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Gestational age is calculated as the number of weeks 

beginning from the �rst day of the last menses to the 

present day [1]. Pregnancy (gestation) is the physiologic 

procedure of development of the baby in the womb of 

mother [2]. Estimation of GA and growth pattern of the 

baby is very important in obstetrical examination and it has 

always gained the interest of the researchers [3]. This data 

is very important for programming the antenatal 

obstetrical care, for planning the necessary antenatal 
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The estimation of GA (gestational age) is vital part of obstetrical ultrasound examination for 

managing the pregnancy as well as monitoring the growth of the fetus. FFL measurement is a 

precise method for the calculation of the GA of the fetus when other methods do not give 

accurate measurement. Objectives: The main objective of our review is to assess the role of 

ultrasonographic measurement of foot of the fetus in the calculation of GA and secondary 

objective is to measure the FL to FFL ratio in the normal fetuses. Methodology: Review was 

conducted with the help of different search engines and websites. Only those studies were 

included that reported on the determination of the GA from the FFL measurements on antenatal 

ultrasonography and on at least one statistic assessing the accuracy of gestational age 

estimation. The duplicate, non-English and incomplete studies were excluded. After initial 

screening of 120 studies only 20 studies were eligible for inclusion. All data extracted from them 

was analyzed using SPSS version 24. Results: After ful�lling eligibility criteria, we were left with 

20 studies between years 1987 to 2019. Majority of the studies were conducted in Asia (60%) with 

study population greater than 50 participants (95%).All of our studies measured FFL for 

estimation of GA in singleton (80%) and normal (90%) pregnancies. Studies varied in their use of 

GA reference method, (5%) studies used LMP alone, (10%) studies relied on EDS, (10%) studies 

used either EDS or LMP as a comparison method, (45%) studies used both EDS and LMP and 

(30%) studies did not report their reference method. Ten studies reported R with mean value of 
2 0.90002 and SD of 0.073997, 13 studies reported R with mean value of 0.85192 and SD of 

0.156988. Six studies (38%) measured FL to FFL ratio with mean value of 0.96. Fifteen studies 

reported regression coe�cient with mean value of 1.39057 and SD of 1.15890.                                              

Conclusion: After reviewing literature of all the studies it was concluded that FFL is a precise 

method for the calculation of GA of the fetus. FFL is equally reliable when used with other 

ultrasonographic parameters as well as when used alone. FFL is also reliable for predicting the 

estimated FW in the last trimester of pregnancy. FL/FFL is useful in the detection of fetal 

skeletal dysplasia. 
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tests, for monitoring the growth of the baby, and for 

reducing the rate of premature and postmature deliveries 

and associated morbidity [4]. When ultrasound is not 

available we have to depend on the history and abdominal 

examination of pregnant women for the calculation of GA 

and delivery date [5]. The history consists of proper 

knowledge of last date of menses as well as the presence of 

other signs of pregnancy [6]. There are some limitations in 

the use of LMP method. It can give inaccurate GA 
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R E S U L T S

M E T H O D S

estimation when a woman has irregular menses, when she 

has lactational amenorrhea and when she is having 

bleeding at the time of conception [7,8]. Different stages of 

development of follicles can be seen in a single menstrual 

cycle, leading to unpredictable timing of ovulation [9]. With 

the use of ultrasound calculation of GA is totally changed.  

Estimation of GA is highly accurate if ultrasound is done 

precisely [10]. Ultrasonography is said to be gold standard 

for GA estimation however it is more accurate if done in the 

�rst trimester [11]. Ultrasonography in advance pregnancy 

should include assessment of presenting part, AFI, FCA, 

localization of placenta, measurement of biometric 

parameters and detection of fetal congenital anomalies.  

The uterus and ovaries should be examined [12]. Routine 

sonographic biometric parameters used in the calculation 

of GA are BPD, HC, AC and FL [13]. We use a combination of 

different parameters from thirteen weeks to term [2]. 

However there has been some limitation in the use of these 

parameters in cases of anencephaly hydrocephaly, and 

achondroplasia. In the above-mentioned conditions, we 

have to adopt another method for the calculation of 

duration of pregnancy [14]. The fetal foot length (FFL) will 

be important in the calculation of GA of the fetus because it 
ndis easy to visualize the fetal foot and to measure it. In the 2  

rdand 3  trimester GA calculations by ultrasonography will 

improve if FFL measurement is added to the routinely used 

parameters [2]. FFL is valuable when other biometric 

parameters cannot accurately calculate GA [15,16]. 

Calculation of the weight of fetus is important for 

monitoring growth of the fetus. In the regression model, we 

use the combination of routine biometric parameters for 

estimation of fetal weight [17]. These studies have 

reported that there was a signi�cant correlation between 

foot length and fetal weight [18,19]. The FFL measurement 

is useful in the clinical assessment of premature babies 

[20]. Calculationthe  of FL to FFL ratio has demonstrated 

that this ratio is normally greater than or equal to 0.92 

throughout the pregnancy. The FL to FFL ratio can be used 

to rule out difference between the fetuses having skeletal 

dysplasia from those having growth retardation [21].  

Search Strategy:  This systematic review was conducted 

on the studies which had already been published and cited. 

The search was conducted by the help of different search 

engines and websites. Only those studies were included in 

this review which focused on the determination of the G. 

a g e  f r o m  t h e  F F L  m e a s u r e m e n t s  o n  a n te n a t a l 

ultrasonography. 

