
Rev Peru Ginecol Obstet. 2021;67(2)   1

Comprehensive biometric index for fetal 
growth assessment

Índice biométrico integral para evaluar 
el crecimiento fetal 

Alberto Sosa Olavarría1. Eulolio Álvarez Moya2

DOI: https://doi.org/10.31403/rpgo.v67i2317

1. MD, PhD, DHC Universidad de Carabobo. 
Valencia, Venezuela; Centro Policlínico 
Valencia. Venezuela https://orcid.org/0000-
0003-4776-7375

2. 2 MD, MSc, Specialist in Obstetrics and 
Gynecology, Centro Policlínico, Valencia, 
Venezuela https://orcid.org/0000-0003-
4978-8196

Conflict of interest: The authors declare the non-
existence of conflicts of interest

Financing: None with this paper

Recieved: 14 January 2021

Accepted: 28 March 2021

Online publication:

Corresponding author: 
Alberto Sosa Olavarría
m asosaolavarria@gmail.com

Cite as: Sosa Olavarría A, Álvarez Moya E. 
Comprehensive biometric index for fetal growth 
assessment. Rev Peru Ginecol Obstet. 2021;67(2). 
DOI: https://doi.org/10.31403/rpgo.v67i2317

ABSTRACT
Assessing fetal growth and its deviations is a challenge for the physician who uses 
ultrasound fetal biometry to estimate gestational age and fetal weight, sometimes 
resulting in a prediction that deviates from reality. Objective: To process the data 
provided by seven authors, applying an integral biometric index formula, to confirm 
the possibility of coincidence between all the data obtained. Methods: Processing 
of head circumference (CC), abdominal circumference (CA) and femur length (LF) 
measurements according to gestational age published by 7 authors, to calculate 
the biometric index using the formula [CAF= (CC + CA) - LF]. Results: Polynomial 
equations were obtained for each group of data separately and finally the global 
data, correlating the values of the index and gestational age, obtaining the curvilinear 
correlation coefficient, with R² = 0.99 (p < 0.05). Conclusions: The comprehensive 
fetal growth index is proposed as a tool to verify fetal growth through sequential 
evaluation, regardless of the origin and characteristics of the population under study. 
Key words: Fetal growth, Biometry, Ultrasonography. 

RESUMEN
Evaluar el crecimiento fetal y sus desviaciones constituye un reto para el médico 
que usa la biometría fetal por ultrasonido para estimar la edad gestacional y el 
peso del feto, resultando que la predicción se aparta en ocasiones de la realidad. 
Objetivo. Procesar la data aportada por siete autores, aplicando una fórmula de 
índice biométrico integral, para confirmar la posibilidad de coincidencia entre todos 
los datos obtenidos. Métodos. Procesamiento de las medidas de circunferencia 
cefálica (CC), circunferencia abdominal (CA) y longitud del fémur (LF) según la edad 
gestacional publicadas por 7 autores, para calcular el índice biométrico mediante la 
fórmula [CAF= (CC + CA) - LF]. Resultados. Se obtuvieron las ecuaciones polinomiales 
de cada grupo de datos por separado y finalmente la data global, correlacionando 
los valores del índice y la edad gestacional, consiguiendo el coeficiente de 
correlación curvilínea, con R² = 0,99 (p < 0,05). Conclusiones. Se propone el índice 
integral de crecimiento fetal como una herramienta para verificar el crecimiento del 
feto mediante la evaluación secuencial, independientemente de la procedencia y 
características de la población en estudio. 
Palabras clave. Crecimiento fetal, Biometría, Ultrasonografía.

ORIGINAL PAPER

IntroductIon

The assessment of fetal growth and its deviations is a challenge faced 
daily by the physician who uses ultrasonography. When obtaining the 
multiple measurements of fetal anthropometry, and proceeding to esti-
mate the gestational age and weight of the fetus, through different ma-
thematical formulas, it is found that the result of the prediction deviates 
from reality, in a significant number of occasions(1,2). This difference in-
creases when the growth is located towards the upper or lower extre-
mes of the ranges established as normal or referential for gestational 
age(3). The different existing formulas raise many doubts regarding their 
predictive accuracy. 

