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ABSTRACT

Background: Accurate estimation of fetal weight is crucial for obstetric
decision-making and predicting perinatal outcomes. This study aimed to
compare the accuracy of Dare's formula, Johnson's formula, and Hadlock's
ultrasonographic formula with actual birth weight in term singleton
pregnancies. Methods: This prospective observational study was conducted at
Dr. BR Ambedkar Medical College, Bangalore, from January to December
2020. A total of 282 term singleton pregnancies with cephalic presentation
were included. Fetal weight was estimated using all three methods within
seven days before delivery. Mean error, mean absolute error, percentage error,
and absolute percentage error were calculated. Paired t-tests and Pearson
correlation analysis were performed to assess accuracy and correlation with
actual birth weight. Accuracy within £10% of actual birth weight was
determined for each method. Results: The mean actual birth weight was
2799.66 + 452.18 g. Hadlock's ultrasonographic method (2815.57 = 451.79 g)
showed no significant difference from actual birth weight (p=0.318), while
Dare's formula (2658.91 + 409.17 g; p<0.001) and Johnson's formula
(3095.15 + 551.81 g; p<0.001) differed significantly. Hadlock's method
demonstrated the lowest mean absolute error (193.57 g), lowest absolute
percentage error (7.09%), and strongest correlation (r=0.825). Accuracy
within £10% was achieved in 80.9% by Hadlock's method, 64.9% by Dare's
formula, and 34.8% by Johnson's formula. Conclusion: Hadlock's
ultrasonographic method is the most accurate for fetal weight estimation at
term. Dare's formula provides reasonable accuracy in resource-limited
settings, while Johnson's formula showed consistent overestimation and
limited clinical utility.
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INTRODUCTION:

Accurate estimation of fetal weight at term is a
cornerstone of modern obstetric  practice,
influencing critical decisions regarding the mode
and timing of delivery.!? The ability to predict birth
weight helps obstetricians anticipate potential
complications such as cephalopelvic disproportion,
shoulder dystocia, birth trauma, and perinatal
asphyxia, thereby reducing maternal and neonatal
morbidity and mortality.>* Both underestimation
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preparedness for operative vaginal delivery.>¢

Various methods have been developed over the
decades to estimate fetal weight before delivery.
These can be broadly categorized into clinical
methods and ultrasonographic methods.” Clinical
methods rely on physical examination and simple
mathematical formulas that utilize maternal
anthropometric measurements. Among these,
Dare's formula and Johnson's formula are the most
widely used, particularly in resource-limited
settings where ultrasonography may not be readily
available.?® Dare's formula calculates estimated
fetal weight (EFW) by multiplying the symphysio-
fundal height (SFH) by the abdominal girth at the
level of the umbilicus, while Johnson's formula
uses SFH with correction factors based on the
station of the fetal presenting part.!%!!
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Ultrasonography has revolutionized prenatal care
and fetal assessment since its introduction in
obstetrics.!? Hadlock's formula, which incorporates
multiple fetal biometric parameters including
biparietal diameter (BPD), head -circumference
(HC), abdominal circumference (AC), and femur
length (FL), is considered the gold standard for
sonographic fetal weight estimation.'>!'* The
method  provides objective, reproducible
measurements and has demonstrated superior
accuracy in numerous studies conducted across
different populations.'>!

However, the accuracy of these estimation methods
varies considerably depending on multiple factors
including maternal body habitus, amniotic fluid
volume, fetal position, gestational age, operator
experience, and population characteristics.!”!3
Several studies have reported conflicting results
regarding which method performs best in clinical
practice.'?®  While ultrasound-based methods
generally show higher correlation with actual birth
weight in developed countries, clinical methods

remain valuable, particularly in low-resource
settings where they offer a cost-effective
alternative.?'??

In developing countries like India, where a
significant proportion of deliveries occur in
primary healthcare centers with limited access to
ultrasound facilities, clinical methods of fetal
weight estimation continue to play a crucial role in
obstetric decision-making.?*** The socioeconomic
profile, nutritional status, and anthropometric
characteristics of the Indian population differ
substantially from Western populations, potentially
affecting the accuracy of these estimation
formulas.?>?6 Therefore, it becomes imperative to
validate these methods in the local population to
determine their reliability and clinical applicability.