Inclusion Criteria: After screening the abstracts following 

studies were included in the review.                                             

 1- The studies which reported on determination of G.A from 

foot length measurement of the fetus. 

2- The studies in which FFL measurements were taken on 

antenatal ultrasound examination. 

3- The  studies done  in  the  �rst,  second  

and  third  trimester.

4- The studies in which femur length to foot length ratio 

wascalculated.

5- The studies which reported on at least one statistic 

assessing the accuracy of gestational age estimate                  

6- The studies conducted in the year from1987 to 2019. 

Study characteristics, data synthesis and analysis 

procedure: Out of 120 studies only 20 met our inclusion 

criteria. All selected studies reported on determination of 

G.  age from fetal  foot length measurements on 

ultrasonography. 6 studies measured femur to fetal foot 

length ratio, 1 study measured gestational age from fetal 

tibial length and 1 from presence of fetal heel ossi�cation 

center. Nineteen studies reported on healthy fetuses 

except one study which also included IUGR fetuses.                                                                                             

After ful�lling the inclusion criteria the articles were 

arranged according to the year of publication from 1987to 

2019.Two tables were constructed with various qualitative 

and quantitative variables from the data set. The data 

analysis was performed with the help of (SPSS 24, IBM, 

Armonk, NY, United State of America) Statistical Package 

for the Social Sciences version 24.

We reviewed all the selected studies to gather, synthesize 

and analyze the data for our study. Ten out of 20 reported 

coe�cient of determination (R2),  7/20 reported 

correlation coe�cient (R) and 3/20 studies reported both. 

The mean value of R was 0.90002 with standard deviation 

of 0.07399.The mean R2 was 0.85192 with standard 

deviation of 0.156088( Fig 1 and 2).The minimum p value was 

0.00, maximum value was 0.001 and the range was 

0.001.The mean P value is 0.000447. Fifteen selected 

studies reported linear regression equation and regression 

coe�cient Minimum value of regression coe�cient was 

0.245, maximum value was 3.360 and the range was 3.114. 

The mean regression coe�cient was 1.39057 with standard 

deviation was 1.158961 (Fig 3). 
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D I S C U S S I O N

Twelve studies were conducted in Asia (60%), 4/20 were 

conducted in North America (20%) and 3/20 were 

conducted in Africa (15%). Study location of one study was 

not available (5%). One out of 20 studies (5%) compared 

gestational age measured by FFL with the LMP, 2/20 (10%) 

studies used EDS , 2/20 (10%) studies used either EDS or 

LMP , 9/20 (45%) studies used both EDS and LMP and 6/20 

(30%) studies did not report their reference method.  The 

majority 19/20( 95%)  of studies  included sample size 

greater than 50 participant, only one study (5%) had sample 

size less than 50. The minimum sample size was 47 was 

1018. Most of studies (19/20) reported on normal pregnancy 

(95%). Only one study reported on both normal and 

suspected IUGR fetuses. The minimum gestational weeks 

of pregnancy in  our studies were 10  and maximum were 

43.Six out of twenty studies measured FL/FFL ratio (30%) 

and 14/20 studies did not measure FL to FFL ratio (70%). 

The average FL to FFL was found to be 0.96.  Out of twenty 

studies sixteen included singleton pregnancies (80), one 

study included both singleton and twin pregnancies.

Figure 1: Boxplot of values of R                                            

Figure 2: Boxplot showing values of R2

Figure 3: Forest plot of regression coe�cient.

published literature regarding the use of ultrasonography 

was extensive. However, the existing literature regarding 

the role of ultrasound in the calculation of G. age was 

limited.  Most of our selected studies demonstrated strong 

and positive linear correlation between the G. age and foot 

length measurement of the fetus especially in the second 

and third trimester of pregnancy. As reported in the result 

section the mean of R was 0.90002 with standard deviation 

of 0.073.The mean of R2was 0.8519 with standard deviation 

of 0.156088.The mean of P was 0.000447. The mean 

regression coe�cient was 1.39057 with standard deviation 

of 1.158961. Two of our studies by Bushra Abdel Malik and 

Mohamed Ebraheem, analyzed that there was no 

s i g n i � c a n t  c o r r e l a t i o n  o f  F F L  w i t h  m a t e r n a l 

socioeconomic status, parity, fetal gender and maternal 

height and occupation. Ebraheem et al also demonstrated 

that FFL is reliable parameter for predicting the estimated 

fetal weight in the last trimester. The regression models of 

FFL in combination with FL improved the accuracy of 

predicting EFW and GA with R value of 0.92 and R2 value of 

0.87. As reported in the result section above our 6 selected 

studies measured FL to FFL ratio with a mean value of 0.96. 

Hong Soo Wong measured FL to FFL ratio in early 

pregnancy [22] while Drusty K measured the same ratio in 

late pregnancy [23]. However in both studies the value was 

0.9. The strength of our study is its variegation as it was 

conducted with varying study population, at different 

weeks of gestation and in different parts of the world. 

However, most of the  studies were conducted in the 

normal and singleton pregnancies. A limited number of 

studies were available regarding the use of FFL 

measurement in the estimation of G.age of the fetus on 

antenatal ultrasonography, on various search engines and 

web sites.
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as when used alone. It is a useful alternate parameter in the 
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predicting the fetal weight in the last trimester of 
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