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ABSTRACT 

 
Tibial plateau fractures are complex injuries of the knee. The tibial plateau is one of the most critical load-bearing 

areas in the human body. Early detection and appropriate treatment of these fractures are essential in minimizing patient's 
disability in range of movement, stability and reducing the risk of documented complications. To determine the relation of 
the tibial plateau offset in relation to the tibial shaft in a normal Indian population using 124 slice computed tomography. 
This Cross-sectional Study was conducted in year December-2019- June 2021 At PSG Institute Of Medical Sciences And 
Research Coimbatore. In the CT images of the tibia, using Axial cuts, the axis of the medullary cavity is determined. At a 
distance of seven cm from the tibial plateau, the center of the cross-section of the tibia is marked. And a similar point is 
taken at a distance of eleven cm from the tibial plateau. The line joining these two points is extended proximally and distally 
represents the anatomic axis of the tibial shaft. Correlation analysis (the Pearson correlation coefficient) was performed to 
determine the associations between the dimension of the tibial plateau and the offset of the tibial shaft from the tibial 
plateau, P value <0.05 was considered as statistically significant. The Mean Lateral Medial Dimension of the Tibial Plateau 
was found to be 7.3±0.04. this was found to be similar across the age categories(p=0.484) but was significantly lower in 
females in comparison to the male counterparts (6.78 ± 0.05 and 7.55 ± 0.04 respectively) (p<0.001). The Mean Posterior 
Anterior Dimension of the Tibial Plateau was found to be 5.11 ±0.03. this was found to be similar across the age categories 
(p=0.308) but was significantly lower in females in comparison to the male counterparts (4.76 ± 0.04 and 5.27 ± 0.03 
respectively) (p<0.001). The Mean Lateral Medial Distance of the Tibial Plateau was found to be 3.89 ± 0.03. this was found 
to be similar across the age categories(p=0.189) but was significantly lower in females in comparison to the male 
counterparts (3.46 ± 0.04 and 3.89 ± 0.03 respectively) (p<0.001). The Mean Posterior Anterior Distance of the Tibial 
Plateau was found to be 3.22 ±0.03. This was found to be significantly lower in extreme groups (p=0.03) across the age 
categories and also was significantly lower in females in comparison to the male counterparts (2.97 ± 0.05 and 3.33 ± 0.04 
respectively) (p<0.001). The Mean Lateral Medial Offset of the Tibial Plateau was found to be 0.10 ± 0.02 towards the Medial 
direction. This was found to be pointing towards the medial direction in all age categories with offset significantly higher in 
more than 70 years age group (p = 0.028) but was similar in females and males (p= 0.382) towards the medial direction. 
The Mean Posterior Anterior Offset of the Tibial Plateau was found to be 0.67 ± 0.03 towards the Anterior direction. This 
was found to be pointing towards the Anterior direction in all age categories with offset significantly lower in more than 70 
years age group (p<0.001) but was similar in females and males (p= 0.114) towards the Anterior direction. The Mean Offset 
of the tibial shaft from the tibial plateau was found to be 0.75 ± 025. this was found to be significantly lower in the more 
than 70 years category (p= 0.003) and was significantly lower in females in comparison to the male counterparts (0.65± 
0.04 and 0.79 ± 0.03 respectively) (p=0.01). Accordingly, an anterior offset tibial keel or stem seems to be a more suitable 
choice for Indian patients undergoing primary or revision total knee arthroplasty. In the case of medial-lateral offset, we 
need both medial and lateral offset stemmed implant as the medial offset is seen in 86 knees and the lateral offset is seen in 
39 knees almost ¼ th of the study subjects. 
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INTRODUCTION 
 

Total knee arthroplasty is one of the most common surgeries being done for arthritis of the 
knee joint. Though there is no maintenance register of the patient who underwent total knee 
arthroplasty in India, the practice of developing a register has been introduced recently. It shows the 
increase in Total knee arthroplasty surgeries nowadays [1]. The long-standing success of the surgery 
relies on the life of the prosthesis which in turn depends on the accurate placement of the implant [2-4].  