Previous studies conducted in various parts of India
have shown variable results, with some favoring
ultrasonographic methods while others report
comparable accuracy with clinical methods.?”?8
However, there remains a paucity of studies that
comprehensively compare all three commonly used
methods—Dare's formula, Johnson's formula, and
Hadlock's ultrasonographic formula—within the
same population under standardized conditions.?%3°
The present study was designed to address this gap
by conducting a systematic comparison of these
three fetal weight estimation methods and
correlating them with actual birth weight in term
singleton pregnancies. By evaluating the accuracy,
reliability, and clinical utility of each method, this
study aims to provide evidence-based guidance for
obstetricians in selecting the most appropriate
estimation technique in routine clinical practice,
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particularly in settings where resource constraints
may limit the availability of ultrasonography. The
findings of this study will contribute to improving
obstetric care and reducing adverse perinatal
outcomes through more accurate fetal weight
assessment.

MATERIALS AND METHODS:

Study Design and Setting:

This  prospective  observational study was
conducted in the Department of Obstetrics and
Gynecology at Dr. BR Ambedkar Medical College
and Hospital, Bangalore, Karnataka, India, over a
period of 12 months from January 2020 to
December 2020. The study was approved by the
Institutional Ethics Committee, and written
informed consent was obtained from all
participating women prior to enrollment.3!

Study Population:

A total of 283 pregnant women attending the
antenatal clinic and labor ward were enrolled in this
study. The sample size was calculated based on
previous similar studies, assuming a correlation
coefficient of 0.75 between estimated and actual
fetal weight, with 80% power and 5% level of
significance.3?

Inclusion Criteria:

Women meeting the following criteria were

included in the study:

e Singleton pregnancies

e  Cephalic presentation confirmed by clinical
examination and ultrasound

e Term gestation (gestational age >37 completed
weeks)

e Live fetus with no major congenital anomalies

e Women who had clinical fetal weight
estimation and ultrasonographic examination
performed within 7 days before delivery

e Documented actual birth weight measured
immediately after delivery

Exclusion Criteria:

The following cases were excluded from the study:

e  Multiple gestations (twins, triplets, or higher-
order pregnancies)

e  Malpresentations
oblique lie)

e Polyhydramnios or oligohydramnios (amniotic
fluid index <5 cm or >25 cm)

e Major fetal congenital anomalies detected on
ultrasound

e Abnormal Doppler studies suggestive of severe
intrauterine growth restriction

e Preterm labor (<37 weeks of gestation)

e  Women who delivered more than 7 days after
fetal weight estimation

(breech, transverse, or
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e Incomplete data or loss to follow-up

Methods of Fetal Weight Estimation:

Three different methods were employed to estimate
fetal weight in all eligible participants, and the
results were compared with the actual birth weight
measured after delivery.

1. Clinical Method - Dare's Formula

Dare's formula is a simple clinical method based on
maternal ~ abdominal ~ measurements.>*  The
estimation was performed by a trained obstetrician
with the woman in supine position after emptying
her bladder. The procedure involved:

Symphysio-fundal height (SFH): Measured in
centimeters using a non-elastic measuring tape
from the upper border of the symphysis pubis to the
highest point of the uterine fundus, following the
curvature of the uterus.

