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SUMMARY
Background: Neonatal outcome is dependent on birth weight. Accurate prediction of fetal
weight is central to neonatal survival. Both clinical and ultrasonographic estimation using
Dare’s and Hadlock formula respectively are in common use. This study will compare both
equations to identify the more accurate method.
Aim: This study compared indices of validity of clinical and ultrasonographic methods of
fetal weight estimation at term.
Objectives: The objectives were to determine the indices of validity of Dare’s formula and
Hadlock’s ultrasound formula, and determine which of the two methods better predicted
actual birth weight.
Research Methods: This was an observational comparative study that was conducted at
DELSUTH, Oghara over a period of 4 months. It compared the indices of validity of Dare’s
formula and Hadlock equation in the estimation of birth weights at term.
Handling of results: The data obtained was collated, coded and analysed using Statistical
package for social scientists (SPSS) 21(IBM, Chicago, USA); and results are presented in
tables and figures. Accuracy of birth weight estimation for low, normal and large birth weight
categories, and for both birth weight estimation methods were derived by calculating
percentage errors, absolute percentage error and ratio by percentage of estimates within 10%
of actual birth weight. Results will serve as basis for recommendation of a better technique
for fetal weight estimation.
Strengths and limitations: The same investigator made measurements for both clinical and
ultrasound estimations of fetal weight, therefore inherent bias could not be excluded. Good
clinical methods and taking the average of two measurements however minimized bias. The
1

fetuses may also have gained more weight at varying extents during the estimation-delivery
interval, no adjustments were however made for any such probable weight change.
Key words: estimated fetal weight, Dare’s formula, Hadlock’s formula, ultrasound
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INTRODUCTION
Accurate estimation of fetal weight is important in obstetrics as adequate weight at
each gestational age assures the obstetrician of the normal growth and development of the
fetus1. Human fetal growth is characterised by sequential patterns of tissue and organ growth,
differentiation and maturation2. This is determined, by maternal provision of substrates,
placental transfer of these substrates and fetal growth potential governed by genomes2. Fetal
growth has been divided into three consecutive cell growth phases2. The initial phase of
hyperplasia occurs during the first sixteen weeks and is characterised by a rapid increase in
cell number2. The second phase which extends up to 32 weeks includes both cellular
hyperplasia and hypertrophy2. After 32 weeks, fetal growth occurs via cellular hypertrophy
and it is during this phase that most fetal fat and glycogen deposition take place2. The fetal
growth is complex involving biophysical and biochemical dimensions2. Although many
factors have been implicated in the process of fetal growth, the precise cellular and molecular
mechanism by which normal fetal growth occurs is not well understood2. The fetal growth
rate is 5g/day at 15 weeks, 15-20g at 24 weeks and 30-35g at 34 weeks2.
Fetal weight is prognostic of progress and outcome of pregnancy, as infant survival
and childhood morbidity are dependent on birth weight3. The accurate identification of low
birth weight, normal birth weight and fetal macrosomia in the antepartum period gives an
indication of the intensity of ante-partum surveillance offered1. This influences decisions
regarding mode and time of delivery for fetuses1,4 as identification of disturbances in fetal
growth is important in antenatal care due to associated complications5.Low birth weight,
accounts for a significant proportion of perinatal morbidity and mortality in developing
countries, and has long-term health implications such as learning disabilities, respiratory
disorders, renal diseases, glucose intolerance, and cardiovascular diseases6. Fetal macrosomia
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on the other hand is associated with fetal and maternal complications in the intra-partum
period as well as in the pueperium7.
Fetal weight estimation is a routine part of management of both low and high risk
pregnancies in the ante-partum period8. It is particularly indicated in the management of
diabetic pregnancies, vaginal birth after caesarean section, intra-partum management of
fetuses in breech presentation and categorization of fetuses into LBW or macrosomia leading
to obstetric interventions that collectively aim to ensure good perinatal and maternal
outcomes1. Very low birth weight babies delivered vaginally are predisposed to skull injuries,
limb fractures, and trauma to the abdominal organs4. Hence, knowledge of fetal birth weight
plays a role in counselling of parents on time, mode of delivery as well as level of health
care facility for taking that delivery4.Therefore, superior techniques should be employed in
the estimations of fetal weights in the preterm and term fetuses to better manage cases9.
From ancient times, the Leopold’s manoeuvres, with variations in technique have
been used in the clinical estimation of fetal weight and have proved fairly accurate albeit
beset by a high degree of subjectivity and therefore irreproducibility1,10. In addition, the
tactile assessment of fetal size clinically, the identification of clinical risk factors, maternal
self-estimated fetal weight; and equations of prediction of birth-weight are known clinical
methods of estimating fetal weight with surprisingly good positive predictive values1.
Clinical formulae which compare fetal weights are the Dawn’s, Johnson’s and Dare’s and
some authors have identified the Dare’s formula for the clinical estimation of fetal weight as
superior to that of Johnson’s and Dawn’s at the lower limit of normal and below7. The Dare’s
clinical formula was found to be most superior with a computed positive predictive value for
actual birth weights of 61-85.5% compared to 42-68% and 57-70.9% for Dawn’s and
Johnson’s respectively.7
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With expanding technology, the use of imaging modalities such as the ultrasound scan
and magnetic resonance imaging have come into limelight in assessing fetal weight1,10.Fetal
weight estimation by ultrasonography is dependent on more complex regression equations
such as the most commonly used Hadlock’s formulae (Hadlock FL/AC and Hadlock
BPD/FL/AC) and Shepard’s formula (Shepard BPD/AC) proposed respectively by Hadlock
and Shepard11.There is documented evidence that the Hadlock’s formulae are superior to
Shepard’s formula in fetal weight estimation with lower mean absolute percentage errors of
8.6±7.5 (Hadlock BPD/FL/AC), 9.0±7.9 (Hadlock FL/AC) and 9.7±8.3 (Shepard BPD/AC)
respectively11. Hadlock BPD/FL/AC equation has also similarly been shown to have a lower
overall mean error of 8.7, compared to Hadlock FL/AC with overall mean error of 9.1.These
ultrasonographic equations are based on fetal anthropometric indices such as bi-parietal
diameter, occipito-frontal diameter, head circumference, abdominal circumference, and femur
length12.The positive predictive values of ultrasound in the estimation of birth weights have
been shown to increase with the use of multiple biometric parameters13,14.
The burden of extreme fetal weight on maternal and neonatal health has thus
necessitated research into accurate ways of estimating fetal weight especially when
estimation of fetal weight would help in taking appropriate management decisions4. Several
researchers have compared the correlation between the various techniques of estimating fetal
weight at term and findings have been diverse1,2,4,10,15. In this study, the clinical method
using Dare’s formula and ultrasound method using Hadlock’s formula (BPD/FL/AC) will be
used to estimate fetal weight and findings compared with actual birth weights. Knowledge of
which technique is more predictive of actual birth-weight is vital for good clinical practice
and better neonatal outcome8.
Abnormality of birth weight is a major problem, from a global, national and local
perspective16. On a global scale, reports from the United Nations Children’s Fund and several
5

nations show the percentage of low birth weight to range between 6 and14% during 1998–
200916,17. With the attendant sequelae of complications, screening for disturbances in fetal
weight is seen as sacrosanct in antenatal care because it is a key factor in perinatal morbidity
and mortality18. However, despite the use of ultrasound worldwide, concerns about the
prediction of abnormalities in fetal weight using more accurate techniques in obstetric care
remain19. On a national platform, the picture is similar20. For example, in Nigeria, perinatal
outcome largely relates to birth-weight and this remains an important determinant of neonatal
survival, health in infancy, childhood and adulthood20. In the community where Delta State
University Teaching Hospital is located, there is a large obstetric population with the
attendant challenges in decision on mode of delivery. The evidence-based establishment of a
more superior technique in estimation of fetal weight is highly desirable. DELSUTH is a new
facility, and this research is the first of its kind to be undertaken. It is envisaged that this
study will contribute to the global body of knowledge, serve as a basis for recommendations
and improve perinatal outcome across term babies.
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CHAPTER 2 - LITERATURE REVIEW
2.0

