Page | 1

Ay
AL .
Woma ’

Student’s Journal of Health Research Africa
e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 9 (2025): September 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i9.2053
Original Article

Variation in femoral length across different age groups and its correlation with walking
patterns: A cross-sectional observational study.
Dr. K. Zia Ul Hag*, Dr. Siva Kumar Kotra?, Dr. Sowmyashree U?

IAssistant Professor, Department of Anatomy, Neelima Institute of Medical Sciences, Hyderabad, Telangana, India
2Senior Resident, Department of Orthopaedics, Neelima Institute of Medical Sciences, Hyderabad, Telangana, India
3Assistant Professor, Department of Community Medicine, Neelima Institute of Medical Sciences, Hyderabad, Telangana,
India.

Abstract

Background:

Femoral length plays a vital role in determining lower limb biomechanics and walking efficiency. Variations in femoral
length across different age groups may influence gait parameters such as step length and walking speed. This study aimed
to investigate femoral length variations with age and examine their correlation with walking patterns.

Methods:

A cross-sectional observational study was conducted on 50 participants, divided into five equal age groups: 10-19, 20-29,
30-39, 4049, and >50 years. Femoral length was measured using standardized anthropometric techniques. Gait parameters,
including step length and walking speed, were recorded using a motion analysis setup. Descriptive statistics, ANOVA, and
Pearson correlation analysis were employed to analyze the data.

Results:

The mean femoral length was highest in the 20-29 age group (45.1 + 2.1 cm) and lowest in the 10-19 group (41.8 + 2.4 cm).
Walking parameters showed similar trends, with peak step length (72.4 + 4.8 cm) and walking speed (1.51 + 0.14 m/s)
observed in the 20-29 group. A moderate positive correlation was found between femoral length and step length (r = 0.62,
p <0.001), as well as between femoral length and walking speed (r = 0.58, p < 0.001).

Conclusion:

Femoral length significantly varies across age groups and is positively correlated with walking efficiency. These findings
underscore the importance of femoral length in gait biomechanics and may have implications in orthopedic assessment,
rehabilitation, and prosthetic design.

Recommendations:
Incorporate femoral length assessment in gait evaluations to optimize rehabilitation strategies, prosthetic fitting, and age-
specific orthopedic interventions.
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Introduction

The femur, the longest and strongest bone in the human
body, plays a vital role in maintaining upright posture and
facilitating bipedal locomotion. Its anatomical dimensions,
particularly femoral length, have a significant impact on gait
biomechanics, walking efficiency, and lower limb function
[1,2]. Variations in femoral structure, especially with aging,

can influence muscle mass, bone mineral density, and joint
mechanics, thereby affecting gait parameters such as step
length and walking speed [1,3,6].

Age-related changes in bone loading and sarcopenia
contribute to alterations in walking stability and
performance, underscoring the need for age-specific
evaluations of gait [1,6]. While leg length discrepancies and
structural abnormalities have been linked to gait asymmetry
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and reduced stability [2,4], the relationship between normal
femoral length variations across age groups and dynamic
walking parameters remains underexplored.

Moreover, novel gait analysis tools, including metrics such
as the Walking Orientation Randomness Metric (WORM),
have highlighted the importance of assessing subtle gait
changes to predict fall risk and mobility impairments [5].
Despite advancements in gait assessment technologies,
limited data exist on how femoral length correlates with
spatiotemporal parameters across the lifespan. Addressing
this gap is crucial for enhancing rehabilitation strategies,
optimizing prosthetic design, and understanding both
developmental and degenerative influences on locomotor
function.

This study was undertaken to address this gap by
systematically evaluating the variation in femoral length
across different age groups and analyzing its correlation
with walking parameters. By exploring this relationship, we
aim to contribute to a more comprehensive understanding of
lower limb biomechanics and age-related changes in gait,
which may assist clinicians, physiotherapists, and
biomedical engineers in  optimizing therapeutic
interventions and device design.

Methodology

Study Design and Setting:

This cross-sectional observational study was carried out at
the Neelima Institute of Medical Sciences, Hyderabad,
Telangana, between May 2024 and February 2025. The
work was undertaken through collaboration between the
Departments of Orthopaedics and Anatomy. The institute is
a tertiary care teaching hospital that houses multiple clinical
and non-clinical departments, including Orthopaedics,
General Medicine, General Surgery, Pediatrics, Obstetrics
and Gynaecology, Radiology, Anatomy, Physiology, and
Community Medicine. It provides both inpatient and
outpatient services, advanced diagnostic facilities,
rehabilitation care, and medical education. For this study,
gait assessments were performed using the calibrated gait
analysis walkway system within the Department of
Orthopaedics, ensuring  uniform  and  controlled
measurement conditions.

