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STATISTICAL ANALYSES

each 
anatomical dimension (including tibiofemoral joint space width (JSW) from both the medial 
and lateral compartments (JSW medial and JSW lateral), maximum anterior-posterior (AP) 
lengths from the medial and lateral condyles (AP medial and AP lateral) of distal femur, and 
the maximum medial-lateral (ML) width of distal femur) measured from both MR and X-ray 
images. Correlation is significant at 0.05 level. Correlation analysis is presented in Figures 
S1, S2, S3, S4, S5.

Figure S1: correlation between JSW lateral measured from both MR and X-ray 
images (n = 84).

Figure S2: orrelation between JSW medial measured from both MR and X-ray 
images (n = 84).



Figure S3: correlation between AP lateral measured from both MR and X-ray images
(n = 84).

Figure S4: correlation between AP medial measured from both MR and X-ray images
(n = 84).



Figure S5: correlation between ML measured from both MR and X-ray images
(n = 84).



Results 

                                                                 Table ST1:   

Mean, 95% confidence interval (CI) of mean and 95% confidence interval (CI) of the 

difference (X-ray - MRI) for the maximum medial-lateral distance (ML), maximum anterior-

posterior length of the medial and lateral condyles (AP), and maximum joint space width 

(JSW) in the medial and lateral condyles obtained through quantifying the anatomical 

measurements of the knee in MRI and X-ray imaging. 

 

 

 

 

Anatomical 
dimension 

Mean MRI, 
[95% CI]  

Mean X-ray, 
[95% CI] 

95% CI of the 
difference (X-ray- 
MRI) 

p-value 

ML (mm) 85.19,  
[84.06, 86.33] 

83.18,  
[81.99, 84.36] 

[-2.37, -1.66] <0.001 

AP medial 
(mm) 

55.87,  
[54.94, 56.79] 

63.72,  
[62.76, 64.68] 

[7.15, 8.54] <0.001 

AP lateral 
(mm) 

63.72,  
[62.96, 64.48] 

66.43,  
[65.57, 67.28] 

[2.24, 3.16] <0.001 

JSW medial 
(mm) 

4.38, 
[4.24, 4.56] 

4.40,  
[4.23, 4.53] 

[-0.06, 0.02] 0.389 

JSW lateral 
(mm) 

5.25,  
[5.08, 5.42] 

5.29,  
[5.12, 5.46] 

[-0.002, 0.941] 0.061 

 



Biomechanical responses of X-Ray and MRI-based FE knee model (one subject)

The subject-specific (one subject) comparisons for the mean values of maximum principal 
stress, maximum principal strain, minimum principal strain, fluid pressure, fibril strain and 
minimum principal strain are presented separately for each parameter in Figure S6. 

Figure S6: The subject-specific (one subject) comparison for the mean values of maximum principal stress, 
maximum principal strain, fluid pressure, fibril strain and minimum principal are presented. Mean values of 
the biomechanical parameters at the contact area are predicted by three X-ray- and MRI-based models for 
one subject. The solid line represents the mean value from three trials, and the shaded area represents 
the standard deviation.



Measurement of maximum anterior-posterior length of medial and lateral condyles 
from X-ray images

    
Figure S7: Maximum anterior-posterior 
length of medial condyle

            Case 1: Fully superimposed condyles                 

Figure S8: Maximum anterior-posterior 
length of lateral condyle

            Case 2: Not fully superimposed condyles                 

Figure S9: Maximum anterior-posterior 
length of medial condyle

Figure S10: Maximum anterior-posterior 
length of lateral condyle



Correlation analysis between anatomical dimensions and peak values of maximum 
principal stress from X-ray-based models (one template) 

 

 

 

 

 

 

 

 

 

 

 

 

                         Factors                                                      Level 

                                                                       Low                                    High 

           ML [mm]                                             76.01                                  94.40     

           AP (medial) [mm]                              54.50                                  72.60    

           JSW (medial) [mm]                            3.25                                    4.90  

              

Figure S11: Means of factorial design with three factors and two levels analysis is given. Low and 
high levels are minimum and maximum values of mediolateral distance (ML), anterior-posterior 
length and joint space width measured at medial compartment from X-ray images. For this factorial 
analysis X-ray-based models with same template were selected. In this analysis of means of factorial 
design, there are three factors i.e, ML, AP and JSW distances from X-rays which have two levels i.e, 
minimum and maximum values of these measurements. The line graph shows that main effect of 
JSW leads to higher estimated peak stress levels. A main effect is the effect of one independent 
variable (e.g., JSW) on the dependent variable (peak stress levels) averaging across the levels of 
the other independent variable. Hence, JSW has the most effective role on the predicted peak stress 
levels in case of same template utilization in models.  