 
There exist an offset between the proximal tibia and the tibial shaft. This offset varies with 

various ethnic groups [5, 6]. The presently available implants are based on the anatomic studies of the 
western population. Previous studies have suggested that the relation of the tibial shaft is in the 
anterolateral offset direction in relation to tibial plateau in Chinese and Korean population and medial 
offset in Caucasian and western population [7-9]. There are no studies in the Indian population to study 
the proximal tibial offset. 
 

MATERIALS AND METHODS 
 
Methods 
 

This Cross-sectional Study was conducted in year December-2019- June 2021 at PSG Institute of 
Medical Sciences and Research Coimbatore. In the CT images of the tibia, using Axial cuts, the axis of the 
medullary cavity is determined. At a distance of seven cm from the tibial plateau, the center of the cross-
section of the tibia is marked. And a similar point is taken at a distance of eleven cm from the tibial 
plateau. INCLUSION CRITERIA: The patients who have undergone lower limb computed tomography 
in our hospital that is stored in our PACS system. EXCLUSION CRITERIA: Patients who have a fracture and 
significant bone abnormality are excluded. 

 
Methodology 
 

After the ethical committee approval, the computed tomography images of the tibia of the 
patients who underwent CT and images stored in the hospital PACS system matching the inclusion 
and exclusion criteria were selected. Axis of the tibial shaft: In the CT images of the tibia, using Axial cuts, 
the axis of the medullary cavity is determined. At a distance of seven cm from the tibial plateau, the center 
of the cross-section of the tibia is marked. And a similar point is taken at a distance of eleven cm from 
the tibial plateau. The line joining these two points is extended proximally and distally represents the 
anatomic axis of the tibial shaft. To find the center of the proximal tibia at the level of the tibial plateau. 
According to Akagi et al observation in the Asian population, the line connecting the middle of the 
posterior cruciate ligament to the medial border of patellar tendon attachment is parallel to the 
anteroposterior axis of the rotational alignment of the tibial tray. The tibial tray should cover maximal 
coverage of the tibial plateau, for that, a rectangle is placed in the axial cut CT of the tibial plateau which 
represents the tibial tray with its sides adjusted to the outer cortex of the tibial plateau in anterior, medial 
and lateral sides and the posterior cortex of the medial tibial plateau is taken as the posterior limit for the 
rectangle. The anteroposterior axis is parallel to the rotational alignment of the axis. The center of the 
rectangle is marked which represents the center of the tibial plateau. 

 
Statistical Analysis 
 

Data entry was made in the Microsoft Excel 2007 software and Analysis was done with IBM 
SPSS (International Business Machines Corporation -Statistical Package for the Social Sciences) v.23.1 
Windows package. Continuous variables are expressed in Mean ± SD. Categorical variables are expressed 
in percentages with 95% Confidence interval (CI).Correlation analysis (the Pearson correlation 
coefficient) was performed to determine the associations between the dimension of the tibial plateau and 
the offset of the tibial shaft from the tibial plateau. P value <0.05 was considered as statistically significant. 
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RESULTS 
 

Table 1: Characteristics of the study participants (n=172) 
 

Variable Category Number Percentage 
 
 

Age 

< 40 years 8 4.7% 
40-49 years 29 16.9% 
50-59 years 40 23.3% 
60-69 years 59 34.3% 
>= 70 years 36 20.9% 

Gender Male 117 68.0% 
Female 55 32.0% 

 
In this study, we had studied CT images of 172 participants. The characteristics of the study 

participants are depicted in the Table1. The mean age of the participants was 60.21 with the age ranging 
from 21 to 87. 

 
Table 2: Data of Lateral Medial Dimension reading across Age and Gender (n=172) 

 
 No. Mean Standard Error Minimum Maximum p Values ┼ 

Male 117 7.55 0.04 6.34 8.71  
<0.001*** Female 55 6.78 0.05 6.02 7.60 

< 40 years 8 7.44 0.12 6.85 7.96  
 

0.484 
40-49 years 29 7.28 0.09 6.10 8.09 
50-59 years 40 7.18 0.08 6.12 7.87 
60-69 years 59 7.35 0.07 6.02 8.71 
>= 70 years 36 7.33 0.09 6.40 8.45 

Total 172 7.30 0.04 6.02 8.71 - 
 
†- Using independent t test for Gender and ANOVA for Age categories, 
* Significant at p <0.05level; **- Significant at p <0.01level; ***- Significant at p <0.001 level 

 
The Mean Lateral Medial Dimension of the Tibial Plateau was found to be 7.3± 0.04. this was 

found to be similar across the age categories(p=0.484) but was significantly lower in females in 
comparison to the male counterparts (6.78 ± 0.05 and 7.55 ± 0.04 respectively) (p<0.001). 
 

