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Introduction 

Fetal weight estimation is an important consideration when mak-
ing decisions in obstetrics [1]. Accuracy in estimation remains a 
challenge to obstetricians especially in breech presentation, previ-
ous scar, fetal macrosomia, and previous dystocia [2-4]. Various 
methods of  fetal weight estimation with different conditions and 
having varying degrees of  accuracy and limitations have been re-
ported. Accuracy varies depending on the time, the method and 
formula used [1]. Clinical estimations based on abdominal palpa-
tions and fundal height measurements with errors of  251g, 224g 
and 310 – 338g have been reported by some authors [5-8], [13]. 

Although ultrasound has its limitations, only few health facilities 
in developing countries have ultrasound equipments and when 
available, not all clients can afford for them. Clinical estimation, 
however, could be as accurate as routine ultrasound estimation, 
except in low birth-weight babies [9].

Abstract

Background: Estimation of  fetal weight is essential in contemporary obstetrics. Clinical estimations using maternal and fetal character-
istics and ultrasound methods exist. We compared a simple clinical estimation that is in use in low resourced facilities in Cameroon and 
ultrasound in a completely Caucasian environment.

Methodology: In this cross –sectional study, consented pregnant women with singleton pregnancies were carefully selected and enrolled. 
Those with adjuvant pathologies that increased uterine volumes were eliminated. We measured fundal heights and applied the Kornyuy 
– Mbu’s formula for birth weights and compared these with echographic estimations and actual birth weights. We calculated the percent-
age error between estimated birth weights (EBW) and actual birth weights (ABW) for accuracy and the ratio by percentage of  estimation 
within 10% of  actual birth weights.

Results: The average birth weight was 3,529 + 0.35g. We did not have any baby who weighed <2500g, 89.6% weighed between 2,500 - < 
4000g, and 10.4% had BW > 4,000g. The mean maternal age was 29, 2 + 4 years. The median gravidity and parity were 2 and1 respectively. 
The mean gestational age at delivery was 40.8 + 0.6 weeks. Clinical method underestimated and echographic method overestimated birth 
weights slightly but with no significance difference (P=0.130). Clinical method was able to estimate birth-weights within 10% of  actual 
birth weight in all the subjects as against only 50% of  the subjects with ultrasound. 

Conclusion: Clinical estimation of  birth weight as described by Kornyuy and Mbu is as accurate as routine echographic estimation in 
cases that are well selected. 
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In daily obstetric practice, no standard clinical formula has been 
adopted in estimating fetal weight in Cameroon and this led to 
the development and testing of  the Kongnyuy – Mbu’s method. 
This method uses only fundal height (FH) to estimate fetal weight 
(FW) in grams [Estimated FW = 3(FH) ²]. The two authors work-
ing in the biggest maternity in Cameroon discovered that the ab-
dominal circumference (AC) of  a pregnant Cameroonian woman 
at term is thrice the fundal height and they derived the formula 
from the FH x AC used routinely to estimate fetal weights in the 
service. The authors explained that AC is influenced by the body 
mass index (BMI) while fundal height is not. The inexpensive and 
easy availability of  the non-elastic tape makes it attractive for use 
in fetal weight estimation in developing countries [10-12]. This 
study was carried out to compare this method and routine echog-
raphy in relation to actual birth weights at term. 

Methods

We carried out a cross – sectional study that lasted twelve months 
(15th June 2011 – 14th June 2012) at the Regional Hospital Centre 
Chartres, France. This is a referral hospital quoted as level 2B in 
France and is a centre for the training of  French and foreign in-
terns. We received authorization to test and compare this formula 
with ultrasound estimations of  fetal weights from the authors of  
this formula and ethical clearance from the hospital. 

We recruited women with singleton pregnancies who were seen at 
the out-patient consultation or referred and who were to undergo 
either abdominal or vaginal deliveries at term (37-42 completed 
weeks of  gestation) and who consented. We excluded those with 
uterine fibroids, multiple gestations, polyhydramnios, oligohy-
dramnios, fetal anomalies or demise, unsure dates, abnormal lie 
or presentation, ante partum hemorrhage and eclampsia. We also 
excluded women whose body mass indices were at least 30.

