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in�uence how much weight is given to fetal gender 

determination in nations like Pakistan. Long-standing 

social traditions frequently in�uence family planning 

decisions, cultural preferences for male children in 

particular communities, and preparations for the child's 

upbringing. Healthcare providers must be aware of these 

cultural considerations to deliver prenatal care services 

that are appropriate, considerate, and sensitive [3, 4]. 

When it comes to treating gender-in�uenced medical 

conditions and complications, knowing the fetal sex is 

helpful. Given that male fetuses are occasionally linked to 

particular risks, early detection is especially crucial. Fetal 

sex is ascertained using a variety of ultrasound techniques. 

An essential part of prenatal care is identifying the fetus's 

gender, which offers both expectant parents and medical 

professionals important personal and medical insights [1]. 

For diseases linked to sex chromosomes, like X-linked 

disorders, early evaluation of fetal sex can enhance 

treatment planning. Clinicians can also foresee and handle 

possible issues linked to sex-speci�c health risks when 

they can accurately predict the gender of the fetus. In 

addition, a lot of parents say they want to know the gender 

of the fetus for cultural and family planning reasons. 

Psychologically speaking, knowing the baby's gender could 

improve parental bonding and emotional readiness for the 

baby's birth [2]. Cultural and religious beliefs greatly 

I N T R O D U C T I O N

An important part of prenatal care is gender determination, which shows expectant parents and 

medical professionals signi�cant personal and medical insights. It becomes extremely 

important to determine early fetal gender for enhancing treatment approaches for sex-

chromosome-related illnesses, like X-linked disorders. Objectives: To investigate the 

relationship between fetal gender determination during the second and third trimesters of 

pregnancy and ultrasound-based fetal biometric parameters, including estimated fetal weight 

(EFW), femur length (FL), abdominal circumference (AC), head circumference (HC), and 

biparietal diameter (BPD). Methods: This cross-sectional comparative study was conducted at 

the Radiology Department of Meer Khan Children and Family Hospital. Women between 14–40 

weeks of gestation undergoing ultrasound for fetal assessment were included. Data were 

analyzed using SPSS version 26.0, applying an independent samples t-test and one-way ANOVA 

with a signi�cance level set at p<0.05. The Shapiro-Wilk test was used in order to evaluate the 

data distribution normality. Results: The study found biometric ultrasound measurements of 

125 fetuses (63 male and 62 female). Three important metrics showed higher values were found 

in male fetuses: Male had signi�cantly higher FL (p=0.002, 95% CI: 3.16–14.28 mm). The test also 

indicated male with signi�cantly higher AC, p=0.005, 95% CI: 10.77–58.44 mm, also signi�cantly 

higher HC (p=0.016), 95% CI: 5.06–48.10 mm, in male was observed. Conclusions: Male fetuses 

had increased BPD and EFW compared to the female fetuses, whereas EFW and BPD showed 

non-signi�cant trends toward higher values in male. Moreover, male fetuses have signi�cantly 

greater AC, FL, and head circumference HC than female fetuses.
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Fetal heart rate (FHR) may provide early indicators, but its 

precision and reliability are still restricted [5]. The 

treatment of genetic disorders also heavily relies on the 

early identi�cation of fetal gender. While ultrasound 

examinations in the later trimesters can visualize fetal 

genital anatomy for more precise gender determination, 

the orientation of the genital tubercle can be used to 

determine the fetal gender as early as the eleventh week of 

gestation [6]. The potential of biometric parameters in 

predicting fetal gender has been highlighted by studies 

showing that male fetuses typically have signi�cantly 

larger biparietal diameter (BPD) measurements than 

female fetuses during ultrasounds performed between 

16–21 weeks and 31–35 weeks of gestation [7, 8]. With 

advancements in medical technology, non-invasive and 

highly accurate techniques (i.e., ultrasound imaging, 

Magnetic Resonance Imaging (MRI)) have become 

increasingly popular for determining fetal gender. Genetic 

testing is still the most accurate method, but it can be 

expensive and has risks, such as the potential to cause 

miscarriage. On the other hand, ultrasound evaluations are 

generally considered to be safer, more accessible, and less 

expensive methods of determining a person's gender, 

especially in the second and third trimesters [9, 10]. 