At the beginning of the year 2000, the World Health Organization (WHO) 
suggested the development of strategies aimed at promoting the need 
to optimize fetal development, as part of a paradigm shift, and whose 
main priority, among others, was to guarantee that the pregnant wo-
man would receive proper health care to carry out a normal pregnan-
cy(4). A consequence of this suggestion would be to establish whether 
fetal biometry, obtained at a given time of gestation, is adequate or not. 
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Fetal biometry by ultrasound has become the 
cornerstone of the diagnosis and management 
of fetal growth and its deviations(5). Three para-
meters have demonstrated the greatest reliabi-
lity when integrated into predictive equations: 
head circumference, abdominal circumference 
and length of the femoral diaphysis(6-9). However, 
the methodology applied for this purpose has 
not completely solved the problem of accurate 
diagnosis of growth deviations, with the conse-
quence, in many cases, of under diagnosis or 
over diagnosis, of erroneous information being 
given to the patient and the possibility of inade-
quate decisions by the medical staff.

Despite suggestions by WHO and other au-
thors(10,11) of using of the Z score in the elabora-
tion of tables and reference values, tools known 
to be superior in showing values that are above 
or below the extreme percentiles, and that es-
tablish the difference between observed and 
expected values, there is still preference for de-
cision-making based on percentiles. 

In 2012, we proposed(12) an index to evaluate fe-
tal growth called biometric index (CAF), which 
uses the biometric variables of head circumfe-
rence in cm (CC) abdominal circumference in cm 
(CA) and femur length in cm (LF), incorporated 
in a simple formula, the results were presented 
according to the Z score, in correlation with ges-
tational age and fetal weight. 

The aim of the present work was to process the 
data provided by different authors by applying 
the CAF biometric index formula, and to confirm 
or reject the possibility of coincidence between 
the different fetal biometries reported in diffe-
rent populations. 

Methods

In this paper we used the data reported by 
different authors(5,9,13-16) and compared them 
with our data(12, 22). In all the selected papers 
the same inclusion criteria were applied, i.e., 
singleton uncomplicated pregnancy, whose 
FUR was proven with caudal cephalic length 
(CCL) obtained before 10 weeks of gestation; 
carriers of a live fetus with normal phenotypic 
appearance and who underwent an ultrasound 
study between 14 and 39 weeks of gestation, 
including ultrasound measurements of head 
circumference (CC), abdominal circumference 

(CA) and femur length (LF), values represented 
in percentiles, which allows inferring that they 
applied goodness-of-fit treatments towards the 
Normal Curve. Pregnant women with multiple 
gestation, fetuses with growth alterations or 
phenotypic features of chromosomal or struc-
tural anomalies, as well as pregnant women 
with chronic diseases were excluded from the 
different studies. The use of the Z score is pre-
ferred over the percentiles, since the former 
takes into account the differential between the 
measurement found and the expected one, 
using the standard deviation of the parameter 
evaluated at the time of measurement, while 
the percentile only reports the position occu-
pied by the parameter in a data distribution 
that adjusts to the Gaussian norm.

statIstIcal analysIs

The tables reported in the selected studies, as well 
as the respective measurements of head circum-
ference (CC), abdominal circumference (CA) and 
femur length (LF) according to gestational age, 
which were expressed in millimeters (mm), were 
transformed into centimeters (cm), to subsequent-
ly calculate the corresponding integral biometric 
index CAF for each of the selected studies, using 
the formula [(CC + CA) - LF] for each week of gesta-
tion. The different biometric tables consulted were 
expressed in percentiles, which means that they 
were treated by goodness-of-fit tests in order to 
achieve a Gaussian distribution and ours in Z sco-
re, the corresponding percentiles were calculated 
for our data(10,11), applying the following equation:

Percentile calculation = mean (X) ± Z score (Pz) x 
Standard deviation (SD). 

The CAF Index tables were constructed based on 
the biometric variables of each study. The papers 
submitted for the study were designated with the 
acronyms CAF 1 through CAF 7, with their corres-
ponding equations obtained through second-de-
gree polynomial regressions, with the formulas 
adjusted to the data of each one of them.

