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SUMMARY: 	 �Introduction:  Chronic purulent cholesteatoma of the middle ear, as well as to a lesser extent chronic granulomatous 
otitis media, lead to destruction of bone structures within the middle ear space. The above process is controlled by the  
OPG/RANKL/RANK system.

	 �Aim: The aim of the study is a comparative analysis of surgical material obtained from patients with diagnosed chronic 
cholesteatoma and chronic otitis media with inflammatory granulation in the assessment of the Scanning Electron 
Microscope (SEM). 

	 �Material and methods: An analysis of 140 patients operated on due to chronic otitis media was performed. Forty patients who 
had been diagnosed with chronic cholesteatoma of the middle ear and chronic granulomatous otitis media were selected for 
a detailed analysis in the SEM. The final study under SEM included 20 patients. 

	 �Results: The regular structure of cholesteatoma depicted in the SEM concerned 5 patients. In the remaining 7 patients, the 
system was irregular and even chaotic. The lack of regularity can also be observed in the case of granulation tissue, which in 
the SEM image presented itself as an irregular tissue mass without detectable regularities.

	 �Conclusions: (1) The regular pattern of the cholesteatoma matrix cells observed in some patients with chronic cholesteatoma of 
the middle ear reduces the molecular permeability of inflammatory cytokines, concurrently limiting the destructive activity on 
bone structures; (2) the presence of inflammatory granulation tissue in the middle ear is accompanied by an influx of leukocytes: 
neutrophils and lymphocytes, which are the source of pro-inflammatory cytokines, the growth of which activates the processes 
leading to the damage of bone tissue and the development of inflammation; (3) no specimen of acquired cholesteatoma 
revealed the presence of commensal  organisms from Demodex species on the surface of the exfoliated human epithelium. 
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INTRODUCTION

Chronic otitis media is characterized by a defect of the tympanic 
membrane, periodic leakage from the ear and various degrees of 
conductive or mixed hearing impairment. Depending on the ob-
served changes in the lining of the middle ear, several types of 
chronic otitis media are distinguished: chronic simple otitis me-
dia, chronic otitis media with inflammatory granulation, chronic 
cholesteatoma of the middle ear and chronic otitis media in the 
course of specific diseases [1, 2].

Cholesteatoma is a focal lesion, formed by the accumulation of 
exfoliated multilayered squamous keratinized epithelium as well 
as keratin and cholesterol deposits along with numerous inflam-
matory mediators. The incidence of cholesteatoma is 3–6 per 
100,000 people.  It can be classified as congenital and acquired. 

The expansively growing epidermal masses of cholesteatoma are 
the site of secondary bacterial infections, which are often resistant 
to conservative treatment. 

Chronic otitis media with granulation is characterized by mucopu-
rulent leakage from the ear. Bleeding, vivid red granulation tissue 
is formed on the basis of inflammatory changes.  This condition 
requires differentiation from the proliferative process.

Chronic purulent cholesteatoma of the middle ear, as well as to 
a lesser extent chronic otitis media with granulation, lead to de-
struction of bone structures within the middle ear space. Bone 
resorption in cholesteatoma and inflammatory granulation of the 
middle ear is controlled by the OPG/RANKL/RANK system, re-
gulated by proinflammatory cytokines and interactions between 
bone tissue cells and activated immune cells [3–6]. 
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Fig. 1. �Matrix. Magnification x1000. Focal corneocyte desquamation in the matrix. 
Squamous keratinocytes of the matrix, showing unordered stacking pattern and 
irregular microplicae on the surface. The Laboratory of Scanning Microscopy.

Fig. 3. �Squamous keratinocytes of the matrix, regular microplicae on the Surface, 
magnification x2000. The Laboratory of Scanning Microscopy.

Fig. 2. �Perimatrix/Matrix, Magnification x4000. Singular bacterial colonies on the 
border perimatrix/matrix. The Laboratory of Scanning Microscopy.

All patients underwent histopathological examination, the 
result of which determined the final diagnosis.  

