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Sciences 

Abstract 

Introduction: Orthopedic procedures involving the proximal end of the femur are 

commonplace in medical practice. Understanding the morphometry of the femur can mitigate 

potential complications associated with procedures related to vascular, metabolic, or trauma-

induced conditions. The current study aims to gather data on femur morphometric values to 

enhance implant design suitability for the specific needs of the population in Madhya Pradesh, 

thereby reducing potential issues.  

Objectives: The objectives of this study are to examine various measurements of the femur 

and compare these findings with previous research. 

 Materials and Methods: Ninety dried femurs were sourced from the Department of Anatomy 

at [Institution's Name]. Measurements, including head transverse diameter and head vertical 

diameter, were conducted utilizing vernier calipers, goniometers, and osteometric boards. 

 Findings: The head transverse diameter (left side femur) measured 41.9 ± 2.8 mm, while the 

head transverse diameter (right side femur) measured 44.0 ± 3.3 mm in dried femora. The head 

vertical diameter (left side femur) measured 29.0 ± 3.48 mm, and the femoral head vertical 

diameter (right side femur) measured 29.0 ± 3.42 mm. 

 Conclusion: This study highlights notable differences in femur measurements within the 

Madhya Pradesh population compared to other populations. Such insights can significantly 

impact the diagnostic and treatment planning processes of radiologists and orthopedic 

surgeons, as well as inform anthropological and medico-legal practices. 

Keywords: Femur, morphometry, femur head, diameter, vertical. 
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INTRODUCTION 

The femur, being the lengthiest and most robust bone within the human anatomy, holds significant 

importance across various fields such as forensic science, orthopedic surgery, sports medicine, and 

anatomy. Its robustness correlates directly with body mass and the forces it withstands. 

Structurally, the femur consists of a shaft, distal end, and proximal end, featuring prominent 

projections like the greater and lesser trochanters. Articulating with the fovea for ligament 

attachment. Osteoporosis, characterized by decreased bone mineral density, commonly affects the 

proximal femur, posing fracture risks despite normal mineral density in some cases. Fractures at 

the proximal end necessitate internal fixation for early patient mobilization, with implants tailored 

to femur measurements, a demand especially noted among Indian orthopedic practitioners. 

Measurement techniques include mechanical means for cadaveric bones and various imaging 

methods for patients. Pre-operative assessment, particularly for cemented arthroplasty, benefits 

from combining computed tomography and radiography. Anthropometry aids in assessing body 

part dimensions across different populations, revealing variances like medium femur size in central 

India compared to other regions. 

Mismatch between the proximal femur geometry of the Indian population and commercially 

available hip joint prostheses, often designed with Caucasian and Chinese specifications, leads to 

complications like loosening and pain. Population-specific data are crucial for designing implants 

tailored to Indian anatomical needs, aiming to mitigate issues such as incorrect load distribution 

and stress shielding. This study aims to measure proximal femur bony indices for creating tailor-

made implants and prostheses tailored to the demographic characteristics of the Madhya Pradesh 

region. 

Materials and Method 

Collection of the specimen: 

  

One hundred adult human dry femora of undetermined gender were sourced from the anatomy 

department of _________________ College. Goniometers were utilized to measure the neck-shaft 

angle, while femoral head and neck circumferences were assessed with a tape measure. Vernier 

calipers were employed to measure various parameters: 

Femoral Head Diameter: This measurement involved determining the maximal diameter of the 

femoral head from its posterosuperior to anteroinferior aspects. 
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Transverse Diameter: The sliding caliper was employed to ascertain the greatest width of the 

head in the horizontal plane. 

Vertical Diameter: Similarly, the sliding caliper was utilized to determine the largest 

measurement of the head along the vertical axis. 

Moreover, a sliding caliper was utilized to determine the widest distance between the femur head 

and the greater trochanter, while the diameter of the head was calculated by measuring the straight-

line distance between its upper and lower extremities along the cranio-caudal axis. Afterward, all 

collected data underwent organization, tabulation, and comprehensive scrutiny. Descriptive 

analyses were carried out using the Statistical Package for Social Sciences (SPSS) software for 

statistical examination. 

Result 

Ninety dry femora sourced from the Anatomy Department of [College Name], were selected for 

femoral measurement analysis. These femora originated from cadavers submitted for medicolegal 

autopsy procedures at the department. Excluded from the study were any femora exhibiting 

fractures or damage. Digital Vernier calipers were employed for precise measurements, while an 

analog goniometer was utilized to determine the neck shaft angle. Significance assessment 

involved subjecting the measurements from both left and right sides to thorough statistical 

analysis. 

