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Critical Evaluation of Various Methods qf f sthnating Fetal \\t eii' ht �l�·�~� 

Ultrasound 

Shripnd Hebbar 
Dcpnrtlllt'lll �o�f�O�I�> �s �t�n�c�~� r111d Cy ll ecolog!, Kai>litrl>ti A1ediml C ,J/ieg' <\1nni!Jtll 

OBJECTIVE - Thi:o pmspect1 ve :-.tud y was conducted ro Knmv w lnch sonoh' ;1phic rnetlwd JJ, 't :r, · �.�~�,� , t • 

weight reliilbly predict:-. the birth weight METHOD ·· One ltundred pati(•;Jts were suu,med l!!u" • ,·. , ' hJ, 
hours of deli very. Se\ en d 1 ttcrenl modeb of ultrasonir weisht estimil twn were anal Y"ed o .t1 c1J1, I<.l'"' !. 11 r.., 
WilS found lhil t the method of Hadlock 1, predicted the bi r th weight more accu ntch than �o�t�h�e�~�s�.� LH .. -_ , t • d' >'l '" o1 

from the ilctuill birth weigh t.(226gms) and the percentJ le \a l ues l'f abo.,ulue crToi ot d i fft>rc'tl(('' P "w ht '' 1 t I· •1 

method and it predicted 111c1>.lmum number of 85"'o cas(•s w 1thin t- I O'?o of actual birth\\ Ltt..ht ',J,:nt fJ,, qt 'llh• e t< 
were observed between the predicted and actual birth vveight in all otlwr �m�e�t�h�o�d�~�(�~� (j 0! , �d�f�~�(� '.L"'-)10' 

I 
Hadlock's method is superior predictor of birth weight compared to other six ;me! I.., a ·nL'[Lf, l' t 1 ,,-,. ' • • ,,., 1r 1 ''• 

the birth weight in lerrn pre6TI1ancies where the measurements of fetal head is maccura te c i ther he· ··u · o 1t · ·: 1 �~� • rr ,'r 

or moulding, as it incorporates only FL and AC measurements w hich are not affe1led b.v thc,.;P c; ,. , • .., 
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Aims and Objectives 

ln the last two decades, vanous modeb have been 
designed by different investigators to predict fetal V\ c1ght 
using ultrasound. The desired uulcome IS achieved b\ 
measuring different fetal anth1npometrical parameter,.,. 
These im·eslig<ltors ha\ e found that an appro>.imate 
estimation of fetal '' e1ght mc1y be made by measuring 
biparietal diameter (BPD), head circumference (HC) 
abdom.inill circLm1ferPnce (A C), and femmlength (FL) . 

Different models of ultrasound estimation of fetal ' ' e1ght 
have been proposed by Hadlock 1.2 Birnholz', Deter et al". 
Jordaan", Shepardh and Warsof et aF of which Hadlock!. 
and Shepardh methods are most popular. However, these 
methods have not been evaluated in the Indian context. A 
study was undertaken to analyse the accuracy of these 
seven methods to predict birth weight. 

Materials and Methods 

This study was conducted at Dr. 1 M.A. Pat HospitaL 
Udupi which is our peripheral unit, between januan 
2000 and June 2000. This hospital mainly caters to c1 

low-risk obstetric population from lolA and m1d 
socioeconomic groups in the swruund111g v illages. The 
high-risk patients like those who are having prelerm 
labour, are usual!; referred to the main hospital and 
hence only term pregnancies were selected for this study 
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rhe paLJents slud!Cd IV(](' lxt\\l'l 't 1 '1-' (' 

\()years, 43 were p rn111grclvtda·, ,n, : ',., ,,,1, 1 , '' •, 

11 cd I i g r c1 v ida s and !I o 1' E h ,, ' , , t'' l J 1 '• 

rn•s;,ai'ues. Mostofther<1t1:· .,, .. •' •· ... , ·· 1,k, t 

:;tuciv hh,lllSC eithe1 the\ ,c.• t. ,, rt -,' 
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ultrasound c;canner A l "1 Mlv a], j,,, • " �~�~�·� L'' c: 
was used to obta1n hiparit'ldl 11 w 1 •· \,'' 

ocCJpilofrontal dJamet·er (Off>), Y( P' "'' 1i ,,. 1 u 

transverse abdor:nmal dtclrlldc ·' (•\I '·, •1·1 t\PL, n u 
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Abdon1inal cin urnferencc (!\C ·) A • , 
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the formula AC 'p (!\fJ AD2) I �~� 

