
INTRODUCTION 
Total knee arthroplasty (TKA) has become the standard treatment 
for various disabling disorders of the knee and has proven long term 
success [1]. The adequacy of the �t of the prosthesis to the tibia is an 
important variable in the outcome of TKA [2]. Total knee 
replacement, being a precise surgical procedure, shape match 
between the prosthesis and the resected surface of the tibia is a vital 
factor for long-term success. The components of the knee implants 
are required to cover maximum surface in order to achieve a 
successful outcome [3]. It is known that the tibial component is 
more prone to complications in TKA as compared to the femoral 
component. Thus, it becomes important to properly size the tibial 
prosthesis to the surface of proximal tibia to achieve the best 
stability and longevity for the implant [4]. Asian sub-populations 
are known to have a smaller build and stature compared to their 
Western counterparts, owing to a shortage of data on the distal 
femur and proximal tibia in this population, implants designed for 
knees of the Western population are being used without 
modi�cations for the ethnic group. This leads to the problem of an 
implant size mismatch with the resected bony surface in the Asian 
patients [3]. Optimizing bone coverage with the tibial component 
may avoid complicatons such as post operative bone bleeding, 
subsidence, loosening, and component overhang [5].

In the current era there is growing shift from the symmetric non-
anatomical tibial component to the more anatomical component. 
Hence, the present study aims to assess different morphometric 
parameters of condylar areas on superior surface of tibia, to compile 
and analyze the results, and formulate a baseline data for future 
studies with relevance to Indian population (Rajasthan) which can 
be used to guide treatment and monitor outcome of  Total Knee 
Replacement surgeries in Indian scenario.

MATERIALS AND METHODS 
The present study was carried out in the Departments of Anatomy of 
Mahatma Gandhi Medical College (Jaipur), Sawai Man Singh 
Medical College (Jaipur), National Institute of Medical Sciences 
(Jaipur), Rajasthan University of Health Sciences (Jaipur) and 
Government  Medical College (Kota). For this study, 500 human 
adult dry tibia bones (250 of right and 250 of left) of unknown age 
and sex were collected from the population of Rajasthan (India). All 
the measurements were taken with the help of Digital Vernier 
Callipers.

Following metric parameters were noted: 
1.MEDIAL CONDYLE  
a) Antero-posterior (A-P) diameter - The maximum distance 
between anterior and posterior borders of superior articular surface 
of medial condyle Figure 1(a). 

Figure 1(a).

b) Transverse diameter - The maximum transverse diameter of 
superior articular surface of medial condyle Figure 1(b).

Figure 1(b).

a) Antero-posterior (A-P) diameter - The maximum distance 
between anterior and posterior borders of superior articular surface 
of lateral condyle Figure 1©. 
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Figure 1©.

b) Transverse diameter - The maximum transverse diameter of 
superior articular surface of lateral condyle Figure 1(d). 

Figure 1(d).

3. AREAS OF MEDIAL AND LATERAL CONDYLES 
Determined by using the formula –

2Area (A in mm ) = length (A-P diameter  in  mm)  × width  
(Transverse diameter  in  mm) 
All the parameters were statistically interpreted.

RESULTS
The current study establishes the morphometric attributes of 
superior surface of proximal end of tibia in Rajasthan population of 
India. The study revealed the following important observations: 

1. Medial Condyle ; Table - 1 
The mean A-P diameter (Right- 41.71 mm, Left- 42.24 mm) and mean 
transverse diameter (Right- 29.28 mm, Left- 29.69 mm) are more in 
left sided bones.

 It can also be seen that the areas covered by medial condyle in left 
2sided bones (1261.59 mm ) are greater than that covered by right 

2sided bones (1229.75 mm ). 

2. Lateral Condyle ; Table - 1 
 The mean A-P diameter (Right- 37.6 mm, Left- 36.93 mm) is more in 
right sided bones whereas the mean transverse diameter (Right- 
29.69 mm, Left- 30.16 mm) is more in left sided bones.

 The area covered by lateral condyle in right sided bones (1123.91 
2mm ) are greater than that covered in left sided bones (1119.43 
2mm ) contrary to medial condyle. 

On comparing the two condyles, it was seen that mean A-P diameter 
was greater in medial condyle and mean transverse diameter was 
greater in lateral condyle on both sides.

Table – 1: Comparison of parameters of condylar plateau of 
right and left tibia

1. N = Total number of bones 
2. Greater values in bold 

DISCUSSION 
Commercia l ly  avai lable  TK A implants  do not  cater  to 
anthropometric differences observed across different ethnicities. 
Most of the existing commercial implants are designed to suit the 
knee anatomy of the Western population. Asian sub-populations 
are known to have a smaller build and stature compared with their 
Western counterparts.

1. Medial Condyle 
A. Antero-posterior diameter (A-P)
In the previous  studies in Non- Indian population such as Kwak et 
al. (2007), Servien et al. (2008), Omer et al. (2014), Yang et al. (2014), 
Moghtadaei et al. (2015) and Hafez et al. (2016) [4,6,7,8,9,10] 
measured the mean A-P diameter of the medial and lateral condyles 
in both sexes. On comparison with various studies done on Indian 
population such as Gandhi et al. (2014), Shrivastava et al. (2014) , 
Gupta et al. (2015) [11,12,13]  it can be seen that the mean A-P 
diameter of medial condyle of Indian knees is smaller than their 
Western counterparts. 

