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Shape
We divided the lesions into three disjunctive sets 

(groups), which means the groups whose elements can-
not be contained in more than one set (group). The re-
quirement of disjunctive sets is a necessary condition for 
relevant quantitative data processing in this research. The 
quality of “having the same shape” (specified further in 
the text) was determined to be the feature which induces 
the formation of the sets of all the lesions that were mea-
sured. We discuss the equivalence relation as reflexive, 
symmetric, and transitive. We denoted the groups as fol-
lows: 1 – spherical lesions (shape of a sphere), 2 – ellipti-
cal lesions (shape of a spheroid, or ellipsoid of revolution) 
a 3 – other lesions (some other shape, so anything other 
from the previous two). 

A sphere is a set of all the points that are all the same 
distance from a given point; the distance is the radius of 
the sphere and the point is the center of the sphere. 

Analogously, an ellipsoid is a solid figure formed by 
the set of all the points of the space whose position to-
wards the given point (center S) meets the requirements 

of the equation  in the coordinate system 

(S, x, y, z), where a, b, and c are positive real numbers 
determining the half-axis. In the case of our research we 
have to add the condition that a = b = c is not valid.

A point is not defined but it is said it has no dimen-
sions. Therefore, no existing solid figure can have the 
shape of an ideal sphere or ellipsoid of revolution, even 
though it looks like that. 

Thus, we need to substitute approximate constructions 
for the exact mathematical constructions. We will con-

sider any two dimensions  of a lesion equal if it holds 0,95 

<  < 1.05 (they differ by less than 5%). We chose the level 

of accuracy on the grounds of the possible error in the 
measurement of the dimensions of a lesion. The accuracy 
of the measurement can be equal to the accuracy of the 
calibrated instruments at maximum, which means 95%. 

Our first attempt to distinguish the shape of lesions 
used squared deviation of individual dimensions from 
their mean. This approach is simple but in the case of 
small lesions it does not describe their shape properly. 

Then we tried to determine the coordinates of the ver-
tices of a section and decide if the vertices lie on a sphere 
or rather an ellipsoid of revolution or not. This approach 
is very precise in distinguishing the shape of lesions but 
the formulas would be too complicated. 

Thus, we believe the optimal relation is the one that 
compares the ratio of the dimensions of lesions. Excel 
enables us to find the least, k-th largest, or largest value in 
a set applying the function MIN(cell), LARGE(cell, k). 
We can order all the dimensions of each lesion accord-
ing to size and denote them ≤ b ≤ c. Now we can focus 
on comparison of individual dimensions (supposing that 
the dimensions were measured as three perpendicular 
line segments with a common center). If the ratio of the 

dimensions is   > 0.95 ∧  > 0.95, we can say (with the 
chosen accuracy) that it is a sphere. In the worst situation 
the smallest dimension can differ by 9.75% from the larg-
est one. If we wanted to apply “tougher” criteria, we only 
had to rewrite the Excel cell of accuracy, replacing 0.95 
with a higher number; e.g., in the case of 0.97 accuracy, 
the worst situation would be 94.09% accurate. 

In the event that only one of the conditions is fulfilled, 
the section of the lesion is a circle and the third dimen-
sion is longer or shorter than the diameter. We could then 
say (with the chosen accuracy) that it is an ellipsoid of 
revolution. If no condition is fulfilled, we can talk about 
“other shape”. To decide this we used an Excel spread-
sheet with the built-in IFS function IF(condition;yes;no). 
The final command can be written as follows:

=IF(MIN(MIN(L5:N5)/LARGE(L5:N5;2); 
LARGE(L5:N5;2)/MAX(L5:N5))>$V$3;1; 
IF(MAX(MIN(L5:N5)/LARGE(L5:N5;2); 
LARGE(L5:N5;2)/MAX(L5:N5))>=$V$3;2;3)) 

SUPPLEMENTAL MATERIAL
Filip Ctvrtlik, Zbynek Tudos, Paulina Szasz, Zuzana Sedlackova, Igor Hartmann, Jan Schovanek, Zdenek Frysak, Iva 
Macova, Tomas Zelinka, Milan Hora, Eva Kocova, Jaroslav Pacovsky, Michal Krsek, Viera Lehotska, Emilia Mojtova, 

Josef Molnar, Vladimir Vanek, Karel Pacak, Jan Baxa. Characteristic CT features of pheochromocytomas – probability 
model calculation tool based on a multicentric study (doi: 10.5507/bp.2019.047)