LITERATURE REVIEW SEARCH STRATEGIES
A systematic electronic search of Medline, Pub Med, Health Internetwork Access to

Research Initiative (HINARI), Cochrane library, journal websites dialogue boxes and Google
Scholar databases was conducted for studies which compared clinical and sonographic fetal
weight estimation. There was no restriction on time period but language was restricted to
only articles published in English language. The search was done in keywords like estimated
fetal weight, Dare’s formula, Hadlock’s formula, and ultrasound. Inclusion criteria were
articles on fetal weight estimation using Dare’s clinical formula and Hadlock’s (BPD/AC/FL)
ultrasound model. Exclusion criteria were all other methods of fetal weight estimation.
2.1

THE ROLE OF FETAL WEIGHT ESTIMATION IN PREGNANCY

2.1.1 Estimation of fetal weights enables the appropriate management of pregnancies as
well as in infancy8,21. Hintz et al21retrospectively analysed the National Institute of Child
Health and Human Development (NICHD) Neonatal Research Network registry and the
ELBW follow-up study database to identify the need and use of special services among
extremely low birth weight babies delivered over a 4-year period. A large percentage (54.7%)
of infants studied used more than 3 special services over 18-22 months of life, while 19.1%
used up to 6-7 special services. Based on these findings, recommendations were made for
efforts for urgent improvement of comprehensive special services.
2.1.2 Peregrine et al13 estimated fetal weights prior to induction of labour in 262
pregnancies at term using maternal perception, Leopold manoeuvres, Shepard and Hadlock
equations. The aim was to examine the prediction of birth weight prior to induction of labour.
In the Leopold (clinical) and the Hadlock arms; the study showed mean percentage errors of -
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1.9±9.3% for clinical estimation and -7.6±10.6% for Hadlock equation. The estimates were
significantly different from actual birth weights. The proportion of estimates of the EFW
within 10% of actual birth weights were 71% and 42% respectively. The sensitivity and
specificity of detecting a foetus weighing less than 3000g were 56%;98% for clinical method
and 100%;76% for Hadlock equation while those for detecting a fetus greater than 4000g
were 16%;99% for clinical method and 40%;94% for Hadlock equation. Due to the low PPV
of 33% for Hadlock AC/FL, the authors concluded that the Hadlock equation performed
consistently poorer in predicting low- or high-birth weight fetuses prior to induction of
labour. This is however understandable and expected as the Hadlock AC/FL equation was
used rather than HadlockBPD/AC/FL equation that will be used in this proposed study.
Equations using more anthropometric fetal parameters have been shown to have better
predictive abilities22–25.In this proposed study, Hadlock BPD/AC/FL equation will be
compared to the Dare’s formula.
2.1.3 Jastrow et al26 in a retrospective study estimated the association between actual birth
weights and adverse obstetric outcomes in 2,586 women attempting vaginal births after
caesarean. Women were categorized according to birth weights into 3 groups. Group 1: less
than 3,500g, Group 2: 3,500-3999g and Group 3: 4000g or more. Birth weight was directly
correlated to the rate of failed induction of labour (p<0.01), uterine rupture (p<0.05), shoulder
dystocia (p<0.01) and third and fourth degree perineal lacerations (p<0.01). The study
adjusted for confounding variables and birth weight of 4000g or more remained associated
with uterine rupture, shoulder dystocia, and third and fourth degree perineal lacerations.
Based on the outcomes, recommendations were made for fetal weight estimation be included
in the decision making process for all women contemplating a trial of labour after a
Caesarean delivery.
2.2

THE CHALLENGES ASSOCIATED WITH FETAL WEIGHT ESTIMATION
8

2.2.1 No formula for estimating fetal weight has achieved an accuracy which enables us to
recommend its use”27. This ASUM (Australian Society for Ultrasound in Medicine) policy
statement on normal ultrasonic fetal measurements was released in 1991 then updated in
1996 and again in 200227. Estimating fetal weight for best clinical outcome particularly with
small or large babies has always proved to be a challenge27. Therefore, Westerway27assessed
inter/intra-observer error for fetal parameter measurements with multiple observers and
compared six commonly used formulae (Shepard BPD/AC, Hadlock HC/AC, Hadlock
AC/FL, Hadlock HC/AC/FL, Hadlock BPD,HC,AC,FL, Hadlock BPD/AC/FL) with their
inter and intra variations for different weight ranges. Inter-observer error was 1.3 to 3.1%
while the calculated intra-observer error was 1.1 to 1.9%. Another study28identified a percent
error of -4.0 ± 8.5% to 1.3 ± 8.5% between examiners. The accuracy of each EFW equation
changed with different weight ranges. For all the formulae, the highest random error occurred
in the macrosomic group while the least random error (7.7%) in all weight groups was seen
with the Hadlock formula incorporating HC/AC/FL. Similarly, another study28 found that the
highest intra-class correlation coefficient in all BW groups and the lowest percent errors
between birth weights 1500g and 3500g were generated with Hadlock formulae (AC/FL and
HC/AC/FL).
2.2.2 Jordaan29 created equations with single and multiple fetal anthropometric indices
(abdominal circumference, AC, head circumference, HC, bi-parietal diameter, BPD, and
occipito-frontal diameter, OFD) for the ultrasonographic estimation of fetal weight. The
equations are reproduced below and their correlation coefficient with actual birth weights
emboldened in bracket:
BW= -2003.16 + 129.2264(AC) + 0.8323 (AC)2

(R2=95.25)

BW= 2286.7453 – 327.6652(AC) + 16.6407(AC)2 – 0.1785(AC)3 (R2=95.37)
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BW= -3036.4968 + 175.6913(AC) + 44.3874 (BPD) (R2= 94.33)
BW= -2985.89 + 176.3034(AC) + 48.4669 (BPD) – 0.346 (AC)(BPD)
BW= -3036.4968 + 175.6913(AC) – 2.7649(HC)

(R2= 95.24)

(R2=97.51)

BW= -56.6916 + 76.4437(AC) – 82.9971(HC) + 3.1292(AC)(HC) (R2=97.88)
BW= -2667.57 + 183.1045(AC) – 12.6385(HC) + 22.8608(BPD) (R2=96.42)
The correlation of estimated fetal weights with actual birth weights was higher when multiple
anthropometric fetal parameters were analysed. However, the number of sonographers who
performed the ultrasound scans was not stated. Therefore, technical and biological factors
may have influenced the results as the study was based only on a white population. This
study will concern women of Black African descent who will be scanned by a single
investigator. The authors identified rightly that errors in estimation arose from incorrect
identification of the scan plane, faulty determination of the scale factor, and inexpert use of a
map measurer when measurements were made on Polaroid films. These findings were similar
to those of Westerway27. To mitigate these, a single investigator trained by a Consultant
Radiologist will take all measurements to reduce both inter and intra-observer errors. In
addition, femur length will be included in the fetal biometric measurements in this study to
improve the accuracy of ultrasound fetal weight estimation as well as the reproducibility of
this study.
2.2.3 The multiplicity of methods used in estimating fetal weight underscores a common
problem: No single method provides uniformly accurate results29. Therefore, Degani et al30
undertook a study to establish the potential of multiple clinical and sonographic variables of
100 pregnancies to improve ultrasound prediction of fetal macrosomia over prediction which
relied on the commonly used formulas for the sonographic estimation of fetal weight. The
10

following variables when combined were strong predictors of fetal macrosomia: number of
pregnancy, route of delivery, maternal weight at term, maternal height at term, paternal
weight, paternal height, fundal height, fetal abdominal circumference, fetal gender, fetal head
circumference, humeral circumference, chest circumference, and gestational age. Using these
variables in a pattern recognition algorithm, the sensitivity, specificity, PPV and NPV for the
prediction of macrosomia was 81%, 73%, 81%, and 73% respectively. When formulae
generated from regression analysis were used, the indices of validity were 88.1%, 34%,
65.8% and 66.7% respectively. While this may be useful in communities with existing and
regularly updated data bases, Degani’s model may be difficult to realise in under-resourced
settings with large proportions of unbooked women with low level education, poor recall of
details of past obstetric history and useful information needed to create and maintain such.
Therefore, the need to re-establish the potentials of existing methods is necessary.
2.3