Table 3: Data of Posterior Anterior Dimension reading across Age and Gender (n=172) 
 

 n Mean Standard Error Minimum Maximum p Values ┼ 
Male 117 5.27 0.03 4.17 6.49 <0.001*** 

Female 55 4.76 0.04 4.06 5.49 
< 40 years 8 5.14 0.09 4.81 5.56 0.308 

40-49 years 29 5.06 0.08 4.19 6.05 
50-59 years 40 5.04 0.07 4.17 5.91 
60-69 years 59 5.09 0.06 4.06 6.49 
>= 70 years 36 5.24 0.07 4.56 6.17 

Total 172 5.11 0.03 4.06 6.49 - 
 
†- Using independent t test for Gender and ANOVA for Age categories, 
* Significant at p <0.05level **- Significant at p <0.01level ***- Significant at p <0.001 level. 

 
The Mean Posterior Anterior Dimension of the Tibial Plateau was found to be 5.11 ± 0.03. this 

was found to be similar across the age categories (p=0.308) but was significantly lower in females in 
comparison to the male counterparts (4.76 ± 0.04 and 5.27 ± 0.03 respectively) (p<0.001). 
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Table 4: Data of Lateral Medial Distance reading across Age and Gender (n=172) 
 

 n Mean Standard Error Minimum Maximum p Values ┼ 
Male 117 3.89 0.03 3.15 5.00 <0.001*** 

Female 55 3.46 0.04 2.71 4.73 
< 40 years 8 3.75 0.12 3.15 4.23 0.189 

40-49 years 29 3.74 0.07 2.89 4.72 
50-59 years 40 3.71 0.06 2.87 4.74 
60-69 years 59 3.71 0.04 2.71 4.48 
>= 70 years 36 3.89 0.07 3.21 5.00 

Total 172 3.75 0.03 2.71 5.00 - 
 
†- Using independent t test for Gender and ANOVA for Age categories, 
* Significant at p <0.05level; **- Significant at p <0.01level; ***- Significant at p <0.001 level 

 
The Mean Lateral Medial Distance of the Tibial Plateau was found to be 3.89 ± 0.03. this was 

found to be similar across the age categories(p=0.189) but was significantly lower in females in 
comparison to the male counterparts (3.46 ± 0.04 and 3.89 ± 0.03 respectively) (p<0.001). 
 

Table 5: Data of Posterior Anterior Distance reading across Age and Gender (n=172) 
 

 n Mean Standard Error Minimum Maximum p Values ┼ 
Male 117 3.33 0.04 2.15 4.54 <0.001*** 

Female 55 2.97 0.05 1.90 3.72 
< 40 years 8 3.05 0.21 2.24 3.87 0.03* 

40-49 years 29 3.39 0.07 2.15 4.23 
50-59 years 40 3.23 0.08 1.90 4.26 
60-69 years 59 3.25 0.05 2.20 4.54 
>= 70 years 36 3.05 0.07 2.36 4.28 

Total 172 3.22 0.03 1.90 4.54 - 
 
†- Using independent t test for Gender and ANOVA for Age categories, 
* Significant at p <0.05level; **- Significant at p <0.01level; ***- Significant at p <0.001 level 

 
The Mean Posterior Anterior Distance of the Tibial Plateau was found to be 3.22 ± 0.03. This 

was found to be significantly lower in extreme groups (p=0.03) across the age categories and also was 
significantly lower in females in comparison to the male counterparts (2.97 ± 0.05 and 3.33 ± 0.04 
respectively) (p<0.001). 
 