Study Population:

A total of 50 healthy individuals were recruited and
categorized into five age-based groups: 10-19, 20-29, 30—
39, 4049, and >50 years, with 10 participants in each group.
Participants were selected using a convenience sampling
method.
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Sample Size Determination:

The sample size of 50 participants was determined based on
feasibility and previous literature on gait and anthropometric
studies in similar settings. Considering the exploratory
nature of this study, a minimum of 10 participants per age
stratum was deemed adequate to allow for comparative
analysis across five predefined age groups (10-19, 20-29,
30-39, 4049, and >50 years). This stratified distribution
was chosen to ensure adequate representation of
developmental and aging phases. Although no formal power
calculation was performed due to the observational design,
the sample was sufficient to detect moderate correlations (r >
0.5) with statistical significance at oo = 0.05 and power of
80%, as supported by prior gait studies.

Inclusion Criteria:
Healthy individuals aged 10 years and above.
Willingness to participate and provide informed consent.

Exclusion Criteria:

Individuals with any history of lower limb fracture,
congenital deformity, or musculoskeletal disorders.
Subjects with neurological or systemic conditions affecting
gait.

Bias and Its Management:
Several strategies were implemented to minimize bias in the
study:

Selection Bias:

To reduce selection bias, participants were recruited from
different hospital units and the community outpatient clinics,
ensuring representation across age groups. Inclusion and
exclusion criteria were strictly applied to maintain
homogeneity.

Measurement Bias:

Femoral length was measured by a single trained
investigator using standardized anthropometric techniques
to avoid inter-observer variability. Each measurement was
repeated twice, and the average value was recorded.

Performance Bias:

Gait analysis was conducted under identical conditions for
all participants (barefoot walking at a comfortable pace on
the same walkway), minimizing variability due to
environment or footwear.
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Confounding Bias:

Potential confounders such as lower limb deformities,
systemic illnesses, or neurological conditions were excluded
by design to ensure that only healthy individuals were
studied.

Data Collection Procedures:

Femoral length was measured using an anthropometric rod
from the greater trochanter to the lateral epicondyle of the
femur with the subject in the anatomical position. All
measurements were taken on the right side for
standardization.

Gait parameters, including step length and walking speed,
were assessed using a calibrated gait analysis walkway.
Participants were instructed to walk barefoot at a
comfortable pace, and each parameter was recorded over
three trials to ensure accuracy.

Statistical Analysis:

Data were entered into Microsoft Excel and analyzed using
SPSS software version 26. Descriptive statistics were used
to present means and standard deviations. One-way
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ANOVA was used to assess differences between age groups.
Pearson correlation coefficients were calculated to evaluate
the relationship between femoral length and walking
parameters. A p-value < 0.05 was considered statistically
significant.

Ethical Considerations:

The study protocol was approved by the Institutional Ethics
Committee of Neelima Institute of Medical Sciences.
Written informed consent was obtained from all participants
or their guardians in the case of minors.

Results

Participant Screening and Recruitment:

A total of 58 individuals were initially approached for
participation during the study period. Of these, 4 declined
consent, and 2 did not meet the inclusion criteria due to prior
lower limb fractures. Two more participants were excluded
because of musculoskeletal conditions affecting gait. Finally,
50 healthy individuals satisfied the eligibility criteria and
were included in the study. All 50 participants completed the
assessments and were analyzed (Figure 1).

[Aw.r.-'.svd for eligibility (n = '»Hl]
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Excluded (n =~ 8)
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Figure 1: Participant Flow Diagram

A total of 50 participants were enrolled in the study and categorized into five age groups with an equal distribution of 10

individuals per group (Table 1).
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Table 1: Demographic Distribution by Age Group

Age Group (Years) Sample Size (n)
10-19 10
20-29 10
30-39 10
40-49 10
>50 10
Total 50

The age groups included: 10-19 years, 20-29 years, 30-39
years, 40-49 years, and >50 years.

Femoral Length Variation:
The mean femoral length showed an age-dependent pattern.
The highest mean femoral length was observed in the 20-29

years age group (45.1 £ 2.1 cm), followed closely by the 30—
39 years group (44.7 £ 1.9 cm). A gradual decline was
observed in older age groups, with the lowest mean femoral
length noted in the 10-19 years group (41.8 + 2.4 cm) and
the >50 years group (42.1 + 2.6 cm), as shown in Table 2.

Table 2: Femoral Length by Age Group

Age Group (Years) Mean Femoral Length (cm) Standard Deviation (SD)
10-19 41.8 2.4
20-29 45.1 2.1
30-39 44.7 1.9
40-49 43.2 2.2
>50 42.1 2.6

Walking Parameters Across Age Groups:

Walking performance, assessed via step length and walking
speed, demonstrated a trend consistent with femoral length
variations. The 20-29 years group exhibited the longest step

length (72.4 + 4.8 cm) and the highest walking speed (1.51
+ 0.14 m/s). These parameters gradually declined with
increasing age. The >50 years group showed the shortest
step length (63.5 + 6.4 cm) and lowest walking speed (1.28
+ 0.15 m/s), as detailed in Table 3.