METHODS OF CLINICAL FETAL WEIGHT ESTIMATION

2.3.1 Dare et al31 working from Ile-Ife in Nigeria compared an algorithm to estimate birth
weight from symphysis to fundal height and abdominal girth at term or during labour of
actual birth weights in 498 women. Fundal height was measured in centimetres from the
midpoint of the upper border of the symphysis pubis to the highest point on the uterine
fundus (McDonald’s measurement); abdominal circumference was measured at the level of
the umbilicus. These figures were multiplied and expressed in grams. The mean estimated
weight for the whole group was 3339±361g, and the mean birth weight was 3230±387g. The
coefficient of correlation between the means was 0.742. The study concluded that this
method of estimating fetal weight was useful for all types of birthing settings, even
domiciliary midwifery, and was especially valuable for determining when to refer women to
secondary and tertiary obstetric centres. The estimated weight before delivery correlated well
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with the birth weight. This simple method was thus recommended for use in areas where
sophisticated methods were unavailable.
2.3.2 The Johnson’s formula32 estimates fetal weight in grams by subtracting 13 from the
SFH in centimetres and multiplying this by a factor of 155. It takes into account the station of
the presenting part as well as maternal weight. The Dawn’s formula32 estimates the fetal
weight in grams by obtaining the product of the longitudinal and transverse diameters of the
uterus and further multiplying this by a factor of 1.44. The result is divided by two. The
measurements are made with a pelvimeter. If DAWN (double abdominal wall thickness)
exceeds 3cm, the excess is deducted from transverse diameter and half the excess was
deducted from the longitudinal diameter. Ojwang et al.33 used the product of symphysiofundal height and abdominal girth measurement at various levels in centimetres above the
symphysis pubis in obtaining a fairly acceptable predictive value but with considerable
variation from the mean1,2.
2.3.3 Thombarapu and Agrawal34in a prospective comparative study of 150 women
compared Johnson’s and Dare’s formulae in the estimation and prediction of fetal and actual
birth weights respectively. Overall, the standard deviation was less with Dare’s formula
(135.65 grams, g) compared to Johnson’s formula (140.44g). Similarly, in the most common
birth weight category, the average error was less with Dare’s formula compared to Johnson’s
formula. Finally, Dare’s formula proved to have a slightly farther correlation (r) value of
0.726 versus (vs.) 0.742 for Johnson’s formula from actual birth weight. The authors however
failed to correct for maternal weight >90kg as required when estimating fetal weight with the
use of Johnson’s formula. This study will compare the Dare’s clinical formula, which has no
need for correction for maternal weight and in addition has a fixed point (the umbilicus) for
measurement of the abdominal girth, to the Hadlock’s ultrasound equation for estimating
fetal weight.
12

2.3.4 Kumari et al7 similarly compared the Dare’s formula to the Johnson’s and Dawn’s
formula as well as ultrasonography in the estimation of fetal weight. While ultrasonography
was identified as having the least standard deviation from actual birth weight followed
closely by Johnson’s and Dare’s methods, the positive predictive value (PPV) of Dare’s
formula was highest at 80.5%. The strength of this study was that standard methods were
employed in the Dare’s method of estimating fetal weight. Amritha et al32similarly computed
a PPV of 85.5% for Dare’s method in a comparative analysis of Johnson’s and Dawn’s
clinical methods of estimating fetal weights.
2.3.5 Raghuvanshi et al35 in a comparative study analysed the Dare’s and Johnson’s clinical
methods of estimating fetal weights amongst others. The estimates were compared to actual
weights. The average percent error was 12 and 17.5 for Dare’s and Johnson’s respectively
while the average errors of estimated weights were 311.3g and 454.9g for Dare’s and
Johnson’s methods respectively. However, Raghuvanshi failed to state the number of
investigators who took part in the study neither was the duration between delivery and ABW
measurement taken. Additionally, the number of times fetal biometric parameters were
measured was not stated. This may have introduced bias into the findings of the study. All
measurements in this study will be taken by a single investigator and this will reduce the level
of inter-observer variation. In addition, a consultant Obstetrician and a consultant Radiologist
will supervise this project and hence aid in reducing intra-observer variation.
2.4

SONOGRAPHIC FORMULAE FOR FETAL WEIGHT ESTIMATION

2.4.1 Shepard et al36 evaluated an equation: Log10 EFW = –1.7492 + 0.166(BPD) +
0.046(AC) – 0.002546(AC)(BPD) with ultrasound measurements of AC and BPD as
independent variables. Birth weight estimates within 10% of actual weights were highly
accurate. The standard as well as the random error varied across birth weight ranges. A value
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of -4.4±12.4 between 500g-999g, -1.6±14.9 for 1000g -1499g, -2.5±12.9 for 1500g to 1999g,
-3.8±8.6 for 2500 to 2999g, -2.5±8.2 for 3000g-3499g, -3.3±7.9 for 3500g to3999g and 5.1±7.3 for 4000g to 4499g.
2.4.2 Hadlock et al23–25,37–42 over years in a series of research work derived ultrasound
based equations for estimating fetal weight. Various fetal anthropometrical indices were
examined singly and in combination as follows: BPD, BPD2, HC, HC2, AC, AC2, FL, FL2,
BPD*HC, BPD*AC, BPD*FL, HC*AC, HC*FL and AC*FL. Hadlock et al25found that
when fetal weights were estimated using one biometric parameter: Ln EFW = 2.695 +
0.253(AC) – 0.00275(AC)2, and the results compared with actual birth weights, a high level
of accuracy was obtained. This was further increased when combined with FL23: (Log10
EFW = 1.304 + 0.05281(AC) + 0.1938(FL) – 0.004(AC)(FL) and BPD25 (Log10 EFW =
1.1134 + 0.05845(AC) – 0.000604(AC)2 – 0.007365(BPD)2 + 0.000595(BPD)(AC) +
0.1694(BPD). The best results were obtained when 4 parameters were used. However there
was no significant variation when fetal weights were estimated using 3 fetal anthropometric
parameters. This study will use the Hadlock model with 3 parameters: BPD, AC, FL which
has been identified to have high accuracy and low mean errors.
2.4.3 Bajracharya et al43 in a retrospective observational study of 150 women with term
singleton pregnancies, reviewed prenatal fetal ultrasound data based on Hadlock equation for
fetal weight estimation and delivery records for actual birth weights. Error in estimation was
calculated and this was computed to be greater than 10% of ABW in 40% of cases. The
Hadlock equation which took into consideration AC, BPD and FL overestimated birth weight
56% of the time, underestimated birth weight 36.6% of the time and was accurate in only
7.33% of cases. However, this study was retrospective with a great tendency for bias. In
addition the multiplicity of both investigators and scan machines responsible for the
ultrasound scans may have likely affected the outcome of that study significantly.
14

2.4.4 The accuracy of various sonographic methods of fetal weight estimation is completely
dependent on the ultrasound equations developed by experts and programmed into ultrasound
equipment for automatic calculation of fetal weight given that the necessary parameters have
been measured44. Eze et al44 in a prospective longitudinal study conducted at the Central
Hospital, Kwale in Delta State, Nigeria compared the accuracy of 12 formulae used in
sonographic fetal weight estimation in different races. The formulae compared are
reproduced here:
Campbell

1995

LnBW= 4.564 + 0.0282(AC) – 0.00331(AC)2

Warsof

1977

Log10BW= _1.599±0.32(AC)_0.000111(BPD)2(AC)

Shepard

1982

Log10BW= _1.7492 + 0.166(BPD) + 0.046 _ 0.002546(AC)(BPD)

Vintzileos

1987

Log10BW=_1.879+0.084(BPD) + 0.026(AC)

Woo

1985

Log10BW=_1.54+0.15(BPD) + 0.001119(AC)2 _ 0.000076 (BPD)

(AC)2 + 0.05(FL)_0.0000992(FL)(AC)
Hsieh

1987

Log10BW= 2.2193 + 0.0094962(AC)(BPD)2 + 0.001745(FL)(BPD)2

Ott

1986

Log10BW=2.0661+0.04355(HC) + 0.05394(AC) _ 0.0008582 (HC)

