of 

expected birth weight estimation is attractive to clinicians 

as it is an important variable affecting childbirth and 

perinatal mortality. Both low birth weight and large for 

gestational age at delivery are associated with an 

increased risk of perinatal complications. Management of 

pregnancy with diabetic complications, vaginal birth after 

caesarean section and breech presentation are guided by 
the estimated fetal weight.1 In preterm deliveries and 

intrauterine growth restriction, perinatal counselling on 

the likelihood of survival, optimal route of delivery or the 

level of hospital where the delivery shall occur is 
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completely based on the estimated fetal weight.2 Precise 

estimation of fetal weight will help in successful 

management of labour and care of newborn and prepare 

for any complications associated with low birth weight as 

well as macrosomia. 

Different methods of estimating fetal weight have been 

tried in different parts of the world in search of the ideal 

method. Worldwide, clinical methods are used 

extensively because they are both convenient and 

virtually costless. The different formulae used clinically 

are Johnson’s and Dare’s formula.3 In maternal self 

estimation, several studies showed that parous women 

can subjectively assess the weight of their fetus just as 

accurately as a physician.4 Obstetric ultrasonography is 

the most modern method for assessing the fetal weight in-

utero. MRI and 3D ultrasound are promising new 

modalities that may improve actual fetal weight 
estimation by providing volumetric assessment of the 

fetus. As volumetric measurement can improve fetal 

weight estimation, several technical and methodological 

problems need to be overcome before this technique is 

adopted into routine practice. It is also unclear at present 

which fetal organ system should be included in volumetry 

in order to achieve an accurate weight estimate. 

Ultrasound examination involves measurement of 

multiple biometric parameters that are incorporated into a 

formula for calculating estimated fetal weight. It is one of 

the most sensitive method for estimating fetal weight 
with error ranging from ± 6-11%.5 Various ultrasound 

parameters like biparietal diameter (BPD), head 

circumference (HC), abdominal circumference (AC), 

femur length (FL), anteroposterior trunk diameter 

(APTD), transverse trunk diameter (TTD), foetal trunk 

cross-sectional area (FTA)2, can be used singly or in 

combination for fetal weight estimation. The different 

algorithms used worldwide are Hadlock’s formula, 

Shepard formula, Tokyo university formula, Campbell, 

Hansman, Sabbagha, Warsof, etc. To improve the 

accuracy of fetal weight estimation, sonographic models 

that are based on 3 or 4 fetal biometric indices are 

preferred.6 

Abdulrazak H et al, found that clinical fetal weight 

estimation was relatively accurate and comparable to 

ultrasound.7 Some studies showed that ultrasound fetal 

weight estimation was superior to clinical prediction.2,8 

Few others indicated that clinical method was simple and 

more reliable than ultrasound.9 

Clinical estimation of fetal weight is, therefore, an 

important and necessary skill in the management of 

obstetric patients in developing countries because of its 

simplicity in low resource settings as sophisticated 

instrument like ultrasound is not available everywhere.1,2 

Hence, the study was conducted to assess the fetal weight 

clinically by Johnson’s formula and by ultrasound using 

Hadlock’s formula at term and correlating it with the 

birth weight of the baby.10,11  

METHODS 

It was a cross-sectional study carried out in the 

Department of Obstetrics and Gynecology in 
collaboration with the Department of Radio-diagnosis, 

Regional Institute of Medical Sciences, Imphal for a 

period of one and a half years on a total of 525 patients 

and consecutive sampling was done. 

Inclusion criteria 

Antenatal women between 37 weeks to 40 weeks of 

gestation with singleton pregnancy with cephalic 

presentation in spontaneous labour or those admitted for 

elective caesarean. Patients who were obese or having 

medical conditions like anemia, hypertensive disorders, 

gestational diabetes and heart diseases were also included 

in the study irrespective of age, parity, height and weight. 

Exclusion criteria  

Multiple gestation, presentation other than vertex, 

preterm or post term, ruptured membranes, 

oligohydramnios or polyhydramnios, pregnancy with 

uterine or abdominal mass, fetal demise, fetal anomalies 

Study tools 

• Clinical Examination: Measurement of symphysio-

fundal height by using non elastic centimetre tape 

followed by abdominal and per vaginal examination 

was done. 

• The ultrasound machine model used for sonographic 
estimation was Toshiba MODEL SSA-580A Nemio 

XG numbered as 2B730-818EN*E manufactured in 

Japan, with Toshiba PVM-375AT (3-6Mhz) convex 

curved Array Transducer and Toshiba PLM-1204AT 

(8-14Mhz) linear array with M mode and grey scale 

for imaging and calculating foetal heart rate with 

good resolution. Bi-parietal diameter (BPD), 

abdominal circumference (AC) and femur length 

(FL) were measured and the weight was calculated 

automatically by the ultrasound machine using the 

Hadlock’s reference table. 

