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Abstract 
Background: The assessment of the distal femoral fragment's physical 

dimensions is essential in designing prostheses for knee operations and 

provides important information for estimating a person's height in forensic 

investigations. The aim is osteometric morphometry of the proximal tibial end 

in the Indian population from a forensic perspective, highlighting its clinical 

significance. Materials and Methods: This investigation was conducted on 

35 adult tibias obtained from the Anatomy department of a medical institution. 

The tibias were dry and preserved. A total of 35 completely calcified and 

treated desiccated bones were used for examination. Tibia bones that were not 

fully ossified, damaged, or showed anomalies were eliminated from the 

research. The proximal end of the tibia is examined using the following 

parameters: Anteroposterior diameter of medial condyle, Transverse diameter 

of medial condyle, Anteroposterior diameter of lateral condyle, Transverse 

diameter of lateral condyle, Anterior transverse diameter of intercondylar area, 

Posterior transverse diameter of intercondylar area, Anteroposterior diameter 

of intercondylar area, Anterior diameter of intercondylar area, Posterior 

diameter of intercondylar area and Transverse diameter. Result: In the present 

study, the mean APM 41.57±3.52 and 37.98±2.52, TM31.02±4.25 

and29.52±3.11, APL39.11±3.74 and35.66±3.06, TL 31.43±3.15 

and27.28±2.22, ATI 24.69±3.85 and22.03±2.15, PTI 18.71±3.16 and 

15.99±1.96, API 46.79±3.99and40.02±2.85, AI 25.99±2.85 and23.54±2.58, PI 

21.24±2.41 and18.96±1.67, TD 69.05±3.69and63.33±2.85wasobserved in 

male and female , which shows clear statistical difference between male and 

female parameters. In the present study the mean of AP in Right side 

35.25±2.85and in left side 35.98±2.89 of MC and the mean of TR in Right 

side 28.05±2.02 and in left side 27.14±2.11of MC. In the present study the 

mean of AP in Right side 35.25±3.25and in left side 35.74±3.14of LC and the 

mean of TR in Right side 25.74±2.04and in left side 26.71±1.14 of LC. In the 

present study the mean of ANT in Right side 14.14±1.41 and in left side 

14.52±1.25of ICA and the mean of TR in Right side 12.26±1.11and in left side 

12.45±1.03 of ICA. Conclusion: The presence of variations in the geometry 

and architecture of the knee is a well recognised fact that is independent of 

gender and human ethnicity. This research determines the morphometric 

characteristics of the proximal end of the tibia in the Indian population and 

identifies sexual differences in all measured parameters of the proximal tibia. 

The bones that were classified based on demarcation points had a higher level 

of confidence compared to those classified based on identification points. 

 
 

 

INTRODUCTION 
 

Human skeletal remains provide significant insights 

into the study of biological diversity across human 

groups, including both geographical and historical 

dimensions. Examining human bones not only offers 

comprehension of the natural ageing process, but 

also aids in comprehending the biological, 

behavioural, cultural, and environmental elements 

that impact human ways of life. This 
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comprehension, in return, enhances a more profound 

knowledge of variation at the individual and 

population levels across different periods and 

locations, as well as the discovery of new human 

traits. These variances are often examined in the 

context of gender, age, and ethnicity, as well as the 

interplay between these factors, in order to further 

our comprehension of human existence.[1,2] The 

knee is a multifaceted synovial joint that primarily 

serves to regulate posture and body weight, as well 

as enable many everyday movements such as 

walking, standing, climbing, jogging, kicking, 

leaping, and changing directions.[3] The distal 

portion of the thigh bone and the proximal portion 

of the shin bone have a crucial function in 

transferring the weight of the body via the joint 

between the shin and thigh bones. Nevertheless, 

there are several instances in our everyday 

endeavours when the sideways and front-to-back 

measurements of the knee joint come into play. The 

significance of the epiphysis and diaphysis of the 

tibia in this context has been well demonstrated.[4-6] 

Prolonged weight-bearing on the knee joint may 

result in many pathological diseases, such as 

inflammatory arthritis, posttraumatic arthritis, and 

age-related osteoarthritis, which are often seen.[7,8] 

The most often done procedure to address these 

chronic diseases is Total Knee Arthroplasty (TKA) 

or Unicompartmental Knee Arthroplasty (UKA). 

