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Abstract

     The suppuration of the middle-ear (ME) is a common pathology (over 20 million individuals 
for chronic suppuration only, according to latest reports by the WHO) facilitated by the notori-
ously complicated and irregular anatomic structure ot the temporal bone (TB). Clinically, the pa-
tients experience frequent recurrences and over 50% of subjects suffer from conductive hearing 
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loss. The geometry of the mastoid air cells system (MACS) has not been described for adults over a large range of MACS volumes. 
The volume of this complicated system of interconnected air cells is difficult to measure and current studies tend to suggest that 
MACS and not the Eustachian tube opening is the primary gas source for the ME. The bony walls of these cavities are radiopaque 
and form the bony support for the D-Organ that we have previously defined along with the Unilateral Radiographic-Stochastic 
Model for its Complementary States (Health/Disease). The aim of the current study is to provide a correct and complete ap-
proach to the previously mentioned fields of research which implies the analysis of the D-Organ as a pair (a pair of middle-ears). 
This is reflected in the BIlateral Radiographic COnformation of the TEmporal Bone in Schuller projection (BIRCOTEBS). We aim 
to continue our research and to tap the considerable potential of this statistic-probabilistic perspective on the phenomena and 
processes of interest regarding the structure and function of the ME, both in normal and pathological conditions. From a statisti-
cal and probabilistic point of view, the BIRCOTEBS is a natural development and continuation of our analysis of the URCOTEBS. 
This data is encoded within the image and we aim to decode and translate it into clinical data for a bilateral approach this time. 
The present work gives, through stochastic methods, the key to decoding this information into clinical language. This noso-
graphic-radiographic-stochastic model (both in theory and in practice - the patient’s radiography) represents a necessary but 
not sufficient step in defining all aspects of chronic ME disease. This radiographic system is readily available and clinically usable.

Keywords: radiology; X-rays; tomography; otitis media; ventilation; anatomy; physiology; statistical modeling

Introduction

     Our previous work in defining the D-Organ as an unistratified epithelial cellular population of homogenous morphology supported 
by a basilar membrane on top of a conjunctive structure that provides vascularization and innervation along with the URCOTEBS 
(Unilateral Radiographic COnformation of the TEmporal Bone in Schuller projection), has presented in full the arguments for the 
URCOTEBS as being a codified visiting card for the two complementary states: functional (Healthy) or non-functional (Diseased) of 
the Middle Ear (ME) (1). In other words, discussing the D-Organ as a one-of-a-kind organ is necessary but not sufficient to explain the 
epidemiology, nosography, pathology and clinical manifestation of the Chronic Inflammation of the ME Mucosa (1, 2, 3). 

     We have previously defined the D-Organ as a unistratified epithelial cellular population of homogenous morphology supported by 
a basilar membrane on top of a con-junctive structure that provides vascularization and innervation. The subjacent bone structure is 
known as the Variable Geometry Anatomic Macroscopic Radiopaque Peripheral Support of the D-Organ. This bony structure is geomet-
rically arranged as irregular interlinked spheroidal and polyhedric cavities which form a common enclosure of completely determined 
volume Vε. [1-3]. Through purely theoretical calculation and anatomical measurements we have created an accurate description of two 
previously un-defined organs, D and F. 

     The F-Organ represents a passive surface element for the diffusion of respiratory gases whilst the D-Organ actively pumps, within 
the same time interval, the same quantity of gas mix diffused through the F-Organ so that the mass and total pressure of the gas mix 
inside the ME remain constant. A simpler, more medical approach would be: the first functional area (F-Organ) is a surface of gas 
diffusion from the ME to the internal environment of the body, determined by gradient of partial pressures of respiratory gases on 
both sides of the epithelium (this role is currently unanimously accepted for the entire mucosa of the ME); the second functional area 
(D-Organ) acts as a biological pump, consuming metabolic energy, with an efficiency situated at the upper limit of a biological systems 
and that has dynamics and cinematics explainable by a physical-mathematical model [3].

     A correct and complete approach to the previously mentioned fields of research implies the analysis of the D-Organ as a pair (a 
pair of middle-ears). This is reflected in the BIlateral Radiographic COnformation of the TEmporal Bone in Schuller projection (BIR-
COTEBS). From a statistical and probabilistic point of view, the BIRCOTEBS is a natural development and continuation of our analysis 
of the URCOTEBS [1-3]. 
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     From a geometric, stochastic and radiologic perspective the D-Organ represents the sum of all D-Cells or the Static General Popula-
tion of D-Cells. Axiomatically we consider that the D-Cell can only be in one of the two complementary states: functional (Healthy) or 
non-functional (Diseased) [1-3].

     The bilateral radiographic examination of the temporal bone (mastoid) in Schuller projection, similar to the unilateral examination, 
results in an overlapping projection of all bony cavities that comprise the General Endo-temporal Bony Cavity Complex onto the same 
plain (film) and this constitutes an advantage from the multiple CT sections because the set of stochastic information is found in the 
whole of the cavities taken as one. The decoding must be done accordingly, only this time for both mastoid bones concomitantly and 
this occurs much faster with conventional radiography [1-3].

