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With the method and approach developed within the Fotom module, the results obtained are 
comparable to other volumetric instruments (e.g. OssiriX). This software product is free, easily 
accessible and applicable in healthcare facilities around the world, unlike other systems that are 
expensive and often tied to a specific platform, such as the currently available Osirix software. 
Photogrammetry software can be widely used in otolaryngological practice. One possible use is to 
measure the nasal cavity and paranasal sinuses (PNS) volume. Knowledge of the development of PNS, 
anatomy and volume is crucial for the management of pathologies in this area. The importance of 
knowledge about the volume of the PNS and nasal cavity and their development lies in the great 
individual variability in the level of their pneumatization and the actual size of the skull. In addition, 
the establishment of PNS and nasal cavity volume as a standard part of preoperative radiological 
examination may contribute to the safety and efficacy of endoscopic sinus surgery and transnasal 
skull-based surgery. 

Подход за измерване на обема на носната кухина и параназалните синуси (PNS) (Иван 
П. Георгиев, Асен Х. Димитров, Елена Г. Тодорова). С метода и подхода, разработен в 
рамките на модула Fotom, получените резултати са сравними с други обемни инструменти 
(напр. OssiriX). Този софтуерен продукт е безплатен, лесно достъпен и приложим в здравни 
заведения по света, за разлика от други системи, които са скъпи и често обвързани с 
конкретна платформа, като наличния в момента софтуер Osirix. Софтуерът за 
фотограметрия може да се използва широко в отоларингологичната практика. Една 
възможна употреба е за измерване на обема на носната кухина и параназалните синуси (PNS). 
Познаването на развитието на PNS, анатомията и обема е от решаващо значение за 
управлението на патологиите в тази област. Значението на познаването на обема на ПНС и 
носната кухина и тяхното развитие се крие в голямата индивидуална вариабилност в нивото 
на тяхната пневматизация и реалния размер на черепа. В допълнение, установяването на PNS 
и обема на носната кухина като стандартна част от предоперативното рентгенологично 
изследване може да допринесе за безопасността и ефикасността на ендоскопската хирургия 
на синусите и трансназалната хирургия на черепа. 

Introduction 
As for the clinical significance of computed 

tomography (CT) volumetry for otorhinolaryngology, 
such studies of paranasal sinuses are quite rare. Most 
of the volumetric studies are historical and were 
performed on the cadaver skulls – the volumes of PNS 
as stated both in textbooks and scientific articles are 
still cited from these historical publications. Modern 
studies using CT scans usually do not examine more 
than a few dozens to hundreds of subjects. Therefore, 
new studies with more subjects are needed to 
determine the average volumes of PNS throughout 
different populations and groups of individuals as to 
age, sex and ethnicity. Particularly in pediatric 

population, just as the “traditional” sources claim, it is 
believed that some of the PNS are lowly pneumatized 
or are not developed at all in young age, mainly in 
case of the frontal sinuses. However, newer studies 
show that this might not be true and that for example 
small frontal sinuses might be present even in infancy. 
This is significant for the clinical praxis because of 
indication of CT or MRI (magnetic resonance 
imaging) in pediatric population in certain suspected 
pathologies in the area of the PNS and nasal cavity.  

Data collection 
The study was performed on a dataset consisting of 

30 randomly selected patients. These photos were 
taken by the University Hospital in Ostrava. In the 
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images, we found jaw cavities, wedge-shaped cavity, 
frontal cavity and ethmoid cells.  

The volumes of these cavities were measured using 
the FOTOM system and, for subsequent comparison, 
the OsiriX system.  

Methods 
Implementation 

The FOTOM software is used for digital image 
processing. Since 2000 it has been developing in the 
Department of Informatics, VŠB – Technical 
University of Ostrava Faculty of Electrical 
Engineering and Computer Science. The initial focus 
was on measuring mine pits. The system has a 
modular structure that allows easy expansion of its use 
for biomedical image analysis. Currently FOTOM 
consists of the following modules:  

1. Fotom01 - used to define objects of interest. 
These objects are defined using a set of points 
that is used to plot the Bézier curve [4]. It also 
supports volume and area measurements and 
subsequent export of these values in graphs and 
tables. Using this output, it is possible to easily 
observe the changes in these values within a 
series of images, as well as to determine the 
resulting volume and content of the observed 
object [5, 10].  