Abdominal girth (AG): Measured in centimeters
at the level of the umbilicus using the same
measuring tape, ensuring that the tape was
horizontal and snug but not compressing the
maternal abdomen. 3¢

The estimated fetal weight was calculated using the
formula: EFW (grams) = SFH (cm) x AG (cm)

2. Clinical Method - Johnson's Formula:
Johnson's formula incorporates symphysio-fundal
height with a correction factor based on the station
of the fetal presenting part.’” The same symphysio-
fundal height measurement used for Dare's formula
was utilized. The station of the fetal head was
assessed by vaginal examination and classified
relative to the ischial spines.®

The formula used was: EFW (grams) = 155 x

(SFH - x)

Where x is a correction factor determined by the

station of the presenting part:

e X 13 if the presenting part is above the
ischial spines (unengaged, stations -3 to -1)

e x = 12 if the presenting part is at the level of
ischial spines (station 0)

e X 11 if the presenting part is below the
ischial spines (engaged, stations +1 to +3)

This correction accounts for the descent of the fetal
head into the maternal pelvis.*

3. Ultrasonographic Method - Hadlock's
Formula:

Ultrasonographic fetal biometry was performed by
experienced radiologists wusing a real-time
ultrasound machine (with a 3.5-5 MHz curvilinear
transducer) within 7 days before delivery.*® The
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following fetal biometric

measured according to standard techniques:

e Biparietal diameter (BPD): Measured in the
transverse plane of the fetal head at the level of
the thalami and cavum septum pellucidum,
from the outer edge of the proximal skull to the
inner edge of the distal skull.

e Head circumference (HC): Measured at the
same level as BPD, tracing around the outer
perimeter of the calvarium.

e Abdominal circumference (AC): Measured
in a transverse plane at the level of the fetal
stomach and umbilical vein, at the level of the
portal sinus.

e  Femur length (FL): Measured as the length of
the ossified femoral diaphysis, excluding the
distal femoral epiphysis.

parameters ~ were
41,42

The ultrasound machine automatically calculated
the estimated fetal weight using Hadlock's formula,
which utilizes all four parameters in a complex
logarithmic regression equation.'>* The most
commonly used Hadlock formula (Hadlock 4) is:
LoglO(EFW) 1.326 - 0.00326(AC)(FL) +
0.0107(HC) + 0.0438(AC) + 0.158(FL)

4. Actual Birth Weight Measurement:

All neonates were weighed immediately after
delivery (within 30 minutes of birth) using a
calibrated digital electronic weighing scale with an
accuracy of =+10 grams.** The newborn was
weighed naked, after initial drying but before
administration of any fluids or medications. The
birth weight was recorded in grams and served as
the reference standard for comparison with all
estimation methods.*

Data Collection:

Detailed demographic and clinical information was
collected for each participant using a structured
proforma. This included maternal age, parity,
educational status, socioeconomic status, menstrual
history, obstetric history, and presence of any
comorbidities. Gestational age was confirmed by
last menstrual period and early ultrasound dating
(first trimester or early second trimester scan).*

Statistical Analysis:

Data were entered into Microsoft Excel and
analyzed using SPSS version 23.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables were
expressed as mean + standard deviation (SD), and
categorical  variables as frequencies and
percentages.*’

The following statistical analyses were performed:

1. Descriptive statistics: Mean, standard
deviation, and range were calculated for all
fetal weight estimates and actual birth weight.
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2. Mean error (ME): Calculated as (Estimated
fetal weight - Actual birth weight) to determine
systematic bias (overestimation or
underestimation) for each method.

3. Mean absolute error (MAE): Calculated as

the absolute value of (Estimated fetal weight -

Actual birth weight) to assess overall accuracy

without considering direction.

Percentage error (PE): Calculated as

[(Estimated fetal weight - Actual birth weight)

/ Actual birth weight] x 100 to express error

relative to birth weight.

5. Absolute percentage error (APE): Calculated
as the absolute value of percentage error to
assess overall accuracy as a percentage.

6. Paired t-test: Used to compare the mean
estimated fetal weight by each method with
actual birth weight and to determine statistical
significance of differences.48

7. Pearson correlation coefficient  (r):
Calculated to assess the strength of linear
relationship between each estimation method
and actual birth weight. Correlation was
interpreted as: weak (r < 0.4), moderate (0.4 <
r <0.7), strong (0.7 <r <0.9), or very strong (r
>0.9).49

8. Accuracy within £10%: The proportion of
cases where the estimated fetal weight fell
within 10% of the actual birth weight was
calculated for each method as a measure of
clinically acceptable accuracy.50

9. Subgroup analysis: Analysis was performed
across different birth weight categories: low
birth weight (<2500 g), normal birth weight
(2500-4000 g), and macrosomia (>4000 g).