The fundamental principle of TKA involves 

removing the uppermost part of the proximal tibia 

and substituting it with an artificial tibial 

component. The effectiveness of the surgery or 

intervention depends not only on the sufficient 

balance of soft tissues, but also on the accurate 

alignment in both rotational and sagittal planes, 

while minimising any excess protrusion of the 

components.[7,8] The efficacy of this technique 

mostly relies on the careful choice, exact 

measurement, and perfect positioning of the 

components. The size of the prosthesis in the front-

back and side-to-side directions is crucial for 

preserving the bending and stretching of the joint 

and ensuring sufficient covering of the removed 

bone surface. It also allows for wound healing 

without any stress.[9-11] The morphometric measures 

of the proximal tibia are essential for attaining 

favourable results in complete knee replacement 

procedures. Typical morphometric metrics are the 

medial posterior slope, lateral posterior slope, 

proximal tibial length, medial condyle area, and 

lateral condyle area. These measures serve the 

purpose of both assessing knee abnormalities and 

providing guidance for therapeutic therapies, as well 

as monitoring results for patients who have had 

complete knee replacement surgeries.[7,12,13] 

Nevertheless, the ethnic and geographical 

differences, including the relatively smaller size and 

physical structure of the Asian population in 

comparison to the Western population, prevent the 

straightforward application of measures from the 

Western population to the Asian population or any 

other subgroup. Moreover, there will be 

discrepancies among subpopulations. The majority 

of prostheses currently on the market are most 

compatible with individuals from Western 

populations. Due to the significant differences in 

morphometric measures across various populations 

globally, it is probable that Asian people, especially 

the Indian population, are at risk of having 

excessively large components in both UKA and 

TKA procedures.[14,15] 
 

MATERIALS AND METHODS 

 

This investigation was conducted on 35 adult tibias 

obtained from the Anatomy department of a medical 

institution. The tibias were dry and preserved. A 

total of 35 completely calcified and treated 

desiccated bones were used for examination. Tibia 

bones that were not fully ossified, damaged, or 

showed anomalies were eliminated from the 

research. The proximal end of the tibia is examined 

using the following parameters: APM - 

Anteroposterior diameter of medial condyle, TM - 

Transverse diameter of medial condyle, APL - 

Anteroposterior diameter of lateral condyle, TL - 

Transverse diameter of lateral condyle, ATI - 

Anterior transverse diameter of intercondylar area, 

PTI - Posterior transverse diameter of intercondylar 

area, API - Anteroposterior diameter of 

intercondylar area, AI - Anterior diameter of 

intercondylar area, PI - Posterior diameter of 

intercondylar area and TD - Transverse diameter. 

Once the values of all the parameters are obtained, 

the data is connected with the record section of the 

bone bank at the specific medical college. 

RESULTS 
[Table 1] shows the comparing morphometric 

measurement between male and female. In the 

present study, the mean APM 41.57±3.52 and 

37.98±2.52, TM31.02±4.25 and29.52±3.11, 

APL39.11±3.74 and35.66±3.06, TL 31.43±3.15 

and27.28±2.22, ATI 24.69±3.85 and22.03±2.15, 

PTI 18.71±3.16 and 15.99±1.96, API 

46.79±3.99and40.02±2.85, AI 25.99±2.85 

and23.54±2.58, PI 21.24±2.41 and18.96±1.67, TD 

69.05±3.69and63.33±2.85wasobserved in male and 

female , which shows clear statistical difference 

between male and female parameters. 
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[Table 2] show that in the present study the mean of 

AP in Right side 35.25±2.85and in left side 

35.98±2.89 of MC and the mean of TR in Right side 

28.05±2.02 and in left side 27.14±2.11of MC. In the 

present study the mean of AP in Right side 

35.25±3.25and in left side 35.74±3.14of LC and the 

mean of TR in Right side 25.74±2.04and in left side 

26.71±1.14 ofLC. In the present study the mean of 

ANT in Right side 14.14±1.41 and in left side 

14.52±1.25of ICA and the mean of TR in Right side 

12.26±1.11and in left side 12.45±1.03 ofICA. 