Table 6: Data of Lateral Medial Offset reading across Age and Gender (n=172) 
 

 n Mean Standard Error Minimum Maximum p Values ┼ 
Male 117 0.12 0.03 -0.67 1.12 0.382 

Female 55 0.08 0.03 -0.61 0.64 
< 40 years 8 0.03 0.13 -0.60 0.47 0.028* 

40-49 years 29 0.10 0.05 -0.19 0.77 
50-59 years 40 0.12 0.04 -0.61 0.83 
60-69 years 59 0.03 0.04 -0.67 0.53 
>= 70 years 36 0.22 0.05 -0.42 1.12 

Total 172 0.10 0.02 -0.67 1.12 - 
 
†- Using independent t test for Gender and ANOVA for Age categories, 
* Significant at p <0.05level; **- Significant at p <0.01level; ***- Significant at p <0.001 level 

 
The Mean Lateral Medial Offset of the Tibial Plateau was found to be 0.10 ± 0.02 towards the 

Medial direction. This was found to be pointing towards the medial direction in all age categories with 
offset significantly higher in more than 70 years age group (p = 0.028) but was similar in females and 
males (p= 0.382) towards the medial direction. 
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Table 7: Data of Posterior Anterior Dimension reading across Age and Gender (n=172) 
 

 n Mean Standard Error Minimum Maximum p Values ┼ 
Male 117 0.70 0.04 -0.67 1.12 0.114 

Female 55 0.60 0.05 -0.61 0.64 
< 40 years 8 0.48 0.20 -0.22 1.41 <0.001*** 

40-49 years 29 0.86 0.06 -0.17 1.37 
50-59 years 40 0.71 0.06 -0.36 1.56 
60-69 years 59 0.71 0.05 -0.65 1.67 
>= 70 years 36 0.44 0.06 -0.17 1.20 

Total 172 0.67 0.03 -0.65 1.67 - 
 
†- Using independent t test for Gender and ANOVA for Age categories, 
* Significant at p <0.05level; **- Significant at p <0.01level; ***- Significant at p <0.001 level 
 

The Mean Posterior Anterior Offset of the Tibial Plateau was found to be 0.67 ± 0.03 towards the 
Anterior direction. This was found to be pointing towards the Anterior direction in all age categories 
with offset significantly lower in more than 70 years age group (p <0.001) but was similar in 
females and males (p= 0.114) towards the Anterior direction. 
 

Table 8: Data of Mean Offset of the tibial shaft from the tibial plateau across Age and Gender 
(n=172) 

 
 n Mean Standard Error Minimum Maximum p Values ┼ 

Male 117 0.79 0.03 0.10 1.78 0.01* 
Female 55 0.65 0.04 0.00 1.41 

< 40 years 8 0.65 0.14 0.23 1.38 0.003** 
40-49 years 29 0.89 0.06 0.16 1.71 
50-59 years 40 0.76 0.05 0.13 1.44 
60-69 years 59 0.78 0.04 0.21 1.78 
>= 70 years 36 0.59 0.05 0.00 1.33 

Total 172 0.75 0.25 0.00 1.78 - 
 
†- Using independent t test for Gender and ANOVA for Age categories, 
* Significant at p <0.05level; **- Significant at p <0.01level; ***- Significant at p <0.001 level. 

 
The Mean Offset of the tibial shaft from the tibial plateau was found to be 0.75 ± 025. this was 

found to be significantly lower in the more than 70 years category (p = 0.003) and was significantly 
lower in females in comparison to the male counterparts (0.65 ± 0.04 and 0.79 ± 0.03 respectively) 
(p=0.01). 
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Figure 1: Depicting the Offset of the Tibial Shaft from Center of the Tibial Plateau. (n=172) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Latero-Medial Offset 

 
The cross point (0) of the mediolateral axis and anteroposterior axis represents the center 
of the Tibial Plateau. 
 