A p-value of <0.05 was considered statistically
significant for all analyses. All statistical tests were
two-tailed.

RESULTS:

A total of 283 pregnant women were enrolled in
this study. After excluding one case due to
incomplete data, 282 women were included in the
final analysis. All participants delivered live
singleton babies at term gestation with cephalic
presentation.

Maternal Characteristics:

The mean maternal age was 25.32 + 4.33 years
(range: 16-40 years). The majority of participants
belonged to the low socioeconomic status group.
Among the study population, 88 (31.2%) were
primigravidas and 194 (68.8%) were multigravidas.
Table 1 summarizes the baseline demographic and
clinical characteristics of the study population.
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Table 1: Baseline Demographic and Clinical Characteristics

of Study Population
Characteristic Value
Total number of cases 282
Mean maternal age (years) 25.32+433
Age range (years) 16 - 40
Parity
Primigravida 88 (31.2%)
Multigravida 194 (68.8%)
Religion
Hindu 143 (50.7%)
Muslim 122 (43.3%)
Christian 17 (6.0%)
Education
Illiterate 6 (2.1%)
Primary (5th-6th standard) 31 (11.0%)
SSLC (10th standard) 149 (52.8%)
PUC (12th standard) 93 (33.0%)
Graduate and above 3 (1.1%)
Economic status
Low 282 (100%)

Comparison of Fetal Weight Estimates with
Actual Birth Weight

The mean actual birth weight was 2799.66 =+
452.18 g (range: 1300-4120 g). The mean estimated
fetal weight calculated by Dare's formula was
265891 + 409.17 g, by Johnson's formula was
3095.15 + 551.81 g, and by ultrasonography
(Hadlock's formula) was 2815.57 = 451.79 g. Table
2 presents the comparison of mean fetal weight
estimates by all three methods with actual birth
weight.

Table 2: Comparison of Mean Estimated Fetal Weight by
Different Methods with Actual Birth Weight

Parameter Mean + SD Range

(grams) (grams)
Actual Birth Weight | 2799.66 +452.18 1300 - 4120
Dare's Formula 2658.91 +409.17 1920 - 4012
Johnson's Formula 3095.15 + 551.81 1860 - 5425
Hadlock's USG 2815.57 +451.79 1560 - 4000
Formula

Among the three methods, the mean estimate by
Hadlock's ultrasonographic formula (2815.57 g)
was closest to the actual mean birth weight
(2799.66 g), followed by Dare's formula (2658.91
g), while Johnson's formula showed the highest
mean estimate (3095.15 g).

with Actual Birth Weight (n=282)
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Fig 1: Bar chart comparing mean fetal weight by all three
methods with actual birth weight, with error bars showing
standard deviation
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Analysis of Estimation Errors:

Mean Error and Mean Absolute Error:

The mean error, which indicates the systematic bias
(overestimation or underestimation), was calculated
for each method. Dare's formula showed a mean
error of -140.74 + 335.16 g (underestimation),
Johnson's formula showed +295.50 + 422.68 g
(overestimation), and Hadlock's ultrasonographic
method showed +15.91 +267.25 g (minimal bias).

The mean absolute error, which represents the
average magnitude of deviation regardless of
direction, was lowest for Hadlock's formula
(193.57 + 184.59 g), followed by Dare's formula
(264.95 + 248.52 g), and highest for Johnson's
formula (424.41 + 292.44 g). Table 3 summarizes
the error analysis.