Top of Form 

Table 1: Transverse Diameter of the Femur Head (LSF):                                   

Statistical data Transverse Diameter of the Femoral Head in 

Dry Femora (LSF) 

Number of sample 45 

Smallest diameter 35.6 

Highest diameter 48.3 

Mean diameter 41.9 

S.D 2.8 

 

Table 1 displays information regarding the horizontal width of the femoral head (LSF) in dry 

femora. Following examination, it was established that the mean head diameter in dry femurs is 

41.9. This discovery offers significant understanding into the physical attributes of femoral bone 

composition. 
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Table 2: Transverse Diameter of the Femur head (RSF) 

Statistical data Femur transverse diameter of head  

Number of sample 45 

Smallest diameter 35.6 

Highest diameter 48.3 

Mean diameter 44.0 

S.D 3.3 

Table 3 showcases information concerning the horizontal width of the femoral head (RSF) in dry 

femora. Through analysis, it was ascertained that the mean head diameter in dry femurs is 44.0. 

This discovery offers valuable understanding regarding the physical traits of femoral bone 

structure. 

 

Top of Form 

 
 

Graph: Femoral transverse diameter of head in dry femora 

 

Table 3: Vertical Diameter of the Head (LSF) 

Statistical data Femur vertical diameter of head diameter  

Number of sample 43 

Smallest diameter 20.8 

Largest diameter 34.6 

Mean diameter 29.0 

S.D 3.48 
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Table 3 presents data on the height measurement of the femoral head (LSF) in dried femur samples. 

After extensive analysis, It was determined that the mean size of the femoral head in these 

dehydrated femurs is 29.0. This discovery offers valuable insights into the structural traits of 

femoral bones. 

Table 5: Vertical Diameter of the Head in Dry Femora (RSF) 

Statistical data Vertical Diameter of the Femur Head (RSF) 

Number of femora 45 

Smallest diameter 22.2 

Highest diameter 35.2 

Mean diameter 29.0 

S.D 3.42 

 

Table 5 displays data pertaining to the height of the femoral head (RSF) in dehydrated femur 

samples. After meticulous analysis, it was established that the mean size of the femoral head within 

these desiccated femurs is 29.0. This finding yields vital insights into the structural attributes of 

femoral bones. 

  

 
Graph: Femoral vertical diameter of head in dry femora (RSF)  

Statistical Analysis: All data were collected, compiled, and subjected to thorough examination. 

Statistical analysis for descriptive purposes was performed using the Statistical Package for Social 

Sciences (SPSS) software. 
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Discussion 

Understanding the anatomical variations of the femur is instrumental in diagnosing and treating 

proximal femur disorders. Osteoporosis, predominantly affecting the elderly, often leads to 

proximal femur fractures (Maffulli and Aicale, 2022), necessitating surgical intervention as the 

primary treatment modality. In recent years, there has been a notable surge in total hip 

arthroplasties and hip revision procedures performed globally (Singh, 2011), ranging from 

arthroplasty to fracture osteosynthesis using various techniques such as plates, screws, and 

intramedullary nails. The paramount objective of treatment remains the restoration of normal 

anatomy (Alsheikh et al., 2022). 

Projected studies suggest a substantial 174% increase in demand for primary complete hip 

arthroplasties by 2023 (Cieremans et al., 2023). Over the past decade, India has witnessed a 

remarkable rise in joint replacement surgeries, conducting between 1000 and 2500 total hip 

arthroplasties from 2006 to 2019 (Cieremans et al., 2023).  

Anthropometric assessments of the upper femur can be instrumental in crafting well-suited and 

personalized femoral implants and prostheses, ultimately improving treatment results amidst the 

increasing prevalence of hip surgeries (Bounti et al., 2017).  

Numerous investigations into femur morphometry have been conducted across various locations. 

These studies utilized a range of tools and methodologies, including cadaveric specimens, dry 

bones, and plain radiographs, to explore diverse femur properties. Our research underscores the 

significance of incorporating regional variations in vertical head diameters for comprehensive hip 

substitution procedures. In our study, we found the vertical diameter of the head to be 29.0±3.48. 

Research conducted in southern India by Lingamdenne et al., Kamath et al., and Sengodan et al. 

revealed mean head diameters of 42.3±0.54 mm, 44.8±4.2 mm, and 42.6±4.4 mm, respectively 

(Lingamdenne et al., 2016; Kamath et al., 2020).  

