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ABSTRACT 
Background: Morphometric analysis of the proximal femur is crucial for understanding its anatomy and biomechanical 
characteristics, which are essential for designing implants, prostheses, forensic investigations, and orthopedic surgery. Aim: 

To determine morphometric analysis of neck diameter, neck length, neck thickness, neck shaft angle, intertrochanteric line 
length, and maximum length of the femur in individuals from Central India. Materials & methods: We studied the 
morphometric features of the proximal femur in people from Central India, particularly in the Indore region. For reasons 
unrelated to femoral or hip disease, participants (ranging in age from 20 to 80) sought treatment at prominent Indore clinics 

or hospitals. For geographical variants to be considered, persons had to have spent a minimum of two generations in Central 
India. We measured the size and shape of the bones using radiographs and dry-bone measurements. Orthopedists checked 
each participant for mobility issues and abnormal gait patterns that could change the shape of the femur. Results: The study 
analyzed femur measurements, including neck diameter, length, thickness, shaft angle, intertrochanteric line length, and 
maximum femur length. The mean values were 0.56 ± 4.44, 37.17 ± 5.05, 28.72 ± 2.82, 120.19 ± 6.29, 42.13 ± 4.11, and 
43.22 ± 3.02. No significant difference was observed between age and gender in these measurements. Conclusion: The 
study on femur morphometry in Central India highlights regional anatomical variances, emphasizing the need for 
population-specific data for clinical and orthopedic applications, suggesting better adaptation of surgical procedures and 

forensic studies. 
Key words: Morphometric analysis, neck diameter, neck length, neck thickness, neck shaft angle, intertrochanteric line 
length, and maximum length of the femur. 
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 
Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 
long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

INTRODUCTION 

Morphometric analysis of the proximal femur is 

crucial for understanding its anatomy and 

biomechanical characteristics, which are essential for 

designing implants, prostheses, forensic 

investigations, and orthopedic surgery. The femoral 

neck, particularly in the elderly population, is 
susceptible to fractures, and its stability and strength 

are evaluated using parameters such as neck diameter, 

neck length, neck thickness, neck shaft angle, 

intertrochanteric line length, and maximal femur 

length[1-3]. These dimensions are crucial for 

understanding variations in skeletal morphology and 

ensuring optimal outcomes in fracture fixation and hip 

arthroplasty[4]. 

The femoral neck is also affected by the unique 

lifestyle and nutritional patterns of the diverse 

population in Central India. Morphometric analysis 

can identify variations attributed to cultural, dietary, 

and genetic factors, contributing to the development 
of orthopedic solutions specific to specific 

populations[5,6]. These findings have significant 

implications for diagnosing and treating conditions 

common in the elderly population, such as 

osteoporosis, hip dysplasia, and femoral fractures[7,8]. 

The development of imaging technologies, such as 

computed tomography (CT) and three-dimensional 
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(3D) reconstructions has transformed the discipline of 

morphometric analysis[9]. These technologies enable 

precise and non-invasive measurements, enabling 

researchers to produce high-quality data that informs 

clinical practices and serves as a reference for future 
anthropological and biomechanical studies[10,11]. 

Morphometric analysis of the proximal femur in the 

Central Indian population is a field of significant 

clinical and anthropological importance. This study 

aims to provide valuable insights into regional 

anatomical characteristics and their implications for 

healthcare and research. Hence the aim of the present 

study was to determine morphometric analysis of neck 

diameter, neck length, neck thickness, neck shaft 

angle, intertrochanteric line length, and maximum 

length of the femur in individuals from Central India. 

 

MATERIALS & METHODS 

The morphometric features of the proximal femur in 

people from Central India, namely those living in the 

Indore region, were the focus of this cross-sectional 

observational study. The study derived data on the 

femur using anthropometric measures and x-ray 

procedures. The study included individuals from 20 to 

80 years old who sought treatment at renowned Indore 

hospitals or clinics for conditions unrelated to hip or 

femoral pathology. Anyone between the ages of 20 

and 80 who has never had osteoarthritis, a femur or 

hip fracture, or any other musculoskeletal condition 

that could affect the femur's shape was considered an 
eligible adult. In order to take geographical 

differences into consideration, participants must have 

spent a minimum of two generations in Central India. 

The research measured size and shape using 

radiographic imaging of living subjects and dry bone 

measurements of dead bodies. We used image analysis 

technologies to sift through CT scans and X-rays 

taken from live subjects as part of our radiological 

testing. We used a standardized questionnaire to 

record the participants' ages, genders, heights, 

weights, and medical histories. Orthopedists checked 

each participant for mobility issues and abnormal gait 
patterns that could change the shape of the femur. 

 

Statistical analysis 

We ran the data via SPSS for statistical analysis, 

calculating descriptive statistics for parameters like 

standard deviation and mean. We used appropriate 

procedures to compare cohorts by age and gender, 

ensuring the p-value remained below 0.05. 