2. Fotom02 - allows 2D modeling of objects [5, 
10].  

3. Fotom03 - allows visualization of a series of 2D 
images in a voxel model [5-11]. 

4. Fotom04 - allows you to create an animation 
from a series of 2D images [5-10]. 

5. Fotom05 - allows tracking of the object in a 
series of images [5, 6]. 

The results can be seen in Fig. 1. 
The Fotom5 module is used to monitor objects. 

Before using this module, it was necessary to 
manually select the necessary objects of interest. 
Given the number of images in the series that contain 
the object of interest, this approach takes a long time. 
As part of image pre-processing, the image can be 
filtered with standard (mean, median, Gaussian) 
filters. The next step is to determine the threshold 
value that divides the pixels into object pixels and 
background. Because a binary threshold is used, pixels 
can be often wrongly labelled. The user, who has 
incorrectly defined it in this way, can correct it using 
the drawing function. The last step was to determine 
the object of interest. The user determines this by 

selecting points. After the selection, it is necessary to 
determine the number of points that define the 
boundary of the object.  

In this approach, it is necessary to repeat the entire 
above procedure for each image. The advantage of 
this approach is the high accuracy of cavity 
determination, but the long time required to simplify 
this procedure.  

The new version of the Fotom5 module uses active 
contours [8], so it is no longer necessary to define the 
object of interest in each image in the series 
separately. This is a more advanced segmentation 
method. It is based on the action of energy that 
deforms the shape of the user-defined initialization 
curve until the curve reaches the shape of the 
segmented shape.  

Parametric active loops were used first. In this 
case, several energies act on the curve: 

The curve is defined by a parametric equation 

 

(1) 

Where: 

  - potential energy, an 
imaginary time curve moving in the direction negative 
gradient, i.e. in places with lower potential energy 

s - length of the curve s(p)=(sx(p), sy(p)) 

p - individual elements along the entire length of 
the curve.  

       where at: p = 0 the beginning of the curve,  

                       p = 1 the end of the curve  

α - coefficient of elasticity of the active contour 
curve, α = 1  

β - coefficient of smoothness of the active contour 
curve, β = 0 

The results of cavity segmentation alone were 
satisfactory and the number of required user 
interactions was also reduced. The time required to 
process the batch itself has not changed significantly, 
because the calculation is relatively slow. Another 
disadvantage is that user must know the method to set 
the correct input parameters. 

Another attempt at improvement was the use of 
geometrically active loops. Their advantage lies in the 
segmentation of several objects at once. This reduces 
the time required, but often, as a result of 
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segmentation, there are too many detected objects, 
which requires additional correction. 

Due to the unsatisfactory results obtained in the 
previous approaches, the Fotom5 method was applied. 
In this version of Fotom, the object is detected using 
seeds. From the seeds, the area of the object gradually 
increases until its limits are reached. The resulting 
object is defined by all pixels belonging to the object. 

For proper operation, it is necessary for the user to 
manually specify the seed for the first and last image 
of the examined part of the series. We consider these 
images as reference and do not doubt the correctness 
of the detection of objects on them. We consider the 
images between the two reference images as a 
separate series. If the user creates multiple reference 
images, each detection error will be limited to this 
subset and will not be reflected in the others. 

The next step is to look for all potential cavities in 
the remaining images. The points defining the objects 
in the previous frame are used as seeds of the studied 
image. Subsequently, the objects are found. The 
points defining these objects are used as seeds in the 
next frame. 