The removed operating material was prepared for analysis under 
a Scanning Microscope, by fixing in 4% formalin, and dehydration 
in a range of ethyl alcohols with concentrations: 35%, 50%, 75%, 
96%, 99.9% (absolute alcohol). The preparations were air dried, and 
subsequently glued on the tiles by using an adhesive (Electrodag 
915 Silver Paint, TAAB). The material prepared in this way was 
sprayed with a thin layer of gold using a JEOL JEE-4x (Vacuum 
Evaporator) device. Then, the examination was performed using 
the JEOL JSM35CF scanning microscope at the Scanning Micro-
scopy Laboratory.

The outcomes were analyzed statistically with the value of p < 0.05 
considered significant for all tests.

The bioethics committee issued approval no. 1072.6120.2.2017 for 
this study on 18 May 2017. Informed consent was obtained from 
all individual participants included in the study.

The analysis was conducted taking the following parameters and 
data into consideration:

I Histopathological diagnosis:
1.	 Chronic cholesteatoma of the middle ear, 
2.	 Chronic otitis media with inflammatory granulation;

II Preparation structure:
1.	 Regular,
2.	 Irregular;

III Present in the preparation:
1.	 Matrix,
2.	 Perimatrix,
3.	 Not applicable;

IV Present in the preparation:
1.	 Bacteria,
2.	 Biofilm,

METHODS 

The aim of the study is a comparative analysis of surgical material 
obtained from patients with diagnosed chronic cholesteatoma and 
chronic otitis media with inflammatory granulation in the asses-
sment of the Scanning Electron Microscope (SEM). 

An analysis of 140 patients operated on due to chronic otitis me-
dia was performed between 2017–2018. Forty patients were selec-
ted for detailed analysis in the scanning electron microscope, all 
of whom had been diagnosed with chronic cholesteatoma of the 
middle ear and chronic otitis media with inflammatory granula-
tion. Due to damages of the analyzed material making evaluation 
under the electron microscope impossible, which arose during the 
preparation of the preparations and after the initial assessment of 
the usefulness of samples for evaluation in SEM, the study inclu-
ded 20 patients: 

•	 N1 chronic cholesteatoma of the middle ear – 12 patients, 
•	 N2 chronic otitis media with inflammatory granulation  

– 8 patients. 
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(collagen and reticulin fibers) and inflammatory cells (neutrophils, 
histiocytes, lymphocytes). This structure is associated with a no-
ticeable regularity resulting from the reconstruction, exfoliation 
and deposition of flat cells [7]. In our work, the regular structure 
of cholesteatoma depicted under the Scanning Electron Micro-
scope concerned 6 patients with diagnosed chronic cholesteato-
ma of the middle ear. In the remaining 6 patients, the system was 
irregular and even chaotic. The observation of irregular matrix 
structure is consistent with the research carried out by means of 
the Scanning Microscopy Laboratory by A. Miodonski, who de-
monstrated a chaotic matrix system in all of the analyzed prepa-
rations with diagnosed chronic cholesteatoma of the middle ear 
[8]. This is due to the fact that the proliferation of keratinocytes 
in cholesteatoma is much less coordinated compared to normal 
epidermis, whose pattern is regular. Such surface features suggest 
abnormal keratosis in the cholesteatoma formation process. The 
regular keratinocyte pattern found in nearly 42% of the analyzed 
preparations from patients with chronic cholesteatoma of the mid-
dle ear is consistent with the observations made by Youngs and 
Rowels in a study presented in 1990. The regular structure of cho-
lesteatoma, unlike the irregular one, results in less damage to the 
bone tissue in the nearest adhesion of the cholesteatoma, which 
was observed by the authors of this research in a different study 
[9]. This matter will be a subject of a separate analysis. A conclu-
sion arises that a regular matrix structure and the associated clo-
se connection between the keratinocytes reduces molecular per-
meability of inflammatory cytokines, simultaneously decreasing 
the destructive activity of cholesteatoma on the bone structures, 
which can be observed in the case of a chaotic and irregular ma-
trix structure. The similarity of the regular cholesteatoma matrix 
structure to that of normal skin constitutes, a barrier to the per-
meability of agents, involved in the complex mechanism of bone 
resorption in cholesteatoma. Contrasting dependency can be ob-
served in cases of irregular or even chaotic structure of the matrix. 
Lack of regularity can also be observed in the case of granulation 
tissue, which in the SEM image presented itself as an irregular 
tissue mass without detectable regularities and repetitions and 
with no possibility of distinguishing structural elements. The term 
granulation tissue was introduced by Theodor Billroth in 1865, 
indicating that its structure is initiated primarily by fibroblasts.  