Accurate determination of the fetal gender is extremely 

necessary to treat many medical disorders. Yet some 

t e c h n i q u e s  a s  c h o r i o n i c  v i l l u s  s a m p l i n g ,  t h e 

transabdominal method, or the transcervical method, 

which are employed at 11–12 weeks, provide quick results, 

being invasive with procedural risks. The early gender 

identi�cation precision has increased with the 

advancement of the technology of two-dimensional 

ultrasound, although this method is not fully su�cient to 

replace invasive techniques fully. With the development of 

three-dimensional ultrasound imaging, reliability has been 

further improved, which makes it analysable volumetric, 

fully detailed data from multifarious viewing angles [11, 12]. 

Fetal gender identi�cation, beyond parental curiosity, is 

important in prenatal care. The precise and early detection 

enhances health results both for mother and child, with 

great support to the congenital abnormalities diagnosis 

and treatment, fetal growth variations, and sex-linked 

genetic disorders [13, 14]. Early and accurate prediction of 

fetal gender using non-invasive ultrasound techniques can 

support prenatal assessment and enhance understanding 

of fetal growth patterns. Since limited local data exist 

regarding gender-based variations in fetal biometric 

parameters in the Pakistani population, this study was 

conducted to determine whether routine ultrasound 

measurements can reliably predict fetal gender.

Accurate determination of fetal gender is an important 

M E T H O D S

In this case control cross-sectional comparative study, 
pregnant women between 14 and 39 weeks of gestation 
who underwent ultrasound examinations at the Radiology 
Department of Meer Khan Children and Family Hospital in 
Lahore, from October 2024 to June 2025 (MKCFH/LHR/ 
2024-235), who had participated in this research. The 
ethical approval was taken from Green International 
University with Ref no: GIU/REC/25-09. The research team 
�rst conducted a detailed, pertinent literature review to 
�nd out prenatal biometric markers pertinent to gender 
prediction. The �ve ultrasound-based fetal measurements 
were chosen for examination in light of the review, such as 
abdominal circumference (AC), biparietal diameter (BPD), 
estimated fetal weight (EFW), femur length (FL), and head 
circumference (HC). The sample size was determined by 
using Open Epi software (Version 3.01), with 80% power and 
a 95% con�dence level. Using Galjaard et al. research, 
conducted on mean BPD differences between male and 
female fetuses, considering it as a guiding study, a 
minimum sample size of 120 was required for this pertinent 
study [7]. Yet, the researchers recruited a total of 125 
participants for this research to consider potential 
dropouts. The purposive sampling technique was used to 
collect the data for the speci�c purpose of the research. 
For this purpose, the researchers considered pregnant 
women with an age between 14 and 40 weeks of gestation 
wil l ing to undergo standard prenatal  ultrasound 
examination. The pregnant women who were undergoing 
routine ultrasounds were taken as the general population, 
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component of prenatal care, particularly for the early 

identi�cation and management of sex-linked genetic 

disorders and for understanding sex-speci�c growth 

patterns. While direct visualization of fetal genitalia 

remains the standard method for gender identi�cation, it 

can be limited by fetal position, gestational age, and 

operator dependency. Ultrasound-based fetal biometric 

parameters offer a non-invasive alternative that may assist 

gender prediction; however, existing evidence on gender-

related differences in fetal biometry remains inconsistent 

and is largely derived from non-local populations. In 

Pakistan, there is a notable lack of empirical data 

evaluating the association between fetal gender and 

routine biometric measurements during the second and 

third trimesters. Therefore, this study aimed to assess 

whether commonly used fetal biometric parameters 

b i p a r i e t a l  d i a m e t e r,  fe m u r  l e n g t h ,  a b d o m i n a l 

circumference, head circumference, and estimated fetal 

weight differ signi�cantly between male and female 

fetuses, and to determine their potential role in predicting 

fetal gender in a local clinical setting.