(AC) + 1.2594(FL/AC)
Combs

1993

BW=0.23718(AC2)(FL)+0.03312(HC)3

Jordaan

1983

Log10BW=2.3231+0.0079(HC)+0058(BPD)

Hadlock

1985

Log10BW=1.3596+0.0064(HC)+0.0424(AC)(FL)

Nzeh 1

1992

Log10BW=0.470+0.488LogBPD+0.554Log10 FL + 1.377Log10AC
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Nzeh 2

1992

Log10BW = 0.326 + 0.0045 (SDI) + 0.383 Log10BPD + 0.614

Log10FL + 1.485Log10AC
Fetal biometric measurements including HC, BPD, AC and FL were taken by a single
experienced observer and figured into 12 ultrasound equation models for the calculation of
fetal weights using BASIC computer programming language. The accuracy of fetal weight
estimation was assessed by calculating the percentage error (PE) and mean absolute
percentage error (MAPE). Actual birth weight (ABW) was used as a gold standard for
comparison. All 12 equations had strong positive correlation with ABW. The Hadlock
equation (HC/AC/FL) was one of the best in the measure of least percentage error and least
mean absolute percent error.
2.5

COMPARISON

OF

THE

RELIABILITY

OF

CLINICAL

AND

ULTRASONOGRAPHIC FETAL WEIGHT ESTIMATION
2.5.1 Okonta et al8 demonstrated the degree of accuracy and correlation of Dare’s and
Hadlock’s estimation of fetal weight at the Central Hospital Warri in Delta state. The Dare’s
formula had a greater mean absolute error of estimation of ABW when compared to the
Hadlock equation which had a greater positive correlation with the actual birth weight. The
study concluded that the ultrasound estimation of fetal weight was better compared to the
clinical estimation. The strength of that study was the blinding of the sonologist to the clinical
estimates of fetal weight thus obviating bias.
2.5.2 Ugwu and associates4 reporting from Enugu in South Eastern Nigeria compared
Dare’s clinical method and Hadlock’s ultrasound equation using a combination of BPD, AC
and FL in 200 women. The accuracy of Dare’s formula and Hadlock’s equation estimated
fetal weights versus the ABW were measured using percentage error, the absolute percentage
error, and the ratio by percentage of estimates within 10% of ABW. The mean ABW of all
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neonates was 3.3±0.55kg, (range 2.2-4.8). Actual birth weight had strong positive correlation
with both Dare’s and Hadlock’s estimated weights (r=0.71, p=0.00 and r=0.69, p=0.00
respectively). Both Dare and Hadlock methods systematically overestimated the ABW with
that of Dare’s formula significantly higher (18.0 vs. 5.1%, p<0.001). These findings differed
from those of Sharma et al2 where the average error in all the weight groups except in the
>3500g category was least with Dare’s formula closely followed by Hadlock’s equation. In
that study2, Dare’s formula had a tendency to underestimate the fetal weights in the <3500g
group while Hadlock overestimated yet showed advantage in intrauterine growth restriction
and macrosomic babies. A similar pattern was observed for the mean absolute percentage
error (MAPE). The proportion of clinical estimates within 10% of ABW was also
significantly lower than that of Hadlock (35.0 vs. 67.5%, p<0.001).It is not clear whether
dextrorotation of the uterus was corrected prior to clinical estimation of fetal weight to enable
accurate McDonald’s measurement. In addition, the authors failed to specify the number of
clinicians involved in clinical estimation of fetal weights. This may have contributed to interobserver errors in the results. While the strength of this study in seen in use of the Dare’s
formula which takes a constant point for measuring abdominal girth, the authors failed to
state the number of investigators who measured these parameters. In addition, the duration
between clinical estimation and ultrasound estimation was not clear. In this study, the Dare’s
formula which has been shown to have a high level of accuracy will be compared with the
Hadlock formula and all parameters will be taken by a single investigator under the guidance
of a Consultant Obstetrician and a Consultant Radiologist. Furthermore, the interval between
estimation of fetal weight using both methods and delivery will not exceed 72 hours to avoid
significant influence on the results.
2.5.3 Njoku et al18compared the accuracy of Dare’s clinical and Hadlock’s formula of
ultrasound methods of predicting fetal weights at term in a prospective comparative study of
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200 women attending the University of Calabar Teaching Hospital, Calabar. The mean
absolute percentage errors (MAPE) of both clinical and ultrasound methods were 11.16% ±
9.48 and 9.036% ± 7.61, respectively, and the difference was not statistically significant (p =
0.205). The accuracy within 10% of actual birth weights was 69.5% and 72% for clinical and
ultrasound estimations respectively, and the difference was not statistically significant (p =
0.755). The accuracy of fetal weight estimation using Dare’s formula was comparable to
Hadlock’s equation estimates for predicting birth weight at term. The validity of Njoku’s
results may have been compromised by the non-exclusion of engaged fetal heads prior to
measurements of BPD. It has been documented that accurate measurement of fetal bi-parietal
diameter can be difficult when the fetal head is deeply engaged45,46. In the proposed study,
patients who have fetuses with engaged heads will be excluded. It is hoped that this will
improve the validity of this proposed study and portray a true reflection of the results.
2.5.4 In a similar comparison of Dare’s and Hadlock’s(BPD/AC/FL) formulae, Shittu and
associates1 from Enugu reported a systematic overestimation in ABW by Dare’s formula
while Hadlock (BPD, AC; FL) equation underestimated it. The MAPE was smaller for
Hadlock’s equation although the difference was not statistically significant. The Dare’s
formula had more estimates within 10% of ABW compared to the Hadlock equation, but the
difference was not statistically significant. However in the LBW category, both methods
overestimated birth weights although the Hadlock method had significantly smaller mean
errors and more estimates within 10% of ABW. In the normal birth weight range, Dare’s
method systematically overestimated birth weight although there was no statistically
significant difference between MAPEs and the number of estimates within 10% of ABW for
both methods. In the macrosomic group, the Dare’s method systematically overestimated
birth weight, while Hadlock method underestimated it. Again, the difference in the mean of
the absolute percentage errors and the number of estimates within 10% of ABW for the two
18

methods were not statistically significant. There was a high correlation for Dare and Hadlock
methods with ABW (+0.78 and +0.74 respectively) and this was statistically significant. This
study proposes to compare a highly accurate ultrasonographic model, Hadlock BPD/AC/FL
in the estimation of fetal weight at term. It is hoped that the findings from this study will
serve as basis for recommendation of a better technique of estimation of fetal weight at term.
Similarly, the validity of Shittu’s results may have been compromised by the non-exclusion
of engaged fetal heads prior to measurements of BPD. It has been documented that accurate
measurement of fetal bi-parietal diameter can be difficult when the fetal head is deeply
engaged45,46. In the proposed study, patients who have fetuses with engaged heads will be
excluded. It is hoped that this will improve the validity of this proposed study and also
portray a true reflection of the results.
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CHAPTER 3
OBJECTIVES AND HYPOTHESIS
AIM
To compare the indices of validity of the clinical and ultrasonographic methods of
fetal weight estimation at term
OBJECTIVES
1. To review the recent available literature on the indices of validity (Sensitivity,
Specificity, Positive predictive value, Negative predictive value, Accuracy,
Percentage error, Absolute percentage error and Coefficient of correlation with actual
weight at birth) of fetal weight estimation using Dare’s and Hadlock’s (BPD/AC/FL)
methods
2. To determine and compare the indices of validity of Dare’s and Hadlock’s
(BPD/AC/FL) methods of fetal weight estimation in-utero.
3. To correlate estimated fetal weight by both methods with the actual birth weight
4. Based on the findings of 2 and 3 above, to make recommendations on the best method
and time for estimation of fetal weight in pregnant women at term.
NULL HYPOTHESIS
Hϴ: There is no difference in the accuracy of Dare’s formula for the clinical estimation
of fetal weight compared to that of Hadlock’s ultrasonographic model for the prediction of
actual birth weights.
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H1: There is a difference in the accuracy between Dare’s formula for the clinical
estimation of fetal weight compared to that of the Hadlock’s ultrasonographic model for the
prediction of actual birth weights.
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CHAPTER 4 – RESEARCH METHODS
4.1.1 STUDY DESIGN
This was a cross-sectional comparative study to compute and compare the indices of
validity for two diagnostic tests: the Dare’s formula and the Hadlock BPD/AC/FL equation,
in a single group of Black African women of similar physical parameters. The indices of
validity are:


Sensitivity



Specificity



Positive predictive value



Negative predictive value



Accuracy



Percentage error



Absolute percentage error and



Coefficient of correlation with actual weight at birth

4.1.2 STUDY LOCATION AND POPULATION
The study was conducted in the Obstetrics and Gynaecology department of the Delta
State University Teaching Hospital, Oghara, Delta State for the duration of 4 months from 1st
July, 2016 to 31st October, 2016. Delta State University Teaching Hospital is a tertiary health
institution, located in Oghara town of Delta state, which is one of the leading oil producing
states of the Niger Delta region of Nigeria. Oghara is one of the clans of the Urhobo ethnic
group and it is situated in Ethiope-West Local Government Area of the state. The inhabitants
consist of indigenes and immigrants and are well known for being farmers, traders,
fishermen, timber dealers, rubber producers and civil servants.
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The unit principally provides tertiary health care services in O&G. The O&G
department has 7 Consultant Obstetricians and 25 resident doctors at various stages of
postgraduate training. Delta State University Teaching Hospital has a joint accreditation with
Central hospital Warri. Both health institutions have a combined average annual antenatal
booking of 3140 pregnant women. Resident doctors at both junior and senior levels undertake
postings there. And same applies to their primary residents. The radiology department has 4
Consultant Radiologists, 2 Sonographers, and 25 resident doctors at various stages of
postgraduate training. The O&G department has 2 ultrasound scan machines. The ultrasound
scans were done in O&G department by the researcher with the kind support of a Consultant
Radiologist and a Senior Registrar.
The study population comprised pregnant women who delivered in this centre within
the study period. The participants for this study were recruited from amongst those women.
4.2

SAMPLE SIZE DETERMINATION
The sample size for this cross-sectional comparative study was determined from a
statistical formula for the comparison of 2 means47:

n = ( u + v )2 ( σ12 + σ02)
( ų1– ų0 )2
Where n = minimum sample size
u=standard normal variate at 5% significance (from Z-table)
v, standard normal variate for a power of 90% (from Z-table)
ų1= mean of absolute errors for clinical method (from previous studies)
ų0 = mean of absolute errors for ultrasound methods (from previous studies)
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σ1= standard deviation mean of absolute errors for clinical method (from previous studies)
σ2= standard deviation mean of absolute errors for ultrasound methods (from previous
studies)
In this study:
u, standard normal deviation at 95% confidence interval = 1.28
v, standard normal deviation at 90% power = 1.96
ų1=18.8
ų0 = 10.9 derived in a similar study4
σ1 = 13.27 (clinical method) 4
σ0=7.97 (ultrasound method) 4
Substituting the values into the formula
n= ( 1.28 + 1.96)2 (13.272 + 7.972)
( 18.8 -10.9)2
n= 40.3
Minimum sample size, n = 41women
Making up for 10% attrition48, n ≈ 44 patients
Approximated to 50 women
4.3

INCLUSION CRITERIA

Pregnant women who fulfilled the under listed criteria were recruited into the study:
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Women with singleton cephalic pregnancies presenting for delivery between
37+0 and 41+6



Who gave signed informed consent for the study



Who had accurate gestational ages from sure dates and meeting the Naegele's
rule or as confirmed by early ultrasound scans (done ≤22 weeks)


4.4

Women with intact membranes

EXCLUSION CRITERIA
Women that were excluded from the study were those:

4.5



With unsure dates



Who failed to give informed consent for the study



Who had fetuses with congenital anomalies



Who had polyhydramnios or oligohydramnios,



Who had multiple gestation,



Who had abnormal lie or presentation,



Who had deeply engaged heads ≤ 2/5th palpable per abdomen



Who had ruptured membranes



Who presented in advanced 1st stage of labour

SAMPLING METHOD
From the day of recruitment, the first fifty women meeting the selection
criteria were recruited into the study. Those who opted out before study conclusion
were replaced by fresh recruitments.

4.6

ETHICAL CONSIDERATIONS
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Approval for this study was obtained from the Ethics and Research Committee
of Delta State University Teaching Hospital. The study participants were counselled
and a written informed consent was obtained before enrolment into the study.
The details of the study were conveyed in the language that the women
understood, when they did not communicate in English. The counselling involved
clear interpretation of the methods, the risks and the benefits of the study before
obtaining informed consent. Participation was voluntary and at no monetary cost, with
the option to opt out at any stage of the study. The decision to continue or not in the
study did not interfere with the patients’ management.
4.7

STUDY MATERIALS
The data was obtained from participants using a data collection preformed,
adult weighing scale, inelastic measuring tape calibrated in centimetres, ultrasound
machine and new-born weighing scale. All data obtained during the study period were
documented on a form specifically designed for the study.
The data collection proforma was in two parts. Section A contained information on
bio-data of the participants which included the hospital number, age, parity, marital
status and last menstrual period. Section B contained parameters of actual birth
weight measurement, gestational age, maternal weight, symphysio-fundal height,
abdominal circumference, clinical fetal weight estimation and ultrasound fetal weight
estimation. In addition, the duration from fetal weight estimation to delivery and
mode of delivery was included.
The adult weighing scale, a standard analogue weighing scale (Techmel ZT160®) was used to measure the weights of the participants in kilograms. The inelastic
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measuring tape calibrated in centimetres was used to measure the symphysio-fundal
height and abdominal circumference of the participants at the umbilical level for
clinical fetal weight estimation.
The ultrasound machine used was the digital Toshiba ultrasonic diagnostic
system, model Nemio XG SSG-580A, two dimensional real-time with abdominal
sector 3.75 MHz transducer. The ultrasound machine formula for estimating fetal
weight was that devised by Hadlock in 1985 on the basis of AC, BPD and FL. It was
used to measure the bi-parietal diameter, abdominal circumference and femoral length
for ultrasound fetal weight estimations.
The new-born weighing scale was the standard analogue waymaster
(England®) scale corrected for zero error and was used to measure the actual birth
weight after delivery.
4.8

DATA COLLECTION
In order to minimize fetal weight change before delivery, the interval between
clinical and ultrasound fetal weight estimation and delivery did not exceed 72 hours.
When a patient had not delivered within 72 hours of weight estimations, the weight
estimation was repeated to obtain a more recent value. This also allowed adequate
time to carry out necessary measurements. The estimations were repeated when the
women did not go into labour after 72 hours had elapsed. Information on age, last
menstrual period, gestational age and parity were obtained from participants and case
notes before delivery. The maternal weight was determined using an adult weighing
scale with minimal clothing and documented. Clinical estimations of fetal weight was
carried out by the investigator in the labour ward with the use of an inelastic
measuring tape calibrated in centimetres. With the participant in dorsal position, the
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fundal height was measured from the highest point on the uterine fundus to the midpoint of the upper border of the symphysis pubis. Measurements were made using the
tape inch-side up so as to obviate bias. The abdominal circumference was measured at
the level of the umbilicus using the same measuring tape in the same dorsal position.
The measurements were taken twice and the average obtained to reduce bias. Dare’s
formula (symphysiofundal height multiplied by the abdominal circumference at the
umbilical level in centimetres) will be used to calculate the clinical fetal weights in
kilograms.
After clinical fetal weight estimations, the patients had ultrasonographic
estimations of fetal weight performed by the investigator under the supervision of a
Consultant Radiologist. The primary investigator as well as a research assistant were
resident doctors in the department of obstetrics and gynaecology, and had both
undergone training in obstetric ultrasonography, and were on a supervised posting at
the well woman clinic of the department (See appendix E). The AC was measured as
the length of the outer perimeter of fetal abdomen at the level of umbilical vein
junction with the portal vein in a transverse plane perpendicular to the spine and the
FL was measured as the length of the ossified diaphysis of the fetal femur from the
greater trochanter to the femoral condyles. The BPD was measured as the distance
between the outer edge of the cranium nearest to the transducer and the inner edge of
the cranium distal to the transducer at the level of the paired hypoechoic thalami and
cavum septum pellucidum44. All the measurements with ultrasound scan were taken
twice and the average computed to reduce bias. Both clinical and ultrasound estimates
were charted.
After delivery, the neonates were weighed within 30 minutes of delivery
employing a standard analogue Waymaster (England®) scale corrected for zero error.
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4.9

DATA MANAGEMENT AND ANALYSIS
The data collected using the data collection sheet was collated, coded and
entered into the computer using the Statistical Package for Social Scientist version 21
and same statistical package used for analysis. Data was presented as means and
standard deviation, mean percentage errors, mean absolute percentage errors and
accuracies


The mean birth weights and standard deviations for actual birth weight,
clinical method and ultrasonic estimations of fetal weight was
determined.