3.	 Fungi,
4.	 Parasites (Demodex folliculorum), 
5.	 Not found;

V Present in the preparation:
1.	 Leucocytes,
2.	 Erythrocytes,
3.	 No morphotic elements were found.

RESULTS

The analysis of specimens under the Scanning Electron Microsco-
pe revealed the presence of cholesteatoma in 60% (12 cases) and 
40% (8 specimens) of inflammatory granulation. The structure of 
cholesteatoma was regular in 50%, and in the second half irregular 
and even chaotic. In each specimen of cholesteatoma, the matrix 
and perimatrix were separated. In 7 cases, bacteria in the form of 
plankton were identified. Bacterial biofilm was observed in two 
specimens of inflammatory granulation. The analysis of specimens 
revealed no fungi and no species of Demodex parasites (which 
mainly concerns cholesteatoma). The influx of inflammatory cells  
– leucocytes was observed in all specimens of inflammatory gra-
nulation and in four cases of acquired cholesteatoma.

The details in microstructure of cholesteatoma and inflammato-
ry granulations in the course of chronic otitis media revealed by 
means of examination under the Scanning Electron Microscope 
(SEM) were presented in Fig. 1.–5.

The results of analysis of specimens under the Scanning Electron 
Microscope (SEM) were collected in Tab. I. 

DISCUSSION 

According to the literature, acquired cholesteatoma is made up of 
5–15 layers of flat cells, and the cells that make up the matrix are 
arranged in basal, spinous, granular, horny and transparent lay-
ers. The cholesteatoma perimatrix is made out of connective tissue 

Fig. 4. �Inflammatory granulation. Magnification x200. Leukocytes. The Laboratory of 
Scanning Microscopy.

Fig. 5. �Inflammatory granulation. Magnification x1000. Leukocytes. The Laboratory of 
Scanning Microscopy.
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Tab. I. Chronic cholesteatoma otitis media and chronic granulomatous otitis media – results obtained from Scanning Electron Microscopy.

NO. OF SPECIMEN RESULTS OF 
HISTOPATHOLOGICAL 
EXAMINATION

STRUCTURE OF SPECIMEN:
1. REGULAR,
2. IRREGULAR.

ANALYZED DETAILS:
1. MATRIX,
2. PERIMATRIX,
3. N/A.

PRESENT IN THE 
PREPARATION: 1. BACTERIA,
2. BIOFILM,
3. FUNGI,
4. PARASITES (DEMODEX 
FOLLICULORUM),
5. N/A.

PRESENT IN THE 
PREPARATION:
1. LEUCOCYTES
2. ERYTROCYTES
3. NO MORPHOTIC 
ELEMENTS.

P1 1 1 1/2 1 3

P2 1 2 1/2 1 1

P3 1 1 1/2 1 3

P4 1 1 1/2 1 3

P5 1 2 1/2 5 1

P6 1 2 1/2 1 1

P7 1 2 1/2 5 3

P8 1 1 1/2 5 1

P9 1 1 1/2 5 3

P10 1 1 1/2 1 3

P11 1 2 1/2 1 3

P12 1 2 1/2 5 3

P13 2 2 3 5 1

P14 2 2 3 5 1

P15 2 2 3 5 1

P16 2 2 3 2 1

P17 2 2 3 2 1

P18 2 2 3 5 1

P19 2 2 3 5 1

P20 2 2 3 5 1

I Results of histopathological examination: 1. Chronic cholesteatoma otitis media; 2. Chronic otitis media with inflammatory granulation. 
II Structure of specimen: 1. Regular, 2. Irregular. 
III Analyzed details: 1. Matrix, 2. Perimatrix, 3. N/A. 
IV Present in the preparation 1. Bacteria, 2. Biofilm, 3. Fungi, 4. Parasites (Demodex folliculorum), 5. N/A. 
V Present in the preparation:1. Leucocytes, 2. Erythrocytes, 3. No morphotic elements.

influences osteoblasts, inhibiting their differentiation and activity. 
All processes lead to the damage of bone tissue and the progression 
of inflammation. In our analysis, we observed a lymphocyte influx 
in all granulation tissue preparations indicating active inflamma-
tion. In the case of preparations obtained from patients with chro-
nic cholesteatoma of the middle ear, the inflow of inflammatory 
cells was lower and affected four cases (Tab. I.). 