 

 

 

 

 



Correlation analysis between difference in anatomical dimensions and peak values 
of maximum principal stress and strain at the loading response of stance (multiple 
templates)

Pearson correlation coefficients were computed to assess the relationship 
between difference among anatomical dimension measured from both X-ray and MRI
images and difference in peak values of maximum principal stress and strain at first peak of 
stance among X-ray- and MRI-based models respectively. Correlation is significant at p < 
0.05. Correlation analysis is presented in Figures S12-S21. Differences in peak stresses 
and AP lateral dimension (X-
Similarly, differences in peak strains and AP lateral were correlated (p =
r = 0.332).

Correlation analysis between differences in anatomical dimensions and peak values 
of maximum principal stress at the loading response of stance (X-ray- vs. MRI-
based models):      

                                                                                                                                                                                                                                 

Figure S12: Pearso correlation between difference in JSW lateral measurements (X-ray vs MRI) and 
peak values of maximum principal stress among X-ray vs. MRI-based models (n = 84).



Figure S14: Pearso correlation between difference in AP medial measurements (X-ray vs MRI)
and peak values of maximum principal stress among X-ray vs. MRI-based models (n = 84).

Figure S13: Pearso correlation between difference in JSW medial measurements (X-ray vs MRI) and 
peak values of maximum principal stress among X-ray vs. MRI-based models (n = 84).



Figure S16: Pearso correlation between difference in ML measurements (X-ray vs MRI) and peak 
values of maximum principal stress among X-ray vs. MRI-based models (n = 84).

Figure S15: Pearso correlation between difference in AP lateral measurements (X-ray vs MRI)
and peak values of maximum principal stress among X-ray vs. MRI-based models (n = 84).



Correlation analysis between differences in anatomical dimensions and peak values 
of maximum principal strain at the loading response of stance (X-ray- vs. MRI-based 
models)                                                                                                                                                                                                                                    

Figure S17 Spearman correlation between difference in JSW lateral measurements (X-ray vs MRI)
and peak values of maximum principal strain among X-ray vs. MRI-based models (n = 84).

Figure S18: Spearman correlation between difference in JSW medial measurements (X-ray vs MRI)
and peak values of maximum principal strain among X-ray vs. MRI-based models (n = 84).



Figure S19: Spearman correlation between difference in AP medial measurements (X-ray vs MRI) and 
peak values of maximum principal strain among X-ray vs. MRI-based models (n = 84).

Figure S20: Spearman correlation between difference in AP lateral measurements (X-ray vs MRI) and 
peak values of maximum principal strain among X-ray vs. MRI-based models (n = 84).



Figure S21: Spearman  correlation between difference in ML measurements (X-ray vs MRI) and peak 
values of maximum principal strain among X-ray vs. MRI-based models (n = 84). 
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Visualization of FE meshes in X-ray versus MRI-based models of same subject (with 
different best-matched templates)y 

Although mesh type was same among all atlases, cartilage thickness and shape vary due 
to different knee joint sizes (Supplementary Figures S22-S23). Hence, different atlases 
have different elements and nodes distribution. 

MRI-based model (surface and internal mesh):  

 

 

X-ray-based model (surface and internal mesh): 

 

Figure S22: Visualization of meshes (surface and internal mesh) of X-ray versus MRI-based 
models of same subject (with different best-matched templates). 



Visualization of FE meshes in X-ray versus MRI-based models of same subject (with same  
best-matched templates) 

Elements and nodes distribution is identical in same best-matched templates. 

MRI-based model (surface and internal mesh):  

 

 

 

 

 

 

 

 

 

 

 

 

X-ray-based model (surface and internal mesh): 

 

 

 

 

 

 

 

 

 

 

 

Figure S23: Visualization of meshes (surface and internal mesh) of X-ray versus MRI-based 
models of same subject (with same best-matched templates). 

 

 

 



Distribution of maximum principal stress in medial tibial cartilage of MRI- vs X-ray-based 
models of same subject (with different best-matched template) 

 

Figure S24: Distribution of maximum principal stress in medial tibial cartilage of MRI- vs X-ray-
based models of same subject (with different best-matched template). 

 


