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Abstract 
Background: In routine ultrasonography, the ultrasonologist measures the 
bi-parietal diameter (BPD), head circumference (HC), abdominal circumfe-
rence (AC) and femur length (FL) in estimating the gestational age (GA) and 
estimated date of delivery. However, as the pregnancy advances these para-
meters become increasingly unreliable in prediction of GA. Estimation of GA 
in late second and third trimester accurately still a problem till now. Fetal 
kidney has been shown a steady growth of 1.7 mm fortnightly (every 2 weeks) 
along pregnancy and is unaffected by growth abnormalities. Many studies 
have reported that fetal kidney length (FKL) correlates with the gestational 
age in late trimester very strong. The study aimed to assess the accuracy of the 
gestational age estimated by mean fetal kidney length compared to multiple 
growth parameters like BPD, HC, AC & FL in addition to the actual gesta-
tional age derived from the reliable last menstrual period. Methods: Cross 
sectional hospital based study, was conducted at ultrasound unit; department 
of Obstetrics and Gynecology, Faculty of Medicine, Ain Shams University 
from the period of July 2018 to December 2018. A total number of 115 Preg-
nant women at their third trimester by reliable LMP attended antenatal care 
clinic at Ain-Shams University Hospital and consented to participate in this 
study. Every woman was subjected to: Expected date of delivery was calcu-
lated according to Naegle’s formula: Ultrasonography: Fetal biometry and es-
timated date of delivery (EDD) by assessment of BPD, HC, FL & AC. Ex-
pected fetal weight measured by Hadlock formula. Fetal lie and presentation. 
Exclusion of fetal anomalies. Measurement of both right & left fetal kidney 
length. Results: In this study, 255 participants were recruited and assessed for 
eligibility, 125 women were allocated to perform obstetric ultrasound just 115 
completed and were included in the final analysis. The current study found 
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that there was a highly significant positive correlation between gestational age 
(according to ultrasound parameters) and KL, BDP, HC, AC and FL but 
Kidney length was the most correlated parameter. Also this study found that 
there was significant positive correlation between gestational age (according 
to LMP) and gestational age estimated by BPD, HC, AC, FL and KL with the 
most significant positive correlation being with KL. Also this study found that 
there was no significant difference (matched) in KL and Gestational age com-
pared to other parameters. This means that KL is the most accurate parame-
ter for Estimating Gestational age, correlation between MKL and GA by LMP 
(r = 0.951, p = 0.000) the most significant correlation. In this study, no sig-
nificant difference was found between gestational age estimated by KL and 
gestational age in all stages of pregnancy. This means that KL remains accu-
rate as a predictor for gestational age regardless stage of pregnancy. Conclu-
sion: Kidney length can be used as an individual parameter in estimating 
gestational age. 
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1. Introduction 

An accurate age of fetus plays a pivotal role in obstetric care. Uncertain dates 
and no assigned ultrasound date in early trimester poses a dilemma in manage-
ment decision leading to iatrogenic pre or post maturities. In high risk pregnan-
cies like pre-eclampsia, IUGR, GDM, planning termination of pregnancy due to 
complications or to plan for fetal investigations or therapy requires an accurate 
gestational age [1]. 

Even if menstrual history is correct, the exact time of ovulation, fertilization, 
and implantation cannot be known. Women may undergo several “waves” of 
follicular development during a normal menstrual cycle, which may mean ovu-
latory inconsistency during any given cycle. Sperm may survive for 5 to 7 days in 
the female reproductive tract; a “known” conception date is therefore not com-
pletely reliable. Recent studies suggest the ovulation-to-implantation duration can 
vary by as much as 11 days, and this may affect fetal size and growth [2]. 

In routine ultrasonography, the ultrasonologist measures the bi-parietal di-
ameter (BPD), head circumference (HC), abdominal circumference (AC) and 
femur length (FL) in estimating the gestational age (GA) and estimated date of 
delivery [3]. However as the pregnancy advances these parameters become in-
creasingly unreliable in prediction of GA. Therefore accurate estimation of GA 
in late second and third trimester still remains problem [4]. 

