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Abstract:

Background: The femoral neck is a critical anatomical region that plays a vital role in weight transmission and
hip joint biomechanics. Variations in its morphometry have clinical implications in orthopedic surgery, prosthesis
design, and fracture management.

Objective: To evaluate morphometric parameters of the femoral neck in adult human femora and analyze their
statistical distribution.

Materials and Methods: A descriptive cross-sectional study was conducted on 100 adult dry femora collected
from the Department of Anatomy, Government Medical College and Hospital, Purnea, from January 2024 to
January 2025. Parameters such as femoral neck length, neck-shaft angle, neck diameter, and vertical diameter
were measured using digital calipers and goniometers. Statistical analysis was performed using mean, standard
deviation, and t-test.

Results: The mean femoral neck length was 32.6 + 3.4 mm, while the mean neck-shaft angle was 126.8° + 4.2°.
Significant variation was observed between right and left femora (p < 0.05).

Conclusion: Morphometric variations of the femoral neck are significant and must be considered in orthopedic
implant design and surgical planning.
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Introduction

The femur is the longest and strongest bone in the
human body, essential for locomotion and weight-
bearing functions. The femoral neck connects the
head of the femur to its shaft, forming an angle that
is crucial for hip joint stability and biomechanics [1].
The structural integrity of the femoral neck is vital,
as it is a common site of fractures, particularly in
elderly populations [2].

Morphometric analysis of the femoral neck provides
essential data for orthopedic surgeons, especially in
procedures such as hip arthroplasty and internal
fixation of fractures [3]. The neck-shaft angle and
femoral neck length are key parameters influencing
hip joint function and load distribution [4].

Variations in femoral morphology are influenced by
factors such as age, sex, ethnicity, and lifestyle [5].
Several studies have highlighted that improper
implant sizing due to anatomical mismatch can lead
to complications like implant failure and joint
instability [6].
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The neck-shaft angle typically ranges between 120°
and 135°, but deviations from this range may
predispose individuals to pathological conditions
[7]. Similarly, femoral neck length and diameter
influence the biomechanics of the hip and the risk of
fracture [8].

Understanding these variations is also important in
forensic anthropology and anatomical education [9].
With increasing orthopedic interventions, there is a
need for population-specific morphometric data
[10].

Despite numerous global studies, limited data is
available from Eastern Indian populations,
particularly from Bihar region [11]. Hence, this
study aims to analyze femoral neck morphometry in
adult femora collected from a tertiary care center.

Materials and Methods

Study Design and Setting: The present study was
conducted as a descriptive cross-sectional
osteometric analysis in the Department of Anatomy,
Government Medical College and Hospital, Purnea.
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The study focused on evaluating morphometric
parameters of the femoral neck using dry adult
human femora.

Study Duration: The research was carried out over
a period of one year, from Ist January 2024 to 1st
January 2025.

Study Sample: A total of 100 adult human femora
were included in the study. The bones were obtained
from the osteology collection of the anatomy
department and were of unknown sex and age.

e Right femora: 50
o  Left femora: 50

Only well-preserved and fully ossified femora were
selected to ensure accuracy in measurements.

Inclusion Criteria

e Completely ossified adult femora

e Intact bones without any visible deformity

e Femora with clearly identifiable anatomical
landmarks

Exclusion Criteria

e Broken, damaged, or eroded bones

e Femora showing pathological changes such as
deformities or osteophytes

e Incompletely ossified bones

Sample Size Justification

The sample size of 100 was considered adequate for
descriptive statistical analysis and to detect side-
wise variations with sufficient statistical power, as
supported by similar osteometric studies.

Parameters Studied

The following morphometric parameters of the
femoral neck were measured:

1. Femoral Neck Length (mm): Distance from
the base of the femoral head to the
intertrochanteric line.

2. Neck-Shaft Angle (degrees): Angle formed
between the axis of the femoral neck and the
axis of the femoral shaft.

3. Femoral Neck Diameter (mm): Maximum
anteroposterior diameter of the femoral neck.

4. Vertical Diameter of Femoral Neck (mm):
Maximum superoinferior diameter of the
femoral neck.

Instruments and Measurement Technique

All measurements were obtained using standardized
osteometric instruments:

e Digital Vernier caliper (accuracy: 0.01 mm) for
linear measurements

e  Goniometer for angular measurements

e Osteometric board for positioning and
stabilization
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Each parameter was measured twice by the same
observer, and the average value was recorded to
minimize intra-observer error.

