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Chronic otitis media with a retraction pocket is one of the forms of chronic otitis 
media that predisposes to cholesteatoma. The aim of our study was to determine 
the extent and type of changes in the tympanic membrane fragments which were 
surgically excised from the retraction pockets of 20 patients treated for cholesteato-
ma and/or hearing loss. Material evaluation and photographic documentation were 
performed using a transmission electron microscope (JEM 1200EX II, Jeol, Japan). 
We found that the morphological changes of the tympanic membrane are partic-
ularly related to the structure of the external epithelium, formation of epithelial 
invaginations, atrophy of the basement membrane of the eardrum and loss of circu-
lar and longitudinal collagen fibers. Ultrastructural changes in the tympanic mem-
brane suggest inflammatory processes, epithelial migration, destruction of collagen 
fibers and autophagy, which indicates that the process of retraction pocket devel-
opment is active. Tympanic membrane retraction pocket development is an active 
process, not the sequela of prior illness. The intensification of the keratinization and 
migration process of the epithelium layer confirms one of the theories of the cre-
ation of cholesteatoma and shows that the retention pocket is a pre-cholesteatoma 
condition. 
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Introduction 

Chronic otitis media with a  retraction pocket is 
a form of chronic otitis media and can lead to hear-
ing loss and cholesteatoma [1, 2, 3, 4]. The causes 
of  tympanic membrane retraction (alternatively de-
scribed as eardrum atelectasis) and the  mechanism 
of  bone destruction are still controversial and not 
entirely known. Some authors suggest that the de-
velopment of  the  tympanic membrane retraction 
pocket is a  passive process that is sometimes acti-
vated by several different factors (e.g. dysfunction 
of the Eustachian tube) [2, 5, 6, 7, 8]. The ambiguity 

of  the etiopathogenesis of  this disease often hinders 
its effective treatment.

According to the literature, an inflammatory pro-
cess of the upper respiratory tract leading to disturbed 
ventilation of the middle ear cavity plays a key role in 
the development of chronic otitis media with a retrac-
tion pocket [9, 10, 11, 12]. Local inflammatory reac-
tion determines the onset of the disease and its further 
course. Extra- and intra-tympanic mechanisms can 
be distinguished in the  literature on the  etiopatho-
genesis of the tympanic membrane retraction pock-
et. The  intra-tympanic mechanism is conditioned 
by the activity of proteolytic enzymes and cytokines 
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found in the inflammatory exudate, whereas proteo-
lytic enzymes found in the  inflamed epithelium are 
responsible for the  extra-tympanic mechanism. Ly-
sozyme, hydrolases and pro-inflammatory cytokines 
located in the outer layer of the tympanic membrane 
can destroy not only the collagen fibers of its middle 
layer but also the  adjacent bone tissue (e.g. lateral 
epidermal wall, ossicles). Fortunately, there is a sys-
tem of  antagonistic enzymes that ensure balance. 
An imbalance in the activity of these enzymes leads 
to the destruction of all layers of the tympanic mem-
brane and bone tissue, as well as the further develop-
ment of the retraction pocket and cholesteatoma [9, 
10, 11, 12, 13]. 

Our study aimed to determine the  extent and 
type of changes in the tympanic membrane fragment 
excised from the  retraction pocket and to examine 
the eardrum fibrous elements in patients with a re-
traction pocket of the tympanic membrane.

Material and methods

The specimens for ultrastructural studies were 
dissected intraoperatively from 20 patients (18-45 
years old) who were admitted to the department with 
the pars tensa tympanic membrane retraction pocket 
(stage II-IV graded according to Sade’s classification 
[9]) in the course of chronic otitis media. We did not 
have patients with stage I of  the  retraction pocket, 
because such patients have no indications for surgical 
treatment.

After immediate flushing in phosphate-buffered 
saline (PBS) and cutting into 1-mm3 pieces, the ob-
tained samples were placed in a fixing solution (2.5% 
glutaraldehyde in 0.1% cacodylate buffer at pH 7.4 
with the  addition of  sucrose). Sample fixation was 
carried out at 4°C for 24 h and afterward, the ma-
terial was rinsed 3 times in the  same buffer. Tissue 
fragments were then stained for 2 hours in a 2% os-
mium tetroxide solution (OsO4 in the  same buffer) 
and then washed 3 times in cacodylate buffer. Dehy-
dration of such fixed material takes place in a series 
of  ethanol solutions with increasing concentration 
(30%, 50%, 75%, 90% 2× and absolute ethanol). 
The material was additionally immersed in propylene 
oxide. The samples were embedded in a several-stage 
epoxy resin (Epon 812, Merck) and then polymerized 
at 37°C.

