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Introduction 

 In the past two decades, the discipline of 
orthopaedics has changed from “free hand” 
to “mechanical aided”, or more precisely 
“computer aided”.  

 Meanwhile, evaluation tools have evolved 
from plain radiograph to three dimensional 
CT, or MRI. 



Introduction 

 Two dimensional radiographs have non-
replaceable position due to the following 
reasons: 
 Some patients do not have CT or MRI. For 

example, in retrospective studies, the patients did 
not have CT or MRI at that time. 

 Some patients may refuse or are not eligible to 
receive CT or MRI examinations. This may be 
related to the costs or radiation exposure. 

 Plain radiographs have better resolution than CT 
or MRI. 



The four patients belong to two groups, group #1 (A,B), and group 
#2 (C,D). If we calculate the difference from AP view, there is no 
difference between group #1 and group #2; so is the result from LAT 
view. However, group #1 has got one perfect result (A) and one 
worst result (B), group #2 has got two median results (C,D). These 
two groups have different clinical meanings! 





 vector OD 

 =( length OA, length OB,-length OG) 

 = ( length OA, length OB,-length FD) 

 



 ∠DOF=tan-1(length FD/ length 
FO)= tan-1(length BC / length 
OB/cos(∠BOF)) 

 = tan-1(tan(∠BOC)*cos(∠BOF))= 
tan-1(tan(ps)*cos(vg)) 

 



 length OA= length OF*sin(∠OFA) = length 
OF*sin(∠BOF)  

 = length OF*sin(vg)= length OD*cos(∠DOF) 
*sin(vg) 

 = cos(tan-1(tan(ps)*cos(vg))) *sin(vg)  

 

 length OB= length AF=length OF*cos(∠OFA) = 
length OF*cos(∠BOF)  

 = length OF*cos(vg)= length OD*cos(∠DOF) 
*cos(vg) 

 = cos(tan-1(tan(ps)*cos(vg))) *cos(vg) 

   

 length FD= length OD* sin(∠DOF)=sin(tan-

1(tan(ps)*cos(vg))) 



unit vector (ps, vg) =  
(cos(tan-1(tan(ps)*cos(vg)))*sin(vg),  
cos(tan-1 (tan(ps)*cos(vg)))*cos(vg),  
-sin(tan-1 (tan(ps)*cos(vg)))) 



ps =6.51o and vg = -7.31o 



Methods 

 For example, our goal is ps = 3o and vg = 0o. 

 goal unit vector = (cos(tan-

1(tan(3o)*cos(0o)))*sin(0o), cos(tan-1 
(tan(3o)*cos(0o)))*cos(0o), -sin(tan-1 
(tan(3o)*cos(0o)))) 

 =(0, 0.99863, -0.05234) 

 



Methods 

 the result is ps =6.51o and vg = -7.31o. 

 result unit vector = (cos(tan-1(tan(6.51o)*cos(-
7.31o)))*sin(-7.31o), cos(tan-1 (tan(6.51o)*cos(-
7.31o)))*cos(-7.31o), -sin(tan-1 
(tan(6.51o)*cos(-7.31o)))) 

 =(-0.12643, 0.985579, -0.11247) 



Methods 

 Angle between two unit vectors = cos-1(vector 
1 dot vector 2) 

 The angle between (0, 0.99863, -0.05234) and 
(-0.12643, 0.985579, -0.11247) equals to 
8.062913218o. 

 



This complex formula was 
combined into a simplified 
Excel program 



 Because ps is only used in tibia component, 
we change it to flexion fl so that it can be 
used in other cases.  

 For example we can use it to evaluate 
reduction of distal radius fracture, in this case, 
we can input volar tilt as fl, inclination as vg. 



Conclusions 

 Evaluating results three dimensionally is 
important. 

 Our formula is convenient. 

 We hope it can be used widely in other 
radiological evaluations.  


