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ABSTRACT

Objective: Accurate determination of gestational age is the sine qua non of optimal management and hence prognostication of all 
pregnancies.A meticulous biometry ensures timely interventions resulting in favorable maternal and fetal outcomes. Traditionally, the parameters 
of Biparietal diameter (BPD), Femur length (FL), Head circumference (HC), and Abdominal circumference (AC) have been utilized for routine fetal 
biometry. The present study aims to assess the utility of Fetal Thigh Circumference (ThC) as an additional marker for fetal biometry.

Methods: The present retrospective, observational, and cross-sectional study was done in the Departments of Radiodiagnosis and Obstetrics and 
Gynaecology in an ethically and socio-economically diverse group of pregnant females. All pregnant females with singleton pregnancies between 22 
and 40 weeks of gestation and fulfilling the inclusion and exclusion criteria were subjected to ultrasound examination. Subsequently analysis was 
done for the data collected.

Results: There were a total of 287 participants in present study group with mean age of 23±3.4 years. The strength of agreement almost perfect 
(>0.99) between the mean observed ThC to ThC values by Deter et al. taken as standard. There was a highly significant positive correlation between 
gestational period and standard biometry parameters and ThC. ThC model for prediction will be better than standard biometry parameters of BPD, 
HC and AC but not as good as FL model according to the regression analysis of the present study.

Conclusions: There is concordance of fetal ThC as an accurate predictor of period of gestation only after FL. It can be combined with standard 
biometry parameters to give a better estimation of period of gestation.
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INTRODUCTION

Ultrasound imaging remains the modality of choice for assessment of 
the pregnant woman despite scientific developments and technology 
advancing by leaps and bounds over the past many years. Despite the 
complete transformative and in-depth experience offered by ultrasound 
as a modality per se due to the exceptional output now available with 
the current high-end machines, evaluation of fetal growth remains 
the crux for planning all intervention and management related 
strategies. The importance of accurate fetal biometry hence cannot be 
overemphasized. The conventional fetal growth parameters for this 
purpose have primarily included Biparietal Diameter (BPD), Femur 
length (FL), Head circumference (HC), and Abdominal circumference 
(AC). The most common parameters used for fetal growth evaluation 
include BPD and FL [3] while some of the other additional parameters 
used on a case to case basis by some of the researchers include 
the transcerebellar diameter (TCD) [4], Fetal renal length and/or 
volume [5-7], humeral length, scapular length [8], and multiple fetal 
parameters [9] besides others.

Fetal Thigh Circumference (ThC) reflects the soft tissue mass as 
concluded in various pediatric studies and hence an attempt was made 
in the present study to assess its application as an additional biometric 
parameter.

Aim
The aim of the study was to determine the diagnostic accuracy of fetal 
ThC as an additional marker for fetal biometry.

MATERIALS AND METHODS

This study was conducted jointly by the Departments of Radiodiagnosis 
and Obstetrics and Gynaecology of tertiary level institute, Government 
Medical College and Rajindra Hospital, Patiala.

Study design
This is a retrospective, observational, cross-sectional, and 
single – institution study.

Study period
1 year.

Study population
All pregnant females with singleton pregnancies and fulfilling all the 
inclusion and the exclusion criteria were included in the present study.

Inclusion/Exclusion criteria
It included only uncomplicated pregnancies that is with no evidence 
of maternal comorbidities (Hypertension, Diabetes Mellitus, thyroid 
disorders, anemia or any other known pathology) or fetal compromise 
(all fetuses with evidence of proven abnormalities in the present 
pregnancy as intrauterine growth retardation and/or congenital 
malformation) were excluded from the study and had given informed 
consent for the study.

Methodology
Each patient was counted as only once in the data base even if they were 
examined multiple times during the pregnancy.
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Ultrasound examination was carried out and measurements included 
those of BPD, HC, FL, and AC; all measured as per standardized protocols. 
BPD was measured as described by for measurement of the Fetal ThC the 
level was selected as at the junction of the upper and middle thirds of the 
thigh where a change in femur profile shape could be detected, by direct 
measurement. To measure the ThC the long axis of the femur was imaged 
first and then the transducer rotated 90 degrees to obtain a cross-sectional 
profile at the junction of the upper and middle thirds of the thigh at a 
position that the bone profile was as round as possible and the boundary 
of the thigh profile was well defined. Two readings were taken by the same 
operator in each image so as to rule out intra-observer variation.