and served as controls, while the researchers designated 
the cases as fetuses with proven gender (male or female) 
the considering either at birth or through a second-
trimester anatomy examination. Before the sample was 
included in the research, all the respondents were given a 
brie�ng about the study and were provided verbal informed 
consent. Also, women with known fetal anomalies or with 
multiple pregnancies were excluded from the study. The 
data were collected by quali�ed sonographers, with a 
follow-up of established ultrasonography protocols. 
Whereas the fetal biometric data were collected according 
to the recognized clinical procedures. Biparietal diameter 
(BPD), which was assessed at the level of thalami and 
cavum septum pellucidum, was measured following the 
same level protocol as the head circumference (HC). At the 
level of the fetal stomach and umbilical vein, abdominal 
circumference (AC) was measured, but the femur length 
(FL), considering the largest axis, was measured for the 
ossi�ed femoral diaphysis. The estimated fetal weight 
(EFW) was calculated using Hadlock's method, in which 
BPD, HC, AC, and FL were taken into consideration. The 
researchers documented both breech and cephalic fetal 
presentations. The researchers used Statistical Package 
for the Social Sciences (SPSS) version 26.0 for the analysis 
of the data collected from the pregnant female. Descriptive 
statistics of all the variables were calculated in the study to 
�nd frequencies, percentages, and other descriptive 
details. The researchers presented categorical variables 
with frequencies and percentages; whereas, for the 
measurement of the continuous variables were measured 
with their Mean and SD (i.e., mean ± standard deviation). To 
check the normality of the data, the Shapiro-Wilk test was 
used. Independent samples t-tests were utilized to 
compare mean biometric measurements between male 
and female fetuses; while One-way ANOVA was utilized to 
�nd differences between fetal presentation groups, more 
than 2. Before the performance of parametric tests, 
Levene's test was used to verify the homogeneity of 
variances; while, for all comparisons, 95% CIs were used at 
a level of signi�cance, p<0.050. No post-hoc test was 
required, as group comparisons did not involve more than 
two categories.

whereas, average abdominal circumference (AC) was 
248.40 ± 69.25 mm. With the coverage of both early and 
later stages of pregnancy, the gestational age (GA) had a 
broad range, with having mean of 29.02 ± 6.64 weeks, and 
with a mean of 1778.61 ± 1234.27 grams, the EFW showed 
marked variation, by showing growth differences among 
gestational periods (Table 1).
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Results show 125 fetuses, by re�ecting 62 female and 63 
male in the above analysis. Although, non-signi�cant 
statistically signi�cant difference was found, the results 
show mean females' greater biparietal diameter (BPD) 
(68.55 ± 17.59 mm) (t (123) = 1.92, p = 0.057, 95% CI: -0.19 to 
12.05), as compared to male fetuses (74.49 ± 16.97 mm). 
Conversely, the average femur length (FL) reported to be 
longer as 8.72 mm, in males (59.61 ± 14.69 mm), compared 
with females (50.89 ± 16.68 mm). Also, there was found a 
signi�cant difference (t (123) = 3.10, p=0.002, 95% CI: 
3.16–14.28) was found in the t-test while comparing both 
genders.  There was also a larger abdominal circumference 
(AC) in male than female (265.57 ± 64.91 mm vs. 230.96 ± 
69.66 mm), showing a mean difference of 34.61 mm (t (123) = 
2.87, p=0.005, 95% CI: 10.77–58.44). Female had lower HC 
values (257.06 ± 66.60 mm), compared with male with 
higher values 283.64 ± 54.43 mm which resulting in a mean 
difference (26.58 mm (t (123) = 2.45, p=0.016, 95% CI: 
5.06–48.10). Yet, males reported a higher EFW (1984.04 ± 
1249.23 g) as compared to female (1569.87 ± 1192.80 g). 
Furthermore, the analysis did not show a statistically 
signi�cant difference (t (123) = 1.90, p=0.060, 95% CI: -18.39 
to 1984.74) (Table 2).

Table 1: Baseline Demographic Variables with Fetal Biometric 
Characteristics (n=125)

Variables Category Descriptive Statistics

Female

Male

Breech

Cephalic

—

— 

— 

— 

63 (50.40%)

62 (49.60%)

16 (12.80%)

109 (87.20%)

28.50 ± 6.75

71.54 ± 17.47

55.28 ± 16.24

248.40 ± 69.25

Gender

Presentation

Age (Years)

BPD (mm)

FL (mm)

AC (mm)

— 

— 

— 

270.46 ± 61.98

29.02 ± 6.64

1778.61 ± 1234.27

HC (mm)

GA (Weeks)