Although SEM imaging is widely used for the identification and cha-
racterization of biofilms, no presence of biofilm was determined in 
any of the preparations in our analysis. However, the presence of 
bacterial colonies was observed. According to various authors, cho-
lesteatoma tissue is a favorable environment for the formation of 
biofilms. Lampikoski et al. noted the formation of biofilm in three 
out of four patients with exacerbation of inflammation during the 
cholesteatoma process and in three out of five (60%) cases of cho-
lesteatoma. According to Ercan Kaya et al., the frequency of biofilm 

They produce collagen, which is converted outside of the cells into 
fibres and gives the tissue strength. Apart from that, fibroblasts 
are also the source of proteoglycans – the basic, jelly-like substan-
ce of the extracellular space, which is an indicator for assessing 
the wound healing tendency and quality. In the case of chronic 
otitis media with inflammatory granulation, the healing process 
does not occur as active inflammation (through pro-inflamma-
tory factors) activates the tissue to inflammatory reaction, the fi-
nal effect of which can be the observed process of transformation 
into polyps in the middle ear. An active inflammatory process is 
evidenced by a large influx of leukocytes: neutrophils and lym-
phocytes, which are sources of pro-inflammatory cytokines (IL-1 
a/b, IL-6, IL-8, TNF) as well as the antagonist group composed of 
anti-inflammatory cytokines (IL-4, -5, -10, -13) [10, 11]. The ra-
ised concentration of pro-inflammatory cytokines enhances their 
direct influence on osteoclasts, increasing differentiation and sti-
mulating their resorption properties. Conversely, it also directly  
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CONCLUSIONS

1.	 The regular pattern of the cholesteatoma matrix cells obse-
rved in some patients with chronic cholesteatoma of the mid-
dle ear reduces the molecular permeability of inflammatory 
cytokines, concurrently limiting the destructive activity on 
bone structures;

2.	 The presence of inflammatory granulation tissue in the mid-
dle ear is accompanied by an influx of leukocytes: neutrophils 
and lymphocytes, which are the source of pro-inflammato-
ry cytokines, the growth of which activates the processes le-
ading to the damage of bone tissue and the development of 
inflammation; 

3.	 No specimen of acquired cholesteatoma revealed the presen-
ce of commensal organisms from Demodex species on the 
surface of exfoliated human epithelium. 

FUNDING

This research was supported by statutory funds of the Department 
of Otolaryngology of the Jagiellonian University (Krakow, Poland).

observation in patients with cholesteatoma was 61.5%. Chole and 
Faddis identified biofilms in 16 out of 24 clinical cases of choleste-
atoma (66%). The authors of these studies suggested that bacteria 
can infect the keratin matrix, creating biofilms, which in turn lead 
to chronic and persistent infections [12, 13]. In our analysis, the lack 
of biofilm documented in the SEM assessment does not exclude its 
presence [14]. There is strong evidence for the existence of bacte-
rial biofilms in cholesteatoma. The existence of bacterial biofilms 
in cholesteatoma may explain the clinical course of exacerbations 
of ear inflammation in cholesteatoma, i.e. the persistence and re-
currence of infection, with the surgical elimination of the choleste-
atoma mass being the only effective treatment. Bacterial colonies 
were observed in both cholesteatoma tissue (7 cases) as well as in 
patients with chronic otitis media with inflammatory granulation 
(2 cases). None of the preparations showed any evidence of fungal 
colonies or parasites (especially in the case of cholesteatoma tissue) 
living in the epidermis of the Demodex species. The parasites of 
Demodex species played an unconfirmed role in the pathogenesis 
and development of acquired cholesteatoma. Based on literature, 
Demodex folliculorum could take part in development of rosacea, 
perioral inflammation, blepharitis folliculitis or pityriasis folliculo-
rum. Because of the etiology of acquired cholesteatoma, unrestra-
ined growth and chronic inflammation, there could be multiple other 
factors that have an influence on its inflammatory activity [15–17].
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