Accuracy of birth weight estimation was computed by calculating the
percentage error using this formula:
o (EFW-ABW X 100/ABW),



The absolute percentage error was computed using this formula:
o (ABW-EFW X 100/ABW) and



The ratio by percentage of estimates within 10% of actual birth weight.



Test for correlation was done using Pearson’s correlation coefficient.



The performance of the Dare’s formula and the Hadlock’s BPD/AC/FL
equation was monitored by evaluating their sensitivity49 (proportion of
women with abnormal birth weight identified by Dare’s formula or
Hadlock’s BPD/AC/FL equation respectively) and specificity49
(proportion of women with normal birth weights as identified with
Dare’s formula or Hadlock’s BPD/AC/FL equation respectively). We
calculated the overall sensitivity for Dare’s formula and Hadlock’s
BPD/AC/FL equation with the following formula:
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o a/a + c


where a = Number of actual abnormal birth weights as
identified by Dare’s formula or Hadlock’s BPD/AC/FL
equation



c = Number of actual normal birth weights as identified
by Dare’s formula of Hadlock’s BPD/AC/FL equation

o The overall specificity was also computed for both techniques
using the same standard formula for specificity:


d/d+b

where d = number of normal birth weights as identified by
Dare’s formula or Hadlock’s BPD/AC/FL equation
respectively
b = number of abnormal birth weight estimations with
normal actual birth weight by Dare’s formula and
Hadlock’s BPD/AC/FL equation respectively.
Both methods were evaluated as predictors of actual birth weights by calculating the
percentage positive and negative predictive values of abnormal birth weights. The
prevalence of actual abnormal birth weights (╥)as detected by each method wasderived
from the collated data, and this in addition to the computed sensitivity and specificity was
used to compute the PPV and NPV for both techniques. We understood that ╥ may differ
for both techniques; therefore we assigned ╥Dare and ╥Hadlock BPD/AC/FL to ╥ value for
Dare’s formula and Hadlock’s BPD/AC/FL equation respectively.
The PPV was computed with the following formula:
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Sensitivity*╥ / sensitivity * ╥ + (1 - specificity) * (1 - ╥ )

The NPV was computed with the following formula:


Specificity * ( 1 - ╥ ) / specificity * ( 1 - ╥ ) + (1 – sensitivity ) * ╥

The predictive values for both techniques were compared.
The correlation coefficient of Dare’s formula and Hadlock BPD/AC/FL equation with
actual birth weight was computed using Pearson’s correlation coefficient and further
compared.


Tests of statistical significance were done using T test or Fisher’s exact
test as appropriate. A p-value less than 0.05 was considered significant.
Each of the outcome measures above were assessed for overall fetal
weight and for categories of weights <2500g, 2500- 3999g and
≥4000g.

4.10

LIMITATIONS
The investigator, singularly, made measurements for clinical and ultrasound
estimations of fetal weight, therefore inherent bias in the study cannot be excluded.
The acquisition of clinical experience and with use of an average of 2 measurements
taken, and computing an average of two parameters however minimized bias.
No adjustments were be made for any probable weight gain within the interval
extending from the time of estimations to the time of delivery as the growth rate of all
fetuses may have differed. This might have led to subsequent increase in fetal weight
that was reflected in actual birth weights.
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CHAPTER 5:

RESULTS

Within the study period, 50 women with low-risk pregnancies were scanned. The fetal
weights were determined clinically and ultrasonographically for each of these parturients
presenting at term, the actual birth weights were measured. The indices of validity of both
methods were determined. The results following the analysis are presented below.
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Table 1: Socio-clinico-demographic characteristics of Study Participants
Variables
Categories
Frequency (%)
N=
100
20-24
3 (6.0)
Age (in years)
25-29
15 (30.0)
30-34
16 (32.0)
35-39
9 (18.0)
40-44
6 (12.0)
≥ 45
1 ( 2.0)
31.98 ± 5.45
Mean ± SD
None

2 (4.0)

Primary
Secondary
Tertiary

7 (14.0)
16 (32.0)
25 (50.0)

Occupation

FTHW
Trader
Trader
Teacher
Teacher
Farmers
Farmer
Professionals
Professionals
Students
Others
Students
Others

10 (20.0)
88 (16.0)
(16.0)
10 (20.0)
10 (20.0)
3 (6.0)
315(6.0)
(30.0)
151 (30.0)
(2.0)
3
(6.0)
1 (2.0)
3 (6.0)

Parity

Primigravida
Multipara
Grand multipara

27 (54.0)
20 (40.0)
3 (6.0)

Marital status

Single
Married

1 (2.0)
49 (98.0)

Gestational age at Delivery

37-38+6
39-40+6
41-41+3

26 (52)
21 (42)
3 (6.0)

Educational status

FTHW: full time housewife
The modal age group among the women was 30 -34 years, made up of 16 (32.0%)
participants, half [25 (50.0%)] of the women had tertiary education, about one-third [15
(30.0%)] were professionals while a little more than half 27 (54.0%) were primigravida. Most
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[49 (98.0%)] of the women were married and about half [26 (52.0%)] delivered at a
gestational age of thirty-seven to thirty–eight weeks.
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Table 2: Clinico-demographic parameters
Mean ± SD

Minimum

Maximum

Actual fetal weight (cm)

3.08 ± 0.63

2.10

4.50

Ultrasound weight

3.12 ± 0.67

2.00

4.80

Clinical fetal weight

3.49 ± 0.63

2.50

5.00

Maternal Weight (kg)

77.08 ± 8.95

52.00

98.00

Height

1.59 ± 0.08

1.35

1.76

Parity

0.96 ±1.42

0.00

6.00

Table 3: Differences in mean fetal weight by two techniques
Paired Differences
Variables

95% CI of difference

Pair 1

N
50

Mean
-0.03

t
0.68

Lower
- 0.13

Upper
0.07

p Value
0.501

Pair 2

50

-0.47

8.25

- 0.51

0.31

<0.001

Pair 3

50

0.37

7.40

0.27

0.47

<0.001

Pair 1: Actual fetal weight vs. Ultrasound EFW; Pair 2: Actual fetal weight vs. Clinical EFW;
Pair 3: Clinical EFW vs. Ultrasound EFW

There is no statistically significant difference between the actual weight and the sonographic
weight (p=0.501), whereas there is significant difference between actual weight and clinical
weight (p=<0.001).
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Table 4: Maternal socio-clinico-demographic parameters and birth weight
Variable

LBW

NBW

(Mean ± SD)

(Mean

MB

P-value

± (Mean ± SD)

SD)
Maternal age

34.27± 4.86

31.46 ±5.54

29.00 ±5.65

0.241

Weight

74.64 ± 11.50 78.27± 7.63

85.00 ± 2.83

0.040

Height

1.69± 0.04

1.59± 0.09

1.62 ± 0.04

0.719

Parity

0.46 ± 1.51

1.11 ± 1.41

1.00 ±1.41

0.420

Gestational age at delivery

38.37 ±1.05

38.18± 1.28

38.00± 1.41

0.101

While birth weight categories vary significantly with maternal weights, there were no such
variations of birth weights with maternal age, height, parity or gestational age. Mean
gestational age at delivery were similar the three sub-groups of birth weight
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40

37 (74.0%)

35
30
25
20
15
11 (22.0%)
10
5

2 (4.0%)