The result is a set of potential objects of interest. 
The next step is to exclude unwanted objects. In 

this case, the algorithm moves from the last image of 
the subseries to the first. The points of the object are 
compared between the currently studied image and the 
previous image. If an object in the examined image 
has at least one pixel in the same position as each 
pixel of any object in the previous image, that object 
is considered valid. Otherwise, this object is deleted. 

The procedure is illustrated in Fig. 2.  
In the photo on the left, cavities have been found 

that will create search seeds in the next photo (photo 
in the middle). The cavities found will create a set of 
seeds for the next image (right). The image on the 
right has a user-validated cavity (green). All cavities 
coated with this cavity are considered valid (marked 
in yellow) 

The FOTOM program represents objects as a 
subset of the contour points of an object that are used 
to draw the Bézier curve. This means that the points 
must be aligned. The initial attempt to solve them was 
to arrange them at an angle that they form together. 
This approach has unsatisfactory results, as it does not 
work if the contour of the object is not convex. 

The improvement is caused by the implementation, 
in which an arbitrary point is selected from the 
contour of the object. This point is marked as the start 
of the journey 

One of his neighbors is at the end of the road. The 
next step is to look for the path between these points. 

This solution fails if the cavity is formed by two or 
more larger parts that are connected only by a path 
whose minimum width 1 pixel. The same problem 
occurs if a contour contains a "notch" that is only 1 
pixel wide. This problem is shown in Fig. 3. 

For these cases, the possibility of drawing is 
preserved, through which he corrects the shape of the 
object to eliminate these cases. It is also possible to 
apply changes such as adding or removing objects 
exclusively to the current image. 

The graphical interface is shown in Fig. 4. 

 
Fig. 1. Outputs of the FOTOM program 

 
Fig. 2. Red color - cavity found, green color - user-selected 

valid cavity, yellow color - cavity considered valid 

 
Fig. 3. The green pixels have already been processed. The 
red pixel is currently being evaluated and must be returned 

using the pixels already evaluated. 

 

Fig. 4. Graphical interface of the module. 
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Table 1 
Patient Maxillary 

sinus 
[mm3] 

Sphenoid 
sinus 
[mm3] 

Frontal 
sinus 
[mm3] 

Ethmoid 
cells 
[mm3] 

1 10.05 30.07 5.56 9.88 
2 8.61 32.82 7.20 8.64 
3 5.87 22.81 1.77 9.99 
4 34.18 83.65 41.44 15.68 
5 16.00 32.77 17.19 9.95 
6 12.79 19.85 16.07 8.02 
7 7.34 38.17 12.64 9.31 
8 8.15 23.69 0.22 6.06 
9 16.67 30.56 3.26 8.34 

10 10.07 28.36 7.84 9.18 
11 13.64 20.06 5.41 5.99 
12 0.98 9.82 5.79 4.74 
13 2.78 25.27 5.12 2.9 
14 3.58 27.68 0.21 4.22 
15 10.02 22.98 24.85 3.17 
16 9.20 38.58 7.29 9.36 
17 8.84 20.49 5.72 5.12 
18 15.06 44.08 12.18 8.71 
19 11.97 34.84 9.08 10.03 
20 16.41 35.93 8.22 4.39 
21 12.97 32.90 6.59 7.70 
22 10.09 35.87 8.94 5.59 
23 6.63 17.52 3.38 5.16 
24 12.75 31.70 10.16 9.75 
25 9.70 34.90 5.31 7.84 
26 15.52 44.24 16.92 9.3 
27 9.04 28.82 8.23 6.68 
28 4.14 22.90 2.09 6.89 
29 14.32 24.67 10.38 7.77 
30 8.43 31.62 10.54 6.97 

Results 
The measurement results were processed at the 

ENT Clinic of the University Hospital Ostrava and at 
the Department of Informatics of the Faculty of 
Electrical Engineering and Informatics VŠB TU 
Ostrava. The measured values are shown in Table 1. 

Head and neck surgeons, especially paranasal sinus 
and skull base surgery specialists working at the ENT 
clinic, were able to assess the anatomical proportions 
of the paranasal sinuses, their volumes and shape, 
even without the help of radiologists, which could be 
very beneficial in planning the surgical approach. 