Methods Used

     Transferring the discussion from URCOTEBS to BIRCOTEBS can only be done through combinatorics and probability calculus. In 
other words, having defined the manifestations and appearance of URCOTEBS (Table I & II), by applying the aforementioned mathe-
matical instruments, we aim to determine the ways of expression of BIRCOTEBS (Tables III & Figure 1). The stochastic basis for this 
type of diagnostic tool is founded on the existence of the D-Organ and the definition of URCOTEBS, which have never before been 
presented in literature. Understanding our present work requires understanding our previous articles and especially the terminology. 
This is sometimes understandably challenging as the research in not primarily oriented towards clinicians but rather researchers in 
the fields of physiology, physics, mathematics, statistics etc. 

     The entire statistic methodology based on the unreplaced ball principle, also known as hypergeometric distribution and Poisson’s 
Scheme has been in our previous work extensively presented [1]. 

    The measurements used for defining both the URCOTEBS and BIRCOTEBS systems have been done on simple X-rays (Schuller’s 
view) as presented in Table II. The decoding occurs much fasters using this two-dimensional system (conventional radiography) This 
image of the TB in Schuller’s projection is a mirror that reflects the status of the ME mucosa, and URCOTEBS encodes the physiological 
state of the D-Organ. In ascending order of their projection areas (projection of their Variable Geometry Peripheral Endo-temporal 
Bony Cavity Complex) we can organize the following:

Generic  
URCOTEBS 

symbol

Probability of URCOTEBS (The 
unreturned ball principle and 

Poisson’s scheme)[1]

Specific  
URCOTEBS 
symbol [1] 

Disease

Probability of 
Disease [1]

Specific  
URCOTEBS  
symbol [1]

Health

Probability 
of Helth [1]

a 59.7% Alfa α 0.60% A 99.40%

b 0.8% Beta β 1.40% B 98.60%

c 13.3% Gamma γ 7.90% C 92.10%
Table 1: Unilateral Radiographic Conformations – URCOTEBS(1)– with corresponding informations. Each URCOTEBS species rep-

resents a randomized exclusive event of determined achievement probability.

a
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b

c

d

Table 2: Unilateral Radiographic Conformations – URCOTEBS (1).
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BS
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m
bo

l
1 a 0.597 1 a 0.597 a ~ a 0.4943 1 a ~ a

1 a 0.597 2 b 0.00754 a ~ b 0.0062 2 a ~ b

1 a 0.597 3 c 0.133 a ~ c 0.1101 3 a ~ c

1 a 0.597 4 d 0.262 a ~ d 0.217 4 a ~ d

2 b 0.00754 2 b 0.00754 b ~ b 0.0001 5 b ~ b

2 b 0.00754 3 c 0.133 b ~ c 0.0014 6 b ~ c

2 b 0.00754 4 d 0.262 b ~ d 0.0027 7 b ~ d

3 c 0.133 3 c 0.133 c ~ c 0.0245 8 c ~ c

3 c 0.133 4 d 0.262 c ~ d 0.0483 9 c ~ d

4 d 0.262 4 d 0.262 d ~ d 0.0953 10 d ~ d

Sum of Probabilities  1.0000
Table 3: Types of manifestation of BIRCOTEBS – and their genesis from possible combinations of manifestations of URCOTEBS. 
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I II III IV V VI VII VIII IX X XI

1 a a 0.0195 1 a a 0.0195 0.0004 a ~ a a ~ a

1 a a 0.0195 5 a A 0.98 0.0191 a ~ a a ~ A

5 a A 0.98 5 a A 0.98 0.961 a ~ a A ~ A

1 a a 0.0195 2 b b 0.0731 0.0014 a ~ b a ~ b

1 a a 0.0195 6 b B 0.927 0.0181 a ~ b a ~ B

5 a A 0.98 6 b B 0.927 0.909 a ~ b A ~ B

1 a a 0.0195 3 c g 0.18 0.0035 a ~ c a ~ g

1 a a 0.0195 7 c C 0.82 0.016 a ~ c a ~ C

5 a A 0.98 7 c C 0.82 0.804 a ~ c A ~ C

1 a a 0.0195 4 d d 1 0.0195 a ~ d a ~ d

2 b b 0.0731 5 a A 0.98 0.0717 b ~ a b ~ A

2 b b 0.0731 2 b b 0.0731 0.0053 b ~ b b ~ b

2 b b 0.0731 6 b B 0.927 0.0678 b ~ b b ~ B

6 b B 0.927 6 b B 0.927 0.859 b ~ b B ~ B

2 b b 0.0731 3 c g 0.18 0.0131 b ~ c b ~ g

2 b b 0.0731 7 c C 0.82 0.06 b ~ c b ~ C

6 b B 0.927 7 c C 0.82 0.76 b ~ c B ~ C

2 b b 0.0731 4 d d 1 0.0731 b ~ d b ~ d

3 c g 0.18 5 a A 0.98 0.176 c ~ a g ~ A

3 c g 0.18 6 b B 0.927 0.167 c ~ b g ~ B

3 c g 0.18 3 c g 0.18 0.0323 c ~ c g ~ g

3 c g 0.18 7 c C 0.82 0.148 c ~ c g ~ C

7 c C 0.82 7 c C 0.82 0.673 c ~ c C ~ C

3 c g 0.18 4 d d 1 0.18 c ~ d g ~ d

4 d d 1 5 a A 0.98 0.98 d ~ a d ~ A

4 d d 1 6 b B 0.927 0.927 d ~ b d ~ B

4 d d 1 7 c C 0.82 0.82 d ~ c d ~ C

4 d d 1 4 d d 1 1 d ~ d d ~ d
Table 4: Bilateral Radiographic Conformations BIRCOTEBS – genesis of  combinations of Disease and Health.
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ol