 

Table 1: Comparing morphometric measurement between male and female 

Parameters Male (n=20) Female (n=15) p‑ value 

APM 41.57±3.52 37.98±2.52 0.001 

TM 31.02±4.25 29.52±3.11 0.002 

APL 39.11±3.74 35.66±3.06 0.001 

TL 31.43±3.15 27.28±2.22 0.001 

ATI 24.69±3.85 22.03±2.15 0.001 

PTI 18.71±3.16 15.99±1.96 0.001 

API 46.79±3.99 40.02±2.85 0.001 

AI 25.99±2.85 23.54±2.58 0.001 

PI 21.24±2.41 18.96±1.67 0.001 

TD 69.05±3.69 63.33±2.85 0.001 

 

Table 2: Right side and left side of the parameter  

 MC LC ICA P value 

 AP TR AP TR ANT POST 

Right side=15 35.25±2.85 28.05±2.02 35.25±3.25 25.74±2.04 14.14±1.41 12.26±1.11  

Left side =20 35.98±2.89 27.14±2.11 35.74±3.14 26.71±1.14 14.52±1.25 12.45±1.03  

 

Table 3: Regression analysis of parameter 

 Male  Female  

 95% CI 95% CI 

APM 42.25(39.88-45.55) 38.33(36.33- 39.69) 

TM 30.33(29.45- 33.52) 28.85(26.63- 31.85) 

APL 37.58(36.69-40.22) 35.63(33.74- 37.85) 

TL 29.96(27.22- 33.36) 27.55(25.52- 28.57) 

ATI 24.52(22.22- 26.85) 23.36(22.78- 24.63) 

PTI 18.85(16.52-20.52) 16.66(14.96-17.34) 

API 45.54(42.52-47.63) 38.21(37.77- 39.98) 

AI 24.52(22.58- 27.52) 23.37(21.25- 25.52) 

PI 20.23(19.54-22.25) 18.96(17.36- 20.23) 

TD 66.63(65.58- 68.22) 60.58(59.39- 65.56) 

 

DISCUSSION 
 

The research found that the average anteroposterior 

diameter of the medial tibial condyle was 

41.57±3.52in in males and 37.98±2.52in in females. 

This indicates a significant statistical difference 

between the measurements of males and females. 

The findings of our investigation align with the 

research done by Osemeke et al,[16] which reported 

average measurements of 4.77±0.46 cm in males 

and 4.06±0.48 cm in females. The transverse 

diameter (TD) of the tibial condyle was measured as 

69.05±3.69 in males and 63.33±2.85 in females. In a 

research done by Osemeke et al., it was found that 

males had identical findings for the right and left 

tibia, with values of 7.61±0.73 and 7.74±0.67 

respectively, resulting in a total of 7.68±0.69. For 

women, the values for the right and left tibia were 

6.73±0.60 and 6.84±0.63 respectively, resulting in a 

total of 6.78±0.61. A statistically significant 

correlation was seen between the values of men and 

women (p<0.05), however there was no significant 

difference between the two groups in terms of these 

parameters. These results corroborate the research 

done by Gupta et al.[17] Ivan's investigation revealed 

that the right and left tibia condyles had TD values 

of 6.62±0.51 and 6.66±0.56, respectively, resulting 

in an overall mean value of 6.64±0.53. 

The average anteroposterior intercondylar length 

was found to be 46.79±3.99 in males and 

40.02±2.85 in females. Osemeke et al,[16] measured 

the anteroposterior (AP) length of the intercondylar 

area in men and women. In males, the AP length 

was found to be 4.82±0.42 for the right tibia and 

4.61±0.32 for the left tibia, with a mean total of 

4.72±0.31. In women, the AP length was recorded 

as 3.88±0.42 for the right proximal tibia and 

3.64±0.38 for the left proximal tibia, with a mean 

total of 3.76±0.40. In a research done by Gupta et 

al,[17] it was discovered that the right and left 

anterior-posterior (AP) lengths of the intercondylar 

area of the tibia were measured to be 4.25±0.42 and 

4.49±0.44, respectively. The overall average value 

was determined to be 4.57±0.53, which aligns with 

the findings of this study. 