Semi-thin sections (1.5 μm) were obtained with 
a glass knife on an Om U2 ultramicrotome (Richert, 
Austria) and then stained with toluidine blue and 
evaluated by light microscopy. Ultrathin sections 
(60-80 nm) were obtained using a diamond knife and 
were collected into Formvar-covered copper grids. 
Sections then were contrasted with uranyl acetate 
and lead citrate.

Material evaluation and photographic documen-
tation were performed using a transmission electron 
microscope (JEM 1200EX II, Jeol, Japan) at 80 kV. 
The collection of over 600 images allowed for repeat-
ed, consistent assessment of the material, comparison 
of obtained results and formulation of conclusions.

The biological material was collected from adults 
because the  development of  retraction pockets in 
children is often more dynamic and other factors af-
fect their development. Also, this age range (18-45 
years) was chosen because these patients are often 
treated conservatively in the  first stage of  the  tym-
panic retraction pocket.

Results

Due to the  sparse literature data on tympanic 
membrane ultrastructure, we undertook this analysis 
on our own material (Table I). 

Ultrastructural analysis of  the  obtained material 
revealed morphological changes of the external epi-
thelium structure, formation of  epithelial invagina-
tions, atrophy of the basement membrane of the ear-
drum and loss of  circular and longitudinal collagen 
fibers. The obtained data also indicate intensified in-
flammatory processes, epithelial migration, destruc-
tion of  collagen fibers and autophagy. In the  more 
advanced retraction pockets (stage III-IV), the mor-
phological changes were slightly more pronounced 
compared to the stage II retraction pockets.

The intense epithelial keratinization attracts atten-
tion. We observed elongated bodies of keratinocytes 
with an unusual arrangement (parallel to the base-
ment membrane) which may indicate cell migra-
tion (Fig. 1A, B). Of note in this image is the  evi-
dent invagination of  the  epithelium in loose tissue 
of the lamina propria (Fig. 1A).

Extravasated erythrocytes present in the  field 
of view. Capillary endothelial cells have evident de-
generative features (Fig. 2B). Infiltration with leu-
kocytes indicates the  presence of  an  inflammatory 
process (Fig. 2A). Similar changes were observed in 
the majority of samples tested.

The chaotic arrangement of  collagen fibers and 
the  features of  various degrees of  their degradation 
indicate an advanced degenerative process in the cir-
cular membrane layer (lamina propria) in the  area 
of the retraction pocket (Fig. 3A, B).

Ultrastructural features of necrotic connective tis-
sue cell changes such as cytoplasmic vacuolization and 
membrane degradation have been observed. Clusters 
of  collagen fibers with varying degrees of  degrada-
tion were found (Fig. 3B; 4A,B). 

Ultrastructural features of  degradation of  cellu-
lar elements in the area of connective tissue indicate 
an advanced process of autophagy (Fig. 5).
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Discussion

Our observations have shown that the formation 
of the retraction pocket is accompanied by deforma-
tion of  the  tympanic membrane. We observed sig-
nificant changes in epidermal and fibrous layers in 
the  retraction pocket of  their histological structure 
and at the  subcellular level of  organization. These 
changes particularly relate to the  outer epithelium 
(epidermal layer) and the lamina propria.

The epidermal layer, which is the lining of the re-
traction pocket, lost its characteristic layering. Fur-
thermore, its cells changed morphological features; 
thus the epithelial layers (basal, spinous and granu-

lar) are practically indistinguishable. In consequence, 
the basal layer, circular and longitudinal fiber layer 
and epithelial layer are practically indistinguishable.