. V
I)

I II III IV V VI VII

1 1 0.4943 a ~a a ~ a 0.0004 0.000191

2 1 0.4943 a ~ a a ~ A 0.0191 0.00959

3 1 0.4943 a ~ a A ~ A 0.961 0.481

4 2 0.0062 a ~ b a ~ b 0.0014 0.000009

5 2 0.0062 a ~ b a ~ B 0.0181 0.000114

6 2 0.0062 a ~ b A ~ B 0.909 0.00575

7 2 0.0062 b ~ a b ~ A 0.0717 0.000453

8 3 0.1101 a ~ c a ~ g 0.0035 0.000392

9 3 0.1101 a ~ c a ~ C 0.016 0.00179

10 3 0.1101 a ~ c A ~ C 0.804 0.0897

11 3 0.1101 c ~ a g ~ A 0.176 0.0197

12 4 0.217 a ~ d a ~ d 0.0195 0.00429

13 4 0.217 d ~ a d ~ A 0.98 0.216

14 5 0.0001 b ~ b b ~ b 0.0053 0

15 5 0.0001 b ~ b b ~ B 0.0678 0.000005

16 5 0.0001 b ~ b B ~ B 0.859 0.000069

17 6 0.0014 b ~ c b ~ g 0.0131 0.000019

18 6 0.0014 b ~ c b ~ C 0.06 0.000085

19 6 0.0014 b ~ c B ~ C 0.76 0.00107

20 6 0.0014 c ~ b g ~ B 0.167 0.000235

21 7 0.0027 b ~ d b ~ d 0.0731 0.000203

22 7 0.0027 d ~ b d ~ B 0.927 0.00257

23 8 0.0245 c ~ c g ~ g 0.0323 0.000804

24 8 0.0245 c ~ c g ~ C 0.148 0.00367

25 8 0.0245 c ~ c C ~ C 0.673 0.0167

26 9 0.0483 c ~ d g ~ d 0.18 0.00881

27 9 0.0483 d ~ c d ~ C 0.82 0.0402

28 10 0.0953 d ~ d d ~ d 1 0.0965

Sum of probabilities 1,0000
Table 5: Bilateral Radiographic Conformations (BIRCOTEBS); genesis of Probabilities (Prevalence) of Randomized Exclusive Events 

meaning Complementary States (Health/Disease) of the BIRCOTEBS species.
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Figure 1: Bilateral radiographic conformation (BIRCOTEBS) represents the exclusive random events by 
which we understand the complementary states (Health/Disease) of the middle-ear mucosa depending 

on the corresponding species of conformation. (this figure follows and illustrates Table 5).

Figure 2: Sinthetic images of the radiographic conformations corresponding to the state of Health.

     URCOTEBS _d, URCOTEBS _c, URCOTEBS _b, and URCOTEBS _a. 

     The corresponding Greek letter designates the state of disease for each of these conformations: URCOTEBS _δ, URCOTEBS _γ, UR-
COTEBS_β, URCOTEBS_α, and the capital letters define their state of health: URCOTEBS_D, URCOTEBS_C, URCOTEBS _B, URCOTEBS_A. 

    URCOTEBS_d is the smallest unilateral radiographic conformation of the TB in Schuller’s projection and is, by definition, a radio-
graphic image of the state of disease of the D-Organ. The probability of disease in URCOTEBS_d is 100% [1, 2].

     Table IV represents the main source of data for our entire endeavor (Figure 2). By sorting and filtering the data from this table we 
will emphasize on the state of disease of the D-Organ, equivalent to the state of chronic inflammation of the ME mucosa as well as its 
complementary (contrary) state, the state of health (absence of disease). Both states (Health/Disease) are studied exclusively through 
Probability Theory and Statistics (stochastic processes) [1-3].

     As far as basic notions of Health and Disease are concerned, as well as the relationship between them, it is necessary to particularize 
that Disease means exclusively the morbid entity previously defined as Chronic Inflammatory Disease of the Middle-ear Mucosa (CID-
MM) whilst Health means the lack of said disease. This means that we shall define stricto sensu the complementary (contrary) state 

https://primerascientific.com/pssrp


PriMera Scientific Surgical Research and Practice                                                                                                                                   https://primerascientific.com/pssrp

Bircotebs - A Bilateral Radiographic-Stochastic Model for the Complementary States (Health/Disease) of the D-Organ and Middle-Ear Mucosa 214

to Middle-ear Mucosa Inflammation (lack of Middle-ear Mucosa Inflammation). This statement is exclusive for Inflammation; other 
diseases not related to D-Organ physiology may be present. The two states of the mucosa are considered random events and their 
genesis (probability) is detailed in Table V.

Results

     Following our process of thinking, the state of Health is by definition a bilateral state of clinical facts on the basis of the bilaterality of 
the organ (pair organ) and it can be either symmetric or non-symmetric - see Figures 3 & 4. In Table VI-VIII we define the ratio between 
the prevalence of the two states, either symmetric or non-symmetric.