The anteroposterior (AP) diameter of the lateral 

condyle of the tibia was measured as 39.11±3.74 in 

males and 35.66±3.06 in females. Osemeke et al,[16] 

reported that the anteroposterior (AP) diameter of 

the lateral condyle was measured to be 4.29±0.28 in 
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males and 3.67±0.30 in females. In a study 

conducted by Gupta et al,[17] it was found that there 

is a significant relationship between the length of 

the medial condyle on the right and left sides and 

the thickness of the lateral condyle. The study 

reported the average transverse and anteroposterior 

(AP) diameter of the medial and lateral condyle of 

the tibia on the right side as 2.70±0.24 cm and 

4.55±0.46 cm, respectively. On the left side, the 

average transverse and AP diameter of the medial 

and lateral condyle were reported as 2.66±0.24 cm 

and 4.08±0.27 cm, respectively. For the southern 

Indian population, the average transverse and AP 

diameter of the medial and lateral condyle on the 

left side were reported as 2.76±0.27 cm and 

4.36±0.47 cm, respectively. On the left side, the 

average transverse and AP diameter of the medial 

and lateral condyle were reported as 2.92±0.32 cm 

and 4.06±0.40 cm, respectively. 

A study done by 18 researchers discovered that the 

average anteroposterior (AP) length (diameter) of 

the medial and lateral condyle was 4.08±0.42 and 

3.67±0.41 for the right side, and 4.13±0.42 and 

3.54±0.39 for the left side. The study also identified 

no statistically significant differences in other tibia 

characteristics between the two limbs. In a research 

done by Ivan et al,[18] the average transverse and 

anteroposterior (AP) diameters of the medial and 

lateral condyles of the right tibia were discovered to 

be 2.97±0.28 cm and 3.86±0.36 cm, respectively. 

On the left side, the measurements were 2.92±0.27 

cm and 3.64±0.24 cm for the medial condyle, and 

2.75±0.25 cm and 3.99±0.37 cm for the lateral 

condyle. The mean transverse and AP diameters on 

the left side were 2.97±0.30 cm and 3.69±0.26 cm, 

respectively.  

Asala SA et al also reported comparable findings, 

namely, the anterior-posterior (AP) length of the 

medial and lateral tibia was measured to be 

5.08±0.33 and 4.72±0.33, respectively.[19] In a 

research done by Luo W et al, it was discovered that 

the AP length of the medial tibia condyle was 

4.80±0.31 and the AP length of the lateral tibia 

condyle was 3.98±0.29.[20] 

The results of this osteometric investigation 

demonstrate sexual dimorphism in almost all 

examined parameters, providing valuable 

information for sex identification and subsequent 

establishing of identity. An examination and in-

depth investigation of identification and details 

reveal a significant disparity in characteristics 

between men and girls, indicating a larger 

proportion of variations. Additional bones must be 

recognised using the identification point rather than 

the demarcation point in both the distal femur and 

proximal tibia. The investigation revealed that the 

range where sex could not be determined was 

modest in the identification point analysis, but wider 

in the demarking point analysis. This aligns with the 

research undertaken by the previous authors on 

identification and delineation point analysis.[19-21] 

The majority of metrics showed higher 

identification and demarking points for men 

compared to females, indicating the utility of these 

factors in determining sex. 
 

CONCLUSION 
 

The presence of variations in the geometry and 

architecture of the knee is a well recognised fact that 

is independent of gender and human ethnicity. This 

research determines the morphometric 

characteristics of the proximal end of the tibia in the 

Indian population and identifies sexual differences 

in all measured parameters of the proximal tibia. 

The bones that were classified based on demarcation 

points had a higher level of confidence compared to 

those classified based on identification points. It is 

not always required for all characteristics to 

intersect the demarcation points in order to 

determine the sex. The anatomical variations in the 

proximal tibia between males and females may 

serve as a biological means of identifying one's sex 

and can contribute to the development of knee 

prosthesis specifically tailored for the Indian 

population, where utmost accuracy is essential. 
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