Statistical analysis
Data collection and analysis were done using Microsoft Excel with 
Xrealstats add on [10], Epi info version 7.2.4.0 (CDC Atlanta) [11], and 
Medcalc Statistical version 20.006 [12]. Parametric and non-parametric 
methods were used especially Descriptive analysis, Concordance 
Correlation Coefficient, Pearson correlation coefficient, and Regression 
analysis R2 were calculated to evaluate how ThC and other traditionally 
standard biometry parameters fetal growth assessment parameters of 
BPD, HC. AC and FL correlates with gestational age.

RESULTS

There were a total of 287 participants in present study group with 
mean age of 23±3.4 years. The youngest member was 18 years and 
oldest was 32 years of age. The gestation age at ultrasound examination 
of the selected subjects ranged from 22 weeks to 40 weeks.

The mean ThC for each week was calculated and compared with the 
values as predicted by Deter et al. [1,2,13]

The present study shows an increase in ThC with increase in gestational 
age from 22 week to 40 weeks except for 37 weeks where it has shown 
a small decrease. The increase was found to be statistically significant 
(ANOVA, p<0.0001)

The strength of agreement as shown by Concordance correlation 
coefficient was almost perfect (>0.99) between the mean observed ThC 
to values by Deter et al. [1,2,13]. The precision and accuracy were also 
almost perfect (Tables 2 and 3).

Table 4 shows the mean of standard biometry parameters (including 
BPD, HC, AC, and FL) and ThC; along the number of cases examined in 
each week of gestational period.

Observation Table 5 showed that there was a highly significant positive 
correlation between gestational period and standard biometry 
parameters FL (r=0.9950), HC (r=0.9906), BPD (r=0.9904), and AC 
(r=0.9850).

ThC (r=0.9927) also shows a similar highly positive significant 
correlation; better than HC, BPD, and AC.

Regression analysis was done to describe the relationship of gestational 
period with standard biometry parameters and ThC; besides to predict 
the gestational period through them, that is, gestational period is the 
dependent variable while standard biometry parameters and ThC are 
the independent variables.

Regression analysis (Table 6 and Fig. 2) confirms there was a significant 
correlation between gestational period (weeks) and standard biometry 
parameters (mm) mean of FL (r2=0.990) (p<0.0001), BPD (r2=0.981) 
(p<0.0001), HC (r2= 0.971) (p<0.0001), and AC (r2=0.970) (p<0.0001).

ThC (mm) showed a similar highly significant correlation between 
gestational period (weeks) with r2=0.986 better than BPD, HC, and AC.

Residual standard deviation is the standard deviation of the residual 
values, or the difference between a set of observed and predicted values. 
The smaller the residual standard deviation is compared to the sample 
standard deviation, the more predictive, or useful, the model is [17].

Table 1: Mean thigh circumference observed values of study compared with corresponding values by Deter et al. [1,2,13] 

Period of gestation in weeks Obs. ThC in mm ThC by Deter et al.

Mean Standard deviation Confidence limit lower Confidence limit upper
22 11 66.05 6.72 52.61 79.48 71.00
23 20 76.35 9.17 58.01 94.70 77.00
24 19 82.58 8.24 66.10 99.05 83.00
25 16 87.80 10.75 66.30 109.30 89.00
26 16 97.06 9.50 78.05 116.07 95.00
27 15 95.37 9.21 76.94 113.79 100.00
28 20 105.13 8.93 87.26 122.99 106.00
29 21 114.79 9.96 94.87 134.70 112.00
30 16 119.00 10.61 97.77 140.23 118.00
31 15 118.00 12.51 92.97 143.03 124.00
32 19 130.26 11.48 107.30 153.23 130.00
33 14 132.71 13.74 105.23 160.20 135.00
34 16 135.84 14.37 107.10 164.59 141.00
35 21 143.26 14.31 114.64 171.88 147.00
36 21 157.36 16.86 123.63 191.09 153.00
37 14 150.89 17.26 116.37 185.41 159.00
38 8 166.00 14.29 137.42 194.58 164.00
39 4 180.00 26.02 127.96 232.04 170.00
40 1* 180.00 176.00
*Single case hence Mean and SD not calculated. ThC: Thigh circumference 

Table 2: Concordance correlation coefficient of mean observed 
thigh circumference to values by Deter et al.