     The identity or non-identity between the URCOTEBS of the two ears of the subject constitutes the criteria for the division of the two 
notions, Health and Disease - Omnis divisio debet esse per opposita (every division must be through opposites).

     For the notion of Health there are two levels of division (Tables VII & VIII and Figures 3 & 4).

     The first division step uses as criteria the identity or non-identity between the URCOTEBS that constitute the BIRCOTEBS. Figure 2 
presents the magnitude ratio between the prevalence of these two notions which are first order species:

1.	 Symmetrical Health (Table VIII) -first clinical - radiographic form of the first order of the Health Status,
2.	 Non-symmetrical Health (Table VII) - second clinical - radiographic form of the first order of the Health Status.

     For the second division step, both the criteria and the terms of division (notions which are second order species) are the combina-
tions of the two possible URCOTEBS that constitute the BIRCOTEBS. Based on the prevalence of the notions first order species (clini-
cal-radiographic forms of the first order) we can enunciate that the State of Health is characterized by the symmetry of the URCOTEBS 
and even more, that this state of fact is most probable in case of maximum development of Variable Geometry Peripheral Endo-temporal 
Bony Cavity Complex [1] (URCOTEBS_A; BIRCOTEBS_ A~A; relative frequency 96.63%) - see Figures 3 & 4. This fact is in accordance 
to all the premises - Nullum verum inferet falsum (Falsehood will bring no truth) [2, 3]. The two notions, which are first order species, 
are from a radiographic-stochastic point of view, the first order clinical forms of the Health State of the ME mucosa (D-Organ); the prev-
alences attached to these clinical-radiographic forms constitute the epidemiologic magnitude Unilateral and Bilateral Disease. These 
two are the clinical forms of the first order (nosographic dimension) both as formal logical divisions, into first order species of a genus 
and especially as definition of intensity of the pathological consequences and physical and functional prognostic. As far as prognostic 
information is concerned (especially functional), the magnitude ratio between the prevalence of the two clinical forms (Figures 3 & 4) 
pleads in favor of non-contradiction between the initial premise (Thermodynamic model of the structure and function of the ME) [3] 
and the natural order of things.

     As previously stated, for the second stage of division for the two Disease States (uni/bilateral) - see Table IX & Figure 5, the criteria 
are identity/non-identity of the two URCOTEBS that constitute the BIRCOTEBS - Omnis divisio debet esse per opposita (every division 
must be by opposites). 

    Unilateral disease is stochastically characterized by asymmetry (Table X & Figure 6). This is yet another expression of the concor-
dance we aim to emphasize. Finally, in the case of unilateral non-symmetric disease (Table XI & Figure 7-10), the criteria of the third 
division stage are precisely the concordance/non-concordance between the size of the Variable Geometry Peripheral Endo-temporal 
Bony Cavity Complex and the presence/absence of disease. Non-concordance which is the paradoxical clinical form is possible in virtue 
of probability calculations but its prevalence. (Table XII, XIII & Figure 10) is in itself a justification of the coherence of our explanation 
based on a completely defined theoretical model [2, 3]. It concerns the clinical forms of the third order of the asymmetric unilateral 
disease: orthodoxical (Table XIV & Figure 9) and paradoxical (Table XIII & Figure 10) and especially the ratio between their character-
istic prevalences.
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     Bilateral disease is characterized by the symmetry of the URCOTEBS (Figure 6, 11, 12 & Tables XV, XVI) as shown by the ratio of the 
relative frequencies of the prevalence structure. The distribution of relative frequencies of URCOTEBS in case of symmetrical bilateral 
disease (Figure 11 & Table XV) draws attention on the high degree of sensitivity and specificity of the radiological examination of the 
TB in Schuller view in establishing a positive diagnosis. In other words, it is the expression of the previously discussed coherence 
(consequential materialis): URCOTEBS_d is pathognomonic (URCOTEBS_δ) for the Chronic Inflammatory Disease of the Middle-ear 
Mucosa (CIDMM) [1].

Discussions

     Figures 5-12 reveal that the manifestations of BIRCOTEBS are divided over three or four stages through completely defined criteria, 
into species of the first, second, third and fourth order of the genus CIDMM or clinical-radiographic forms of the first, second, third 
and fourth order of the genus CIDMM. 

    Both URCOTEBS and BIRCOTEBS are stochastic mass phenomena (randomized exclusive events). Their essential characteristic is 
the relative consistency (propensity towards stability) of attainment probability. In other words, BIRCOTEBS constitutes a complete 
system of randomized (stochastic) exclusive events that can be achieved with a pair of ME (pair of D-Organs) of a subject (statistical 
unit) or of any given human statistical population. According to the law of large numbers (Moivre-Laplace) which transforms proba-
bilities into frequencies or prevalence, we can obtain a complete picture of CIDMM Epidemiology.

    Apart from this essential characteristic (consistency of frequency), each specific manifestation of BIRCOTEBS also has a precise 
significance for the physiologic status (Health - see Figures 2-4) or pathologic status (Disease - see Figures 5-124) of the mucosa of 
the pair of ME. This results in modeling the nosography of CIDMM based on radiological examination, probability theory and statistics 
(a radiographic-stochastic-nosographic model). The essential note in characterizing this nosography is its foundation on an objective 
examination method which is the comparative radiographic scan of the two TB in in Schuller’s projection for any given patient.