Fetal kidney has been shown a steady growth of 1.7 mm fortnightly (every 2 
weeks) throughout pregnancy and is unaffected by growth abnormalities. Vari-
ous studies have reported that fetal kidney length (FKL) strongly correlates with 
the gestational age in late trimester. Fetal kidney is easy to identify and measure 
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but has not been studied extensively as a biometric index for gestational age es-
timation, although ultrasound textbooks often have tables of different dimen-
sions [5]. 

The study aimed to assess the accuracy of the gestational age estimated by 
mean fetal kidney length compared to multiple growth parameters like BPD, 
HC, AC & FL in addition to the actual gestational age derived from the reliable 
last menstrual period. 

2. Patients and Methods 
2.1. Study Type  

Diagnostic accuracy hospital based study. 
The study was conducted at ultrasound unit; department of Obstetrics and 

Gynecology, Faculty of Medicine, Ain Shams University from the period of July 
2018 to December 2018. 

A total number of 115 Pregnant women at their third trimester by reliable 
LMP attended antenatal care clinic at Ain-Shams University Hospital and con-
sented to participate in this study. 

Sample size was calculated using PASS® version 11 program, setting the type-1 
error (α) at 0.05 and the power (1-β) at 0.9. Results from a previous study Goyal 
et al., [5] showed that there was a strong positive correlation between GA and 
MFKF (r = 0.714). Calculation according to these values produced a minimal 
sample size of 30 cases however, a sample of 115 cases will be recruited to detect 
a correlation between this two variable with lower correlation coefficient (r = 
0.35), (p = 0.000). 

Inclusion Criteria: 
1) All cases with singleton pregnancies in the third trimester (28 to 40 weeks). 
2) Women who were sure of the dates of their last menstrual period (1st day) 

and their cycles were regular at least 3 months before pregnancy.  
3) Normal antenatal pregnant women with no associated risk factors. 
Exclusion Criteria: 
Maternal 
1) Pregnant women with unknown dates. 
2) Multiple pregnancies. 
3) Patients with high risk pregnancies such as pre-eclampsia, macrosomia, 

oligohydraminos or polyhydraminos. 
4) Gross maternal obesity.  
Fetal 
1) Anomalous fetus.  
2) IUGR.  
3) Off-springs of diabetic mothers.  
4) Renal pelvic dilatation of 5 mm or greater.  
5) Renal anomalies and Abnormal renal morphology.  
6) Obscured adrenal and renal borders or margins. 
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2.2. Methodology 

The study was conducted at ultrasound special care unit for the fetus; depart-
ment of Obstetrics and Gynecology, Faculty of Medicine, Ain Shams University 
from the period of January 2020 to June 2020. 

A total number of 115 Pregnant women at their third trimester by reliable 
LMP attended antenatal care clinic at Ain-Shams University Hospital and con-
sented to participate in this study. 

Every woman was subjected to: 
A) History taking: 

● Personal history: name, age, sex, occupation and address. 
● Menstrual and obstetric history: Date of LMP, expected date of delivery and 

gestational age. In addition to history of presence of any menstrual irregular-
ities, duration. 

● Past History: of other diseases like hypertension, diabetes mellitus liver or 
renal diseases, collagen diseases or any other condition that may affect fetal 
growth. 

 Women with regular cycles and excellent dates were determined by asking 
the patients if they were: 

● Sure of their dates. 
● Having regular cycles with no history of hormonal contraception administra-

tion for the previous 3 cycles. 
● Serum pregnancy test confirming pregnancy following amenorrhea. 
● First trimester ultrasound confirming pregnancy, gestational age and ex-

pected date of delivery. 
 Expected date of delivery was calculated according to Naegle’s formul [12] a: 

EDD = LMP + 7 days − 3 months + 1 year 

Naegele’s rule [12] is a standard way of calculating the due date for a preg-
nancy. The rule estimates the expected date of delivery (EDD) by adding one 
year, subtracting three months, and adding seven days to the first day of a wom-
an’s last menstrual period (LMP). The result is approximately 280 days (40 weeks) 
from the start of the last menstrual period. Another method is by adding 9 months 
and 7 days to the first day of the last menstrual period. 