• Carelabmed electronic baby scale Model PT-951 

made in India was used for birth weight 

measurement after delivery. 

Procedure of study 

Prior to allocation the participants were counseled 

regarding the study and explained that ultrasound which 

was routinely used for obstetric cases was a non invasive 

and safe procedure and consent was obtained in a 

designated form. A comprehensive history was taken for 

each patient followed by general physical examination. 

Routine haematological and biochemical investigations 
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were carried out. Fetal weight estimation was done by 

clinical and ultrasound methods. If the delivery did not 

occur within a week of the fetal weight estimation, the 

estimations were repeated and the repeat estimations 

were taken into consideration. 

Foetal weight estimation by Johnson’s formula10 

• After emptying bladder, patient was placed in supine 

position with legs flat on the bed, extended both at 

the hips and knee. After correction of dextrorotation 

McDonald’s measurement of height of fundus from 

the upper edge of the symphysis pubis following the 

curvature of the abdomen was taken with centimetre 

tape. The upper hand was firmly against the top of 

the fundus with the measuring tape pressing between 

the index and middle finger 

• Station of presenting part was assessed by abdominal 
and by vaginal examination 

• Fetal weight was estimated as follows: 

Fetal weight (g) = (McDonald’s measurement-S)×155 

S = 13, when presenting part was at minus station 

S = 12, when presenting part was at 0 station 

S = 11, when presenting part was at +1 station. 

If women weighed more than 91kg, 1 cm was subtracted 

from fundal height. 

Fetal weight estimation by Hadlock’s formula using 

sonography.11 

Based on biparietal diameter (BPD), abdominal 

circumference (AC), and femur length (FL), the 

ultrasound machine calculated the fetal weight 

automatically using Hadlock’s reference table.  

Log10 (EFW) = 1.335 - 0.0034 × AC × FL + 0.0316× 

BPD+ 0.0457 × AC + 0.1623×FL 

Finally, the accuracy of both the methods was evaluated 

comparing with the birth weight of baby after delivery. 

Baby scale made by Carelabmed was used to check 

baby’s birth weight immediately after delivery. The 

accuracy of the weighing scale at the labour ward was 

validated prior to the study. A known 2000 grams weight 

placed on the weighing scale gave an accurate result 

before the scale was used for the investigation. Care was 

taken to ensure that the calibrated scale was on zero 

reading before use.  

Statistical analysis 

Data was checked for consistency and completeness and 

analyzed by an appropriate data base software 

programmer (SSPS version 21.0 IBM). Data collected 

was analyzed using descriptive statistics namely mean, 
percentages and standard deviation and analytical studies 

were done using Chi-square and Student’s t-test and p-

value of <0.05 was taken as significant.  

RESULTS 

As shown in Table 1, 84.76% of participants had fetal 

weight between 2500-3500 estimated by Johnson’s 
formula with mean weight being 3093.26±371.93 

(grams). 

Table 1: Distribution of participants according to 

estimated fetal weight by Johnson’s formula (grams). 

Weight by Johnson’s 

formula (grams) 

No. of 

participants 
% 

<2500 12 2.29 

2500-3500 445 84.76 

3501-4500 68 12.95 

>4500 0 0 

Total 525 100 

As shown in Table 2, 72% of participants had fetal 

weight between 2500-3500 estimated by Hadlock’s 

formula with mean birth weight being 2990.89±448.39 

(grams). 

Table 2: Distribution of participants according to 

estimated fetal weight by Hadlock’s formula (grams). 

Weight by Hadlock’s  

(grams) 

No. of 

participants 
% 

<2500 76 14.48 

2500-3500 378 72.00 

3501-4500 70 13.33 

>4500 1 0.19 

Total 525 100 

As shown in Table 3, 79.81% of participants had babies 

with birth weight between 2500-3500 with mean weight 

being 3090.47±428.98 (grams). 

Table 3: Distribution of babies according to birth 

weight (grams). 

Birth weight in grams No. of participants % 

<2500 28 5.33 

2500-3500 419 79.81 

3501-4500 77 14.67 

>4500 1 0.19 

Total 525 100 

The data was tested using Chi-square test and Fisher’s 

Exact test. 

In the study (Table 4, Figure 1a and 1b), there was 

overestimation of fetal weight by Johnson’s formula in 

64.3% and by ultrasound in 39.3% of cases in low birth 
weight babies (birth weight <2500 grams). In birth 
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weight between 2500 to 3500 grams, Johnson’s formula 

predicted 98.1% and ultrasound predicted 77.1% cases 

accurately, while in birth weight above 3500 grams, 

Johnson’s formula predicted accurately in 79.5% of cases 

with underestimation in 20.5% and ultrasound predicted 

accurately in only 41% cases with underestimation in 

59% of cases. 