Women who consented were enrolled and we took measurements 
from the highest point on the uterine fundus to the midpoint 
of  the upper border of  the symphysis pubis with the women in 
supine position and with voided bladders. We used the inelastic 
flexible tape for measurements. All measurements were taken 
thrice to the nearest centimeter by the same person and the mean 
of  these readings was then taken as the absolute measurement. 
Demographic data were completed in the questionnaire and 

each woman was thereafter sent for ultrasound estimation of  fe-
tal weight by an expert in obstetrical ultrasonography using the 
highly performant VOLUSON 730 apparatus and applying the 
Hadlock-3 formula. The ultrasound print - out was attached to 
the study questionnaire of  each woman. Clinical estimation apply-
ing the Kongnyuy-Mbu’s formula was then made.

Completion of  the questionnaire was done at delivery and the 
actual fetal weight was recorded. The midwives who weighed the 
new borns were not aware of  the fetal weight estimates.

All data were analyzed using the SPSS, the 17.0 version.

Statistical Analysis

Accuracy of  birth-weight was determined by calculating the per-
centage error between the estimated birth weight (EBW) and the 
actual birth weight (ABW), that is, EBW-ABW ×100/ABW and 
the ratio by percentage of  estimation within 10% of  actual birth-
weight. Each of  these error terms was averaged for each method 
of  estimation in the entire study group and in the strata of  birth 
weights. The mean error represented the sum of  positive (over-
estimations) and negative (underestimations) from actual birth 
weights approximating zero in a method with very low or no sys-
temic error. 

The difference between the two methods in the mean percentage 
error (i.e. the size of  systemic error) in each method was assured 
by the Paired t-test. The mean absolute percentage error was the 
sum of  the absolute deviations (regardless of  their direction) re-
flecting the size of  the overall predictive error in terms of  actual 
birth-weight. 

Since the absolute errors are not normally distributed, Wilcoxon 
Signed-rank test (non-parametric) was used for testing the differ-
ences between the estimates. The difference in proportion of  es-
timates within 10% of  actual birth-weight was assessed by the chi-
square test. P< 0.05 was considered statistically significant. Each 
outcome measure was assessed for overall foetal weight and for 
three categories of  weights: <2.500g, 2.500<4000g and ≥4000g.
The overall correlation coefficients of  ultrasound and the Kong-
nyuy-Mbu’s estimates were compared. 

Birth weight sratum Kornyuy – Mbu EFBW (n = 66) Echographic EFBW (n = 66) P - value Inference
1. GLOBAL
Mean % error                                                       0.2026±9.29576 0.2602±7.85218 0.632 NS
Mean absolute % err.              6.2247±6.87734    5.4149±5.66526   0.632 NS
Estimates within ABW±10%                                                                             78.1% 83.3% 0.098 NS
Correlation coefficient                                                                                       0.673 0.672 < .001 S
2. BW 2,500 ≥ 4,000 g
Mean % error    0.0240±9.74692  1.0718±7.38775 0.304 NS
Mean absolute % err.                                                            6.6540±7.08568 4.9377±5.57438  0.081 NS
Estimates within ABW±1                                                                              75.6% 87.2% 0.013 S
3. BW ≥4,000 g
Mean % error                                                           2.1509±3,18803 -6.7190±8,65667   0.130 NS
Mean absolute % err.                                                                                2.5330±2.85915  9.5193±4.94107 0.005 NS
Estimates within ABW±10%                                                                            100.0% 50.0%   NA NA

Table 1: Accuracy and differences between methods of  estimation of  foetal weight.

ABW = Absolute birth weight  NS = Not significant  S = Significant
NA = Not applicable   ERR = Error
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Results

Ninety six women were recruited. The mean actual birth weight 
was 3,529 + 0.35 (range: 2,715 – 4,380) g. There were no birth 
weights <2500g, 89.6% had birth weights between 2,500 - < 
4000g, and 10.4% had birth weights >4,000g. The mean maternal 

age was 29, 2 + 4.8 (range: 16-41) years. The median gravidity 
and parity were 2 (range: 1 – 8) and 1(range: 0-7). Thirty – three 
percent (33%) were nulliparous, and 65% were multiparous while 
02% were grand multiparous. The mean gestational age was 40.8 
+ 0.6 (range 39-42) weeks.

