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Abstract:  
 
 
 
Objectives:  To evaluate the validity of HC/AC (Head Circumference/Abdominal Circumference), 
FL/AC (Femur Length/Abdominal Circumference) and FL/TC (Femur Length/Thigh 
Circumference) ratios in term LBW (Low Birth Weight) babies. 
 
Materials And Methods:  One hundred and two singleton pregnancies were evaluated 
antenatally at term gestation (38 to 42 weeks) by ultrasound. Thigh circumference (TC) was 
determined at the mid level of the thigh. Biparietal diameter (BPD), Head circumference (HC), 
Abdominal circumference (AC), and Femur length (FL) were measured using standard 
techniques. Ultrasound biometry was performed within a week prior to delivery. Of these 102 
patients, 39 delivered babies weighing less than 2500 grams and they constituted study group. 
Birth weight was more than 2500 grams in 69 patients and this group was taken as control group. 
Three ratios mainly HC/AC, FL/AC and FL/TC were calculated in these groups and were 
analysed for their sensitivity, specificity, positive predictive value and negative predictive value to 
predict growth restriction at term.   
 
Results:  The best cut off values were 1.02 for HC/AC, 0.24 for FL/AC, 0.52 for FL/AC. All the 
three ratios significantly predicted growth restriction. FL/TC had the highest ability in this aspect 
(Sensitivity 82%, Specificity 81%, Positive Predictive Value 73% and Negative Predictive Value 
87%).   
 
Conclusion:  Growth restricted fetuses have decreased thigh circumference and increased 
FL/TC ratio because of decreased thigh muscle mass and subcutaneous fat. Thigh circumference 
measurements are simple and appear to have a major role in detecting intrauterine growth 
restriction.  
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Introduction:

In both developed and developing countries, low birth weight (LBW) is probably the single most 
important factor that affects neonatal mortality, in addition to being a significant determinant of 
post-neonatal infant mortality and of infant and childhood morbidity[1]. Nearly 50% of neonatal 
deaths occur among LBW babies. The survivors among them are at a high risk of developing 
malnutrition, recurrent infections and neuro-developmental handicaps [2].In developing countries 
like India, low birth weight is a national concern and emphasised in population and health 
policies. According to the WHO, 33 percent of infant mortality in India is 
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associated with low birth weight. A similar indication is found by a recent survey in India (National 
Family Health Survey (NFHS) 1998-99) in which among children for whom birth weights were 
reported, 23 percent weighed less than 2.5 kilograms. The proportion of newborn babies 
weighing less than 2.5 kilograms is slightly higher in rural areas (24 percent) than in urban areas 
(21 percent) [3]. 
 
Birth weight is generally used as a yardstick of maturity and is an important determinant of child 
survival and development [4]. WHO has defined low birth weight (LBW) as weight at birth of less 
than 2500 grams [5]. This definition of LBW includes in its total a subgroup of infants who have 
suffered varying degrees of nutritional deprivation in utero, called intrauterine growth restriction 
(IUGR), constitutes the group at high degree of risk of both short-term and long-term 
complications.  
 
Hence evaluation of fetal growth is an important aspect of antenatal care and for the practicing 
obstetrician. Ultrasound has been used since the mid - 1980s as a tool for determining fetal 
health. A variety of sonographic parameters have been used to screen and diagnose IUGR 
including fetal biometry [6], fetal body proportions [7,8]  , amniotic fluid volume [9], subcutaneous 
tissue thickness [10] and estimated fetal weight (EFW) [11]. 
 
Fetal growth aberrations i.e., IUGR are associated with changes in the body proportions as 
undernourished fetus directs most of its energy to maintain the growth of vital organs, such as the 
brain and heart, at the expense of the liver, muscle and fat. This results in decreased abdominal 
and thigh circumference measurements and hence theoretically increased HC/AC, FL/AC and 
FL/TC ratios. However the studies on first two ratios have yielded controversial findings [12, 13]. 
 