Epithelial keratinocytes most often had an  elon-
gated shape regardless of their location in the assessed 
material. Their arrangement was often chaotic and 
the  number of  characteristic connections between 
the  desmosomes was reduced. Relatively few inter-
mediate filaments (tonofilaments) were present in 
the cytoplasm. Electron microscopy images revealed 
disruption of  the  basement membrane of  epithelial 
cells, its atrophy or disturbed structure, a decrease 
of  the  number of  hemidesmosomes, and numer-
ous pseudopodia enabling movement of the cell in  

Table I. Patient clinical data and descriptive data of changes observed in the retraction pocket in TEM

n Sex Age Retraction 
pocket stage

Descriptive data

1 m 43 II Formation of epithelial invaginations, destruction of collagen fibers, inflammatory 
process signs

2 m 18 III Formation of epithelial invaginations, atrophy of the basement membrane, loss 
of circular and longitudinal collagen fibers, epithelial migration, inflammatory 

process signs

3 m 32 II Formation of epithelial invaginations, atrophy of the basement membrane, 
autophagy, inflammatory process signs

4 w 31 II Formation of epithelial invaginations, epithelial migration, destruction of collagen 
fibers, inflammatory process signs

5 m 27 II Formation of epithelial invaginations, inflammatory process signs

6 w 24 II Formation of epithelial invaginations, inflammatory process signs

7 m 34 III Formation of epithelial invaginations, atrophy of the basement membrane, loss 
of circular and longitudinal collagen fibers, autophagy, inflammatory process 

signs

8 w 28 III Formation of epithelial invaginations, atrophy of the basement membrane

9 m 42 IV Formation of epithelial invaginations, atrophy of the basement membrane, 
destruction of collagen fibers, inflammatory process signs

10 w 24 III Formation of epithelial invaginations, autophagy

11 w 37 II Formation of epithelial invaginations, atrophy of the basement membrane

12 w 25 III Formation of epithelial invaginations, epithelial migration, autophagy, 
destruction of collagen fibers, inflammatory process signs

13 m 37 II Formation of epithelial invaginations

14 m 41 III Formation of epithelial invaginations, epithelial migration

15 w 33 II Formation of epithelial invaginations, atrophy of the basement membrane, 
destruction of collagen fibers, inflammatory process signs

16 m 23 III Formation of epithelial invaginations, atrophy of the basement membrane, loss 
of circular and longitudinal collagen fibers, epithelial migration, autophagy, 

inflammatory process signs

17 w 44 II Formation of epithelial invaginations, atrophy of the basement membrane, 
inflammatory process signs

18 m 43 II Formation of epithelial invaginations

19 w 39 IV Formation of epithelial invaginations, atrophy of the basement membrane, loss 
of circular and longitudinal collagen fibers, epithelial migration, autophagy

20 m 45 II Formation of epithelial invaginations, autophagy, inflammatory process signs
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Fig. 1. Ultrastructure of  the  retraction pockets in electron microscopy. A) The  stratified squamous epithelium and 
the connective tissue of lamina propria (underneath the epithelium). The nucleus (*), basement membrane (↑). B) Epider-
mal layer of the retraction pockets in the electron microscopy. The basement membrane (↑), the nucleus (*), the cornified 
layer of the epithelium (Δ)

Fig. 2. The ultrastructure of the connective tissue under the outer layer of epithelium. A) The fragment of a fibroblast (F) 
with well-preserved cellular organelles and cross-sections of cells (↑) in different stages of degradation. Infiltration of blood 
elements (leukocyte nucleus (*) marks the presence of inflammation. Collagen fibers (C). B) Extravasated erythrocytes (*), 
collagen fibers (↑) and endothelial cells (E)

Fig. 3. A) The formation and arrangement of collagen fibers (C). Cellular debris (D) are in the middle part of the field 
of view. B) Chaotic arrangement of collagen fibers (C) is visible in the longitudinal and oblique sections. Vacuolisation 
of the cytoplasm (*) and degradation of membranous structures of a cell in the right part of the field
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different directions. This indicates that the epitheli-
al keratinocytes of  the  retraction pockets disturbed 
the  process of  cell differentiation and development 
of characteristics in the particular layer. Lack of cell 
differentiation features and the  parallel orientation 
to the basement membrane may be associated with 
the cells’ enhanced migration. However, it is a natu-
ral phenomenon for the epithelial cells, which cover 
the tympanic membrane from the external auditory 
canal side, to migrate [14, 15]. In the case of retrac-
tion pockets, we observed an intensification of the ep-
ithelial cell migration process. Another important and 
interesting feature that was observed in the  exam-
ined material was a clear tendency to form epithelial 
invaginations in the direction of the adjacent mucosa. 
Several authors have emphasized the important role 
of these structures in the pathogenesis of the retrac-
tion pocket and then the formation of cholesteatoma 
[16, 17, 18, 19, 20]. An intensive keratinization pro-
cess was also observed in the assessed material.