 

Table 4: Comparison of weight by Johnson’s formula and Hadlock’s formula with actual birth weight of babies. 

 
Actual birth weight (grams) 

Total (n=525) p value 
<2500 (n=28) 2500-3500 (n=419) >3500 (n=78) 

Weight by Johnson’s formula (grams)   

• <2500 10 (35.7%) 2 (0.5%) 0 (0%) 12 (2.3%) 

<.001 • 2500-3500 18 (64.3%) 411 (98.1%) 16 (20.5%) 445 (84.8%) 

• >3500 0 (0%) 6 (1.4%) 62 (79.5%) 68 (13%) 

Weight by Hadlock’s formula (grams)   

• <2500 17 (60.7%) 57 (13.6%) 2 (2.6%) 76 (14.5%) 

<0.001 • 2500-3500 11 (39.3%) 323 (77.1%) 44 (56.4%) 378 (72%) 

• >3500 0 (0%) 39 (9.3%) 32 (41%) 71 (13.5%) 

Table 5: Comparison of weight measured by Johnson’s and Hadlock’s formula with birth weight. 

 Min-Max    Mean ± SD 

Difference 

with respect to 

birth weight 

t value with 

respect to 

birth weight 

p value with 

respect to birth 

weight 

Weight by Johnson’s 

formula (grams) 
2015.00-4031.00 3093.26±371.93 2.790 0.387 0.699 

Weight by Hadlock’s 

formula (grams) 
1717.00-4144.00 2990.89±448.39 99.587 5.242 <0.001 

Birth weight (grams) 1440.00-4350.00 3090.47±428.99 - - - 

 

 

Figure 1a: Bar diagram comparing weight estimated 

by Johnson’s formula with birth weight.  

Data was tested using Student’s t test to find the 

significance of study parameters. Fetal weight estimated 

by Johnson’s formula, when compared to actual birth 

weight (3093.26 versus 3090.47 grams), the difference of 

2.790 is not statistically significant (p=0.699) confirming 

that Johnson’s method of fetal weight estimation 

correlated well with birth weight with least difference 

compared to fetal weight estimation by Hadlock’s 

formula ( Table 5). 

 

Figure 1b: Bar diagram comparing weight estimated 

by Hadlock’s formula with birth weight. 

Pearson correlation between study variables was used to 

find the degree of relationship. In the present study, the 

correlation coefficients for the fetal weight estimated by 

Johnson’s formula and Hadlock’s formula compared to 

the birth weight were 0.925 and 0.508 respectively 

confirming that Johnson’s method of measurement of 

weight correlated with birth weight with least difference 

compared to Hadlock’s method (Table 6). 
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Table 6: Pearson correlation between the estimated 

fetal weight by Johnson’s formula, Hadlock’s formula 

and birth weight. 

 r value p value 

Weight by Johnson’s versus 
weight by Hadlock’s formula 

0.493 <0.001 

Weight by Johnson’s formula 
versus birth weight 

0.925 <0.001 

Weight by Hadlock’s formula 
versus birth weight 

0.508 <0.001 

DISCUSSION 

In the present study, estimation of fetal weight by both 

clinical and ultrasound methods were done and correlated 

with the birth weight. Most of the babies (79.81%) had 

birth weight between 2500 grams and 3500 grams which 

were similar to the findings in the study done by Kumari 

A et al, (73%) and Njoku C et al, (82%).3,12 Multiparous 

women constituted 56.6% of the study population and 

nulliparous only 43.4%. The mean period of gestation at 

examination was 39.42±0.43 weeks and the mean period 

of gestation at delivery was 39.55±0.45 weeks. The low 

birth babies (birth weight <2500 grams) accounted for 
5.3% and normal weight babies (birth weight between 

2500 to <4000 grams) were 91.9% (482/525) while 

macrosomic babies (birth weight >4000 grams) were 

2.8% (15/525). The percentage of low birth weight babies 

in our study was 5.3% (28/525) and was similar to the 

observation by Njoku C et al, (6%).12  

The mean birth weight in this study was 3090.47±428.98 

grams. This was slightly lower than 3242±508 grams and 

3254±622 grams reported by Njoku C et al, and Shittu 

AS et al, respectively.12,13 The reason might be due to 

several factors affecting birth weight such as ethnic, 

regional and socioeconomic factors.  

In the present study, the mean estimated fetal weight by 

Johnson’s formula 3093.26±371.93 grams was closer to 

the mean of actual birth weight 3090.47±428.98 grams 

when compared with mean estimated fetal weight by 

Hadlock’s formula which was 2990.89±448.39 grams. 