Vintzileos et al [14] reported their finding of fetal femur length to thigh circumference from 20 to 
41 weeks. FL/TC ratio remained relatively constant through out the gestation with a normal range 
of 0.518 ± 0.078 (mean ± 2SD). They suggested that these ratios should be used in evaluating 
fetal growth in high-risk patients who present late in pregnancy with unknown dates. In their 
subsequent studies, they incorporated thigh circumference measurements in estimating birth 
weight and they found that the best results were obtained by combining measurements of all five 
parameters: Biparietal diameter, head circumference, abdominal circumference, femur length, 
and thigh circumference. There are several other similar studies proving usefulness of 
ultrasonically determined fetal thigh circumference in predicting birth weight at delivery [15]. An 
even pediatric experience has shown that thigh circumference is one of the parameters that 
reflect soft tissue mass [16]. 
 
However there were no follow-up studies on utility of FL/TC ratio in diagnosing growth restriction. 
The following study is an attempt to determine usefulness of antenatally measured femur length 
to thigh circumference ratio to differentiate intra-uterine growth restriction from normal fetal 
growth. 

Materials and Methods : 
 
 
The study included pregnant women attending the antenatal care clinic at Kasturba Medical 
College, Manipal. One hundred and two term pregnancies were studied at term gestation. All 
women met the inclusion criteria of 1) singleton pregnancy, 2)accurate date of last menstrual 
period, 3) attending the antenatal clinic within the first trimester of pregnancy and menstrual age 
consistent with clinical estimation at first visit, 4) gestational age of 38-42 weeks, and 5) no 
ultrasonographically detected congenital malformation or hydrops. The ultrasonographic biometry 
was carried out within a week prior to delivery. If the delivery did not occur within a week of the 
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ultrasound examination, the biometry was repeated and only those measurements nearest to 
point of delivery were taken for statistical analysis. Ultrasonic measurements were made with 
linear array real time ultrasound equipped with a 3.5 MHz transducer. All the measurements were 
repeated three times and the average was taken as the final measurement. Only measurement of 
thigh circumference is described below as other measurements have been standardized in 
obstetric ultrasound practice. 
 
Measurement of Thigh Circumference (TC) 
 
The whole length of femur from greater trochanter to the distal metaphysis was visualized on the 
ultrasound monitor. Then the ultrasound transducer was rotated by 90o to obtain a cross sectional 
profile of the middle of the thigh at a position that the thigh profile was as round as possible and 
the boundary of the thigh profile was well defined. The circumference was then obtained by direct 
perimeter method using the ultrasound curser (image 1). 
 
Within 15 minutes of delivery, the neonates were weighed on an electronic scale (with accuracy 
of ± 5 grams). Those babies weighing more than 4000 grams and having congenital 
malformations were excluded from the study. For the purpose of analysis, the study population 
was distributed in two groups: a low birth weight group (birth weight less than 2500 grams) and 
normal birth weight group (birth weight >2500 grams). The three ratios mainly HC/AC, FL/AC and 
FL/TC were analysed for their accuracy to predict growth restriction at term

. 
 
Figure 1: Measurement of thigh circumference by trace method. 
 

 
 
Statistical analysis   
 
The study group was divided into two groups G1 and G2. G1 consisted of those woman who 
delivered babies weighing less than 2500 grams (n= 39) and G2 comprised the rest of the 
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population (n= 63). The sample size was adequate for statistical analysis in each group (the 
mean +/- 2SD for FL/TC from the previously reported study [14] was 0.518 +/-  0.078, and we 
decided that increase in the ratio by 0.03 will significantly detect growth abnormality. This 
translated into having minimum sample size of 35 with 0.05 significance level and 90% power). 

               Minimum sample Size (n) of each group:  
where z(1- �/2) and z(1- �) represent percentage points of the normal distribution for statistical 
significance level and power (1.96 and 1.282 respectively), and �represents the standardized 
difference (i.e. the expected difference between the means divided by its standard deviation). 

 
All the said measurements were incorporated into Microsoft Excel 2002 worksheet and the ratios 
(HC/AC, FL/AC and FL/TC) were calculated using Excel formulae. The values then were 
transferred to MedCalc® for Windows (Version 8.2) for calculation of means, standard deviation, 
95% Confidence intervals, Student ‘t” test, ANOVA and ROC curve analysis. The graphs were 
charted in Excel by taking the reference values for ROC curves. The differences were considered 
significant if the p Value was less than 0.05 and highly significant if <0.01. 
 