CAF1= -0.0204 GA2 + 2.8911 GA - 19.622

CAF2= -0.0206 GA2 + 2.8657 GA - 19.967

CAF3= - 0.2271 GA2 + 30.047 GA – 21.523

CAF4= -0.022 GA2 + 2.9421 GA - 21.29
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CAF5 = -0.0228 GA2 + 3.0071 GA - 20.672

CAF6 = -0.0271 GA2 + 3.2713 GA - 25.136

CAF7: = -0.0209 GA2 + 2.9258 GA - 20.956

Microsoft Excel 12.0 2007 was used for the diffe-
rent calculations. Once the CAF indices were ob-
tained from each of the 7 authors, the averages of 
the 50th percentiles and the 3rd, 5th, 10th, 50th, 
90th, 95th, and 97th percentiles were calculated, 
as well as the corresponding Z scores, which were 
presented in tables (Tables 1, 2, 3). The Z score 
(Pz) used for the calculation of the 10th and 90th 

percentiles was 1.28; for the 5th and 95th percen-
tiles it was 1.65; for the 3rd and 97th percentiles 
it was 1.88. To construct the table of global CAF 
data in percentiles, we applied the equation:

Percentile calculation = P50 ± Z-score (Pz) x Stan-
dard deviation (SD).

results

The values of the 50th percentile (P50) obtained 
for the CAF in each of the works considered for 
the study are shown in Figure 1, where they are 
indicated as CAF1 to CAF7, with their respective 

Table 1. DisTribuTion accorDing To gesTaTional age in weeks of The comprehensive biomeTric inDex (caf) expresseD in 50Th percenTile 
of The auThors incluDeD in The sTuDy. caf

1
(13), caf

2
(14), caf

3
(5), caf

4
(15), caf

5
(12,22), caf

6
(9), caf

7
(16).

Gestational age
CAF1 CAF2 CAF3 CAF4 CAF5 CAF6 CAF7

p 50 (cm) p 50 (cm) p 50 (cm) p 50 (cm) p 50 (cm) p 50 (cm) p 50 (cm)

14 17 16 16 16 17 16 16

15 19 18 18 18 19 18 18

16 21 21 21 20 22 20 21

17 24 23 23 22 24 23 23

18 26 25 25 25 26 25 25

19 28 27 27 27 28 27 27

20 30 29 29 29 30 29 29

21 32 31 32 31 32 32 31

22 34 33 34 33 34 34 33

23 36 35 36 35 36 36 35

24 38 37 38 37 38 38 37

25 40 39 39 39 40 40 39

26 42 41 41 40 42 42 41

27 44 42 43 42 44 44 43

28 45 44 45 44 46 45 45

29 47 46 47 46 47 47 46

30 49 47 48 47 49 49 48

31 50 49 50 49 51 50 50

32 52 51 51 50 52 52 52

33 54 52 53 52 54 54 53

34 55 54 54 53 55 55 55

35 57 55 56 55 57 56 56

36 58 57 57 56 58 58 58

37 59 58 59 57 59 59 59

38 61 59 60 59 61 60 60

39 62 60 61 60 62 61 61
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bibliographic reference. The CAF indexes of each 
author were calculated by weeks of gestation, 
between 14 - 39 weeks of gestation. It can be ob-
served that they showed similar results except 
for a few that presented minimal differences of 
1 or 2 points.

Given the similarity of results among the di-
fferent authors, concerning the 50th percen-
tile of the different CAF indices constructed 
(CAF1; CAF2; CAF3; CAF4; CAF5; CAF6; CAF7), 
we proceeded to average all the CAF indexes 
contained, with the purpose of obtaining a 
globalizing and unifying index of the metric 
variations of the fetus, according to the re-

gions of origin in ethnicity, which we defined 
as CAF integral biometric index. The results in 
percentiles and Z score are shown in tables 1, 
2 y 3.

The results obtained when grouped fitted per-
fectly to a second-degree polynomial curve, so 
it was decided to apply a quadratic polynomial 
regression.

The resulting equation when applying the se-
cond-degree polynomial regression was:

CAF = -0.0217 GA2 + 2.9421 GA - 20.615 (R² = 
0.999).

Table 2. inTegral biomeTric inDex expresseD in percenTiles, calculaTeD from The global DaTa, accorDing To gesTaTional age beTween 14 
anD 39 weeks. iT can be useD as a subsTiTuTe for The Z score.