Table 3: Walking Parameters by Age Group

Age Group | Mean Step Length Mean  Walking | Walking  Speed
(Years) (cm) Step Length SD Speed (m/s) SD

10-19 65.2 5.6 1.34 0.12

20-29 72.4 4.8 1.51 0.14

30-39 70.6 5.2 1.47 0.13

4049 66.8 6.0 1.39 0.11

>50 63.5 6.4 1.28 0.15

Correlation Analysis:
Pearson correlation analysis revealed a moderate positive
correlation between femoral length and both step length (r =

0.62, p < 0.001) and walking speed (r = 0.58, p < 0.001).
These results indicate that individuals with greater femoral
lengths tend to exhibit improved walking parameters (Table
4).

Table 4: Correlation Between Femoral Length and Walking Parameters

. . Pearson Correlation Coefficient
Variable Pair ) p-value
Femoral Length vs Step Length 0.62 <0.001
Femoral Length vs Walking Speed | 0.58 <0.001
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Discussion:

The highest mean femoral length was observed in the 20-29
years age group (45.1 + 2.1 cm), followed closely by the 30—
39 years group (44.7 + 1.9 cm). In contrast, the 10-19 years
and >50 years groups demonstrated lower values (41.8 2.4
cm and 42.1 + 2.6 cm, respectively). Correspondingly, step
length and walking speed peaked in early adulthood and
declined with advancing age, highlighting the influence of
skeletal and muscular maturity on gait performance.

These findings align with established skeletal maturation
patterns, where maximum bone length and density are
typically achieved by the third decade of life [8]. The
apparent decline in femoral length in older groups is
unlikely to represent true shortening of the bone, but rather
reflects postural changes associated with aging, including
vertebral compression, pelvic tilt alterations, and
musculoskeletal degeneration [7].

Walking parameters demonstrated moderate positive
correlations with femoral length, reinforcing prior evidence
that longer limb segments are associated with more efficient
gait biomechanics [9]. The superior gait performance in the
20-29 vyears group reflects optimal musculoskeletal
efficiency, whereas the decline in those aged >50 years
likely results from sarcopenia, joint stiffness, and impaired
balance—factors  frequently encountered in elderly
populations.

From a developmental perspective, lower limb length has
been shown to play an important role in locomotor
efficiency and overall health. Longer legs confer
biomechanical advantages for stride length and energy
conservation, which have evolutionary as well as clinical
implications [10]. Similar relevance is noted in pediatric
populations, where leg length and body composition
strongly influence gait efficiency and physical performance
[11].

Finally, the consistent correlations between femoral length,
step length, and walking speed emphasize the role of
variability in human movement. Controlled variability can
represent adaptive strategies, but it may also serve as an
early indicator of functional decline in aging or pathological
conditions [12]. These findings support the integration of
femoral length assessment into gait analysis to better
identify mobility risks and optimize rehabilitation strategies.

Generalizability:

The findings of this study are generalizable to healthy
individuals within the studied age range; however,
variations in population demographics, lifestyle, and
physical activity levels may limit broader applicability.
Further research in diverse populations is recommended.
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Conclusion:

This study demonstrates that femoral length varies
significantly across age groups and has a positive correlation
with walking parameters such as step length and walking
speed. The 20-29 years age group exhibited the greatest
femoral length and optimal gait characteristics, while
individuals aged >50 years showed reduced femoral length
and compromised walking performance. These findings
highlight the biomechanical importance of femoral length in
efficient locomotion. Understanding such age-related
variations can aid in clinical assessments, rehabilitation
planning, and the design of assistive devices and prosthetics.
Further large-scale, longitudinal studies are warranted to
explore gender differences and other influencing factors,
like muscle strength and joint flexibility, on gait.

Limitations:

The relatively small sample size and the cross-sectional
design limit causal interpretation. Additionally, gender
differences and body mass index (BMI) were not accounted
for, which could influence gait parameters and femoral
length measurements. Future studies with larger, more
diverse populations and longitudinal follow-up are
recommended to validate these findings and explore
additional  biomechanical and physiological factors
influencing gait.

Recommendations:

Based on the study findings, it is recommended that femoral
length be routinely assessed in clinical evaluations of gait,
particularly in  populations with mobility issues.
Understanding the variation of femoral length across age
groups can aid in developing age-appropriate rehabilitation
programs and optimizing physical therapy interventions.
Prosthetic and orthotic designs should also consider femoral
length to enhance comfort and walking efficiency.
Additionally, femoral length measurements may serve as
valuable predictors in the early identification of gait
abnormalities, facilitating timely corrective measures.
Future research should explore longitudinal changes and
include diverse populations to strengthen the applicability of
these findings in clinical practice.
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