Table 3: Mean Error and Mean Absolute Error of Different
Estimation Methods

Method Mean Error Mean Absolute
(2) Error (g)

Dare's Formula -140.74 + 264.95 +248.52
335.16

Johnson's Formula | +295.50 + 42441 £292.44
422.68

Hadlock's USG +1591 + 193.57 £ 184.59

Formula 267.25

Distribution of Estimation Errors for Different Fetal Weight Estimation Methods
(n=282)

tual Birth Weight]

H
5
5

c3
£2
53
23
g

E

g

Fig 2: Box plot showing the distribution of errors
(overestimation and underestimation) for all three methods

Percentage Error and Absolute Percentage
Error:

When expressed as percentages, the mean
percentage error was -3.96 + 12.92% for Dare's
formula, +11.57 + 17.29% for Johnson's formula,
and +1.15 + 9.71% for Hadlock's ultrasonographic
method.

The absolute percentage error, which indicates the
overall accuracy independent of direction, was
lowest for Hadlock's method (7.09 + 6.72%),
followed by Dare's formula (9.59 + 9.51%), and
highest for Johnson's formula (15.99 £ 13.28%).
These findings are presented in Table 4.
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Table 4: Percentage Error and Absolute Percentage Error of
Different Estimation Methods

Method Percentage Absolute Percentage
Error (%) Error (%)

Dare's -3.96 + 12.92 9.59+£9.51

Formula

Johnson's +11.57+17.29 15.99 + 13.28

Formula

Hadlock's +1.15+9.71 7.09 +6.72

USG Formula
Statistical Comparison with Actual Birth
Weight:

Paired t-test was performed to compare the
estimated fetal weight by each method with actual
birth weight. The results showed that both Dare's
formula (t = -7.052, p < 0.001) and Johnson's
formula (t = 11.740, p < 0.001) had statistically
significant differences from actual birth weight. In
contrast, Hadlock's ultrasonographic method
showed no statistically significant difference from
actual birth weight (t 1.000, p = 0.318),
indicating that the mean estimate by ultrasound was
not significantly different from the mean actual
birth weight.

Table 5: Paired t-test Comparison of Each Method with

Actual Birth Weight

Method t- p- Significance
value value

Dare's Formula vs -7.052 | <0.001 | Significant
ABW
Johnson's Formula vs 11.740 | <0.001 | Significant
ABW
Hadlock's USG 1.000 0.318 Not
Formula vs ABW Significant

ABW = Actual Birth Weight

Correlation Analysis:

Pearson correlation analysis was performed to
assess the strength of linear relationship between
each estimation method and actual birth weight. All
three methods showed statistically significant
positive correlations with actual birth weight (p <
0.001).

Hadlock's ultrasonographic method demonstrated
the strongest correlation (r = 0.825), indicating a
strong positive linear relationship with actual birth
weight. Dare's formula showed moderate to strong
correlation (r = 0.701), while Johnson's formula
had the weakest correlation among the three
methods (r = 0.662), though still moderate. Table 6
presents the correlation coefficients.

Table 6: Pearson Correlation of Different Methods with
Actual Birth Weight

Method Correlation p- Interpretation
Coefficient (r) | value

Dare's 0.701 <0.001 | Strong positive

Formula correlation

Johnson's 0.662 <0.001 | Moderate

Formula positive
correlation

Hadlock's 0.825 <0.001 | Strong positive
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Correlation Between Estimated Fetal Weight and Actual Birth Weight (n=282)

Dare's Formula
r=10.701, p < 0.001
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Fig 3: Scatter plots with regression lines showing correlation between each estimation method and actual birth weight - three

separate panels or one combined figure

Accuracy Within £10% of Actual Birth Weight:
Clinically acceptable accuracy was defined as
estimated fetal weight falling within £10% of
actual birth weight. This criterion was met in 228
cases (80.9%) by Hadlock's ultrasonographic
method, 183 cases (64.9%) by Dare's formula, and
only 98 cases (34.8%) by Johnson's formula. Table
7 illustrates the accuracy within +10% for all three
methods.