Figure 1a: Scatter diagram of  actual birth-weight with 
respect to clinical estimation by the Kongnyuy-Mbu’s 

method.

Figure 1b: Scatter diagram of  actual birth-weight with 
respect to echographic method.

Figure 2a: Overall distribution of  percentage error terms 
by the Kongnyuy-Mbu’s clinical estimation.

Figure 2b: Overall distribution of  percentage error by echo-
graphic estimation.

Figure 3a: Overall distribution of  absolute percentage error 
terms by the Kongnyuy-Mbu’s clinical.

Figure 3b: Overall distribution of  absolute percentage error 
terms by echographic estimation.
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Table 1 shows the accuracy and statistical differences between 
clinical and ultrasonic-estimated fetal weights.   

Figures 1a and 1b show the scatter diagrams of  actual birth 
weights by method of  estimation. Figures 2(a/ b) and 3 (a / b) 
show the overall distribution of  the error terms for the two meth-
ods.  

Echographic estimates were within 10% of  the actual birth 
weight in 87.2% of  weights between 2500 – 4000 g as against  
76.5% for clinical estimation (p = 0.098). The clinical method 
overerestimated and echographic method underestimated fetal 
weight. Clinical method estimated all birth weights within 10% of  
actual birth weights as against 50% for echographic estimations 
for babies weighing at least 4000g.

Discussion

In this study, the clinical method (Kongnyuy-Mbu’s) generally 
under estimated while echographic method over estimated birth 
weights. However the difference between the two methods was 
not statistically significant (P = 0.632). The mean absolute per-
centage error was greater (6.22% vs 5.41%) for the clinical es-
timation, although the difference was not statistically significant 
(P=0.632) figs. 3a/3b

Estimates within 10% of  actual birth weight were better with 
echography (87.2% vs 75.6%) for foetal weights ranging between 
2,500 – 4,000g, but the difference was not statistically significant 
(P=0.098). The accuracy of  clinical estimation obtained was 
highest in the birth weights range between 2,500-4000g.  It was 
also best when birth weights were >4000g. We did not have any 
cases in the group with birth weights <2500g. In the high birth-
weight (>4000g) group, however, the clinical method systemati-
cally overestimated birth-weight, while the echographic method 
underestimated it, but the difference between these methods was 
not statistically significant (P=0.130).  Clinical method was able 
to estimate birth-weights within 10% of  actual birth weights in 
all (100%) of  the subjects with birth weights > 4000g; meanwhile 
this was possible in only 50% with the echographic method. Both 
methods generally overestimated foetal weight by 300 g and 450 g 
for echographic and clinical method respectively.

Accurate prediction of  fetal weight has been of  great interest in 
obstetrics. Identification of  intrauterine growth restriction after 
37 weeks’ gestation is an indication for delivery in order to reduce 
the chances of  foetal mortality [23]. Similarly, diagnosis of  mac-
rosomia frequently leads to delivery by means of  caesarean sec-
tion to reduce risk of  failed vaginal delivery and shoulder dystocia 
[16, 17, 23].

As fetal weight cannot be measured directly, it must be estimated 
from fetal and maternal anatomical characteristics. Many research-
ers have used different methods to achieve this and the most 
commonly used are clinical and echographic but a few studies 
have compared the two methods [9], [14-20], [24,26,28], [30-42].
.
The correlation coefficient for the clinical and ultrasonic meth-
ods, compared to actual birth-weight, were +0.673 and + 0.672 
respectively (Table 1), and results of  statistical analysis showed 
these coefficients were statistically significant (P=0.000). These 
coefficients are comparable with those reported in similar studies 
(0.67 vs 0.74) [9]. 

With respect to echographic estimation, our results are in conso-
nance with what has been reported that the mean absolute per-
centage error of  predicted birth weights varies between 6% and 
12% of  actual birth weights, and 40-75% of  the estimates are 
within 10% of  actual birth weights [23,27,38]. This was higher 
(90%) in our study and could be explained by the strength of  the 
echography machine (VOLUSON 730) used and its manipula-
tors. Also, our wide range of  exclusion criteria in patient selec-
tion could have contributed to this relatively high accuracy with 
respect to results reported by others.