Results:  
The demographic details of the study groups are given in Table 1. The mean birth weight ± SD 
were 2.345± 0.085 kg for LBW group (G1) and 3.073 ±0.220 kg for control group (G2). There 
were no significant difference between maternal age, maternal height, parity, hemoglobin status, 
gestational age at delivery and mode of delivery. However pre-pregnancy weight (p < 0.01), 
weight gain during pregnancy (p < 0.05) and incidence of PIH (p < 0.05) showed clinically 
significant variation within the groups.  
 

Table 1. Demographics 

  
G1(n=39) 

 Mean ± SD 
G2(n=63) 

 Mean ± SD 
p Value 

 
Maternal Age 26.7± 4.8 27.2± 5.3 0.63 (NS) 
Maternal Height (cm) 154.7± 11.9 156.6± 11.2 0.42 (NS) 
Prepregnancy Weight (kg) 49.7± 6.4 53.6± 7.3 0.007 (S) 
Weight Gain (kg) 7.6± 2.2 9.3± 3.9 0.014 (S) 
Parity     

Primipara 41% (16) 40% (25) 0.94 (NS) 
Multipara 59% (23) 60% (38)   

Pregnancy Induced 
Hypertension (PIH) 28% (11/39) 10% (6/63) 0.029 (S) 
Gestational Diabetes 5% (2/39) 6% (4/63) 0.86 (NS) 
Maternal Hemoglobin 10.8± 1.9 11.3± 1.4 0.13 (NS) 
Gestational Age at Delivery 39.2 ± 0.4 39.5 ± 0.7 0.016 (S) 
Caesarean Rate 26% (10/39) 20% (13/63) 0.73 (NS) 
Birth Weight of the neonate 
(kg) 2.345± 0.085 3.073± 0.220 <0.0001 (S) 
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Table 2 shows variation between two groups and results of ANOVA analysis. All the ratios were 
significantly higher in LBW group (p < 0.001). The F ratio gradually increased indicating each 
method is more significant than the previous one.  
 
 

 
 
To determine which cutoff point gives maximum sensitivity without compromising specificity, 
Receiver Operator Characteristic (ROC) curve analysis were carried out for each ratio. Sensitivity 
and specificity of each ratio at different cutoff points were calculated to construct these curves. 
The x-axis represents false positive rate (1-Specificity) and the y-axis represents true positive rate 
(which is nothing but sensitivity fraction). These graphs were constructed using Microsoft Excel  
2002.   Graph 1 to 3 represent plots for HC/AC, FL/AC and FL/TC.  
 
 

Table 2. Analysis of variance (ANOVA) for different ultrasound ratios 

  G1(n=39)              
Mean ± SD  & 95% CI 

G2(n=63)              
Mean ± SD  & 95% CI 

F 
Ratio 

p 
Value 

HC/AC 1.019± 0.025          
(95% CI 0.971 to 1.067) 

0.995± 0.029             
(95% CI 0.939 to 1.051)   18.95 <0.001 

FL/AC 0.239± 0.011          
(95% CI 0.217 to 0.260) 

0.224± 0.016             
(95% CI 0.193 to 0.255)   27.58 <0.001 

FL/TC 0.521± 0.009          
(95% CI 0.502 to 0.539) 

0.501± 0.014             
(95% CI 0.473 to 0.529)   54.28 <0.001 



Hebbar and Varalakshmi   
Calicut Medical Journal 2007; 5(3)e1   
________________________________________________________________________
   

Page number not for indexing purpose   6 
 

 
 
 
 



Hebbar and Varalakshmi   
Calicut Medical Journal 2007; 5(3)e1   
________________________________________________________________________
   

Page number not for indexing purpose   7 
 

 
 
 
 
 



Hebbar and Varalakshmi   
Calicut Medical Journal 2007; 5(3)e1   
________________________________________________________________________
   

Page number not for indexing purpose   8 
 

The best cutoff ratios were ≥1.02 for HC/AC, ≥0.24 for FL/AC and ≥0.52 for FL/TC to differentiate 
between the two study groups in question. Table 3 indicates distribution of findings in a 2x2 table 
with these cutoff points. 
 