     This leads to a radiographic-stochastic-epidemiologic-nosographic model which completely defines 30 notions species of the genus 
Disease (CIDMM) and 8 notions species of the genus Health (absence of CIDMM) - see Figures 3&4. The aforementioned model is also, 
simultaneously, a high precision instrument to objectively establish the positive diagnosis of chronic illness of the ME mucosa (CID-
MM).
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3 25 8 0.0245 c ~ c C ~ C 0.673 0.0167 2.81%

4 6 2 0.0062 a ~ b A ~ B 0.909 0.00575 0.97%

5 19 6 0.0014 b ~ c B ~ C 0.76 0.00107 0.18%

6 16 5 0.0001 b ~ b B ~ B 0.859 0.00007 0.01%

 Sum of columns VIII & IX
0.595 100%

59.50% 100%
Table 6: Absolute and relative frequencies of BIRCOTEBS in the Health status of the middle-ear.
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3 19 6 0.0014 b ~ c B ~ C 0.76 0.0011 1.10%

Sum of probabilities (col.VIII&IX)
0.0965 100.00%

9.65%
Table 7: Radiographic Non-Symmetric Health –Clinical-radiographic form of the 1st order – 1st order species.

Figure 3: Schematic icons of BIRCOTEBS, in decreasing order of relative frequencies corresponding to the 
state of Non-symmetric Health. Clinical-radiographic form of the 1st order – 1st order species (see Table 7).
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3 16 5 0.0001 b ~ b B ~ B 0.859 0.0000686 0.01%

Sum of probabilities (column VIII&IX)
0.498

100%
49.8%

Table 8: Radiographic Symmetric Health –Clinical-radiographic form of the 1st order – 1st order species.
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Figure 4: Schematic icons of BIRCOTEBS, in decreasing order of relative frequencies corresponding to 
the state of Symetric Health. Clinical-radiographic form of the 1st order – 1st order species (see Table 8).
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1 28 10 0.0953 d ~ d d ~ d 1.00000 0.0965000 86.80%

2 26 9 0.0483 c ~ d g ~ d 0.18000 0.0088100 7.90%

3 12 4 0.217 a ~ d a ~ d 0.01950 0.0042900 3.90%

4 23 8 0.0245 c ~ c g ~ g 0.03230 0.0008040 0.72%

5 8 3 0.1101 a ~ c a ~ g 0.00351 0.0003920 0.35%

6 21 7 0.0027 b ~ d b ~ d 0.07310 0.0002030 0.18%

7 1 1 0.4943 a ~ a a ~ a 0.00038 0.0001910 0.17%

8 17 6 0.0014 b ~ c b ~ g 0.01310 0.0000185 0.02%

9 4 2 0.0062 a ~ b a ~ b 0.00143 0.0000090 0.01%

10 14 5 0.0001 b ~ b b ~ b 0.00534 0.0000004 0.00%

Sum of probabilities (column VIII&IX)
0.111 100.00%

11,1%
Table 9: Bilateral Disease – 1st order species – Clinical-radiographic form of the 1st order.
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Figure 5: Schematic icons of BIRCOTEBS, corresponding to the state of Disease. (see Tables 9 & 10).
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I II III IV V VI VII VIII IX

1 13 4 0.217 d ~ a δ ~ A 0.9800 0.21600000 73%

2 27 9 0.0483 d ~ c δ ~ C 0.8200 0.04020000 14%

3 11 3 0.1101 c ~ a γ~ A 0.1760 0.01970000 6.70%

4 2 1 0.4943 a ~ a α ~ A 0.0191 0.00959000 3.30%

5 24 8 0.0245 c ~ c γ ~ C 0.1480 0.00367000 1.20%

6 22 7 0.0027 d ~ b δ ~ B 0.9270 0.00257000 0.90%

7 9 3 0.1101 a ~ c α ~ C 0.0160 0.00179000 0.60%

8 7 2 0.0062 b ~ a β ~ A 0.0717 0.00045300 0.15%

9 20 6 0.0014 c ~ b γ ~ B 0.1670 0.00023500 0.08%

10 5 2 0.0062 a ~ b α ~ B 0.0181 0.00011400 0.04%

11 18 6 0.0014 b ~ c β ~ C 0.0600 0.00008450 0.03%

12 15 5 0.0001 b ~ b β ~ B 0.0678 0.00000541 0.00%

Sum of probabilities (column VIII&IX)
0.294 100%

29,4%
Table 10: Unilateral Disease – 1st order species – Clinical-radiographic form of the 1st order.
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Figure 6: Schematic icons of BIRCOTEBS, corresponding to the state of Bilateral Disease. (see Tables 9 & 10).
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1 13 4 0.217 d ~ a d ~ A 0.98 0.216 76.81%

2 27 9 0.0483 d ~ c d ~ C 0.82 0.0402 14.31%

3 11 3 0.1101 c ~ a g ~ A 0.176 0.0197 7.01%

4 22 7 0.0027 d ~ b d ~ B 0.927 0.00257 0.92%

5 9 3 0.1101 a ~ c a ~ C 0.016 0.00179 0.64%

6 7 2 0.0062 b ~ a b ~ A 0.0717 0.00045 0.16%

7 20 6 0.0014 c ~ b g ~ B 0.167 0.00024 0.08%

8 5 2 0.0062 a ~ b a ~ B 0.0181 0.00011 0.04%

9 18 6 0.0014 b ~ c b ~ C 0.06 0.000085 0.03%

Sum of probabilities (column VIII&IX)
0.281 100.00%

28.10%
Table 11: Unilateral Non-Symmetric Disease– 2nd order species – Clinical-radiographic form of the 2nd order.
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Figure 7: Schematic icons of BIRCOTEBS, corresponding to the state of Unilateral Disease. (see Tables 16).