Another method is used which is called Parikh’s formula is a calculation me-
thod that considers cycle duration. Naegele’s rule assumes an average cycle 
length of 28 days, which is not true for everyone. EDD is calculated using Pa-
rikh’s formula by adding nine months to the start of the last menstrual period, 
subtracting 21 days, then adding duration of previous cycle. 

In our current study, Naegle’s formula [12] was used. 
B) Medical examination: 

● General: 
1) Assessment of vital data (blood pressure, pulse). 
2) Estimation of blood sugar level. 

● Abdominal examination to assess fundal height. 
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C) Ultrasonography: 
1) Fetal biometry and estimated date of delivery (EDD) by assessment of BPD, 

HC, FL & AC. 
2) Expected fetal weight measured by Hadlock formula. 
3) Fetal lie and presentation. 
4) Exclusion of fetal anomalies. 
5) Measurement of both right & left fetal kidney length as follows: 
The fetus was scanned in transverse plane until the kidney is visualized just 

below the stomach. The probe is rotated through 90˚ to outline the longitudinal 
axis of the kidney during apnea. The right and left kidney lengths were measured 
by 2D ultrasound machine Samsung SonoAceR5 produced by Samsung Medison 
CO.LTD. 

Each kidney length was measured twice by a single sonographer then the av-
erage was taken. 

Gestational age was calculated from mean fetal kidney length using normo-
grams by [6]. 

These values were compared with actual gestational age derived from actual 
dates taken as a standard.  

Statistical methods: Data collected throughout history, basic clinical exami-
nation, ultrasound measurements and outcome measures coded, entered and 
analyzed using Microsoft Excel software. Data were then imported into Statistic-
al Package for the Social Sciences (SPSS version 20.0) (Statistical Package for the 
Social Sciences) software for analysis. According to the type of data qualitative 
represent as number and percentage, quantitative continues group represent by 
mean ± SD, the following tests were used to test differences for significance; dif-
ference and association of qualitative variable by Chi square test (X2). Differenc-
es between parametric paired data by paired t test, correlation by Pearson’s cor-
relation and regression by linear regression. P value was set at <0.05 for signifi-
cant results & <0.001 for high significant result. 

3. Results 

– Assessed for eligibility (n = 137) women with Singleton pregnancies (28 - 40 
w), Excluded (n = 12), Not meeting inclusion criteria (n = 8) (1 diabetic, 2 
hypertensive, was 42 yrs old, 3 twins pregnancy, 1 preterm), Declined to par-
ticipate (n = 4) Allocated to intervention (n = 125), Received allocated inter-
vention (n = 115), did not receive allocated intervention (n = 10), Lost to 
follow-up (patients refused to underwent US examination) (n = 6), Discon-
tinued intervention (patients refused to cooperate) (n = 4).  

– Age was distributed as 29.14 ± 4.98 with minimum 20 and maximum 38 
years, GA was distributed as 35.8 ± 3.26 with minimum 28 and maximum 41 
weeks, majority were multigravida 82.7%, regard abortion 15.6% had abor-
tion regard delivery 47.8% had CS and 34.7% had VD (Table 1). 

– FL was distributed as 69.83 ± 6.68 and BPD was distributed as 88.12 ± 5.0 
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and HC & AC as 310.95 ± 26.4 & 312.85 ± 33.1 respectively and GA by US 
was distributed as 35.94 ± 3.17 (Table 2). 

– Right KL was 35.13 ± 3.72 and left was 34.88 ± 3.72 and mean KL was 35.19 ± 
3.36 (Table 3). 

– EFW was distributed as 2743.76 ± 769.2 (Table 4). 
– All parameters significantly positive correlated with all parameters, with 

MKL is the most significant parameter along with GA by LMP (Table 5).  
– Significant regression with estimated formula equal Y = a + bX 2517.1 * 

(177.1 * SC) (Table 6). 
– There was no significant difference between GA by LMP and estimated GA 

from FL, BPD, HC, AC or KL, with the MKL most significant. (Table 7). 
 

Table 1. Basic demographic and obstetric data distribution among studied group (N = 
115). 