Concordance correlation coefficient 0.9914
95% Confidence interval 0.9792–0.9965
Pearson ρ (precision) 0.9926
Bias correction factor Cb (accuracy) 0.9987

Table 3: Descriptive scale for values of the concordance 
correlation coefficient (Mc Bride) [14-16]

Value of ρc Strength of agreement
<0.90 Poor
0.90–0.95 Moderate
0.95–0.99 Substantial
>0.99 Almost perfect
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Hence, the regression analysis shows the predictive value of 
gestational age to be best with FL (Res. Std. dev=0.579), ThC (Res. 
Std. dev=0.698), BPD (Res. Std. dev=0.800), HC (Res. Std. dev=0.991), 
and AC (Res. Std. dev=0.999). ThC model for prediction will be better 
than standard biometry parameters of BPD, HC, and AC but not as 
good as FL model according to the regression analysis of the present 
study.

DISCUSSION

To forget and recall is human nature. The gestational period depending 
on recall of its last menstrual period often makes the whole concept 
dicey for the assessment and management of fetus. In a study by 
Campbell et al. 45% of participants were uncertain about their 
menstrual dates attributed to poor recall, irregular cycles, contraceptive 
use, and bleeding in early pregnancy [18]. In the past, a few days of 
inaccuracy was probably acceptable; but now emerging data suggest 
that a few days inaccuracy can affect things, such as the performance 
of maternal serum screening, the assessment of post-dates pregnancy, 
and the subsequent induction of labour [19].

The choice of parameter (keeping in view that more than one fetal 
measurement to predict menstrual age is required to predict age in a 
given case) should depend on the number of technically satisfactory 
measurements obtained [9]. Besides biological variation in size is 
less during the first trimester than in the third trimester. Ultrasound 
estimation of gestational age in the first trimester is therefore more 
accurate than later in pregnancy [20].

Thus, the focus is on a parameter that is stands the growth pattern 
irrespective of overall growth pattern of pregnancy. Standard biometry 

parameters have their own limitations such as BPD and HC have molding 
of head in 3rd trimester and hydrocephalus, FL in achondroplasia and 
AC in ascites [9,21]. At present, studies are showing TCD to be a reliable 
parameter at the end of second trimester [4,21-23] but still a long way 
to go.

Hence, it becomes imperative that the fetus period of gestation is 
accurately estimated with lesser reliability on recall history superadded 
by biological variability and technical satisfactory measurements. The 
study attempted to revisit the use of ThC as an additional biometry 
parameter.

In the current study, the mean ThC values was compared with ThC 
readings by Deter et al. who were considered standard (Table 1). There 
was a very high degree of agreement with the actual values and the 
standard values (Fig. 1). This part of the study was an attempt to see the 
accuracy of measurement to ensure technical satisfactory measurements.

Among the standard biometry parameters used in estimation of 
period of gestation FL was found to be the most accurate one. All these 
parameters showed an increase with an increase in period of gestation 