Similarly research in northern India by Siwach and Verma indicated mean head diameters of 

43.95±3.06 mm and 42.32±4.11 mm, respectively (Verma et al., 2017). Javadekar et al. noted 

femoral head diameters of 40.37 mm for females and 45.26 mm for males (Javadekar et al., 1961), 

while Kate (1964) reported an average diameter of 41.50 mm (Kate, 1967). Isaac et al. found 

femoral head diameters of 43 mm for males and 39.1 mm for females (Isaac et al., 1997), while 

Chauhan et al. observed vertical diameters of 45.44 mm for men and 43.87 mm for women 

(Chauhan et al., 2002). Pandya et al. reported mean values of 43.75 mm and 43.88 mm for males 
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on the right and left sides, respectively, and 40.33 mm and 40.64 mm for females (Pandya et al., 

2012). CT scans conducted by Rawal et al. revealed a mean femoral head diameter of 45.41 mm 

(Rawal et al., 2012), while Deswal et al. found values of 45.96 mm for males and 41.17 mm for 

females (Deswal et al., 2017). Jayashree et al. reported diameters of 44 mm and 45.53 mm for 

males on the right and left sides, respectively, and 41.12 mm and 41.0 mm for females (Jayashree 

et al., 2013). Roy et al. noted diameters of 4.45 cm in females and 4.6 cm in males (Roy et al., 

2014), and Tumusiime et al. found mean diameters of 44.08+/-3.39 mm in X-ray films and 

39.62+/-3.06 mm in CT images (Tumusiime et al., 2021), which aligned with our study's findings. 

Determining the precise femoral head diameter is crucial for orthopedic surgeons managing hip 

osteoarthritis and femur neck fractures to ensure proper implant fit and fixation and mitigate 

complications such as micromotion and intraoperative challenges associated with large implants. 

Moreover, understanding the genetic, environmental, geological, and racial influences on femoral 

head dimensions is essential, as these factors can impact mechanical stress on the femur.  

Orthopedic specialists emphasize the critical importance of femoral neck length, as its shortening 

can hinder the effectiveness of surgical procedures, particularly in repairing neck fractures where 

cancellous screw threads may fail to pass through the fracture site, resulting in inadequate 

compression. Approximately twenty-seven percent of an individual's stature is influenced by 

femur length. In our study, the average femur length was 33.11±3.91 cm, aligning with findings 

by Kulkarni and Verma who determined lengths of 41.84±1.62 cm and 36.61±2.66 cm, 

respectively (Kulkarni et al., 2020). However, this figure contrasts with the investigations by Isaac 

and Chandran., who reported 43.4±2.7 cm and 44.9 cm, respectively (Chandran and Kumar, 2012).  

According to Robinson et al. (2010), the mean length of the femur neck-axis was 114.2 mm. In 

our investigation, we observed that the femoral neck-axis length in desiccated femora varied from 

79.0 mm to 108.00 mm, with an average of 93.42±6.16 mm. Meanwhile, in X-ray images, the 

femoral neck-axis length ranged from 75.00 mm to 101.00 mm, with a mean of 89.91+/- 6.27 mm, 

as reported by Robinson et al. (Robinson et al., 2016), which corresponded with our findings. 

Among the various proximal femoral morphometric characteristics assessed, femur length 

exhibited the strongest association with the vertical diameter of the head, followed closely by neck 

width and diameter. This underscores the interconnectedness of femoral length and proximal 

femoral traits. 
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Isaac et al. noted a notable positive relationship between the neck shaft angle and neck length, as 

well as between the minimum femoral length and the length of the intertrochanteric apical axis, 

our investigation found no such relationships between neck shaft angle and other variables. These 

findings highlight the complex interplay of proximal femoral characteristics and underscore the 

importance of precise morphometric assessments in orthopedic interventions.  

Conclusion 

Sexual dimorphism is evident in the circumferences of the femoral head and neck, which could 

have significant forensic implications. We envision that this data will prove invaluable in guiding 

surgical interventions and arthroplasty procedures involving the proximal femur. Additionally, it 

provides essential insights for biomechanical engineers tasked with designing implants tailored to 

population-specific measurements. Importantly, the observed differences in femur measurements 

between the right and left sides are not statistically significant. Understanding the morphometric 

characteristics of the proximal femur holds promise for improving the diagnosis and treatment of 

hip and femur-related ailments, serving as a valuable resource for both anthropologists and 

medico-legal professionals. 
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