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ABSTRACT

Background: Gestational age (GA) is a critical parameter in obstetric care, guiding clinical decision-making, fetal monitoring,
and estimating the expected date of delivery (EDD). Various biometric parameters, including biparietal diameter (BPD), femur
length (FL), head circumference (HC), and abdominal circumference (AC), are conventionally used for GA estimation.
However, alternative fetal measurements such as fetal foot length (FFL) and fetal humerus length (FHL) have shown potential
in improving GA assessment, particularly in the second and third trimesters.

Objective: To determine the correlation between fetal foot length and fetal humerus length with gestational age during the
second and third trimesters using ultrasonographic assessment.

Methods: A cross-sectional study was conducted at Bashir Diagnostic Hospital, Toba Tek Singh, over a duration of nine months.
A total of 383 pregnant women with singleton pregnancies and known last menstrual period (LMP) were included using a
convenient sampling method. Ultrasonographic measurements of FFL and FHL were obtained using a Toshiba Aplio XG
ultrasound machine. Gestational age was estimated based on LMP, BPD, AC, and FL, and correlations with FFL and FHL were
analyzed using Pearson’s correlation coefficient. A significance level of p < 0.01 was considered statistically significant.

Results: A strong positive correlation was observed between GA by LMP and FHL (r = 0.901, p < 0.01) and GA by LMP and
FFL (r = 0.895, p < 0.01). GA by BPD correlated significantly with FHL (r = 0.909, p < 0.01) and FFL (r = 0.915, p < 0.01).
GA by AC showed significant associations with FHL (r = 0.900, p < 0.01) and FFL (r = 0.894, p < 0.01). Similarly, GA by FL
exhibited strong correlations with FHL (r = 0.899, p < 0.01) and FFL (r = 0.891, p < 0.01).

Conclusion: Fetal humerus length and fetal foot length demonstrated strong correlations with gestational age and can be
effectively utilized for GA estimation in the second and third trimesters. These parameters serve as reliable alternatives when
conventional measurements may be limited, contributing to improved prenatal assessment and fetal growth monitoring.

Keywords: Abdominal circumference, biparietal diameter, fetal femur length, fetal foot length, fetal humerus length, gestational
age, head circumference.
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INTRODUCTION

Gestational age (GA) plays a fundamental role in guiding clinical decision-making, therapeutic interventions, and prognostic
evaluations, particularly in the context of preterm births. Accurate estimation of GA is essential for optimizing neonatal outcomes and
ensuring appropriate prenatal care. It aids in assessing fetal development, diagnosing intrauterine growth restriction (IUGR), and
advising expectant mothers regarding potential perinatal complications(1). Ultrasonography has emerged as the primary modality for
GA assessment due to its precision and non-invasive nature, especially when clinical indicators such as uterine size and menstrual history
prove unreliable. Despite advancements in obstetric imaging, challenges persist in accurately estimating GA, particularly in resource-
limited settings where early pregnancy ultrasound is often inaccessible. Many neonatal centers in such regions rely on postnatal physical
and neurological assessments, which may introduce significant inaccuracies in GA determination(2, 3). A variety of biometric parameters
have been employed to estimate GA through ultrasonography, including crown-rump length (CRL), biparietal diameter (BPD), femur
length (FL), abdominal circumference (AC), and gestational sac (GS) diameter. While these metrics have proven valuable, they are not
without limitations. For instance, cranial deformities can affect BPD and head circumference (HC) measurements, necessitating
alternative approaches for GA estimation. The first-trimester ultrasound, particularly CRL measurement between 6 and 12 weeks of
gestation, is widely regarded as the most accurate method for dating pregnancy(4). However, as fetal development progresses into the
second and third trimesters, GA estimation becomes increasingly complex due to anatomical variability and rapid fetal growth. Although
ultrasound-based dating between 20 and 22 weeks is considered the gold standard with an error margin of less than 10 days, its accuracy
diminishes as pregnancy advances. Bias may arise when standard biometric models are applied to fetuses that are symmetrically larger
or smaller than reference populations(5, 6).

Given these challenges, there is a pressing need to explore additional biometric parameters that could enhance the accuracy of GA
estimation in later pregnancy. Emerging evidence suggests that fetal foot length (FFL) may serve as a reliable indicator of gestational
maturity, particularly in the second and third trimesters. Unlike traditional cranial and abdominal measurements, which may be
influenced by fetal growth abnormalities, FFL demonstrates a relatively consistent growth pattern across gestation. Similarly, humerus
length (HL) has been proposed as a supplementary parameter for refining GA assessment. Investigating the correlation between FFL
and HL could provide a novel approach to improving GA estimation, particularly in cases where conventional measurements are
suboptimal(7, 8). This study aims to evaluate the correlation between fetal foot length and humerus length for the estimation of
gestational age in the second and third trimesters. By establishing a predictive relationship between these parameters, the research seeks
to enhance the accuracy and reliability of GA assessment, thereby contributing to improved prenatal care and neonatal outcomes(9, 10).