Table 7: Accuracy Within £10% of Actual Birth Weight

Method Number of Cases | Percentage
Dare's Formula 183 64.9%
Johnson's Formula 98 34.8%
Hadlock's USG Formula | 228 80.9%

Accuracy of Fetal Weight Estimation Methods
(Proportion Within £10% of Actual Birth Weight, n=282)

H
g

== Clinical acceptability threshold (80%)
50% reference line

80.9%
(228/282)

@
g

64.9%
(183/282)

a
2

N
8

34.8%
(98/282)

MODERATE

w
g

=3

Percentage of Cases Within £10% of Actual Birth Weight (%)

s

Johnson's
Formula
Estimation Method

Hadlock's
UsG

Dare's
Farmula

Fig 4: Bar chart comparing the percentage of cases within
+10% accuracy for all three methods

Analysis by Birth Weight Categories

The study population was categorized based on
actual birth weight into three groups: low birth
weight (<2500 g), normal birth weight (2500-4000
g), and macrosomia (>4000 g). There were 67 cases
(23.8%) of low birth weight, 214 cases (75.9%) of
normal birth weight, and only 1 case (0.4%) of
macrosomia.

Analysis of absolute percentage error across
different birth weight categories revealed that in the
normal  birth  weight  group,  Hadlock's

1199

ultrasonographic method had the lowest mean
absolute percentage error (6.22%), followed by
Dare's formula (9.56%) and Johnson's formula
(14.49%).

In the low birth weight category, Dare's formula
performed best with a mean absolute percentage
error of 9.68%, followed by Hadlock's method
(9.94%), while Johnson's formula showed the
poorest performance (20.94%). Due to the presence
of only one macrosomia case, statistical
comparison in this category was not meaningful.
Table 8 presents the detailed subgroup analysis.

Table 8: Mean Absolute Percentage Error by Birth Weight

Categories
Birth n (%) Dare's | Johnson' | Hadloc
Weight Formu | s k's
Category la (%) | Formula | USG
(%) (%)
Low Birth | 67 9.68 20.94 9.94
Weight (23.8%)
(<2500g)
Normal 214 9.56 14.49 6.22
(2500- (75.9%)
4000g)
Macrosomi | 1(0.4%) | 10.87 5.95 291
a (>4000g)
Total 282 9.59 15.99 7.09
(100%)
R Aol oes Birin Werght Categonen (negag) T o

B Johnsan's Formula
B Haclaci's USG

Mean Absolute Percentage Error (%)

Narmal
(250040005
=214

s Birth Weight Category
Fig 5: Grouped bar chart showing mean absolute percentage
error for each method across different birth weight

categories
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DISCUSSION:

The accurate estimation of fetal weight remains a
critical component of obstetric care, influencing
clinical decision-making regarding the mode and
timing of delivery. This prospective observational
study compared three commonly used fetal weight
estimation methods—Dare's formula, Johnson's
formula, and Hadlock's ultrasonographic formula—
with actual birth weight in 282 term singleton
pregnancies. Our findings demonstrate that while
all three methods showed significant correlation
with actual birth weight, ultrasonographic
estimation using Hadlock's formula exhibited
superior accuracy compared to clinical methods.

Comparison with Actual Birth Weight:

In our study, the mean actual birth weight was
2799.66 + 452.18 g, which is consistent with the
average birth weight reported in several Indian
studies.51,52 Hadlock's ultrasonographic method
yielded a mean estimate of 2815.57 g, which was
remarkably close to the actual mean birth weight
and showed no statistically significant difference (p
= 0.318). This finding is in agreement with multiple
international  studies that have established
ultrasonography as the most reliable method for
fetal weight estimation.’>*

Conversely, Dare's formula underestimated fetal
weight with a mean of 2658.91 g (mean error: -
140.74 g), while Johnson's formula consistently
overestimated with a mean of 3095.15 g (mean
error: +295.50 g). Both clinical methods showed
statistically significant differences from actual birth
weight (p < 0.001). Similar patterns of systematic
bias have been reported by Shittu et al. and Bajaj et
al. in their respective studies.>>

Accuracy and Error Analysis:

The mean absolute error was lowest for Hadlock's
ultrasonographic method (193.57 g), followed by
Dare's formula (264.95 g) and Johnson's formula
(424.41 g). When expressed as percentage error,
ultrasound demonstrated the best performance with
an absolute percentage error of 7.09%, compared to
9.59% for Dare's formula and 15.99% for Johnson's
formula. These results are comparable to those
reported by Kumari et al, who found
ultrasonographic estimation to have an absolute
percentage error of 6.8%, while clinical methods
ranged from 9.2% to 16.5%.%7

The clinically acceptable accuracy criterion of
estimation within £10% of actual birth weight was
achieved in 80.9% of cases by ultrasonography,
64.9% by Dare's formula, and only 34.8% by
Johnson's formula. This is consistent with the
findings of Njoku et al., who reported 75.3%
accuracy within £10% for ultrasound compared to
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58.6% for clinical methods.*® The high accuracy of
ultrasonographic estimation can be attributed to the
objective measurement of multiple fetal biometric
parameters that collectively provide a more
comprehensive assessment of fetal size.*

Correlation Analysis:

Pearson correlation analysis revealed that all three
methods had significant positive correlations with
actual birth weight (p < 0.001). However,
Hadlock's ultrasonographic formula demonstrated
the strongest correlation (r = 0.825), followed by
Dare's formula (r = 0.701) and Johnson's formula (r
= 0.662). These correlation coefficients are in
accordance with those reported in studies by
Bajracharya et al. and Ugwu et al., both of whom
found ultrasonographic methods to have correlation
coefficients exceeding 0.80.60:61

The superior correlation of ultrasonography can be
explained by its ability to directly visualize and
measure fetal anatomical structures, thereby
minimizing the influence of confounding factors
such as maternal obesity, amniotic fluid volume
abnormalities, and fetal lie, which significantly
affect clinical estimation methods. %%

Performance Across Birth Weight Categories:
Subgroup analysis based on birth weight categories
revealed interesting patterns. In the normal birth
weight group (2500-4000 g), which comprised
75.9% of our study population, ultrasonography
maintained superior accuracy with a mean absolute
percentage error of 6.22%. This finding is
consistent with the study by Pressman et al., which
reported that ultrasonographic accuracy is
optimized in normal-weight fetuses.*

Interestingly, in the low birth weight category
(<2500 g), Dare's clinical formula performed
comparably to ultrasonography (9.68% vs 9.94%
absolute percentage error), while Johnson's formula
showed markedly poor performance (20.94%). This
suggests that Dare's formula may be particularly
useful in resource-limited settings where low birth
weight babies are more prevalent and ultrasound
facilities are not readily available.®> The tendency
of Johnson's formula to overestimate fetal weight
has been previously documented and may be
attributed to the fixed correction factors that do not
account for individual variations in fetal-pelvic
relationships.%

Clinical Implications:

The results of this study have important clinical
implications. While ultrasonography clearly
demonstrates superior accuracy, the moderate
performance of Dare's formula (64.9% within
+10% accuracy) suggests it can serve as a valuable
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screening tool in primary healthcare settings where
ultrasound is unavailable or inaccessible.®’
However, in situations where precise fetal weight
estimation is  critical—such as  suspected
macrosomia, previous cesarean section, or maternal
diabetes—ultrasound should be the preferred
modality.%

Johnson's formula, despite its widespread use,
showed consistent overestimation and poor
correlation in our study, which aligns with findings
from several recent studies.®’° The overestimation
by Johnson's formula could potentially lead to
unnecessary interventions, including elective
cesarean sections, particularly in cases near the
borderline for vaginal delivery.”! Therefore,
clinicians should exercise caution when relying
solely on this method for clinical decision-making.

Comparison with Previous Studies:

Our findings are consistent with several studies
conducted in different populations. Ashrafganjooei
et al. reported ultrasonographic accuracy of 78%
within £10%, similar to our finding of 80.9%.72
Likewise, a study by Raghuvanshi et al. in North
India found Dare's formula to have 62% accuracy
within +10%, closely matching our result of
64.9%.7

However, some studies from sub-Saharan Africa
have reported better performance of clinical
methods, with accuracy rates approaching those of
ultrasonography.’*”> These variations may be
attributed to differences in study populations,
particularly maternal nutritional status, body
habitus, and ethnic factors that influence the
applicability of different estimation formulas.”®

Strengths and Limitations:

The strengths of our study include a prospective
design, standardized methodology with single-
operator measurements to minimize inter-observer
variability, strict inclusion and exclusion criteria,
and comprehensive statistical analysis comparing
all three methods simultaneously. Additionally, all
fetal weight estimations were performed within 7
days of delivery, minimizing the error introduced
by fetal growth between estimation and birth.