Measurement Procedure

e The femur was placed on a stable surface in
anatomical position.

e  The axis of the femoral shaft was determined by
aligning the bone longitudinally.

e The neck axis was identified by connecting the
center of the femoral head to the midpoint of the
neck.

e The neck-shaft angle was measured using a
goniometer placed along these axes.

e Linear dimensions such as neck length,
diameter, and vertical diameter were measured
using the Vernier caliper at predefined
anatomical landmarks.

All measurements were recorded in millimeters
(mm) and degrees (°).

Data Recording and Management: The collected
data were entered into a structured data sheet and
later transferred to a statistical software package for
analysis. Each specimen was assigned a unique
identification number to avoid duplication.

Statistical Analysis: Statistical analysis was
performed using standard methods:

o Descriptive statistics: Mean, standard
deviation (SD), minimum, maximum, and 95%
confidence interval

e Inferential statistics: Independent sample t-
test for comparison between right and left
femora

e Correlation analysis: Pearson’s correlation
coefficient (r) to assess relationships between
parameters

Level of Significance

e A p-value < 0.05 was considered statistically
significant

e Highly significant values were considered at p
<0.001

Outcome Measures
The study primarily aimed to:

e  Determine the average morphometric values of
femoral neck parameters

e Identify side-wise variations between right and
left femora

e Evaluate distribution patterns of neck-shaft
angle and neck length

e Assess correlation  between  different
morphometric variables

Ethical Considerations: As the study involved dry
human bones from an institutional collection, no
direct human or patient involvement was present.
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Institutional permission was obtained from the
Department of Anatomy prior to the commencement
of the study.

Results

The present investigation included a total of 100
adult human femora, equally divided into right (n =
50) and left (n = 50) sides. Multiple morphometric
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parameters of the femoral neck were measured and
analyzed statistically.

General Morphometric Findings: The overall
measurements obtained from all specimens are
summarized in Table 1.

Table 1: Summary of Femoral Neck Measurements (n = 100)

Parameter Mean = SD Minimum Maximum 95% Confidence Interval
Neck Length (mm) 326+34 26.2 39.8 31.9-33.3

Neck-Shaft Angle (°) 126.8 £4.2 118.5 135.6 126.0-127.6

Neck Diameter (mm) 284+2.8 23.1 34.2 27.8-29.0

Vertical Diameter (mm) 30.1+£3.1 24.5 36.5 29.5-30.7

As demonstrated in Table 1, the average neck-shaft
angle remained within the accepted anatomical
limits, with a moderate spread of values. The
femoral neck length showed relatively consistent
measurements across the sample, indicated by a
narrow confidence interval.

Comparison Between Right and Left Femora: A
side-wise comparison was conducted to determine
any statistically meaningful differences, as
presented in Table 2.

Table 2: Comparative Analysis Between Right and Left Femora

Parameter Right Side (Mean + SD) Left Side (Mean £ SD) t-value | p-value
Neck Length (mm) 33.1+£3.2 32.1+3.5 2.06 0.042*
Neck-Shaft Angle (°) 127.5+4.0 126.1 £4.3 2.18 0.031*
Neck Diameter (mm) 28.7+2.6 28.1+3.0 1.12 0.265
Vertical Diameter (mm) 30.5+£2.9 29.7+£32 1.36 0.176

*Statistically significant (p < 0.05)

From Table 2, it is evident that both neck length and
neck-shaft angle exhibited statistically significant
differences between the two sides. In contrast, the
variations in neck diameter and vertical diameter
were not statistically significant.

Frequency Distribution of Neck-Shaft Angle: The
pattern of distribution for the neck-shaft angle is
illustrated in Figure 1.

Figure 1: Distribution of Neck-Shaft Angle

Number of Specimens

118-122 123-127
Neck-Shaft Angle Range (degrees)

128-132 >132

Figure 1: Frequency Distribution of Neck-Shaft Angle
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As observed in Figure 1, the majority of specimens
were concentrated within the range of 123° to 132°,
accounting for nearly three-fourths of the sample.
This suggests a predominance of values within the
normal physiological range.
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Distribution of Femoral Neck Length: The spread
of femoral neck length measurements is shown in
Figure 2.

