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Abstract 
Introduction: The anatomy of the distal femur has important implications in total knee replacement, which aims to restore the morphology of the 

distal femur to as near normal as possible. Material & Methods: A total of One hundred ten (110) dry femurs of human Indian cadavers without 

any pathology, obtained from the Department of Anatomy, were utilised for this study. Medial and lateral condylars, anterior – posterior 

diameters, vertical diameters, transverse diameters, bicondylar width and Inter-condylar notch (width, height and depth) were measured. Results: 

The average Lateral condylar anteroposterior diameter (LCAPD) for the entire sample was 56.0 mm, average Medial condylar anteroposterior 

diameter (MCAPD) was 55.17mm, average Bicondylar width (BCW) was 68.01 mm, average Intercondylar notch width (IC_ Wd) was 18.47mm 

and average Bicondylar angle (BCA) was 14.40. Conclusion: The results of this study indicate that marked differences do exist in the dimensions 

between the femur of the Indian population and that of the populations of other regions of the world. For Indian population best fit prosthesis can 

be made with the help of the published data of distal femur. 

Keywords: Lateral Condylar Anteroposterior Diameter (LCAPD), Medial Condylar Anteroposterior Diameter (MCAPD), Bicondylar Width 

(BCW), Intercondylar Notch Width (IC_ Wd), Bicondylar Angle (BCA). 
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Introduction 

The lower end of the femur has lateral and medial condyles, separated 

posteriorly by the intercondylar notch. The anterior surfaces of the 

condyles are joined by an articular surface for the patella. The two 

condyles take part in the formation of the knee joint[1-3]. 

The anatomy of the distal femur has important implications in total 

knee replacement, which aims to restore the morphology of the distal 

femur to as near normal as possible[4]. The mismatch of femoral 

components, especially in the mediolateral dimension of female 

patients, was one of the main reasons for the need to design specific 

implants in order to reduce component overhang in female 

patients[5].The main knee implants available in the market were 

based on anatomical studies performed in White individuals. In 

addition, the implants come in a limited number of sizes and require 

adaptations to their shape and kinematics[6]. 

It is well known that the Asian population has a smaller distal femoral 

and proximal tibia size than that of its Western counterpart[7-9]. Due 

to the comparatively smaller built and stature of the Asian population, 

many surgeons believe that imported implants, which are mainly 

designed from the morphometrics gained from the Western 
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population, may not be suitable for patients located in Asian 

countries[10]. 

The aim of the current study was therefore to determine the 

anthropometric measures of the distal femur amongst the population 

of Eastern Madhya Pradesh, using dried femurs.  

The measurements obtained from this study will help in designing of 

implants and artificial joint components that will help in 

manufacturing prosthesis with ethnic specifications[6-11]. 

 

Materials & methods 
The measurement of different parameters pertaining to the study was 

carried out on 110 (50 right and 60 left) randomly selected, intact, 

dry, completely ossified femurs from subjects of unknown age, stature 

and sex from the Department of Anatomy, Atal Bihari Vajpayee 

Government Medical College, Vidisha, Madhya Pradesh, India. 

Only femora from skeletally mature individuals were used in this 

study. Age and sex of the source cadaver were not available. Femora 

that looked grossly deformed, those with previous fracture and post-

mortem damage were excluded from this study. The following 

distances were then measured on the distal femur by use of Martins 

sliding Vernier callipers: the Medio-Lateral (M-L) width of the 

femoral condyles (Fig: 2A), widest Antero – Posterior (A-P) diameter 

of the medial and lateral femoral condyles (Fig 2B & 2C) and the 

width of the intercondylar notch as shown in (Fig: 3). The results 

obtained were then compared with results from other studied 

populations and the sizes of the femoral components of some widely 

used total knee replacement implants. The dimensions of the implants 

were obtained from the respective product monographs[4]. 
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Results 

The following parameters of the femur were measured for 

understanding the anthropometry and eventually designing a best fit 

femoral implant for total knee arthroplasty in Asian population. 

 Lateral condylar anteroposterior diameter (LCAPD). 

 Lateral condylar transverse diameter (LCTD). 