However, certain  limitations should be
acknowledged. Our study population consisted
entirely of women from low socioeconomic status,
which may limit the generalizability of findings to
other populations. The number of macrosomic
babies (>4000 g) was too small for meaningful
subgroup analysis in this weight category.
Furthermore, all ultrasound examinations were
performed by experienced radiologists, and the
accuracy may differ in settings with less
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experienced operators.”’” Future studies with larger
sample sizes including diverse socioeconomic
groups and higher numbers of macrosomic babies
would provide more comprehensive insights.

Future Directions:

The integration of artificial intelligence and
machine learning algorithms in fetal weight
estimation represents a promising frontier.”® Studies

have shown that machine learning models
incorporating multiple clinical and
ultrasonographic ~ parameters can potentially

improve prediction accuracy beyond traditional
formulas.” Additionally, three-dimensional
ultrasound volumetry is emerging as an alternative
method that may offer improved accuracy,
particularly in cases where two-dimensional
biometry is challenging.

In conclusion, this study reinforces the superiority
of ultrasonographic fetal weight estimation using
Hadlock's formula over clinical methods in terms
of accuracy, correlation, and clinically acceptable
performance. While ultrasound should remain the
gold standard where available, Dare's clinical
formula can serve as a reasonable alternative in
resource-constrained  settings. The consistent
overestimation and poor performance of Johnson's
formula suggest limited utility in contemporary
obstetric practice. These findings should guide
clinicians in selecting the most appropriate fetal
weight estimation method based on available
resources and clinical context, ultimately
contributing to improved obstetric outcomes.

CONCLUSION:

This prospective observational study
comprehensively evaluated and compared three
commonly used fetal weight estimation methods—
Dare's clinical formula, Johnson's clinical formula,
and Hadlock's ultrasonographic formula—against
actual birth weight in 282 term singleton
pregnancies. The findings conclusively demonstrate
that ultrasonographic estimation using Hadlock's
formula is the most accurate and reliable method,
with the lowest mean absolute error (193.57 g),
lowest absolute percentage error (7.09%), strongest
correlation with actual birth weight (r = 0.825), and
highest proportion of estimates within clinically
acceptable limits of £10% (80.9%).

Among the clinical methods, Dare's formula
showed moderate accuracy (64.9% within £10%)
and maintained reasonable performance across
different birth weight categories, making it a viable
option in resource-limited settings where
ultrasonography is unavailable. However, Johnson's
formula demonstrated consistently poor
performance with significant overestimation bias
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and the lowest accuracy (34.8% within +10%),
suggesting limited clinical utility in contemporary
obstetric practice.

The choice of fetal weight estimation method
should be guided by the clinical context, available
resources, and the critical nature of the obstetric
decision at hand. In facilities equipped with
ultrasound and trained personnel, Hadlock's
ultrasonographic method should be the preferred
approach for fetal weight estimation. In primary
healthcare settings lacking ultrasound facilities,
Dare's formula can serve as a practical alternative
for screening purposes. Healthcare providers
should be aware of the inherent limitations and
systematic biases of each method to make informed
clinical decisions and avoid unnecessary
interventions.

Future research should focus on developing
population-specific formulas that account for ethnic
and nutritional variations, exploring the integration
of machine learning algorithms for enhanced
prediction accuracy, and validating three-
dimensional ultrasonographic volumetry as an
alternative estimation technique. The ultimate goal
remains to optimize fetal weight estimation
accuracy to improve obstetric decision-making,
reduce maternal and perinatal morbidity, and
enhance overall pregnancy outcomes.
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