Gandhi et al. (2014) [11] measured the mean A-P diameter of medial 
condyle with respect to sides and sexes in Delhi region of North 
India. The mean A-P diameter is greater in males on both right and 
left sided bones. It can be seen that the values of present study are 
smaller than the values observed in males and closer to their values 
observed in females. 

Shrivastava et al. (2014) and Gupta et al. (2015) [12,13] measured 
the mean A-P diameter on both sides in North Indian and South 
Indian population respectively. On comparison it can be seen that 
the mean values of the present study (Right- 41.71 mm, left- 42.24 
mm) done in Rajasthan population is more than the North Indians 
(Right- 38.63 mm, Left- 39.94 mm) but less than the South Indian 
populations (Right- 45.5 mm, Left- 43.6 mm).

B. Transverse diameter of medial condyle
The present study is in accordance with  a study conducted by 
Gupta et al. (2015) [13] which  reported transverse diameter to be 
more on left sided bone. In contrast, Shrivastava et al. (2014) and 
Gandhi et al. (2014) [12,11] found it to be more in right sided bones . 
Gandhi et al. (2014) [11] reported that the mean transverse 
diameter of medial condyle are greater in males for both sides. It can 
be seen that the mean values of the present study are less than the 
values of males and closer to the values of their females. 

The �ndings of the present study is in accordance with the study 
conducted in South Indian population, Gupta et al.(2015) [13] 
reported almost equal values of mean transverse diameter of 
medial condyle in both right and left sided bones. (Right- 29.28 mm, 
Left- 29.69 mm).

Right Tibia (N=250) Left Tibia (N=250) 
Mean ± S.D. (mm) Mean ± S.D. (mm)

Medial 
Condyle 

Antero-
posterior (mm)

41.71 ± 4.37 42.24 ± 4.05  

Transverse 
(mm) 

29.28 ± 2.87 29.69 ± 2.95 

Area (mm²) 1229.75 ± 225.01 1261.59 ± 218.73
Lateral 
Condyle 

Antero-
posterior (mm)

37.6 ± 3.35 
 

36.93 ± 3.44 

Transverse 
(mm) 

29.69 ± 3.10 30.16 ± 2.94 

Area (mm²) 1123.91 ± 199.79 1119.43 ± 184.88 
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2C. Area (in mm ) of medial condyles
In the present study, areas covered by the medial condyle is 
greater in left sided bones contrary to the �ndings reported by 
Gupta et al. (2015) and Shrivastava et al. (2014) [13,12].

2. LATERAL CONDYLE
A. Antero-posterior (A-P) diameter 
On comparing  the previous  studies in Non- Indian population 
such as Kwak et al. (2007), Servien et al. (2008) , Yang et al. (2014) , 
Omer et al. (2014) , Moghtadaei et al. (2015) , Hafez et al. (2016) 
[4,6,8,7,9,10] with studies on Indian population such as Gandhi et 
al. (2014) , Shrivastava et al. (2014) , Gupta et al. (2015) [11,12,13] it 
can be inferred that the mean values are de�nitely more in other 
ethnic groups than studies done in different Indian 
populations. The present study is in accordance with a previous 
study done by Gupta et al. (2015) [13] which concluded that the 
measurements of the right sided bones are greater (Right- 37.6 
mm, Left- 36.93 mm).
B. Transverse diameter of lateral condyle
The mean transverse diameter of lateral condyle was found to 
be greater in left sided bones in the present study (Right- 29.69 
mm, Left- 30.16 mm). Similar �ndings have been reported by 
Shrivastava et al. (2014) [10]. 

2C. Area (in mm ) of lateral condyles
The mean values of the area covered by lateral condyle is more 
in right sided bones as reported by the present study and 
Shrivastava et al. (2014) [12] whereas Gupta et al. (2015) [13] 
reported greater values in left sided bones.

CONCLUSION
In the present study it can be concluded that all the parameters 
measured on superior surface of proximal end of tibia were greater 
on the left sided bones than on the right sided bones. 
Measurements of lateral condyle however varied. The mean A-P 
diameter and mean area of lateral condyle was greater in the right 
sided bones whereas mean transverse diameter observed to be 
greater in left sided bones. Anthropometric studies and present 
study have shown that there are striking variations in knee 
morphology between the Asian and Western population. The 
asymmetry of the medial and lateral condylar areas and the 
variations seen in Indian population compared to other ethnic 
groups should be kept in mind while designing prostheses for Total 
knee arthroplasty. The current challenges in knee prosthetic design 
are centered on attempting to produce normal kinematics, 
reducing wear and tear and hence achieving greater longevity. 
Research on implant mismatching carried out in various Asian 
countries has led to the conclusion that the Asian-Paci�c population 
should have speci�c designs of Total Knee arthroplasty implants.
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