Figure 8: Schematic icons of BIRCOTEBS, in decreasing order of relative frequencies corresponding to the state 
of Unilateral Symmetric Disease. Clinical-radiographic form of the 2nd order – 2nd order species (see Table 16).

Cu
rr

en
t I

nd
ex

BI
RC

OT
EB

S 
In

de
x

BI
RC

OT
EB

S 
In

de
x

Po
ba

bi
lit

y 
of

 B
IR

CO
TE

BS
 

Ev
en

t (
Pr

od
uc

t o
f U

RC
OT

EB
S 

Pr
ob

ab
ili

tie
s)

 [1
]

Ge
ne

ri
c 

BI
RC

OT
EB

S 
sy

m
bo

l

Sp
ec

ifi
c 

BI
RC

OT
EB

S 
sy

m
bo

l  
D

is
ea

se
/H

ea
lth

Pr
od

uc
t o

f r
el

at
iv

e 
UR

-
CO

TE
BS

 fr
eq

ue
nc

ie
s 

D
is

ea
se

/H
ea

lth

Pr
ob

ab
ili

ty
 o

f E
xc

lu
si

ve
 .B

IR
-

CO
TE

BS
 E

ve
nt

s (
Pr

ev
al

en
ce

) 
D

is
ea

se
/H

ea
lth

Pr
ev

al
en

ce
 S

tr
uc

tu
re

  
(r

el
at

iv
e 

fr
eq

ue
nc

ie
s)

I II III IV V VI VII VIII IX

1 2 1 0.4943 a ~ a a ~ A 0.0191 0.00959000 72%

2 24 8 0.0245 c ~ c g ~ C 0.1480 0.00367000 28%

3 15 5 0.0001 b ~ b b ~ B 0.0678 0.00000541 0.04%

Sum of probabilities (column VIII&IX)
0.0133 100%

1.33%
Table 12: Unilateral Symmetric Disease– 2nd order species – Clinical-radiographic form of the 2nd order.
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Figure 9: Schematic icons of BIRCOTEBS, in decreasing order of relative frequencies corresponding to 
the state of Unilateral Non-Symmetric Orthodoxal Disease. Clinical-radiographic form of the 3rd order – 

3rd order species (see Table 14).

Figure 10: Schematic icons of BIRCOTEBS, in decreasing order of relative frequencies corresponding to 
the state of Unilateral Non-Symmetric Paradoxal Disease. Clinical-radiographic form of the 3rd order – 

3rd order species (see Table 12).
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I II III IV V VI VII VIII IX

1 9 3 0.1101 a ~ c a ~ C 0.0160 0.0017900 90%

2 5 2 0.0062 a ~ b a ~ B 0.0181 0.0001140 6%

3 18 6 0.0014 b ~ c b ~ C 0.0600 0.0000845 4%

Sum of probabilities (column VIII&IX)
0.00199 100%

0.199%
Table 13: Paradoxal Unilateral Non-Symmetric Disease– 3rd order species – Clinical-radiographic form of the 3rd order.
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I II III IV V VI VII VIII IX

1 13 4 0.217 d ~ a d ~ A 0.980 0.216000 77.35%

2 27 9 0.0483 d ~ c d ~ C 0.820 0.040200 14.42%

3 11 3 0.1101 c ~ a g ~ A 0.176 0.019700 7.06%

4 22 7 0.0027 d ~ b d ~ B 0.927 0.002570 0.92%

5 7 2 0.0062 b ~ a b ~ A 0.072 0.000453 0.16%

6 20 6 0.0014 c ~ b g ~ B 0.167 0.000235 0.08%

Sum of probabilities (column VIII&IX)
0.279 100%

27,9%
Table 14: Orthodoxical Unilateral Non-Symmetric Disease– 3rd order species – Clinical-radiographic form of the 3rd order.
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1 28 10 0.0953 d ~ d δ ~ δ 1 0.0965 99%

2 23 8 0.0245 c ~ c γ ~ γ 0.0323 0.000804 0.80%

3 1 1 0.4943 a ~ a α ~ α 0.000381 0.000191 0.20%

4 14 5 0.0001 b ~ b β ~ β 0.00534 4.27E-07 0.00%

Sum of probabilities (column VIII&IX)
0.0975 100%

9.75%
Table 15: Bilateral Symmetric Disease– 2nd order species – Clinical-radiographic form of the 2nd order.