EFW (Grams)

R E S U L T S

Out of 125 participants was almost equal, with 62 male 
(49.6%) and 63 female (50.4%). The breech presentation 
accounted for 12.8%, whereas, majority of fetuses were in 
cephalic presentation (87.2%). The �ndings re�ect a mean 
maternal age reported 28.50 ± 6.75 years, with the 
indication of women in their late twenties. An average 
biparietal diameter (BPD) of 71.54 ± 17.47 mm was shown by 
Fetal biometric parameters, re�ecting femur length (FL) as 
55.28 ± 16.24 mm. The HC averaged 270.46 ± 61.98 mm, 
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and fetal biometric parameters in the second and third 
t r i m e s t e r s  o f  p r e g n a n c y.  I n  m a n y  c o u n t r i e s , 
ultrasonography and imaging technology have become 
popular techniques to determine fetal gender [17]. 
Generally, it allows High-resolution visualization of the fetal 
genitalia between 16 and 20 weeks of gestational age. 
Determination of fetal gender has become a very popular 
clinical implication, particularly in genital abnormalities, X-
linked genetic disorders, and presumed ovotesticulars are 
included. Also, BPD keeps a close association with 
gestational age; according to research, including crown-
rump length (CRL) is considered the most effective way of 
gestational age estimation during the �rst trimester. 
Following the discussion, BPD readings are obtained 
between 12 and 18 weeks of gestation age for the prediction 
of the estimated delivery date. Such readings are 
considered statistically bene�cial than those of CRL 
measurements, which are obtained 14 weeks before [18, 
19]. Khalid et al. found a signi�cant correlation between 
fetal gender and placental location, reporting posterior 
placentas more common in male fetuses (p<0.05). 
Whereas, in female fetuses, anterior placentas were 
reported to be signi�cantly more common [4]. Subtle 
anatomical and physiological differences are implied 
through these results, beyond genital visualization that 
may show fetal gender, excluding placental position in this 
research. Gender prediction models' accuracy can be 
enhanced by combining placental positioning by means of 
biometric indicators. Anogenital distance (AGD) and genital 
tubercle angle (GTA) were identi�ed as trustworthy early 
indicators for fetal gender identi�cation in research by 
Alfuraih et al. and Elanwar et al. [14, 20]. For early and 
precise gender determination, these indicators are 
considered supplementary techniques, even though they 
are different from growth-based metrics like FL, HC, and 
AC. AGD's predictive value in early gestational assessments 
has been reinforced by studies that continuously 
demonstrate male fetuses with longer AGD measurements 

Fetal gender determination during prenatal care has 
signi�cantly improved with the continuous growth in 
Ultrasound Imaging Technology. The accuracy of �rst-
trimester gender prediction varies compared with the 
previous research's re�ection, with in�uenced gestational 
age success rates, primarily, and by means of imaging 
methods [15, 16]. The present study aimed at investigating 
the association between gender (calculated by ultrasound) 

Table 3: ANOVA Results by Fetal Position and Fetal Biometric 
Parameters 

There was no signi�cant difference between breech and 
cephalic presentations regarding fetal biometric 
parameters. Almost identical values were shown by the 
femur length (FL) (55.59 mm in breech vs. 55.24 mm in 
cephalic, p=0.94), and in both groups, the mean BPD was 
reported to be similar (71.54 mm, p=1.00). Also, similar 
results were shown in both groups regarding HC averaged 
261.71 mm in breech and 271.74 mm in cephalic fetuses 
(p=0.55) and AC (254.76 mm vs. 247.47 mm, p=0.70 
impacted by fetal presentation (Table 3).