0
LBW

Normal

Macrosomia

Figure 1: Birth weight distribution
Majority 37 (74.0%) of the babies had normal birth weight while only 2 (4.0%) were
macrosomic.
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Pearson’s correlation coefficient, r = 0.857; p =<0.001; Confidence Interval: 0.765 to 0.919

Figure 2: Correlation of actual weight with Ultrasound EFW
Ultrasound estimated fetal weight (EFW) had a significant positive relationship with actual
fetal weight, correlation coefficient r =0.857; p =<0.001.
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Pearson’s correlation coefficient r = 0.847; p <0.001; CI = 0.731 to 0.919

Figure 3: Correlation of actual weight with Clinical EFW
Clinical estimated fetal weight (EFW) had a significant positive relationship with actual fetal
weight, correlation coefficient r =0.847; p =<0.001.
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Pearson’s correlation coefficient r= 0.852; p = <0.001; CI = 0.778 to 0.904

Figure 4: Correlation of Clinical EFW with Ultrasound EFW
Clinical estimated fetal weight (EFW) had a significant positive relationship with ultrasound
estimated fetal weight, correlation coefficient r =0.852; p =<0.001.
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Table 5: Actual fetal weight vs. clinical EFW
Clinical EFW

Actual Fetal Weight
Frequency (%)
Abnormal
Total
10 (27.8)
36 (100.0)

Normal

Normal
26 (72.2)

Abnormal

11 (78.6)

3 (21.4)

14 (100.0)

Total

37 (74.0)

13 (26.0)

50 (100.0)

*X2 = 0.01, p = 0.92; SN=70.27%; SP= 23.08%; PPV= 72.22%; NPV= 21.43%; AE=
23; RE=46.00%; OR=0.71 (CI: 0.16 - 3.08); Accuracy = 58%; LR(+)=1.09; LR(-)=1.29
*Yates corrected

Clinical method correctly estimated almost three-quarters [26(72.2%)] of the babies who
actually has normal weights while correctly estimating only one-fifth [3(21.4%)] of babies
who have abnormal birth weights.
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Table 6: Actual fetal weight vs. Ultrasound estimated fetal weight
Ultrasound EFW

Normal

Normal
26 (92.9)

Actual Fetal Weight
Frequency (%)
Abnormal
Total
2 (7.1)
28 (100.0)

Abnormal

11 (50.0)

11 (50.0)

22 (100.0)

Total

37 (74.0)

13 (26.0)

50 (100.0)

*X2 = 9.64, p = 0.002; SN=70.27%; SP= 84.61%; PPV= 92.85%; NPV= 50.00%; AE=
15; RE=30.00%; OR=13.00 (CI: 2.46-68.61); Accuracy = 74%; LR(+)= 0.22; LR(-)=0.35
*Yates corrected

Sonographic method correctly estimated majority [26 (92.9%)] of the babies who had normal
weights and half of the babies [11 (50.0)] who had abnormal birth weights.
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Table 7: Sub categories of birth weight and indices of validity
Validity
Sensitivity

Specificity

PPV

NPV

Clinical method

Ultrasound method

p-value

Normal birth-weight

70.27%

70.27%

1.00

LBW

9.1%

81.81%

0.003

Macrosomia

100.0%

100.0%

1.000

Normal birth-weight

23.08%

84.61%

0.01

LBW

100%

84.62%

0.034

Macrosomia

77.08%

87.50%

0.285*

Normal birth-weight

72.22%

92.85%

0.07*

LBW

100%

60.0%

0.789*

Macrosomia

15.4%

25.0%

0.97*

Normal birth-weight

21.43%

50.00%

0.17*

LBW

79.6%

94.29%

0.113*

Macrosomia

100.0%

100.0%

1.000*

*Yates correction
Both methods had similar sensitivities in detecting normal (70.27%) and macrosomic babies
(100%) but clinical method performed extremely poorly (9.1%) at detecting low birth weight
babies. Ultrasound had a better specificity at excluding normal weights (84.61%), while
clinical was better at excluding low birth weight (100%). However, there were no statistical
significant differences in their specificities at excluding large birth weights (p=0.285).
Ultrasound scan also had better positive predictive value (92.85%) for normal birth weight.
Conversely, both methods showed no statistically significant difference in their positive
predictive values for abnormal weights (p=0.789, 0.97) and their negative predictive values
for all the weight categories (p=0.17, 0.11; 1.00).
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Table 8: Validity of clinical and sonographic fetal weight estimation
Validity

Clinical method

Ultrasound method

p-value

Sensitivity

70.27%

70.27%

1.00

Specificity

23.08%

84.61%

0.01

Positive predictive value

72.22%

92.85%;

0.07*

Negative predictive value

21.43%

50.00%;

0.17*

Likelihood Positive

1.09

0.22

<0.01

Likelihood Negative

1.29

0.35

<0.01

*Yates corrected

The two methods have similar overall sensitivities and negative predictive values. However,
sonographic method has higher specificity and positive predictive values while the clinical
method has higher likelihood ratios.
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Table 9: Accuracy and errors of methods of estimation
Clinical method

Ultrasound method

p value

3.49 (0.63)

3.12 (0.67)

0.0001

Mean absolute error

0.41

0.03

<0.01

Mean percentage error (%)

14.49

1.60

<0.001

Correlation coefficient

0.847

0.857

Accuracy within 10% of

58.0%

72.0%

Mean (SD) (kg)

actual fetal weight (%)
*Yates corrected

Mean birth weight was significantly higher with clinical method than sonograhic; p =<0.001.
This was different for mean percentage and mean absolute errors.
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CHAPTER 6:

DISCUSSION

The study compared two methods of antepartum fetal weight estimation to predict actual
birth weights of babies. Women with low risk pregnancies that delivered in Delta State
University Teaching Hospital, Oghara between November 2016 and March 2017 were
studied. The indices of validity for both techniques were determined and compared.
Two-thirds (68%) of the study population fell within the bracket of the desired maternal age
where the incidence of obstetric complications and adverse pregnancy outcomes e.g LBW,
macrosomia is considered to be low50,51 This is reflected in the results of this study which
portray a high percentage of normal weight babies.
The mean actual birth weight in this study was 3.08± 0.63kg. This was similar to the mean
actual birth weight of 3.08 ±0.610kg by Swende in Makurdi52 but lower than 3,254+622g
reported by Shittu et al in Ife1. The lower birth weights may be due to determinants of birth
weight such as genetic and environmental factors.50 In fact, significant associations have been
established between poor socio-economic status and low birth weight. This may be ascribed
to maternal nutritional status at conception53
In this study, the mean weights as determined by ultrasonic (Hadlock) and clinical (Dare’s)
methods were 3.12±0.67kg and 3.49±0.63kg respectively. The mean actual birth weight was
about the same with ultrasonic estimated fetal weight whereas clinical estimated fetal weight
was 0.41kg greater than calculated. There was a statistically significant difference when mean
actual birth weight was compared with the mean of the clinically estimated fetal weights.
There was however no statistically significant difference when mean actual birth weight was
compared with ultrasonic estimated fetal weight. This implies that the ultrasound using the
Hadlock equation may be a better tool in estimating fetal weights in low risk term
pregnancies.
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In this study, both techniques had similar sensitivity (70.27%) for birth-weights in the normal
range but differed in other indices of validity. The ultrasonic estimation had a higher
specificity (84.61%), positive predictive value (92.85%) and negative predictive value (50%)
than the clinical estimation. This means that ultrasonic estimation using the Hadlock’s
equation in screening for actual birth weight is better. Higher negative predictive value means
that in cases of ultrasonic estimated fetal weights, chance of delivery of neonates with birth
weight different from the ultrasonically estimated weight is minimal.
In this study, a statistically significant difference (p=0.003; 0.034) was revealed between the
sensitivities and specificities of clinical (9.1%; 100%) and ultrasound (81.81%; 84.62%)
respectively for LBW. This implies that the ultrasound scan may be a better tool in
identifying LBW babies compared to clinical methods of estimation that are influenced by
maternal anthropometric characteristics like obesity. Even though the results also portray a
high specificity for the ultrasound in identifying LBW babies, this falls short of the
specificity of the clinical method. There was no statistically significant difference in the
indices of validity of both methods for identifying macosomic fetuses. This detail should
however be regarded with caution as the macrosomic fetuses in this study were only two.
Ultrasonic estimated fetal weight had significant positive relationship with actual birth
weight. The correlation coefficient, r, was 0.857 and this was statistically significant. Clinical
estimated fetal weight also had a significant positive relationship (p<0.001, CI: 0.781-0.919)
with actual birth weight with correlation coefficient, r, 0.849. These findings are comparable
with that of Shittu et al1 and Okonta et al8 in their comparison of ultrasonic estimation (0.74)
in normal pregnancies. The correlation coefficient of clinical estimation (0.849) is also
comparable with that of Shittu et al1 (0.74) in a similar population. The correlation coefficient
in this study are however higher and this may be due to differences in study methods. These
values also imply that both methods are very useful tools in the prediction of actual birth
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weights. These findings further buttress the fact that clinical estimation of fetal weight using
the Dare’s formula is as good as the ultrasound method and can be used in decision making in
the management of term low risk pregnancies when the ultrasound scan machine is
unavailable.
The study showed that clinical method correctly estimated normal birth weights for majority
26 (72.2%) of the babies while only a minority 3 (21.4%) were correctly estimated to have
abnormal birth weight. The association between actual and estimated weight categories was
not significant; p =0.92. On the other hand, ultrasonic method correctly estimated majority 26
(92.9%) of the babies to have normal weight while half 11 (50.0) were correctly estimated to
have abnormal birth weight. The association between actual and estimated weight categories
was highly significant; p = 0.002
Three measures of accuracy were used in the statistical analyses to compare the Dare’s
clinical method with the Hadlock’s ultrasonic equation.
The study showed that the mean absolute errors were higher for the clinical compared to
ultrasonic method. Similarly, the mean percentage errors followed the same trend. This
implies that in the entire study group, the ultrasonic method was a more reliable tool in
prediction of birth weight. Overall percentage error between actual and estimated weight
categories was higher for clinical than ultrasonic method, 14.49% vs. 1.60%. This suggests
that the clinical method of estimating fetal weight is more prone to errors. This may be due to
confounders such as placental size and liquor volume which do not affect ultrasonic
estimation of fetal weight.
Using the estimates within 10% of the actual birth weights, ultrasonic fetal weight estimation
using Hadlock’s equation had a higher accuracy than the clinical method using Dare’s
formula. This was statistically significant and was similar to the findings of Okonta et al 8 and
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Ugwu et al4 but differed from those of Shittu et al1. The findings from this study may be due
to the subjectivity of clinical estimation of fetal weight on factors that cannot be controlled
for such as amount of amniotic fluid8.
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CHAPTER 7:

CONCLUSION AND RECOMMENDATIONS

This study compared two techniques of estimating birth weight: Dare’s clinical formula and
Hadlock’s ultrasonic-based equation. Almost all the babies were of normal birth weight as is
expected in term low risk pregnancies. This study shows that both methods of estimation of
fetal weight visibly have a contribution in the managements of low risk parturients carrying a
term pregnancy. This study however revealed no statistically significant difference when
mean actual birth weight was compared with ultrasonic estimated fetal weight. This implies
that the ultrasound using the Hadlock equation may be a better tool in estimating fetal
weights in term pregnancies. Furthermore, the ultrasound scan estimation using the Hadlock
equation had a higher specificity, PPV and NPV. To further strengthen the basis for its
recommendation, the finding of a significantly higher accuracy within 10% of actual birth
weights identifies it as an acceptable screening tool for normal birth weights. On the strength
of these findings, the stated null hypothesis is rejected and the alternative hypothesis hereby
accepted.
Based on the findings from this study, the following are recommended
1. The ultrasonic method of assessing fetal weight is recommended due to its noninvasiveness and high indices of validity. Therefore, the skill and equipment for this
investigation should be made available in order to ensure accurate estimation of fetal
weight
2. Clinical fetal weight estimation using the Dare’s formula should be maintained in all
the labour wards of all obstetric units due to its ready availability and ease of
performance.
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APPENDIX A
CONSENT FORM
Introduction
My name is Dr. Ovoke Egagifo. I am a senior registrar in the department of Obstetrics and
Gynaecology, Delta State University Teaching Hospital, Oghara, Delta State. I wish to
compare the accuracy of clinical and ultrasound estimation of fetal weight at term. The study
is part of the requirements for the award of the Fellowship of the National Postgraduate
Medical College. This is an academic exercise and the report of this study shall be used only
for research purpose. We hope that this study would generate information that will improve
the management of high risk pregnancy and reduce perinatal and maternal morbidity and
mortality.
Information to the participants
The two methods for checking your baby’s weight are not harmful to you or your baby in any
way. Rather, they are beneficial. Participation is voluntary, free and without risk. You may
not receive any benefit from this study. However, you may benefit from appropriate decision
in the management of labour and delivery if there is abnormal fetal weight to reduce fetal or
maternal morbidity and mortality.
You may choose to end the participation at any stage of the study. Continuing in the study or
refusal will not change the standard recommended care protocol of the hospital. The study
will involve asking you questions about your personal biodata and obstetric history. Your
weight will be taken and measurement of your tummy using a tape rule will be done. After
that, the investigator will do an ultrasound to check the weight of your baby.
Confidentiality and Consent
The study is academic and information received shall be treated strictly with confidentiality
throughout and after the conduct and according to current global best practices in research.
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Thank you for your participation.
Consent by Participant
I fully understand the contents of the study process; I am willing to take part in the study.
____________
Signature/Date
of participant.

______
Signature/Date of researcher.
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APPENDIX B
QUESTIONNAIRE
SECTION A: PERSONAL AND BIODATA
1. SERIAL NUMBER...............................................
2. HOSPITAL NO..............................................................
3. AGE (last birthday in years.)............................................
4. MARITAL STATUS………………………………………
5.

PARITY.........................................................................

6.

LAST MENSTRUAL PERIOD.......................................

___________________________________________

SECTION B

RESULTS

(FOR THE RESEARCHER ONLY)

1. GESTATIONAL AGE AT ESTIMATION (weeks)……………
2. MATERNAL WEIGHT (kg)……………………………………..
3. SYMPHYSIO-FUNDAL HEIGHT (cm)…………………………
4. ABDOMINAL CIRCUMFERENCE (cm)………………………
5. ULTRASOUND FETAL WEIGHT ESTIMATION (g)…………
6. CLINICAL FETAL WEIGHT ESTIMATION (g).....................
7. TIME OF MEASUREMENT (hours)…………………………..
8. GESTATIONAL AGE AT DELIVERY (weeks)………………
9. TIME OF DELIVERY (hours)………………………………
10. INTERVAL BETWEEN WEIGHT ESTIMATION& DELIVERY (hours)…
10. MODE OF DELIVERY…………………………………………
11. ACTUAL FETAL WEIGHT AT BIRTH (g)……………………
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APPENDIX C
STUDY DURATION AND WORK PLAN
I plan to finish the study in 6months after the college accepts the written proposal and the
corrected version.
It is possible that several tasks will be performed in parallel. In addition to the main research,
I have put in the estimates I have made for data analysis and review of the draft by the
internal supervisors. The data collection will be performed over a 4 months period with
average of 4 participants being selected weekly. The selection of 4 participants weekly is
based on the estimated annual delivery rate in DELSUTH, Oghara from previous records as
outlined in the methodology.
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THE TABLE DISPLAYING THE MAIN STAGES DURING THE PROJECT
WORK PLAN

No

1

Activity

Mar
2016

Apr
2016

xx

xx
xx

MayNov
2016

Nov
2016Mar
2017

Apr
2017

May
2017

Jun
2017

Proposal writing

2

Ethical Approval

3

Submission to college

5

Data collection

6

Data analysis

xx
xx

xx
7

Review of draft by supervisors
xx

8

Final write up
xx

9

Submission
College

of

dissertation

xx

to
xx
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APPENDIX D ETHICAL APPROVAL
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APPENDIX E

EVIDENCE OF TRAINING IN USE OF ULTRASONOGRAPHY
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