This simple and available volumetric tool could be 
used in various operational fields and research 
activities. 

Our developed volumometric tool, Fotom5, could 
help improve CT (computed tomography) 
interpretation of abnormal clinical cases as well as 
aiding clinicians to develop and select appropriate 
instruments for medical inspection and treatments.  

Discussion 
FOTOM08 Plus and especially the Fotom5 module 

is free software for photogrammetry and visualization, 
developed by the Department of Computer Science, 
VŠB-TU Ostrava. It applies many modern methods 
used in measuring, modeling and analyzing and 
detecting images [5], [18]. The results are comparable 
to any other software available. 

As for the clinical significance of CT volumometry 
for otorhinolaryngology, such studies of paranasal 
sinuses are quite rare [12]. Most of the volumometric 
studies are historical and were performed on the 
cadaver skulls [13], [14], [15] – the volumes of PNS 
as stated both in textbooks and scientific articles are 
still cited from these historical publications. Modern 
studies using CT scans usually do not examine more 
than a few dozens to hundreds of subjects [16], [17], 
[18]. Therefore, new studies with more subjects are 
needed to determine the average volumes of PNS 
througout different populations and groups of 
individuals as to the age, sex and ethnicity. 
Particularly in pediatric population, just as the 
„traditional“ sources claim, it is believed that some of 
the PNS are lowly pneumatized or are not developed 
at all in young age, mainly in case of the frontal 
sinuses. However, newer studies show that this not 
might be true and that for example small frontal 
sinuses might be present even in infancy [12]. This is 
significant for the clinical praxis because of indication 
of CT or MRI (magnetic resonance imaging) in 
pediatric population in certain suspected patologies in 
the area of the PNS and nasal cavity.  

Moreover, establishing PNS and nasal cavity 
volumetry as a standard part of the preoperative 
radiologic examination could contribute to safety and 
efficacy of the endoscopic sinus surgery and 
transnasal surgery of the skull base. The nasal cavity 
and PNS are very narrow spaces in which the 
orientation and manipulation with the endoscope and 
endoscopic tools can be quite demanding. Therefore, 
knowledge of the specific volumes of PNS might help 
deciding about indication of surgical route or 
approach.  
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Therefore, a user-friendly volumometric software 
compatible with the most common radiologic systems 
is needed – if applied in case of every patient 
examined by CT, enormous amounts of data could be 
obtained very quickly and easily interpreted and new 
norms of PNS volumes and their development in 
different populations could be established. 

Conclusion 
Results obtained by FOTOM08 Plus and especially 

the Fotom5 module are comparable to other 
volumometric tools (e.g. OssiriX) but since it is 
freeware, it is easily accessible and applicable in 
healthcare facilities all over the world, in contrast to 
other systems that are expensive and often tied to a 
specific platform, for example the currently available 
software Osirix.  

Software can be widely used in otolaryngological 
practice. One of the possible usages is nasal cavity 
and PNS volume measurement. Knowledge of the 
PNS development, anatomy and volume is crucial for 
managing pathologies of this area.  

The significance of the knowledge of the volume 
of PNS and the nasal cavity and their development lies 
in the great individual variability of the level of their 
pneumatization and actual size of the skull. 

Moreover, establishing PNS and nasal cavity 
volumetry as a standard part of the preoperative 
radiologic examination could contribute to safety and 
efficacy of the endoscopic sinus surgery and 
transnasal surgery of the skull base. The nasal cavity 
and PNS are very narrow spaces in which the 
orientation and manipulation with the endoscope and 
endoscopic tools can be quite demanding. 

Therefore, knowledge of the specific volumes of 
PNS might help deciding about indication of surgical 
route or approach. 

The developed software can be easily used to 
measure PNS volumes even by non-medical 
professionals. Large amounts of data can be obtained 
very quickly and easily interpreted and new norms of 
PNS volumes and their development in different 
populations can be established.  
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