Age/years 
Mean ± SD 29.14 ± 4.98 

Median (Range) 28.0 (20 - 38) 

GA/weeks by LMP 
Mean ± SD 35.8 ± 3.26 

Median (Range) 36.1 (28 - 41) 

 N % 

Gravidity 
PG 20 17.3 

Multigravida 95 82.7 

Abortion 
No 97 84.4 

Yes 18 15.6 

Delivery 

PG 20 17.3 

CS 55 47.8 

VD 40 34.7 

Total 115 100.0 

PG = primgravida; CS = cesarean section; VD = vaginal delivery. 

 
Table 2. Ultrasonography parameters distribution among studied group. 

FL 
Mean ± SD 69.83 ± 6.68 

Median (Range) 71.0 (56 - 81) 

BPD 
Mean ± SD 88.12 ± 5.0 

Median (Range) 89.0 (72 - 96) 

HC 
Mean ± SD 310.95 ± 26.4 

Median (Range) 319.0 (217 - 352) 

AC 
Mean ± SD 312.85 ± 33.1 

Median (Range) 312.0 (214 - 370) 

GA by US 
Mean ± SD 35.98 ± 3.17 

Median (Range) 36.4 (28.4 - 40.4) 

FL = femur length; BPD = biparital diameter; HC = head circumference; AC = abdominal circumference; 
GA by US = gestational age by ultrasound. 
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Table 3. Ultrasonography estimated kidney length distribution among studied group. 

 RKL LKL MKL 

Mean ± SD 35.13 ± 3.72 34.88 ± 3.72 35.19 ± 3.36 

Median (Range) 35.0 (26 - 43) 35.0 (23 - 42) 35.5 (25.5 - 41.5) 

RKL = right kidney length; LKL = left kidney length; MKL = mean kidney length. 

 
Table 4. Estimated fetal weight distribution among studied group. 

 EFW 

Mean ± SD 2743.76 ± 769.2 

Median (Range) 2790.0 (1100 - 4150) 

EFW = expected fetal weight. 

 
Table 5. Correlations between GA by LMP and other parameter. 

 GA by LMP 

FL 
R 0.884** 

P 0.000 

BPD 
R 0.753** 

P 0.000 

HC 
R 0.810** 

P 0.000 

AC 
R 0.828** 

P 0.000 

GA by US 
R 0.889** 

P 0.000 

RKL 
R 0.932** 

P 0.000 

LKL 
R 0.784** 

P 0.000 

MKL 
R 0.951** 

P 0.000 

EFW 
R 0.896** 

P 0.000 

FL = femur length; BPD = biparital diameter; HC = head circumference; AC = abdominal circumference; 
GA by US = gestational age by ultrasound; RKL = right kidney length; LKL = left kidney length; MKL = 
mean kidney length; EFW = expected fetal weight; ** = remarkable result. 

 
Table 6. Regression formula for kidney length to predict GA. 

 R2 P Predict formula 

FL 0.92 0.00** (0.47 * FL) + 2.94 

BPD 0.58 0.00** (0.49 * BPD) + −7.4 

HC 0.65 0.00** (0.1 * HC) + 4.77 
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Continued 

AC 0.68 0.00** (0.08 * AC) + 10.27 

Right kidney length 0.86 0.00** (0.81 * RKL) + 7.08 

Left kidney length 0.67 0.00** (0.68 * LKL) + 11.86 

Mean kidney length 0.91 0.00** (0.92 * MKL) + 3.38 

FL = femur length; BPD = biparital diameter; HC = head circumference; AC = abdominal circumference 
ultrasound; RKL = right kidney length; LKL = left kidney length; MKL = mean kidney length; ** = remark-
able result. 

 
Table 7. Paired analysis to estimate difference between actual GA and estimated GA. 

 Mean Std. Deviation Paired t P 

Pair 1 
GA by LMP 35.8009 3.26240 −2.560 0.008* 

GA by US 35.9800 3.17310   

Pair 2 
GA by LMP 35.8009 3.26240 0.089 0.929 

GA by FL 35.7607 3.14045   

Pair 3 
GA by LMP 35.8009 3.26240 0.053 0.958 

GA by BPD 35.7797 2.45013   

Pair 4 
GA by LMP 35.8009 3.26240 −0.166 0.869 

GA by HC 35.8657 2.64911   

Pair 5 
GA by LMP 35.8009 3.26240 1.283 0.202 

GA by AC 35.2982 2.64831   

Pair 6 
GA by LMP 35.8009 3.26240 1.415 0.151 

GA by RKL 35.5427 3.01530   

Pair 7 
GA by LMP 35.8009 3.26240 1.470 0.144 

GA by LKL 35.5231 2.53437   

Pair 8 
GA by LMP 35.8009 3.26240 0.435 0.664 

GA by MKL 35.7600 3.09999   

GA = gestational age; LMP = lastmenstrual period; US = ultrasound; FL = femur length; BPD = biparital 
diameter; HC = head circumference; AC = abdominal circumference; RKL = right kidney length; LKL = left 
kidney length; MKL = mean kidney length; * = remarkable result. 