Figure 1 depicting the Offset primarily in the Anterio Medial segment in the study population. 
The distribution across gender and age is depicted in Figures 1-3. 
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Figure 2: Depicting the Offset of the Tibial Shaft from Center of the Tibial Plateau in males of 
the study population (n=117) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The cross point (0) of the mediolateral axis and anteroposterior axis represents the center of 
the tibial plateau. 
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Figure 3: Depicting the Offset of the Tibial Shaft from Center of the Tibial Plateau in Females 
of the study population (n=55) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The cross point (0) of the mediolateral axis and anteroposterior axis represents the center of 
the tibial plateau. 
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DISCUSSION 
 

In total knee arthroplasty, long stems are used so that they can provide support for a tibial 
component. It is advantageous in certain circumstances like a fracture, revision total knee arthroplasty. 
The offset stems have been made available so that there can be given maximal tibial coverage 
with or without minimal overhang. The designs of most of these stems are based on anatomic data of 
Western populations However, anatomic features of Indian populations differ from those of Western 
populations [10]. These morphologic differences of the tibia may be important to consider when 
designing a stemmed tibial component and also during implantation of the stem. Our results confirmed 
that the axis of the tibial shaft is not as same as the center of the tibial plateau in Indian study subjects. 
The offset of the tibial shaft from the tibial plateau averaged 7.5 mm when the resection level 
was just distal to the subchondral bone of the tibial plateau [11]. Abraham et al. performed total knee 
arthroplasty in twenty metaphysis where the offset of the center of the tibial shaft axis from the center of 
the tibial plateau 4.1 mm at the resection level of the fibular head. So both Abraham and our current 
observations suggest that a tibial component with an offset stem would be more suitable for Indian 
patients who need a tibial component with a long stem. We also noted that there was a large variation in 
the offset of the tibial shaft from the tibial plateau, ranging from 0mm (both the axes, the axis of the tibial 
shaft is and the center of the tibial plateau overlaps) to 17.8 mm, so it would bedesirable to have a wide 
range of offset stems available from 0 to 20 mm, in 2-mm or 4-mm increments [12].Previous western 
studies have revealed that the axis of the tibial shaft is, on the average, located anteromedial to the center 
of the tibial plateau in the Western population, for whom a medially offset stem seems more suitable. The 
Chinese studies the relationship of the tibial shaft axis to the center of the tibial plateau was different as it 
is typically located anterolateral to the center of the tibial plateau in Chinese study subjects .The Korean 
studies the relationship of the tibial shaft axis to the center of the tibial plateau was different as it is 
typically located anterolateral to the center of the tibial plateau in Korean study subjects [13].  

 
In Japanese studies, the relationship of the tibial shaft axis to the center of the tibial plateau 