METHODS

This cross-sectional analytical study was conducted at Bashir Diagnostic Center, Toba Tek Singh, to assess the correlation between fetal
foot length and humerus length in estimating gestational age during the second and third trimesters of pregnancy. A total of 383 pregnant
females with singleton pregnancies were included through a convenient sampling method. Participants were selected based on age
criteria, including women aged 15 years and above, without any gender-based discrimination, as all participants were pregnant females.
Women with uncertain last menstrual period (LMP), irregular menstrual cycles, or discrepancies in their estimated date of delivery were
excluded to ensure precision in gestational age estimation(11). Ultrasonographic measurements were performed using a Toshiba Aplio
XG ultrasound machine, following standardized protocols to obtain fetal foot length and humerus length measurements. All assessments
were conducted by experienced and certified sonographers to minimize inter-observer variability and ensure accuracy. Measurements
were taken in accordance with established obstetric ultrasonographic guidelines, ensuring consistency across all participants(12).

Data collection involved recording demographic and obstetric details, followed by statistical analysis to determine correlations between
fetal foot length, humerus length, and gestational age. Ethical approval was obtained from the institutional review board before the
commencement of the study, ensuring adherence to ethical research guidelines. Written informed consent was obtained from all
participants, emphasizing voluntary participation and data confidentiality(13). Statistical analysis was performed using specify statistical
software, e.g., SPSS version X or any other software. Descriptive statistics were applied to summarize demographic and clinical
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variables. Pearson’s correlation analysis was used to determine the strength of the relationship between fetal foot length, humerus length,
and gestational age. Additionally, linear regression modeling was employed to develop predictive equations for estimating gestational
age. The significance level was set at mention threshold, e.g., p < 0.05, ensuring robust statistical interpretation(14).

RESULTS

A total of 383 pregnant females were included in the study, with a mean + SD age of 25.72 + 3.36 years, ranging from 19 to 36 years.
The majority of participants (74.7%) were in the second trimester, while 25.3% were in the third trimester. Primigravida cases accounted
for 71.5% of the study population, whereas 18.3% were multigravida. Parity distribution showed that 63.2% of participants had a parity
of one, while 18.8% had a parity of two. Gestational age estimation was analyzed using multiple biometric parameters. The mean + SD
gestational age calculated by the last menstrual period (LMP) was 24.81 + 5.13 weeks, by biparietal diameter (BPD) was 24.94 + 5.12
weeks, by femur length (FL) was 24.68 + 5.23 weeks, and by abdominal circumference (AC) was 24.73 + 5.21 weeks. The fetal humerus
length had a mean + SD of 30.70 + 7.28 mm, whereas fetal foot length had a mean + SD 0f 46.61 + 13.45 mm.

Statistical analysis demonstrated strong correlations between gestational age and fetal biometric measurements. A significant positive
correlation was observed between gestational age determined by LMP and humerus length (r = 0.901, p < 0.01), as well as between
LMP and fetal foot length (r = 0.895, p < 0.01). Similarly, BPD showed a strong correlation with both humerus length (r = 0.909, p <
0.01) and fetal foot length (r =0.915, p < 0.01). The correlation between AC and humerus length was significant (r = 0.900, p < 0.01),
as was the correlation between AC and fetal foot length (r = 0.894, p < 0.01). Additionally, a strong association was found between FL
and humerus length (r = 0.899, p < 0.01), and between FL and fetal foot length (r = 0.891, p < 0.01). The findings indicate that fetal
humerus length and fetal foot length exhibit strong correlations with gestational age across different biometric estimation methods.
These results suggest that both parameters may serve as reliable indicators for estimating gestational age, particularly in cases where
conventional measurements such as BPD or AC may be challenging to obtain accurately.
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Figure 1 Correlations between Gestational age by (LMP) and
Fetal Humerus Length
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Figure 3 Correlations between Gestational age by (BPD) and
Fetal Foot Length
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Figure 5 Correlations between Gestational age by (AC) and
Fetal Humerus Length
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Figure 2 Correlations between Gestational age by (LMP) and
Fetal Foot Length
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Figure 4 Correlations between Gestational age by (BPD) and
Fetal Humerus Length
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Figure 6 Correlations between Gestational age by (AC) and
Fetal Foot Length
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Table 1: Correlation Between Gestational Age, Humerus Length, and Fetal Foot Length Using Different Methods

Gestational Age Method Humerus Length (Pearson Fetal Foot Length (Pearson Sig. (2-tailed)
Correlation) Correlation)

LMP 0.901 0.895 0.0

BPD 0.909 0.915 0.0

AC 0.9 0.894 0.0

FL 0.899 0.891 0.0

Category Frequency Percent (%)

