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HOW TO EVALUATE THREE-DIMENSIONAL ANGLE ERROR FROM
PLAIN RADIOGRAPHS

Evaluating three-dimensional angle error is necessary because we cannot get every patients ( T or MRI at all times. Creatir

that can calculate angle error from plain radiograph therefore important. Using vector and trigonometric mathemat

deduct our formula which can calculate angle error from goal angles {the angles we plan to chieve before operation) to re:

angles we get after operation) by two perpendicular radiographs. We also encode it int ) Microsoft Excel® (Redmond Carnr

wW gton, U.S.) so that it becomes more user-friendly. We hope t tool car 1 vhen evaluating TKR, corrective oste« Y

fracture fixation, andsoon

COMPUTERIZED ELLIPSE METHOD FOR MEASURING ACETABULAR VERSION AFTER
THR- A PRECISION STUDY USING SYNTHETIC AND REAL RADIOGRAPHS

Background and purpose Previous work by our group to address the problem of acetabular positioning based or 2D methods resulted ir
the development of a measurement 1 nith better precision-Liaw’s version. This metinc d may help early diagno Of acetabuia
loosening. In this work, we hypothesize at our computerized ellipse method car nprove the precision of measuring

ion. Methods W r software Elliversion to measure the acetabular version. We synthesized 96 radiographs \ om

femoral inclination and 5o to 520 version by THR Simulator, half with femoral head and ha f without it. We measured these syntheti
radiographs and 28 real radiographs with Elliversion and tr gonometric method twice by one of the authors w th one week interval. Ther
calculated the arence of repeated measurements. We used student t-test for statistical analysis of measuring error and inter

measurement ference. Results In precision study, for synthetic rad s with femoral head, the ellipse method was signihicantly

better than trigonometric method
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Introduction

* |Inthe 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.
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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!







= vectorOD
= =(length OA, length OB,-length OG)
* =(length OA, length OB,-length FD)




= /DOF=tan*(length FD/length
FO)=tan?*(length BC/length
OB/cos( 2 BOF))

= =tan*(tan( £ BOC)*cos( 2 BOF))=
tan*(tan(ps)*cos(vqg))




length OA= length OF*sin(~ OFA) = length
OF*sin( « BOF)

= length OF*sin(vg)= length OD*cos( ~ DOF)
*sin(vg)

= cos(tan™*(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*(tan(ps)*cos(vg))) *cos(vg)

length FD=length OD* sin( 2 DOF)=sin(tan
*(tan(ps)*cos(vg)))




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



ps =6.51° and vg = -7.31°




Methods

= Forexample, our goal is ps =3°and vg = o°.

= goal unit vector = (cos(tan’
Y(tan(3°)*cos(0°)))*sin(0°), cos(tan™
(tan(3°)*cos(0°)))*cos(0°), -sin(tan
(tan(3°)*cos(0°))))




Methods

» theresultis ps=6.51°and vg = -7.31°.

= result unit vector = (cos(tan*(tan(6.51°)*cos(-
7.31°)))*sin(-7.31°), cos(tan™ (tan(6.51°)*cos(-
7.31°)))*cos(-7.31°), -sin(tan™
(tan(6.51°)*cos(-7.31°))))

" =(-0.12643, 0.985579, -0.11247)




Methods

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

* The angle between (0, 0.99863, -0.05234) and

(-0.12643, 0.985579, -0.11247) equals to
8.062913218°.




8 Microsoft Excel T55 - Microso ft Excel

COUNTIF M K o fo | ATAN(TAN(EZ*PIO/B0* COS(AZ*PIO/LB0N* SIN(AT AN(TAN(DZ* PIO/LB0I* COS(C2* PIOAB0NN* LR0PID

A B C D | E | G H I I K

1 goal ve goal fl result veg result {1 angle

0 3 3 5‘ =ACOS(COS(ATAN(TAN(B2*PI()/180)*COS(A2*PI()/

180)))*SIN(A2*PI()/180)*COS(ATAN(TAN(D2*PI()/180)
“COS(C2*PL)/180))) *SIN(C2*PL()/180)+COS(ATAN(
TAN(B2*PI()/180)*COS(A2*PL()/180)))*COS(A24PI()/
180)*COS(ATAN(TAN(D2#PI()/180)*COS(C2*PI()/180))
Y*COS(C24PI()/180)+SIN(ATAN(TAN(B2#PI()/180)*
COS(A2*PI()/180)))*SIN(ATAN(TAN(D2*PI()/180)*
COS(C2#PI()/180))))*180/PI()

4]

This complex formula was
combined into a simplified
Excel program




= Because psis 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 f, inclination as vg.




Conclusions

= Evaluating results three dimensionally is
Important.

= Qurformulais convenient.

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