In the connective tissue under the epidermis, many 
morphological changes attesting to ongoing degen-
erative processes could be observed. There were signs 
of  increased autophagy in the  fibroblast cytoplasm. 
Numerous forms of  autophagosomes and auto-
phagolysosomes have been observed, as well as exces-
sive vacuolization and loss of cell organelles. In the tis-
sue of the retraction pocket, there were focal features 
of the ongoing inflammatory process, as evidenced by 
the local infiltration by immune system cells.

Areas with damaged vascular endothelial cells, re-
sulting in not only exudate but also the extravasation 
of blood cells, were visible in electron microscopy.

The weakening of the lamina propria collagen fi-
bers is considered to be the direct cause of retraction 
pocket formation [9, 21, 22, 23]. The obtained trans-
mission electron microscope images clearly document 

the  disturbing collagen fibers. We observed several 
features of  the  collagen fiber degeneration process 
in varying degrees of  intensity caused by their lytic 
degradation. The  characteristic clusters of  collagen 
microfibrils were observed in some areas, thus sug-
gesting an ongoing repair process. Due to the  lack 
of  classic clinical features of  inflammation (redness, 
swelling, pain) of the tympanic membrane, it can be 
assumed that descriptions of  random (disorganized) 
collagen distribution (presented in the figure) are re-
lated to the disease itself. 

The severity of morphological changes concerning 
the stage of the retraction pocket may be explained 
by a disorder of homeostasis mechanisms as a result 
of worsening inflammation of the middle ear.

Fig. 4. A) The ultrastructural features of necrotic changes of the connective tissue in retraction pockets. Fibroblastic cell 
nucleus (*), numerous pinocytic vesicles of fibroblast (↑), newly created collagen fibers (F), the collagen fibers of different 
degradation level (C). B) The collagen fibers (C) in retraction pocket. Magnification of the characteristic striations of fibers 
(Δ). Fragments of the cells with necrosis features (*) are visible in the middle of the image

Fig. 5. Ultrastructural features of cellular element degra-
dation in the connective tissue indicate an advanced process 
of autophagy. Numerous vacuoles contain partially digest-
ed material of  different electron translucency. Elements 
of the fibrous intercellular substance are visible in the ex-
tracellular space: vacuole (*), autophagosome (↑), collagen 
fibrils (C)
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In conclusion, structural changes of the tympanic 
membrane in the  retraction pocket involve the  ex-
ternal epithelium and include: formation of  epithe-
lial invaginations, atrophy of  the  basal membrane 
of the tympanic membrane and the absence of sepa-
rate circular and longitudinal layers of collagen fibers. 
The  demonstrated ultrastructural changes suggest 
an intensification of inflammatory processes, epithe-
lial migration, destruction of collagen fibers and au-
tophagy. All of the above indicate the process of re-
traction pocket development and negate the concept 
of the retraction pocket as a sequel of a previous dis-
ease.

Inflammation activates the extra- and intra-tym-
panic mechanisms of retraction pocket development. 
The  process of  degradation and disorganization 
of collagen fibers along with the formation of necrot-
ic spaces in the tympanic membrane layers weakens 
its scaffolding. This in turn predisposes to the invag-
ination of the tympanic membrane towards the tym-
panic cavity as a result of disturbed tympanic cavity 
ventilation.

The intensification of  the  migration process 
of the epithelium layer confirms one of the theories 
of  the  creation of  a  cholesteatoma and shows that 
the  retention pocket is an  active pre-cholesteatoma 
condition.

We hope that the results of our observations will 
allow a  better understanding of  retraction pocket 
etiopathogenesis and will contribute to the improve-
ment of preventive and therapeutic methods. 
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