was different as it is typically located anterolateral to the center of the tibial plateau in Japanese study 
subjects [14]. Pangaud C et all study, total knee arthroplasty was done with a medially offset stemmed 
tibial component, in those patients, contact between the keel tip and the medial tibial cortex was 
seen in sixteen knees, and cement was found to have leaked out of the breeched medial cortex of the 
tibia in one knee Therefore he presumed that an anterolaterally offset tibial keel or stem would be a 
better option for Korean (Asian) patients [15]. In our studies, the Mean Lateral Medial Offset of the Tibial 
Plateau was found to be 0.10 ± 0.02 towards the Medial direction. This was found to be pointing towards 
the medial direction in all age categories with offset significantly higher in more than 70 years age group 
(p = 0.028) but was similar in females and males (p= 0.382) towards the medial direction , The tibial shaft 
axis was located lateral to the center of the tibial plateau in 39 (1mm or more) out of 172 knee and 
medial to the center of the tibial plateau in 86 (1mm or more )knee and both the axis were at the sagittal 
plane in 47 patients [16]. The Mean Posterior Anterior Offset of the Tibial Plateau was found to be 0.67 ± 
0.03 towards the Anterior direction. This was found to be pointing towards the Anterior direction in all 
age categories with offset significantly lower in more than 70 years age group (p <0.001) but was similar 
in females and males (p= 0.114) towards the Anterior direction. The tibial shaft axis was located 
posterior to the center of the tibial plateau in 6 (1mm or more) out of 172 knees. The tibial shaft axis 
was located anterior to the center of the tibial plateau in 155 (1mm or more) out of 172 knees. The 
tibial shaft axis was coinciding with the center of the tibial plateau in coronal plane 11(less 1mm) out of 
172 knees [17. ]The tibial shaft axis was coinciding to the center of the tibial plateau in both sagittal and 
coronal plane in only 3 (less 1mm ) out of 172 knees. This shows that the tibial component with offset is 
important to be considered for long stem tibial component design [18]. The tibial shaft axis was located 
both anterior and medial to the center of the tibial plateau in 86 (1mm or more) out of 172 knees. The 
tibial shaft axis was located anterior and lateral to the center of the tibial plateau in 39 (1mm or more) 
out of 172 knees. it is almost 25% of the study population [19]. In our study, the offset of the tibial shaft 
from the tibial plateau in the male group was significantly larger than that in the female group. The larger 
offset in our male group was to be expected because the male study subjects generally had a larger tibial 
plateau than the female study subjects. However, the correlation was not strong between the tibial shaft 
offset and the tibial plateau dimension in either the sagittal or the coronal plane [20]. The Mean Offset of 
the tibial shaft from the tibial plateau was found to be 0.75 ± 025. this was found to be significantly lower 
in the more than 70 years category (p = 0.003) and was significantly lower in females in comparison to 
the male counterparts (0.65 ± 0.04 and 0.79 ± 0.03 respectively) (p=0.01). The Mean Lateral Medial 
Dimension of the Tibial Plateau was found to be 7.3± 0.04. this was found to be similar across the age 
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categories(p=0.484) but was significantly lower in females in comparison to the male counterparts (6.78 
± 0.05 and 7.55 ± 0.04 respectively) (p<0.001) [21]. The Mean Posterior Anterior Dimension of the Tibial 
Plateau was found to be 5.11 ± 0.03. this was found to be similar across the age categories (p=0.308) but 
was significantly lower in females in comparison to the male counterparts (4.76 ± 0.04 and 5.27 ± 0.03 
respectively) (p<0.001). Therefore, the difference in offset between the sexes is geometric instead of size-
related. So during primary or revision total knee arthroplasty with a long stem extension, a male patient 
requires a larger stem offset than does a female patient [22]. It is not clear if aging itself leads to changes 
in knee morphology. In our study, the Mean Posterior Anterior Dimension of the Tibial Plateau was found 
to be 5.11 ± 0.03. this was found to be similar across the age categories (p=0.308) but was significantly 
lower in females in comparison to the male counterparts (4.76 ± 0.04 and 5.27 ± 0.03 respectively) 
(p<0.001) [23]. The Mean Lateral Medial Dimension of the Tibial Plateau was found to be 7.3± 0.04. this 
was found to be similar across the age categories(p=0.484) but was significantly lower in females in 
comparison to the male counterparts (6.78 ± 0.05 and 7.55 ± 0.04 respectively) (p<0.001). However, 
aging is a major contributor to the onset and progression of osteoarthritis.[24] The morphology of an 
arthritic knee, especially one with varus or valgus deformity, may be different from that of a normal knee. 

 
Therefore, one should be cautious about applying the results of this study to patients with severe 

knee deformity. Naturalized implants according to the individual are the best in giving long-term results, 
but they may not be cost effective [25]. 

 
Limitation 
 

The limitations of our study were that the landmarks on computed tomography imaging scans 
are not as clearly defined as those on MRI scans in defining the patellar tendon and this could have 
affected the measurements. However, the reproducibility of our measurements was demonstrated to be 
acceptable and the relationship between the tibial shaft axis and the center of the tibial plateau was not 
influenced. We did not measure the medial and lateral tibial anteroposterior distance separately, so we 
are not able to compare and analyze the asymmetry of both the tibial condyles. Another limitation was 
that our study subjects who were having a clinical condition and comorbidity cannot be identified. we 
were not able to clinically examining the patient for comparing the varus /valgus abnormality. 

 
CONCLUSION 

 
 In conclusion, we have described the morphology of the proximal part of the tibia as measured 

on computed tomography, we observed a large variation and mostly the tibial shaft axis is in offset from 
the tibial plateau. The tibial shaft axis was located anterior to the center of the tibial plateau in a majority 
of our Indian subjects. Accordingly, an anterior offset tibial keel or stem seems to be a more suitable 
choice for Indian patients undergoing primary or revision total knee arthroplasty. In the case of medial-
lateral offset, we need both medial and lateral offset stemmed implant as the medial offset is seen in 86 
knees and the lateral offset is seen in 39 knees almost ¼ th of the study subjects. 
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