 Lateral condylar vertical diameter (LCVD). 

 Medial condylar anteroposterior diameter (MCAPD). 

 Medial condylar transverse diameter (MCTD). 

 Medial condylar vertical diameter (MCVD). 

 Bicondylar width (BCW). 

 Intercondylar notch height (IC_ Ht). 

 Intercondylar notch width (IC_Wd) 

 Intercondylar notch depth (IC_De). 

 Bicondylar angle (BCA). 

The average of all parameters for all samples was calculated 

separately. It was found to be 56.0 mm for Lateral condylar 

anteroposterior diameter (LCAPD), 25.25 mm for Lateral condylar 

transverse diameter (LCTD), 31.6 mm for Lateral condylar vertical 

diameter (LCVD), 55.17 mm for Medial condylar anteroposterior 

diameter (MCAPD), 23.61 mm for Medial condylar transverse 

diameter (MCTD), 30.56 mm for Medial  condylar vertical diameter 

(MCVD), 68.01 mm for Bicondylar width (BCW), 24.3 mm 

Intercondylar notch height (IC_ Ht), 18.47 mm for Intercondylar 

notch width (IC_ Wd), 16.81mm for Intercondylar notch depth 

(IC_De) and 14.40 for Bicondylar angle (BCA). 

Table 1: Summary of measured Parameters of both sides 

S. No. Parameters Side Average Range 

1.  Lateral condylar anteroposterior diameter (LCAPD) (in mm) 
Right 56.0 

56.00 
47 – 60 

Left 56.0 48 – 61 

2.  Lateral condylar transverse diameter (LCTD) (in mm) 
Right 27.0 

25.25 
21 – 36 

Left 23.5 21 – 30 

3.  Lateral condylar vertical diameter (LCVD) (in mm) 
Right 32.5 

31.6 
22 – 37 

Left 30.7 28 – 34 

4.  Medial condylar anteroposterior diameter (MCAPD) (in mm) 
Right 54.3 

55.17 
47 – 60 

Left 56.05 45 - 62 

5.  Medial condylar transverse diameter (MCTD) (in mm) 
Right 25.05 

23.61 
21 – 30 

Left 22.17 17 – 25 

6.  Medial condylar vertical diameter (MCVD) (in mm) 
Right 30.35 

30.56 
21 – 35 

Left 30.76 26 – 34 
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7.  Bicondylar width (BCW) (in mm) 
Right 69.8 

68.01 
60 - 78 

Left 66.23 57 - 74 

8.  Intercondylar notch height (IC_Ht) (in mm) 
Right 23.1 

24.3 
19 - 26 

Left 25.5 21 – 26 

9.  Intercondylar notch width (IC_Wd) (in mm) 
Right 17.94 

18.47 
12 – 23 

Left 19.0 13 – 24 

10.  Intercondylar notch depth (IC_De) (in mm) 
Right 17.1 

16.81 
11 – 21 

Left 16.52 13 – 20 

11.  Bicondylar angle (BCA) (in degree) 
Right 14.30 

14.40 
100 – 260 

Left 14.60 120  - 170 

 

Discussion 

The present study was undertaken to compare the differences in 

dimensions between femurs of Eastern Madhya Pradesh population 

and those of population from other regions, in order to solve the 

problem of a possible geometric mismatch between a selected implant 

and the dimensions of the hip joint of the study population concerned. 

In the present study, different morphometric parameters were 

recorded from dried bones. Most of the previous anatomical and 

morphometric studies were conducted with indirect methods 

including radiography, computerized tomography, magnetic 

resonance imaging, and 3D modelling (Thienpont E et al. 2015[5]; 

Loures FB et al. 2016[6]; Hussain F et al. 2013[10]; Fan L et al. 

2017[12]). Given the fact that cadaveric material is scarce, these 

methods offer the advantage of describing anatomy in large samples, 

since they can be performed in living subjects. However, the indirect 

methods have been found to be inaccurate. 