Figure 11: Schematic icons of BIRCOTEBS, in decreasing order of relative frequencies corresponding to the state of 
Bilateral Synmetric Disease. Clinical-radiographic form of the 2nd order – 2nd order species (see Table 15).

https://primerascientific.com/pssrp


PriMera Scientific Surgical Research and Practice                                                                                                                                   https://primerascientific.com/pssrp

Bircotebs - A Bilateral Radiographic-Stochastic Model for the Complementary States (Health/Disease) of the D-Organ and Middle-Ear Mucosa 223

Cu
rr

en
t I

nd
ex

BI
RC

OT
EB

S 
In

de
x

BI
RC

OT
EB

S 
In

de
x

Po
ba

bi
lit

y 
of

 B
IR

-
CO

TE
BS

 E
ve

nt
 (P

ro
d-

uc
t o

f U
RC

OT
EB

S 
Pr

ob
ab

ili
tie

s)
 [1

]

Ge
ne

ri
c 

BI
RC

OT
EB

S 
sy

m
bo

l

Sp
ec

ifi
c 

BI
RC

OT
EB

S 
sy

m
bo

l  
D

is
ea

se
/H

ea
lth

Pr
od

uc
t o

f r
el

at
iv

e 
UR

CO
TE

BS
 fr

eq
ue

n-
ci

es
 

D
is

ea
se

/H
ea

lth

Pr
ob

ab
ili

ty
 o

f E
x-

cl
us

iv
e 

.B
IR

CO
TE

BS
 

Ev
en

ts
 (P

re
va

le
nc

e)
 

D
is

ea
se

/H
ea

lth

Pr
ev

al
en

ce
 S

tr
uc

tu
re

  
(r

el
at

iv
e 

fr
eq

ue
n-

ci
es

)

I II III IV V VI VII VIII IX

1 26 9 0.0483 c ~ d γ ~ δ 0.18000 0.00881000 64%

2 12 4 0.217 a ~ d α ~ δ 0.01950 0.00429000 31%

3 8 3 0.1101 a ~ c α ~ γ 0.00351 0.00039200 3%

4 21 7 0.0027 b ~ d β ~ δ 0.07310 0.00020300 1%

5 17 6 0.0014 b ~ c β ~ γ 0.01310 0.00001850 0.10%

6 4 2 0.0062 a ~ b α ~ β 0.00143 0.00000903 0.10%

Sum of probabilities (column VIII&IX)
0.0137 100%

1.37%
Table 16: Bilateral Non-Symmetric Disease– 2nd order species – Clinical-radiographic form of the 2nd order.

Figure 12: Schematic icons of BIRCOTEBS, in decreasing order of relative frequencies corresponding to the state of 
Bilateral Non-Symmetric Disease. Clinical-radiographic form of the 2nd order – 2nd order species (see Table 16).

     We aim to provide a probabilistic model, not necessarily for the anatomic complexity of the middle-ear complex but rather for eval-
uation of Disease/Health status of said complex. The present article is only extending the previous results for URCOTEBS to bilateral 
parameters, BIRCOTEBS, making the statistical evaluation even more complex.

    We do not intend to minimize the obvious value of moder scanning methods such as CT or MRI but we try to lay the theoretical 
foundations for further research which we intend to undertake in order to extend this stochastic model to three-dimensional methods. 
A similar model based on high resolution CT-scans of the TBs may represent a more modern method and is intended as future devel-
opment of our research.

https://primerascientific.com/pssrp


PriMera Scientific Surgical Research and Practice                                                                                                                                   https://primerascientific.com/pssrp

Bircotebs - A Bilateral Radiographic-Stochastic Model for the Complementary States (Health/Disease) of the D-Organ and Middle-Ear Mucosa 224

     Highly technologized methods such as high-resolution computed tomography (HRCT) and non-echoplanar diffusion weighted mag-
netic resonance imaging (DWI) can differentiate between complex pathologies such as cholesteatoma and middle ear inflammation 
(MEI), infections and congenital anomalies, and also investigate the impact of post-reconstruction harmonization and data resampling 
with high predictive value [4-7].

    Opacification in the middle ear and mastoid region can be the result of various pathological causes although it mostly reflects chronic 
inflammatory/infectious disease and sometimes an underlying cholesteatoma [8, 9]. Neoplastic, vascular, fibro-osseous, and traumatic 
changes may also occur [10]. The primary diagnostic imaging, tool is currently CT-scanning due to its exceptional spatial resolution, 
particularly for examining the temporal bone and ossicles. MRI complements this by offering detailed soft tissue lesion characteriza-
tion and assessing involvement in the inner ear and cranial nerves [8-11].

     However, we must state that classical bidimensional methods such as X-ray in Schuller’s projection results in an overlapping projec-
tion of all bony cavities that comprise the General Endo-temporal Bony Cavity Complex onto the same plain (film), and this constitutes 
an advantage from the multiple CT sections because the set of stochastic information is found in the whole of the cavities taken as one.

    For statistical and interpretation purposes, the decoding must be performed accordingly, and this occurs much faster with con-
ventional radiography, although other imagistic methods such as CT-scan and sometimes MRI are considered the standard in today’s 
medicine.

     Many authors may consider the method as outdated and only of historic significance [12] but we consider it of interest that the use 
of classical radiographic methods is still in extensive use in East-European countries (and other developing countries world-wide) due 
to unavailability of technology and economic and financial reasons and that we have been successfully employing the BIRCOTEBS as 
an evaluation method for mastoidectomy patients for over two decades. 