Integral biometric index (CAF) expressed in percentiles

Weeks of gestation p 3 p 5 p 10 p 50 p 90 p 95 p 97

14 14 14 15 16 18 18 19

15 17 17 17 19 20 20 21

16 19 19 19 21 22 23 23

17 21 21 22 23 25 25 25

18 23 23 24 25 27 27 28

19 25 25 26 27 29 30 30

20 27 27 28 30 31 32 32

21 29 29 30 32 33 34 34

22 31 31 32 34 36 36 37

23 33 33 34 36 38 38 39

24 34 35 35 37 40 40 41

25 36 36 37 39 42 42 43

26 38 38 39 41 44 44 45

27 39 40 41 43 45 46 47

28 41 41 42 45 47 48 49

29 43 43 44 46 49 50 50

30 44 45 45 48 51 52 52

31 45 46 47 50 53 53 54

32 47 47 48 51 54 55 56

33 48 49 50 53 56 57 57

34 50 50 51 54 58 59 59

35 51 51 52 56 59 60 61

36 52 53 54 57 61 62 62

37 53 54 55 59 62 63 64

38 54 55 56 60 64 65 65

39 55 56 57 61 65 66 67
CAF = -0.0217 X2 + 2.9421 X – 20.615
SD = 0.0009 X2 + 0.0338 X + 0.3899
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The equation for the standard deviation was set at

DE = 0.0009 GA2 + 0.0338 GA + 0.3899

The graphical representation of the overall 
CAF-data curve, according to the Z-score values, 
is presented in Table 1.

dIscussIon

Normal embryo-fetal growth is defined as 
that which results from cell division and grow-
th without interference, which has as its final 

product a newborn in which the full genetic 
potential is expressed(4,17). However, in clinical 
practice it is very difficult to verify the intrinsic 
growth potential of each fetus, since it cannot 
be measured by the obstetric techniques cu-
rrently applied (3,9,18,19).

The weight in the estimation of fetal weight with 
the formulas generally used are well known, and 
the current evidence indicates levels of error that 
should be taken into account(1,20,21). Consequent-
ly, it is more practical to indicate fetal growth 
by applying an index of fetal weight, using an 

Table 3. biomeTric inTegral inDex (caf) calculaTeD from The global DaTa expresseD in Z score, accorDing To The gesTaTional age 
beTween 14 anD 39 weeks. how To use, knowing in The mosT precise way The gesTaTional age expresseD in weeks, wiThouT fracTion of 
Days, proceeD To obTain The measuremenTs (cc, ca, lf) anD apply The formula of The inTegral inDex caf anD place This value in 
The Table To obTain The Zs1. repeaT The evaluaTion laTer accorDing To The case in -5 weeks, anD analyZe The behavior of The obTaineD 
values (Zs2, Zs3, Zs 4).

Integral biometric index (CAF) expressed in Z score

Weeks of gestation Zs -2.5 Zs -2.0 Zs -1.5 Zs 0 Zs +1.5 Zs +2.0 Zs +2.5

14 13 14 14 16 18 18 19

15 16 17 17 19 21 21 22

16 18 19 19 21 23 23 24

17 20 21 21 23 25 25 26

18 22 23 23 25 27 27 28

19 24 24 25 27 29 30 30

20 27 27 28 30 32 33 33

21 28 29 30 32 34 35 36

22 30 31 32 34 36 37 38

23 32 33 34 36 38 39 40

24 33 34 34 37 40 40 41

25 35 35 36 39 42 43 43

26 36 37 38 41 44 45 46

27 38 39 40 43 46 47 48

28 40 41 42 45 48 49 50

29 41 42 43 46 49 50 51

30 43 44 45 48 51 52 53

31 44 45 47 50 53 55 56

32 45 46 47 51 55 56 57

33 47 48 49 53 57 58 59

34 48 49 50 54 58 59 60

35 49 51 52 56 60 61 63

36 50 52 53 57 61 62 64

37 52 53 55 59 63 65 66

38 53 54 56 60 64 66 67

39 54 55 57 61 65 67 68
CAF = -0.0217 X2 + 2.9421 X – 20.615
SD = 0.0009 X2 + 0.0338 X + 0.3899
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integral formula with the three fetal biometric 
parameters of greater reliability, to indicate if 
the biometry obtained at a certain moment of 
gestation is adequate or on the contrary does 
not correspond to what is expected, and without 
this preventing complementing the information 
of the estimated weight, with Hadlock's formu-
la(18), accompanied by the warning of the random 
error margin of 8.8% to 17.78%(1). 