Table 4: USG measurement of known parameters and calculated ThC

Parameters→ BPD in mm HC in mm AC in mm FL in mm ThC in mm

Gestational period in weeks No. of cases Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev.
22 11 56.09 1.22 200.27 3.17 178.00 1.26 38.64 0.81 66.05 6.72
23 20 59.15 3.12 210.95 6.33 186.05 3.60 41.25 0.85 76.35 9.17
24 20 63.10 0.97 222.90 3.73 198.15 4.46 44.00 1.12 82.58 8.24
25 15 66.60 1.92 233.93 1.98 211.73 2.09 46.33 1.50 87.80 10.75
26 16 69.81 1.28 245.69 4.01 219.94 2.54 49.00 0.82 97.06 9.50
27 15 72.40 1.76 251.60 3.25 231.33 3.18 50.93 0.96 95.37 9.21
28 20 73.90 1.92 256.65 2.56 234.30 4.68 53.20 1.20 105.13 8.93
29 21 76.10 1.67 266.48 4.37 244.38 3.54 55.95 0.80 114.79 9.96
30 16 77.94 2.59 270.50 3.54 247.13 6.78 56.69 1.30 119.00 10.61
31 15 77.47 1.30 272.93 5.06 252.73 7.60 56.73 2.46 118.00 12.51
32 19 82.47 3.69 283.58 5.08 263.00 3.07 61.53 1.02 130.26 11.48
33 14 85.57 2.34 298.57 8.76 269.21 4.63 63.79 1.19 132.71 13.74
34 16 85.25 3.02 306.94 6.31 274.19 2.83 66.63 0.50 135.84 14.37
35 21 87.62 1.20 315.05 3.88 311.19 5.28 68.14 0.65 143.26 14.31
36 21 89.71 1.71 319.57 2.09 315.67 2.13 70.33 0.58 157.36 16.86
37 14 91.36 1.86 323.00 2.51 319.07 3.45 72.00 0.88 150.89 17.26
38 8 93.00 2.56 328.25 3.88 318.75 1.39 73.88 1.13 166.00 14.29
39 4 94.50 1.00 338.50 1.91 319.50 1.00 74.00 0.82 180.00 26.02
40 1 96.00 330.00 320.00 75.00 180.00
BPD: Biparietal diameter, FL: Femur length, HC: Head circumference, AC: Abdominal circumference, ThC: Thigh circumference

Table 5: Correlation coefficient with gestational period

Parameter Correlation 
coefficient r

95% confidence 
interval for r

p-value

BPD 0.9904 0.9747–0.9964 <0.0001
HC 0.9906 0.9751–0.9964 <0.0001
AC 0.9850 0.9605–0.9943 <0.0001
FL 0.9950 0.9867–0.9981 <0.0001
ThC 0.9927 0.9807–0.9973 <0.0001
BPD: Biparietal diameter, FL: Femur length, HC: Head circumference, 
AC: Abdominal circumference, ThC: Thigh circumference

Fig. 1: Scatter diagram of observed mean thigh circumference 
(ThC) and ThC by Deter et al. considered standard
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which was statistically significant; which was in concordance with most 
of the studies in the literature. Table 4 shows the different parameters 
of the present study, that is, BPD, HC, AC, FL, and ThC increase as the 
pregnancy increases.

When the individual observation of mean ThC was studied to period 
of gestation in weeks, the correlation coefficient was found to be 0.99 
which was statistically highly significant.

The current study also deduced a ThC had a better correlation with 
period of gestation than BPD, HC, and AC, but lesser than FL.

Regression analysis confirmed a strong relationship of observed ThC 
and period of gestation. With increasing THC there was a statistically 
significant increase in period of gestation.

CONCLUSIONS

There is concordance of Fetal ThC as an accurate predictor of period of 
gestation only after FL. The current study observed that ThC increased 
linearly with period of gestation and ThC in mm was capable of predicting 
period of gestation with accuracy. It can be combined with standard 
biometry parameters to give a better estimation of period of gestation.

Fig. 2: Linear regression of mean standard biometry parameters (in mm) and mean thigh circumference (in mm) and period of gestation 
(in weeks), showing scatter diagram between 95% prediction levels

Table 6: Regression analysis shows predicted values of independent parameters BPD, HC, AC, FL, and ThC with dependent variable of 
gestational period in weeks 

Parameters Intercept Slope p-value 95% CI R2 Residual 
std. 
deviationCoefficient Std. Error Coefficient Std. Error Intercept Slope Intercept Slope

BPD −5.201 1.238 0.459 0.016 0.0006 <0.0001 −7.813–−2.589 0.4264–0.492 0.981 0.800
HC −5.020 1.222 0.130 0.004 0.0007 <0.0001 −7.599–−2.441 0.1205–0.139 0.971 0.991
AC 1.305 1.282 0.115 0.005 0.3228 <0.0001 −1.3994–4.010 0.1045–0.125 0.970 0.999
FL 3.066 0.694 0.475 0.012 0.0004 <0.0001 1.6020–4.5293 0.4503–0.499 0.990 0.579
ThC 10.960 0.612 0.163 0.005 <0.0001 <0.0001 9.6685–12.2504 0.1527–0.1730 0.986 0.698
BPD: Biparietal diameter, FL: Femur length, HC: Head circumference, AC: Abdominal circumference, ThC: Thigh circumference 
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