     The suppuration of the middle-ear is a common pathology (over 20 million individuals for chronic suppuration only, according to 
latest reports by the WHO) facilitated by the notoriously complicated and irregular anatomic structure ot the temporal bone (TB). 
Clinically, the patients experience frequent recurrences and over 50% of subjects suffer from conductive hearing loss (hearing impair-
ment) which is a serious problem confronting the otologist [13-15]. The geometry of the mastoid air cells system (MACS) has not been 
described for adults over a large range of MACS volumes [16]. However, the common conclusion of recent studies is that MACS volumes 
are indirectly related to predisposition for middle-ear pathology such as chronic otitis media [17-21]. The relationship between TB 
pneumatization and gas volumes within the ME represents an interesting research area as current studies tend to suggest that MACS 
and not the Eustachian tube opening is the primary gas source for the ME [1-3, 22, 23]. 

     The volume of this complicated system of interconnected air cells is difficult to measure, which is why various methods [24-26] such 
as water-weight method, pressurized transducer method, planimetric [21, 27-30] and volumetric [26-28, 31-34]. methods have been 
employed. Swarts et al. and Colhoun et al. [16, 35] use Schuller projection X-rays and reconstructions from CT sections to demonstrate 
the linear function that correlates MACS surface area and MACS volume with a high correlation coefficient (r ≈ 0.77 and r ≈ 0.95 respec-
tively). The conclusion of all this research is that relatively simple X-ray procedures can be used to screen ears for MACS volume [1, 16]. 

     The middle-ear with its mastoid air cell system and ossicular chain represents a complex anatomic system which requires advanced 
and complex mathematical models (static and dynamic behaviors) for function assessment. These methods have been based on deter-
ministic approaches [36-40], lumped element models, distributed parameter models, multi-body systems, finite element models [41, 
42] for evaluation of healthy ME as well as pathological conditions [43] and verification of functional ossicular chain reconstruction 
results [44, 45]. 

     As stated in our previous studies regarding unilateral stochastic models of the TB [1], the high degree of variability amongst indi-
viduals leads to large discrepancies among samples. This means that the ME behaves as an uncertain system which makes stochastic 
models very useful [36, 46]. Modeling a dynamical system with uncertainties has been presented in the literature (47) and employes 
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two groups of methods: parametric and nonparametric [36, 47, 48]. 

    Statistical calibration has also been used on geometry-based models such as the finite element (FE) model to calculate dynamic 
characteristics of the middle-ear [1, 41, 49-52]. 

    As presented in the initial URCOTEBS article [1], the tables and graphical represent-tations are indeed complex and sometimes 
complicated but stochastic analysis usually is. The data may look daunting for a medical professional and we consider this as the main 
limit of the present work as it is not intended primarily for physicians but rather for mathematicians, statisticians and physics special-
ist with an extension to-wards the medial professionals (physiopathologists, anatomists, ENT specialists, radiologists) that may also 
possess the mathematical knowledge to understand the possible practical uses of the research. A more clinically oriented presentation 
based on our extensive experience with this evaluation method will follow in future research.

     Clinical scenarios intended for validation of our model as well as a possible flowchart depicting the model’s clinical applicability will 
be part of this future research.

    The authors also plan to extend and somehow systematize the clinical application of these statistical tables as part of our future 
research that will use computer software for automatic interpretation.

Conclusion

    The D-Organ gives us a unique opportunity to study it and its most essential aspects through radiological examination. The BIR-
COTEBS is the theoretical and practical-experimental basis of modeling the nosography for Chronic Inflammatory Disease of the Mid-
dle-ear Mucosa (CIDMM). This nosographic-radiographic-stochastic model (both in theory and in practice - the patient’s radiography) 
represents a necessary but not sufficient step in defining all aspects of chronic ME disease.

     We aim to continue our research and to tap the considerable potential of this statistic-probabilistic perspective on the phenomena 
and processes of interest regarding the structure and function of the ME, both in normal and pathological conditions.

     The nosographic - radiologic - stochastic model we discussed simultaneously constitutes a theoretical epidemiologic-statistic model as 
the calculated probabilities for each species of BIRCOTEBS are being transformed according to the law of large numbers (Moivre-La-
place) into absolute frequences which in Epidemiology are known as prevalence. 

     We must not overlook the rigorous theoretical foundation of our endeavor. It is based on the hypothesis of the existence of the D-Or-
gan which can explain in a coherent, exhaustive and non-contradictory manor the pathology and clinical manifestations of the CIDMM. 
The present work is but a step towards justifying this statement.

     As previously stated by the American mathematician Warren Weaver (1894-1978), probabilistic logic can consider an entire array 
of statements, of which none entirely false nor entirely true and order them in relation to their degree of truth, determining how much 
more probable one is compared to the other. This method does not limit itself to binary values of 0 and 1 but utilizes an infinity of 
values in the form of numbers situated between 0 and 1.

     Probability theory can analyze situations where the scarcity of information prevents us from applying classical logic and is capable 
of providing the best answer justified by incomplete information. If we understand that the most basic laws of elementary physical 
phenomena are probabilistic, we can acknowledge that probability theory is essential for many special scientific fields, including med-
icine. In a large number of instances, it does not only offer advice on a solution but also the degree of reliability of said advice.
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