In previous studies, no standardized method was used for clinical 
estimation, making it subjective, poorly defined and non-repro-
ducible.  Sonographic methods are used because they are objec-
tive, reproducible and involve well-defined measurement proce-
dures. In this study, we used a standardized method of  clinical 
estimation that had been found previously to correlate well with 
birth-weight thus making it a unit protocol [25]. The Hadlock-3 
formula present in the ultrasound machine found in the service 
was used for echographic estimation since authors who have 
compared the accuracy of  conventionally used formulae suggest 
that no single formula estimates birth weight more accurately to 
a significant degree than any other formulae, thus eliminating the 
bias that only Hadlock-3 formula was used [14].

Two measures of  accuracy were used in our statistical analysis 
in the estimates within + 10% of  actual birth weight. They were 
the mean percentage error, and the mean absolute percentage er-
ror. Interestingly, the mean percentage error can be misleading 
because it is the sum of  positive and negative deviations from ac-
tual birth weight, thus artificially reducing the difference between 
actual birth weight and estimated birth weight. It is a measure 
of  systematic error in each method and not variation from birth 
weight. By contrast, the mean absolute percentage error reflects 
the variability noted regardless of  their direction and as such, is 
a much more accurate mediator of  differences from actual birth 
weight. Hence, for practical clinical purposes, the variation be-
tween predicted birth weight and actual birth weight is best ex-
pressed in the forms of  mean absolute percentage error [23].

The major strength of  this study is that clinical estimation of  
fetal birth weight using the Kongnyuy-Mbu’s formula is as ac-
curate as the echographic method but while the clinical method 
slightly under estimated foetal weight, the echographic method 
over estimated it. These findings are similar to those reported in 
previous studies that have had similar designs and sample sizes 
where no statistically significant differences in estimates + 10% 
of  actual birth weights have been found in birth weights that 
range from 2,500 – 4,000g [9,18,19]. Some other studies reported 
that echographic estimations are more accurate only when there 
is low birth-weight. In these reports, both methods both clinical 
and echographic methods underestimated birth weights by 400g 
[14,30]. In recent publications, no significant differences have 
been reported between the two methods even at extremes of  
birth weights at term and no advantages of  echographic estima-
tion over clinical estimation have been found [20,28,29,32]. 

In this study, we found out that both methods generally over-
estimated birth weights by 300g and 450g for echographic and 
clinical estimations respectively. This was marked in (foetuses) of  
birth weights >2,500 to <4000g. When the Kongnyuy-Mbu’s for-
mula was applied under a purely African setting, they found an 
overestimation with respect to the actual birth weights of  251g 
[13].
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In their comparism of  accuracy of  the two methods, some re-
searchers observed no benefit in obtaining a sonographic estima-
tion because its accuracy is not better than that of  clinical estima-
tion, except when there is low birth-weight (<2,500g). In such 
cases, ultrasound yields a better prediction. These authors con-
cluded that estimation of  birth weight is associated with a wide 
range of  actual birth weight variations making obstetrics decision 
based on such predictions to be likely associated with unnecessary 
interventions [15].

The above findings have important implications for developing 
countries like ours (Cameroon) where there are limited techno-
logically-advanced ultrasound machines capable of  carrying out 
fetal weight estimations and coupled with the near absence of  
experienced radiologists or experts in obstetrical ultrasonography.

Conclusion

The Kongnyuy-Mbu’s clinical estimation of  birth weight is also 
good when compared with routine echographic estimation in care-
fully selected cases irrespective of  race. This simple, user friendly 
and available method is a useful alternative to ultrasonography in 
birth weight estimation at term when fetus weighs >2500g. Also, 
in settings where there is no availability or accessibility of  ultra-
sound, especially where some women may present in emergency 
situations, this simple method can be used in decision making. 
If  the present results are validated by future studies, the method 
holds a great promise for use in poor resource settings.
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