When the biometric values are included in a biome-
tric index that integrates three of them (CC, CA, LF), 
it makes this tool useful in the evaluation of any po-
pulation group, since it allows locating in function of 
the Z score and its extreme values, its biometric ade-
quacy at the moment of study, and also allows the 
follow-up of the biometric index in function of time.

The application of the CAF is extremely simple, 
once the measurements included in its formu-
la have been obtained, at any time of gestation 
and from 14 weeks onwards, the value obtained 
is placed in the general table or on the curve, 
and knowing with maximum precision the date 
of last menstruation, fertilizing coitus, embr-
yo implantation, or early ultrasound data (5-10 
weeks), it is possible to determine whether the 
calculated index is adjusted to that age, or on 
the contrary, to locate the corresponding Z score 
(Zs1). The following evaluation, with an interval 
longer than 2 weeks, will allow to evaluate the 
sequential Z score (Zs2) and to know the trend 
of the growth curve.

By means of two measurements separated by 3, 
4, 5 weeks of the CAF Z score (Zs1, Zs2, Zs3), and 
applying the formula of the differential (Delta) of 
the Z score between both, Z differential of 0 de-
notes perfect tracking, while a score above or be-
low 0 represents faster or slower than expected 
growth between the specified times. If the diffe-
rence obtained between the two measurements 
exceeds 2 points, the growth of the fetus is not 
constant, and is experiencing acceleration (>+2) 
or deceleration (< -2). We must remember that 
a fetus small for its gestational age due to cons-
titutional factors maintains a constant Z score 
that generally does not exceed a difference in 2 
points between two measurements. Regarding 
the usefulness of the fetal weight estimation, we 
recently published data about the correlation 
with the fetal weight and curve for the sequen-
tial Z score(22), although the use of Hadlock's for-
mula can be used as a complement. 

On the other hand, taking into account the differen-
ce between two measurements, the correlation coe-
fficient between them, and the time-lapse between 
them, it is possible to calculate a conditional growth 
velocity as suggested in a recent publication(23).

This study evaluates an integral biometric index, 
using data from different works, presenting tables 
and reference curves from the formula referred to 
with the acronym CAF, an index that can be used 
as an anthropometric indicator of fetal growth not 
dependent on factors such as geographic area, age 
of the pregnant woman or ethnicity, among others.

Although the study was carried out in normal 
pregnancies without the inclusion of complicated 
pregnancies, we believe that its applicability is 
perfectly possible in these cases and in women 
with pathologies associated with pregnancy. One 
limitation found is that data from other authors 
were used and extrapolated for the study, adjus-
ted by means of a polynomial regression model. 
Hence, it is beyond our possibilities to demons-
trate biases in the data provided, although the 
percentile representation used by the authors 
presupposes a Gaussian distribution. 

conclusIons

Regardless of the population being studied, the 
comprehensive biometric fetal growth index 
[CAF= (CC+ CA) - LF], can be used as an anthro-
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figure 1. graphical represenTaTion of The comprehensive bio-
meTric inDex (caf) values (global DaTa) -2Zs (green line), 0Zs 
(reD line), +2Zs (blue line), accorDing To gesTaTional age. iT can 
be useD To assess caf moniToring During pregnancy anD DeTecT 
DeviaTions (Zs1, Zs2, Zs3 … sequenTial Zs score TrajecTory).
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pometric indicator of fetal growth, to establish 
whether fetal growth is in line with the time of the 
study, or deviates from what is expected. Periodic 
evaluations will establish whether fetal growth is 
stable, accelerating or decelerating. We propose 
the CAF index as a complementary tool to the 
calculation of fetal weight, to give the physician 
the facility to verify fetal growth, in addition to 
allowing patients to understand in a simple way 
how it is evolving as a function of time.
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