Averagc i1bdon:ina1 diameter w,,,., 
the equatwn AD (ADI·'A021, 2 

One of the metLocb (Birnhol/') u. , 
val ue wh1c h was obtAuwd h) <. 
(BPD*OHJ/ I 264)0 -

fable I l)hoiA �:�~� �t�o�r�m�u �l �c�~�s� iJ, di t ie.• 
at estm1<1ted weight b\ ult1 ,,..,(llJJ 1 
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Within l r:; n1inutes of deli" er_., nt'\)" t' " , t P ,A t t''- , 

onanelc•clronicscale(w!tlt<h'liir.ll\( r • ·,...,ut,J, H l1 
actual 'Aeight of the neonate'·\., l' IJ,r'·'''ll \II 1 

ultrasomcallv l'SlJmated tela! wcigl' • r.P d'r'l't'" ' 
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"able I: Formulas used in Different Methods 

vfodels Equations 

lirnholz-' 
)eter et al 1 

-lad lock el al 2 

B\V 
Log!O (BW) 
Log!O (BW) 
Log!O (BW) 
Log!O (BW) 
LogiO (BW) 
Log10 (BW) 

(3.-t2928*BPD* AD2+41.218) I 1000 

-lad locket al 1 

-2.01-t + 0.211 �*�B�F�D�+�0�.�0�5�7�~� AC- O.OO.f03*BPD* AC 
�1 �.�5�2�1�3�+�0 �. �0�0�3�3�4�3�~� AC*FL+0 .001837*BPD2+0.0458* AC+0.158*FL 
-1.696+0.1938*FL+0.52R I* AC-0.00-t*FL * AC 

ordaan' 
)hepard et al'' 
1\farsof el aF 

-1.683+0377* AC +0.095*BFD-O.OOJ 5* AC*BFD 
-1.7492+0.166*BPD+0.046* AC-0.0026-±6*AC*BPD 
-1.599+0.144*BFD+0.032* AC-0.000111 *BFD*AC 

)tatistical methods: 

[he primary objecti ve of this study was to determine 
1ow accurately ec1ch of the ITi ethods predicted the 
1ctual observed birth \\'eight and to con1pare them with 
'i\Ch other. The accuracy of prediction was defined as 
he Jbsolute diffe rence bel\\'een the predicted Jnd 
Jbc,cn·ed \\'eigh l. The dJ ta ana I ysis \\'JS performed 
,·ith the help of a person,1! computer using SSPS 
·ersion 7.5 (St,1tistic,1l P,Kkclge for Social Sciences). As 
he d istributi on of Jbsolute error was distinctly 
1ongJussiJII, nonpMametric lest for pJired datJ \\'JS 
Jerformed using Wilco\.on's signed ranks method for 
Jclired datJ. 

[able II shows that the mean birth weight in Hadlock1 

1wthod vvas comparable to that of mean of actual 
)bserved birth weight. 

fable II: Mean Birth Weight 

\tlethods 

3irnholz-' 
Deter1 

Hadlock2 

Hadlock1 

fordaan' 
3hepard" 
Warsof 
Actual Weight 

Mean Birth 
Weight (gms) 

3064 
�2�7�3�~� 

::?.767 
283-l-
2760 
27 1-l-
2S80 
387-l-

Standard Deviation 
(gms) 

440 
390 
383 
387 
366 
397 
383 
<199 

Percentile \'Jiues for absolute error of difference in 
different methods (in grams) are shown in Table III. It 

can be seen that the percentile values for error were least 
withHadlock1 model 

The overall variation from actual birth weight in each 
·nwdel is given in TJble IV (Absolute values are 
considered for analysis). It can be seen that the variation 
was least in Hadlock model. 