Similarly, Ratwani K et al, found that Hadlock’s formula 

showed a mean weight of 2540 grams whereas mean 

weight at the time of delivery was 2900 grams and mean 

weight by Johnson’s formula came out to 2890 grams 

which was almost equivalent to mean birth weight i.e. 

2900 grams, thus stating that the clinical method could be 

taken as reliable predictor for estimation of fetal weight.9 

There was overestimation of fetal weight by Johnson’s 

formula in 64.3% and by ultrasound in 39.3% of cases in 

low birth weight babies in the present study. In birth 

weight between 2500 to 3500 grams, Johnson’s formula 

predicted 98.1% and ultrasound predicted 77.1% cases 

accurately, while in birth weight above 3500 grams, 

Johnson’s formula predicted accurately in 79.5% of cases 

with underestimation in 20.5% of cases, while ultrasound 

predicted accurately in only 41% cases with 

underestimation in 59% cases.  

A study conducted by Sherman DJ et al, showed similar 

results with ultrasound being more accurate than clinical 

method for fetal weight less than 2500 grams, whereas 
the clinical method was more accurate than ultrasound for 

fetal weight between 2500 to 4000 grams.1 These 

findings were similar to study done by Melamed N et al, 

which stated that the accuracy of weight estimation 

decreased at the extremes of birth weight, leading to 

overestimation in low birth weight categories as opposed 

to underestimation when birth weight exceeds 4000 

grams.6 Also Shittu AS et al, observed that clinical 

estimation of birth weight was as accurate as routine 

ultrasonographic estimation, except in low birth babies.13 

Titapant V et al, also found that among babies with birth 

weight less than 2500 grams, ultrasound estimation 
performed slightly better than the clinical estimation and 

that every method underestimated the fetal weight when a 

baby weighed more than 4000 grams.14 However, 

ultrasound was found to be more accurate in the range of 

2500-3500 grams in a study by Kavitha B et al.8 

The correlation coefficients for the fetal weight estimated 

by Johnson’s formula and Hadlock’s formula in this 

study compared to the birth weight were 0.925 and 0.508 

respectively confirming that Johnson’s method of 

measurement of weight correlated with birth weight with 

least difference compared to Hadlock’s method. Similar 
findings were also found in a study done by Ugwu EO et 

al in which birth weight had a strong positive correlation 

with both clinically and sonographically estimated fetal 

weight (r = 0.71 and r = 0.69 respectively).15 A study 

done by Njoku C et al, stated that the correlation 

coefficient for the clinical and ultrasound methods 

compared to actual birth weight were 0.740 and 0.847 

respectively and both correlated positively with the actual 

birth weight.12 Noumi G et al, noted that the coefficient 

of correlation between the clinical and sonographic 

estimation of fetal weight and the actual birth weight was 

0.59 and 0.65 respectively and concluded that 
sonographic estimation of birth weight offered no 

advantage over clinical estimation of birth weight and 

both were comparable.16 Kumari et al, Baum JD et al, 

Shittu AS et al, Prechapanich J et al, Titapant V et al, 

Torloni MR et al and Ashwini I et al, also concluded that 

easily measurable obstetric parameters, with simple 

instruments requiring minimal manpower training were 

equally accurate as ultrasound in predicting fetal 

weight.3,13,14,17,18,20 

A study done by Kavitha B et al, the authors concluded 

that ultrasound estimation of fetal weight was more 
reliable method than Johnson’s formula and could be 

used in breech and other mal-presentations where 

Johnson’s formula could not be applied and also that it 

had high sensitivity and specificity to estimate fetal 

weight and correlated significantly with birth weight.7 In 

other studies done by Annapurna K et al, Zahran M et al, 
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and Helali EA et al, the authors concluded that ultrasound 

estimation by Hadlock’s formula was superior to clinical 

estimation by Johnson’s formula which differed from our 

study.21-23 

A study conducted by Yiheyis A et al, showed that the 

accuracy of Johnson’s formula was 38% and stated to be 

inaccurate in the study population of South Western 

Ethiopia.24 Similarly, Ugwa EA et al, found that 

correlation between clinical estimation and actual birth 

weight was weak and also found significant error in 

estimating fetal weight by ultrasound and opined that it 

could lead to unnecessary obstetrical intervention.25 

The observations implied that there was clearly a role for 

clinical estimation of birth weight as a diagnostic tool, 

suggesting that clinical estimation was sufficient to 

manage labour and delivery in a term pregnancy 

especially in resource poor settings as well as for early 
detection of fetal weight abnormalities and the proper 

management of pregnancy. 

CONCLUSION 

Clinical estimation correlated well with birth weight and 

is sufficient to manage labour and delivery in resource 

poor settings. Clinical fetal weight estimation should be 

taught to all health care workers as sonographic fetal 

weight estimation requires expensive equipment and is 

not available in all health care facilities. It can be used as 

a routine screening tool for all pregnant women at term. 
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