Table 2: Comparison of Parameters measurements from different studies 

Sr. No. Parameters (in mm.) Side Present 

study 

Biswas A et 

al. 2017[11] 

Lakati KC et 

al. 2017[4] 

Terzidis et 

al. 2012[13] 

1.  LCAPD Right 56.0 56.20 61.36 58.5 

Left 56.0 56.05 61.08 

2.  LCTD Right 27.0 27.80 - - 

Left 23.5 28.03 - - 

3.  LCVD Right 32.5 32.51 - - 

Left 30.7 33.05 - - 

4.  MCAPD Right 54.30 52.97 57.98 58.7 

Left 56.05 54.74 58.05 

5.  MCTD Right 25.05 25.48 - - 

Left 22.17 27.28 - - 

6.  MCVD Right 30.35 34.00 - - 

Left 30.76 32.48 - - 

7.  BCW Right 69.8 71.71 68.39 83.9 

Left 66.23 70.71 68.49 

8.  IC_Ht Right 23.1 23.74 - - 

Left 25.5 23.40 - - 

9.  IC_Wd Right 17.94 20.86 23.00 20.5 

Left 19.0 19.43 23.06 

10.  IC_De Right 17.1 20.86 - 25.9 

Left 16.52 21.26 - 

Lateral Condylar Anteroposterior Diameter (LCAPD) 

Biswas A et al. 2017[11], worked on 70 dry femora and found the 

average LCAPD to be 56.20 mm of right side and 56.05 mm of left 

side. Lakati KC et al. 2017[4], had reported the average LCAPD in 

Kenyan population as 61.36mm and 61.08 mm of right and left side 

respectively. Terzidis et al. 2012[13], in their study on femoral 

condyles to determine gender wise differences have reported mean 

LCAPD were 58.5 mm. The average value in the present study is 

found to be 56.0 mm for both right and left side. Our results are 

similar to that found in the study of Biswas A et al. 2017[11] and 

Terzidis et al. 2012[13] while differ from Lakati KC et al. 2017[4]. 

Medial Condylar Anteroposterior Diameter (MCAPD) 

It is another important parameter which is considered during 

prosthesis manufacture. In the present study, average value of 

MCAPD is found to be 54.30 mm of right side and 56.05 mm of left 

side. It is more when compared with the observations of Biswas A et 

al. 2017[11] (right side; 52.97 mm and left side; 54.74 mm), and less 

as compared to that of Lakati KC et al. 2017[4] (right side; 57.98mm 

and left side; 58.05). Terzidis et al. 2012[13], found the mean value of 

MCAPD 58.7 mm. So, here our study was not concurrent with 

previous studies considered.  

Bicondylar Width (BCW) 

In the present study, it is 69.8 mm and 66.23 mm of right and left side 

respectively, which is comparable with the values that was found in 

the study of Lakati KC et al. 2017[4] (right; 68.39 mm and left; 

68.49) and is lesser as compared with that of Biswas A et al. 2017[11] 

(right; 71.71 mm and left; 70.71 mm). Terzidis et al. 2012[13] had 

observed it collectively as 83.9 mm. 

 

Intercondylar Notch Width (IC Wd) 
It is also essential to improve function and longevity of knee 

arthroplasty. In our study, we found average IC_Wd as 17.94 mm and 

19.0 mm of right and left side respectively. Biswas A et al. 2017[11] 

in their study showed that the average IC_Wd was around 20.86 mm 

and 19.43 mm of right and left side respectively in West Bengal 

region. Lakati KC et al. 2017[4] who worked on distal femoral 

anthropometry in Kenyan population, recorded IC_Wd as 23.00 mm 

and 23.06 mm of right and left side respectively. Terzidis et al. 

2012[13], reported the mean value of IC_Wd as 20.5 mm in Greek 

population.    

 

Conclusion 

The result of our current study indicates that marked differences do 

exist in the dimensions between the femur of the Indian population 

and that of the populations of other regions of the world. For Indian 

population best fit prosthesis can be made with the help of the 

published data of distal femur. These prostheses can also be used by 

other Asian countries as morphologically they are similar to Indian 

population. The results of the present study could be used as a guide 
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for future designs of the femoral prosthesis in Central Indian 

Population. 
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