4. Discussion 

In this study 255 participants were recruited and assessed for eligibility, 125 
women were allocated to perform obstetric ultrasound just 115 completed and 
were included in the final analysis. 

The current study found that there was a highly significant positive correla-
tion between gestational age (according to ultrasound parameters) and KL, BDP, 
HC, AC and FL but Kidney length was the most correlated parameter. 

Also this study found that there was significant positive correlation between 
gestational age (according to LMP) and gestational age estimated by BPD, HC, 
AC, FL and KL with the most significant positive correlation being with KL. 

Also this study found that there was no significant difference (matched) in KL 
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and Gestational age compared to other parameters. This means that KL is the 
most accurate parameter for Estimating Gestational age. 

In this study no significant difference was found between gestational age esti-
mated by KL and gestational age in all stages of pregnancy. This means that KL 
remains accurate as a predictor for gestational age regardless stage of pregnancy. 

Agreed with our study: 
Cohen et al., [6] study was done to measure normal lengths of fetal kidneys 

sonographically during pregnancy. Gestational ages were determined by last 
menstrual period and biometry. Strong correlation exists between renal length 
and gestational age (r = 0.82), determined by biparietal diameter, femoral length, 
and abdominal circumference, and an average of the three. No significant dif-
ference was found between right and left renal lengths in fetuses in whom both 
kidneys were imaged. Average renal lengths are significantly different when 
compared across the range of gestational ages (p less than 0.001).  

Konje et al. [7] objective was to evaluate the application of kidney length 
measurement to the determination of gestational age between the 24th and 38th 
weeks and to compare its accuracy with that of other fetal biometric indices. Se-
venty-three women with singleton uncomplicated pregnancies underwent stan-
dard ultrasound fetal biometry and kidney length measurement every 2 weeks 
between 24 and 38 weeks’ gestation. These measurements were used to date the 
pregnancies relative to crown–rump length dating between 8 and 10 weeks’ ges-
tation. Linear regression models for estimation of gestational age were derived 
from the biometric indices and kidney length. In addition, stepwise regression 
models were constructed to determine the best model for determining gestation-
al age between 24 and 38 weeks. Comparisons were then made between the ac-
curacy of these models in the determination of gestational age.  

The best model for estimating gestational age in late pregnancy included the 
variables kidney length, biparietal diameter, head circumference, femur length 
and abdominal circumference. This model accurately predicted gestational age 
with a standard error of ±8.48 days. A model including kidney length, biparietal 
diameter, head circumference and femur length accurately predicted gestational 
age with a standard error of ±8.57 days. These models were slightly more accu-
rate than models derived from the biometric indices of biparietal diameter, head 
circumference and femur length (±9.87 days), biparietal diameter, head circum-
ference, femur length and abdominal circumference (±9.45 days) and biparietal 
diameter and femur length (±9.9 days). Kidney length and femur length were the 
most accurate single parameters for predicting gestational age using simple li-
near regression models (±10.29 and 10.96 days, respectively); the abdominal 
circumference was the least accurate (±14.54 days) [7].  