Table IV: Deviation from Birth Weight 

Methods 

Birnholz' 
Deter4 

Hadlock2 

Hadlock1 

Jordaan' 
Shepardh 
WarsoP 

Deviation from 
Actual birth weight 

± 325 gms 
± 285 gms 
±260 gms 
±226 gms 
±280 gms 
±295 gms 
±386 gms 

Accuracy of different methods to predict birth weight 
wit hin ± 5% and ±10% of the actual birth weight is 
shown in Table V. 

Table V: Accuracy of M .ethods 

Methods ±5% ±10% 

Birnholz' 30 55 
Deter1 42 75 
H adlock" 45 78 
H adlock1 53 85 
Jardaan" 46 74 
Shepard' 4l 73 
Warsof 28 53 

Table III: Percentile Values for Absolute Error of Difference 

Models 5th percentile 10th percentile 25th percentile 5011
' percentile 75 percentile 95th percentile 

Birnholz' 32.3 61.5 120.8 237.8 438.6 558.4 
Deter4 15.3 26.2 66.1 163.2 283.2 597.3 
Hadlock2 19.6 30.5 81.8 153.5 270.9 537.9 
Hadlock1 7.3 28.9 62.8 144.1 259.9 526.8 
JordJ,1n' 11.2 40.7 71.5 157.8 286.1 578.8 
Shepard" 12.2 23.9 70.5 176.1 282.7 628.8 
\\' c1 rsof Jl). -l- 51.8 123.9 276.7 406.9 761.9 
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It Ciln be seen thil t Hodlock 1 method predicted the birth 
weight in 85"o of Cilses within ± 10% of actual birth 
weight. 

T,1ble \'I ;,ho\\';, the result;, of Wilcoxon's signed ranks 
test 

Table VI :Significance of Difference Between 
Predicted and Actual Weight 

Model 'Z' values 

Birnhol71 -5.869·' 

Deter4 --!.700b 

Hadlock" -3.878b 

Handlock1 -I ,8.J.Ob 

jordoan; -3.772b 

Shepord" -5.580b 

Warsor -8.187b 

Two tailed 
Signifiaance test 

(p value) 

<0.01 

<0.01 

<0.01 

>0.01 

<0.01 

<0.01 

<0.01 

Significance 

s 
s 
s 

NS 

s 
s 
s 

·' Bc1sed on �n�e�g�a�t�i�\�'�(�~� r,1nks ; b Based on positl\'e ranks. 

It is C\'ident from Table VI that the difference between 
the predicted fct,1! weight clnd the actual observed birth 
weight is highly significc1nt e'-.cept by the Hadlock1 and 
all methods under estimate birth weight except that of 
Birnholz's'. 

Discussion 

From this study it can be concluded that H adlock's
1 

method using FL and AC is more accurate in predicting 
the birth weight in term fetuses. This may be due to 
the fact that towards term, the head has the tendency 
to fi>-. or engage resulting in error in measuring head 
size. The moulding of head tovvard the term may also 
contribute to this phenomenon. 

In the present study, all methods except that of 
Birnhol;' undcrcstima ted the fetal weight. Even though 
Hadlock 1 method using FL and AC slightly 

• 

l::'sfi111ntiu,'\ l'oetllf Weiglit lnt UflnNJIII•d 

underestimated the fetal wc1ght; it was close to the actual 
observed birth weight, compared to other methods. It 
also could predict birth weight in maximum number of 
cases within ±10% of actual birth weight. 

The improved weight estimate obt<lincd using the 
method of Hadlock1 I;, based on the f,1ct that FL i-, 
related vnearly to CrOvVll heel )ength and according to 
jordaan, crown heel length affects �b�i�r�t�h�~�'� eight more 
significantly than the head size. Also it is cas; to 
reproduce correct FL measurements, whereas head 
measurements may be affected by variation of the 
shape of the head and moulding. Difficulty is also 
experienced in obtaining\ c1lid measurements when the 
head is deeply engaged in the pelvis 
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