 

RESULTS 

Table 1: Descriptive statistical data of femur measurements including neck diameter, neck length, neck 

thickness, neck shaft angle, intertrochanteric line length, and maximum femur length. 

Variable Mean ± S.D Minimum Maximum 

Neck diameter (mm) 30.56 ± 4.44 24.11 36.91 

Neck length (mm) 37.17 ± 5.05 26.70 47.18 

Neck thickness (mm) 28.72 ± 2.82 23.22 34.49 

Neck shaft angle (mm) 120.19 ± 6.29 110.11 139.11 

Intertrochanteric line length (mm) 42.13 ± 4.11 35.19 52.64 

Maximum femur length (cm) 43.22 ± 3.02 36.51 55.31 

 

Table 1 shows descriptive statistical data of femur 

measurements including neck diameter, neck length, 

neck thickness, neck shaft angle, intertrochanteric line 

length, and maximum femur length. The mean neck 

diameter, neck length, neck thickness, neck shaft 

angle, intertrochanteric line length, and maximum 

femur length were 0.56 ± 4.44, 37.17 ± 5.05, 28.72 ± 

2.82, 120.19 ± 6.29, 42.13 ± 4.11, and 43.22 ± 3.02. 

We did not observe significant difference in mean and 

standard deviation between the age and gender in 
terms of neck diameter, neck length, neck thickness, 

neck shaft angle, intertrochanteric line length, and 

maximum femur length. 

 

DISCUSSION  
The objective of the present study was to determine 

morphometric analysis of neck diameter, neck length, 

neck thickness, neck shaft angle, intertrochanteric line 

length, and maximum length of the femur in 

individuals from Central India. 

The femur, the longest and strongest bone in the body, 

supports an individual's ability to walk and bear their 
own weight. Forensic science, anthropology, 

orthopedics, and other related fields rely on accurate 

measurements of the neck, including its diameter, 

length, thickness, intertrochanteric line length, and 

maximum length, as well as the neck-shaft angle. 

New research on these factors across populations has 

shed light on both global trends and regional 

differences.Important for hip joint mechanics is the 

size of the femoral neck, which connects the femoral 

head to the shaft. The mean neck diameter observed in 

the present study was 0.56 ± 4.44. In an Indian 
population, Verma et al. [12] found that the average 

neck diameter was 29.45 ± 3.33 mm, the average neck 

length was 36.06 ± 4.94 mm, and the average neck 

thickness was 27.61 ± 2.71 mm.  

There appears to be some regional homogeneity in the 

size of the femoral neck, since these measurements 

agree with those of other areas. However, there are 

slight variations due to factors such as genetics and 

environmental factors. To illustrate the importance of 

area-specific data in orthopedic procedures and 

prosthesis design, consider a study that found 

comparable measures in Eastern Uttar Pradesh [13].  
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The neck-shaft angle (NSA) influences hip 

biomechanics, including load distribution and 

mobility. Some people are more likely to develop 

osteoarthritis or hip fractures because of variations in 

NSA. The mean neck shaft angle observed in the 
present study was 120.19 ± 6.29, 42.13 ± 4.11, and 

43.22 ± 3.02. According to Chaudhary et al. [14], adults 

had an average NSA of 126°, ranging from 115° to 

140°[14]. Although there have been some small 

regional variations, these results are in line with 

worldwide data. For instance, NSAs averaging around 

136.8° were found in studies of South Indian 

populations, suggesting that lifestyle and ethnicity 

may have a role. 

The iliofemoral ligament attaches anterior to the 

femur, on the intertrochanteric line. When operating 

on the proximal femur, its length is an important 
consideration. Despite its anatomical significance, the 

precise measurement of the intertrochanteric line 

length rarely receives publication. Thorough 

familiarity with this parameter enhances both implant 

placement precision and postoperative problem 

avoidance. Establishing normative statistics across 

varied groups requires further research.Forensic 

identification and stature estimation both rely on 

femur length. The mean femur length observed in the 

present study was 43.22 ± 3.02. The average length of 

a femur was found to be 446.1 ± 30.4 mm in a 2017 
morphometric study, with the average length of a right 

femur being 448.8 ± 31.4 mm and a left femur being 

444.4 ± 28.6 mm[15]. With variances caused by 

genetics, nutrition, and the environment, these 

readings are in line with worldwide averages. The 

development of forensic and anthropological models 

that are specific to populations relies on precise 

measurements of femur length. 

 

CONCLUSION 
The study on femur morphometry in Central India 

reveals regional anatomical variances, emphasizing 
the importance of population-specific data for clinical 

and orthopedic applications. Key measurements 

reveal how genetic and environmental factors affect 

structural changes, such as neck-shaft angle, longest 

femur, intertrochanteric line length, neck diameter, 

and thickness. This suggests better adaptation of 

surgical procedures, prosthetics, and implants to meet 

Central Indian needs, and underscores the significance 

of regional morphometric databases for forensic and 

anthropological studies. 
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