Figure 2: Distribution of Femoral Neck Length

Number of Specimens

26-29 30-33
Neck Length Range (mm)

34-37 >37

Figure 2: Distribution Pattern of Femoral Neck Length

According to Figure 2, the largest proportion of
bones fell within the 30-33 mm range, indicating a
central clustering around the mean value.

Correlation Between Parameters: The
relationship  between different morphometric
variables was evaluated using Pearson’s correlation
test, as detailed in Table 3.

Table 3: Correlation Matrix of Femoral Neck Parameters

Variables Compared Correlation Coefficient (r) p-value
Neck Length vs Neck Diameter 0.62 <0.001*
Neck Length vs Vertical Diameter 0.55 <0.001*
Neck Diameter vs Vertical Diameter 0.68 <0.001*

*Statistically significant

As presented in Table 3, a statistically significant
positive correlation was identified among the
measured variables. The strongest association was
noted between neck diameter and vertical diameter,
indicating proportional growth of these dimensions.

Result Summary

The evaluation of 100 adult femora revealed that the
mean femoral neck length was 32.6 + 3.4 mm, while
the average neck-shaft angle measured 126.8° +
4.2°. The mean neck diameter and vertical diameter
were found to be 28.4 = 2.8 mm and 30.1 &+ 3.1 mm,
respectively. On comparing sides, the right femora
showed marginally higher values than the left, with
statistically significant differences noted in neck
length (p = 0.042) and neck-shaft angle (p = 0.031).
Most specimens demonstrated a neck-shaft angle
within the range of 123° to 132° and a neck length
between 30 and 33 mm. Correlation analysis
indicated a positive association among the measured
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parameters, with the strongest relationship observed
between neck diameter and vertical diameter (r =
0.68, p < 0.001). Overall, the dataset followed an
approximately normal distribution with relatively
low variability.

These findings suggest that the morphometric
characteristics of the femoral neck are generally
consistent but exhibit measurable side-related
differences, which may be attributed to functional
adaptation or biomechanical loading patterns. The
clustering of values within standard anatomical
ranges indicates structural stability, while the
observed  correlations  reflect  proportional
relationships among dimensions of the femoral
neck.

Discussion

The present study provides a detailed morphometric
evaluation of the femoral neck in an Eastern Indian
population. The mean neck-shaft angle (126.8°)
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observed aligns closely with previously reported
values [12].

Variability in femoral neck parameters plays a
crucial role in orthopedic outcomes. Studies have
shown that incorrect estimation of neck-shaft angle
can lead to prosthetic misalignment [13]. The values
obtained in this study are comparable to global
datasets but show slight regional variation [14].

The statistically significant difference between right
and left femora suggests functional adaptation or
dominance-related  remodeling [15]. This
observation is consistent with earlier studies
indicating asymmetry in long bones [16].

Femoral neck length is directly associated with hip
joint  biomechanics. Increased length may
predispose to fractures due to higher bending stress
[17]. Conversely, shorter neck length may limit
mobility [18].

The moderate correlation between neck diameter
and length indicates structural interdependence,
which is critical in implant design [19]. Orthopedic
implants must consider these relationships to ensure
optimal fit and longevity [20].

Comparative studies have shown ethnic differences
in femoral morphology, emphasizing the need for
region-specific prosthetic models [21]. The findings
of this study contribute valuable data for Indian
populations, particularly from Bihar [22].

Limitations include the use of dry bones without
gender differentiation and absence of clinical
correlation [23]. Future studies should incorporate
radiological ~and  demographic  data  for
comprehensive analysis [24].

Overall, this study reinforces the importance of
morphometric evaluation in improving surgical
outcomes and prosthesis development [25].

Conclusion

The findings of the present study indicate that the
femoral neck exhibits noticeable variations in its
morphometric  characteristics. A statistically
meaningful difference between the right and left
sides was also identified, which may reflect
functional adaptation or natural asymmetry. Such
observations underline the clinical relevance of
obtaining accurate anatomical measurements,
particularly for use in orthopedic procedures and the
development of suitable implants. In addition, the
generation of population-specific data is valuable, as
it supports more precise surgical planning and may
ultimately contribute to better patient outcomes.
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