Table 3. Frequency Distribution  

    G1            
(Low BW) 

G2          
(Normal BW) 

HC/AC  ≥1.02 26 22 
 <1.02 13 41 

FL/AC  ≥0.24 30 17 
 <0.24 9 46 

FL/TC  ≥0.52 32 12 
 <0.52 7 51 
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Table 4 shows sensitivity, specificity, positive predictive value and negative predictive value for 
these reference points for each ratio. Odds ratio, likehood ratio for a positive test and negative 
test and phi coefficient for determining strength of association were also calculated. 
 
Table 4. Comparison of three ratios to determine LBW 

  HC/AC ≥ 1.02 FL/AC ≥ 0.24 FL/TC ≥ 0.52 

Sensitivity 67% 77% 82% 
Specificity 65% 73% 81% 
Positive Predictive Value 54% 64% 73% 
Negative Predictive Value 76% 84% 88% 
Odds Ratio +6.83 +9.01 +19.4 
Likelihood Ratio (+) +2.94 +2.85 +4.30 
Likelihood Ratio (-) +2.32 +3.16 +4.51 
Phi Coefficient +0.44 +0.49 +0.62 

 
 
 From this table it is evident that FL/TC scores over other parameters. With LBW prevalence of 
20% (one in five births) in India, with a likelihood ratio of +19.4 would mean that the post test 
odds of having the disease is 4:1 which is highly diagnostic. 
 
The three ROC curves were analysed and compared for area under the curve and the fitness of 
each curve and corresponding p values. In Graph 4, the three curves are drawn for visual 
comparison and it can be seen that FL/TC has the best fitness compared to other two. Table 5 
shows ROC statistics. 
 
 
Table 5. ROC Statistics 
  HC/AC FL/AC FL/TC 
Area Under Curve 0.7236 0.769 0.8482 
St Error of  AUC 0.0536 0.0492 0.0425 

P Value* S S HS 

Fitness of the Curve** Fair Fair Good 
*S = Significant (<0.01), HS = Highly Significant (<0.001) 
**(Area under the curve: 0.9 - 1 = excellent, 0.8 - 0.9 = good, 0.7 - 0.8 = fair,  
0.5 - 0.7 = poor) 
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The area under curve (AUC) is maximum for FL/TC with optimal sensitivity (82%) and specificity 
(81%). The standard error of AUC is also minimal with FL/TC indicating it’s superiority over other 
two ratios. The fitness of ROC curve for FL/AC is also good compared to the other two. HC/AC 
exhibited lowest curve of the three with least sensitivity (67%) and specificity (65%).  
 
 
 
Discussion: 
 
The results of this study clearly indicate that ultrasound ratios can be used as diagnostic tools to 
evaluate intrauterine growth. Though the reported prevalence of low birth weight in India is 
reported as one for each four delivery, the incidence in the present study was relatively high 
(39/102, 38%). We would like to attribute it to the fact that our hospital serves as tertiary referral 
center for high risk pregnancies and many antenatally suspected IUGR were available for 
detailed ultrasound examination nearing the point of delivery and as such the main aim of the 
study was not to study the prevalence of this condition.  
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David C et al [17] investigated clinical significance of the sonographically derived head-to-
abdomen circumference ratio in small-for-gestational-age (SGA) fetuses. An 
elevated head-to-abdomen ratio was found in 56 SGA fetuses (42%), and was associated with 
increased perinatal mortality (odds ratio 3.27; 95% confidence internal 1.04-9.34), lower birth 
weight (1533 +/- 635 g vs. 2022 +/- 655 g, p < 0.0001) and lower gestational age at delivery (34 
+/- 3.6 weeks vs. 36.3 +/- 3.6 weeks, p < 0.005). They opined that an elevated head-to-abdomen 
ratio is an adverse risk factor for pregnancy outcome. Unfortunately, HC/AC parameter has not 
enjoyed a good status in literature. Many studies recommend that this ratio should be abandoned 
as a predictor of IUGR [13, 18].  The wide variation in head size in late pregnancy must be 
appreciated. This is due to the fact that towards term, the head has the tendency to fix or engage 
resulting in error in measuring head size. The moulding of head toward the term may also 
contribute to this phenomenon [19]. Hadlock et al [7] studied relation between sonographically 
measured fetal femur length and abdominal circumference (expressed as Femur 
length/abdominal circumference X 100) in 361 normal pregnancies between 15 and 42 weeks. 
This ratio was found to be independent of menstrual age, with a normal range after 21 weeks 
(mean +/- 2 SD) of 22 +/- 2. This ratio also was evaluated as a predictor of intrauterine growth 
retardation in 30 cases using the 90th percentile (23.5) as the upper limit of normal, which 
resulted in identification of 63% of the growth-retarded fetuses. They opined FL/AC ratio should 
prove most useful in evaluating high-risk patients who present in the third trimester of pregnancy 
with no dates as this parameter is independent of menstrual age. 
 