D I S C U S S I O N

Variables
Fetal

Position
N Mean ± SD

F (df=1,
123)

Sig.
(p-Value)

71.54 ± 22.47

71.54 ± 16.74

71.54 ± 17.47

55.59 ± 18.47

55.24 ± 15.99

55.28 ± 16.24

261.71 ± 76.40

271.74 ± 59.89

270.46 ± 61.98

254.76 ± 83.93

247.47 ± 67.24

248.40 ± 69.25

1795.59 ± 1397.80

1776.12 ± 1215.60

1778.61 ± 1234.27

16

109

125

16

109

125

16

109

125

16

109

125

16

109

125

Breech

Cephalic

Total

Breech

Cephalic

Total

Breech

Cephalic

Total

Breech

Cephalic

Total

Breech

Cephalic

Total

BPD (mm)

FL (mm)

HC (mm)

AC (mm)

EFW (g)

0

0.01

0.36

0.15

0

1.00

0.94

0.55

0.70

0.95

Table 2: Comparison of Fetal Biometry Between Male and Female Fetuses

Mean Diff. (Male
and Female)

t (df) p-Value 95% CI of DifferenceParameters Gender N Mean ± SD

74.49 ± 16.97

68.55 ± 17.59

59.61 ± 14.69

50.89 ± 16.68

265.57 ± 64.91

230.96 ± 69.66

283.64 ± 54.43

257.06 ± 66.60

1984.04 ± 1249.23

1569.87 ± 1192.80

63

62

63

62

63

62

63

62

63

62

Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

BPD (mm)

FL (mm)

AC (mm)

HC (mm)

EFW (g)

5.93

8.72

34.61

26.58

414.18

1.92 (123)

3.10 (123)

2.87 (123)

2.45 (123)

1.90 (123)

0.057

0.002*

0.005*

0.016*

0.060

-0.19 to 12.05

3.16 to 14.28

10.77 to 58.44

5.06 to 48.10

-18.39 to 846.74

*p<0.050 considered statistically signi�cant
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The current research extends the effective use of routine 
ultrasound biometry as a reliable, non-invasive, and cost-
e�cient approach in the prediction of fetal gender, 
especially during the later stages. Signi�cantly greater 
femur length was shown by male foetuses'  head 
circumference, and abdominal circumference compared 
to female fetuses, while estimated fetal weight and 
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than female. Fetal gender and biometric measurements 
were found to be signi�cantly correlated in this 125-person 
study. The biometric values of male fetuses were 
consistently higher than those of female fetuses. 
Abdominal circumference (AC) (male > female, p=0.005), 
head circumference (HC) (male > female, p=0.016), and 
femur length (FL) (male > female, p=0.002) all showed 
statistically signi�cant differences. Males also had higher 
estimated fetal weights (EFW) and biparietal diameters 
(BPD), but these differences were not statistically 
signi�cant (p=0.057 and p=0.060, respectively). Male 
fetuses showed larger biometric parameters during the 
second and third trimesters, which is in line with the 
�ndings of Broere-Brown et al. who also reported sex-
speci�c growth variations [3]. It is also indicated by the 
studies that ultrasound-based gender determination 
achieved 100% sensitivity in accurately identifying fetal 
gender, during the second and third trimesters, especially 
having direct visualization pertains to the genitalia is 
possible, ultrasound-based gender determination 
achieves 100% sensitivity by precisely identifying fetal 
gender [1, 10]. Additionally, the observed biometric trends 
reinforce the value of objective fetal measurements as 
complementar y tools for gender determination, 
particularly in cases where suboptimal fetal positioning 
obscures genital visualization.
Despite its valuable �ndings, this study has several 
limitations. The cross-sectional design limits the ability to 
establish causal or longitudinal growth patterns across 
gestation. The use of purposive sampling and a single-
center setting may restrict the generalizability of the 
results to broader populations. Additionally, gestational 
age variability and the absence of trimester-wise subgroup 
analysis may have in�uenced biometric comparisons. 
Operator dependency in ultrasound measurements and the 
lack of adjustment for maternal factors such as body mass 
index and parity may also introduce measurement bias. 
Future research should incorporate larger, multicenter 
cohorts with longitudinal follow-up and trimester-speci�c 
analyses to validate these �ndings. Incorporating 
advanced imaging techniques and developing predictive 
models that combine biometric parameters with other 
sonographic markers may further enhance the accuracy of 
non-invasive fetal gender prediction.

biparietal diameter were higher in males without being 
statistically signi�cant.  Adopting standardized ultrasound 
protocols by continuously investigating biometric 
indicators can improve prenatal care planning, which relies 
on less invasive diagnostic methods, and early gender 
prediction is precisely improved. Finally, signi�cant 
differences in AC, FL, and HC between male and female 
fetuses emphasize the signi�cance of biometric 
parameters as valuable predictors of fetal gender.
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