Toosi and Rezaie-Delu, [8] study aimed to evaluate the normal fetal kidney 
length (KL) and its correlation with GA. A cross-sectional study on 92 pregnant 
women between 8th and 10th week of gestation with normal singleton pregnan-
cy underwent standard ultrasound fetal biometry and kidney length measure-
ment. Univariate and multivariate linear regression analysis was used to create a 
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predictive equation to estimate GA on the KL and fetobiometry parameters. A 
significant correlation was found between GA and KL (r = 0.83). The best GA 
predictor was obtained by combining head circumference, fetal biparietal di-
ameter, femur length and KL with a standard error (SE) about 14.2 days. The 
findings showed that KL measurements combination with other fetal biometric 
parameters could predict age of pregnancy with a better precision 

In Shivalingaiah et al. [1] study, Fetal kidney length has been studied and 
shown to strongly correlate with the gestational age in late trimesters even in 
IUGR fetuses (r = 0.85). The study evaluated the role of kidney length in deter-
mining the gestation age with the study population of 60 pregnant women be-
tween 24 - 36 weeks of gestation whose pregnancies were dated accurately by 
early dating scan. Length of the nearer kidney was measured in centimeters, 4 
weekly in the longitudinal axis along with other biometric indices. According to 
the observations, the mean deviation from the gestational age at all the weeks is 
least for KL. The result indicates that the kidney length in the present study cor-
related well with the assigned gestational age and found almost same as all the 
ultrasound biometric parameters put together. 

Bardhan et al., [9] study aimed to determine correlation and regression coeffi-
cient of foetal kidney length as a parameter for gestational age and to do its 
comparative evaluation with other foetal biometric indices. A Prospective ob-
servational study was conducted on 200 women aged between 18 to 35 years 
with normal singleton pregnancies, over a duration of six months from Decem-
ber 2015 to May 2016. Pearson’s correlation coefficient value of 0.99 and regres-
sion coefficient or slope 1.0 was noted between gestational age and fetal kidney 
length with a significance P < 0.001. The study concluded that Fetal kidney 
length shows a positive correlation with fetal gestational age, with a linear 
growth rate throughout pregnancy irrespective of underlying medical condition 
like intrauterine growth retardation. This study shall prove its worth in cases of 
engaged fetal head, where it is difficult to measure fetal bi parietal diameter and 
head circumference as well as in cases of intrauterine growth retardation, ma-
crosomia and malformation where abdominal circumference measurement gives 
false values. 

Chatterjee et al. [10] study aimed to evaluate Foetal kidney length as a para-
meter for determination of gestational age in pregnancy by ultrasonography. A 
cross section hospital based study was conducted in the Department of Obste-
trics and Gynecology, P.B.M. and Associated Group of Hospitals, attached to 
Sardar Patel Medical College, Bikaner during study period of one year from 2015 
to 2016. 100 pregnant women with known dates of different parity and ages were 
included in this study. According to the observations, the mean deviation from 
the gestational age at all the weeks is least for KL. The result indicated that the 
kidney length in the present study correlated well with the assigned gestational 
age and found almost same as all the ultrasound biometric parameters put to-
gether. The study concluded that Kidney length can be used as an individual pa-
rameter in estimating gestational age, especially in later trimesters, where bio-
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metric indices may not be much reliable. 
Muhammad et al., [11] found the point of this examination was to assess the 

criticalness of the fetal kidney length (FKL) for the estimation of gestational age. 
Method: A cross sectional study was carried out on 399 pregnant women with 
singleton pregnancies having no complications at Baloch Hospital Lalian. Preg-
nant women with single fetuses underwent standard ultrasound fetal biometry. 
The fetal kidney length measurements were performed from 20th weeks to 38th 
weeks of gestation. These measurements were used to date the pregnencies. Re-
sults: A positive linear relationship was found between gestational age (measured 
by femur length) and length of left kidney. G.A in weeks (measured by femur 
length) = 25.430 + 1.912 (Left Kidney in cm) with R2 = 0.939 and p value = 0.000 
< 0.05. Another statistically significant positive linear relationship was found 
between gestational age (measured by femur length) and length of right kidney. 
G.A in weeks (measured by femur length) = 13.496 + 5.727 (Right Kidney in cm) 
with R2 = 0.939 and p value = 0.000 < 0.05. Conclusion: FKL is easy parameter to 
identify and measure. It is the most accurate single parameter for estimating GA 
than other biometric indices especially in cases of abnormal fetal growth or cer-
tain maternal conditions when the other parameters like BPD, FL, AC and HC 
are not reliable for assessing GA in the 2nd and 3rd trimester of pregnancy.  

5. Conclusion 

Kidney length can be used as an individual parameter in estimating gestational 
age. 
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