The improved prediction rate using femur length as a numerator is based on the fact that it is 
related linearly to crown heel length which affects birth weight more significantly than the head 
size [20]. Also it is easy 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 valid measurements when the head is deeply engaged in the pelvis. 
 
Table 6 shows comparative analysis of various ratios reported from the literature and our results. 
It can be noted that all the studies report low positive predictive rate, though the negative 
predictive values in high range. For example, the positive predictive value of 62% for HC/AC, 
would mean that more than one third (38%), of the fetuses with an abnormal test result will in fact 
be normal. However, the same is not true with FL/TC as evidenced by present stu

Table 6. Value of sonographic data in Detecting IUGR 

Author & Year Parameter Criterion Sensitivity 
(%) 

Specificity 
(%) 

Positive 
Predictive 
Value (%) 

Negative 
Predictive 
Value (%) 

Varma TR (1979)  HC/AC >1.02 82 94 62 98 
Ott WJ (1985) FL/AC >0.24 34-49   78-83   18-20 92-93   
Shalev E (1991) FL/AC >0.27 30 91 14 96 
Present Study        
  HC/AC  ≥ 1.02 67 65 54 76 
  FL/AC  ≥ 0.24 77 73 64 84 
  FL/TC  ≥ 0.52 82 81 73 88 
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From the results of this cross sectional study, it can be concluded that femur length to thigh 
circumference ratio provides an accurate means of detecting growth restriction. Measurements of 
TC provide a potentially straight forward method for assessing the deposition of muscle and fat in 
the growing fetus.  This parameter is preferred over other measurements as it is less sensitive to 
changes in shape. In one study which aimed at ultrasound and actual anatomical measurements 
of thigh circumference, a difference of 4% was noted between these two measurements [21]. It 
was opined that TC is comparable to BPD and AC as per evaluation of measurement errors by 
Deter RL et al (1982) [22].  
 
Recently there is growing interest in evaluating fetal thigh volume for estimating fetal weight and 
detecting growth abnormalities, both IUGR and Macrosomia [23, 24]. The formulae use thigh 
circumference as one of the parameters to obtain thigh volume. However, these kinds of 
estimation need 3 D ultrasound machines which may not be available in all centers and one may 
have to resort to fetal biometry to evaluate fetal growth. In such circumstances, definitely FL/TC 
has a role as per the results of this study. 
 
Limitations of the present study: 
 
Though low birth weight at term (gestational age more than 37 completed weeks) is considered 
equivalent to intra uterine growth restriction, this phenomenon can occur at any gestation. The 
present study focuses only upon ultrasound parameters at term gestation and hence there is a 
need for further longitudinal prospective study starting from early gestation and one should 
determine which of the parameters is gestational age independent so that they are of use in 
detecting growth abnormalities when patient is not sure of her dates. 
 
Low birth weight at term may not all the time mean growth restriction. There exists a subset of 
neonates who are constitutionally small and are not at high risk of increased feto-placental 
vascular impedence and hence do not manifest brain sparing effect and other circulatory 
adjustments which results in typical ultrasound features i.e. increased HC/AC, FL/AC and FL/TC 
ratios [25]. Thus, the misclassification of a normally nourished, healthy, but constitutionally small, 
neonate as growth restricted may reduce the sensitivity of the test. The other parameters such as 
fetoplacental blood flow assessment by doppler, acid base status at birth, complications 
necessitating admission to intensive neonatal care unit may also be compared other than just the 
birth weight or the body proportion as single criterion for growth aberration. 
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