Trimester 2 286 74.7

Trimester 3 97 253

Primigravida 274 71.5

Multigravida 70 18.3

Nulliparous 69 18

Parity 1 242 63.2

Parity 2 72 18.8

Total 383 100

Table 2: Descriptive Statistics for Patient Age and Gestational Age Parameters

Parameter N Minimum Maximum Mean Std. Deviation
Patient Age (years) 383 19 36 25.72 3.36
Gestational Age by LMP (weeks) 383 16 39 24.81 5.13
Gestational Age by BPD (weeks) 383 17 39 24.94 5.12
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Parameter N Minimum Maximum Mean Std. Deviation
Gestational Age by FL (weeks) 383 16 39 24.68 5.23
Gestational Age by AC (weeks) 383 15 39 24.73 5.21
Humerus Length (mm) 383 19.9 47.2 30.7 7.29
Fetal Foot Length (mm) 383 27.2 80.6 46.61 13.46
Mean Gestational Age by Different Methods Comparison of Humerus and Fetal Foot Lengths
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DISCUSSION

The findings of this study demonstrated a strong correlation between fetal foot length, humerus length, and gestational age when assessed
using different biometric methods, including last menstrual period (LMP), femur length (FL), biparietal diameter (BPD), and abdominal
circumference (AC). A significant positive relationship was observed between fetal biometric parameters and gestational age, indicating
that both fetal foot length and humerus length increased proportionally as gestation progressed. The results align with previous research,
which established a strong association between fetal foot length and gestational age measured through ultrasonography, reinforcing the
potential of these measurements as reliable indicators of fetal maturity(15). Gestational age determination traditionally relies on
standardized biometric parameters such as BPD, FL, and AC, with femur length widely accepted as a robust marker for fetal age
estimation. Despite being less commonly utilized, humerus length and fetal foot length were found to be highly correlated with
gestational age, exhibiting statistical significance comparable to conventional parameters. The correlation coefficients between
gestational age and fetal foot length (r = 0.895, p < 0.01) and between gestational age and humerus length (r = 0.901, p < 0.01) were
indicative of strong predictive accuracy. Similarly, BPD and AC demonstrated significant correlations with both humerus length and
fetal foot length, supporting the reliability of these parameters in estimating gestational age(16).

Ultrasonographic assessment remains the gold standard for fetal biometric evaluation, allowing non-invasive and accurate measurement
of fetal structures. The findings of this study reaffirm the applicability of humerus length and fetal foot length as supplementary
parameters in gestational age estimation, particularly in scenarios where traditional biometric markers may be influenced by fetal growth
variations or anatomical anomalies. Previous research has suggested that humerus length is a reliable metric for estimating gestational
age, and its combined assessment with femur length is beneficial in identifying fetal skeletal abnormalities. The strong positive
correlation between humerus length and gestational age in the present study further supports its clinical utility in obstetric practice(17).
One of the strengths of this study is the inclusion of a sufficiently large sample size, ensuring statistical robustness in the correlation
analysis. The selection of participants with confirmed LMP and singleton pregnancies minimized potential confounding variables,
enhancing the reliability of the results. Furthermore, the use of standardized ultrasonographic techniques and biometric measurements
ensured methodological consistency(18).

However, certain limitations must be acknowledged. The study relied on LMP as a primary reference for gestational age, which, despite
being widely used, may be subject to recall bias in some cases. Additionally, while fetal biometric parameters exhibit strong correlations

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 236



. +,
Volume 3 Issue 1: Correlation of Fetal Foot and Humerus Length with Gestational Age in Second and Third Trimesters + s G s
Bahader G et al. IN I I'" 'JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

with gestational age, variations in fetal growth patterns due to genetic or environmental factors could influence measurement accuracy.
The cross-sectional nature of the study also limits the ability to assess longitudinal changes in fetal growth over time(19). Future research
should explore the predictive accuracy of fetal foot length and humerus length in a larger, more diverse population, including high-risk
pregnancies where fetal growth abnormalities are prevalent. Longitudinal studies could provide further insight into the progression of
these biometric parameters across different gestational stages. Moreover, incorporating advanced imaging techniques and artificial
intelligence-based predictive models may enhance the precision of gestational age estimation using these parameters(20).

The findings of this study contribute to the growing body of evidence supporting the clinical utility of fetal foot length and humerus
length in gestational age assessment. These parameters offer a reliable alternative for estimating fetal age and may be particularly useful
in cases where conventional measurements are challenging to obtain or interpret(21).

CONCLUSION

The study highlights the significance of fetal humerus length and fetal foot length as reliable indicators for estimating gestational age,
particularly in the second and third trimesters. These measurements demonstrated a strong correlation with gestational age, reinforcing
their clinical utility when conventional biometric parameters may be less effective. The findings suggest that fetal foot length serves as
a valuable tool for gestational assessment, while humerus length proves to be particularly accurate in later pregnancy. Incorporating
these parameters into routine obstetric evaluations can enhance the precision of fetal age estimation, supporting improved prenatal care
and clinical decision-making.
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