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ABSTRACT

The main aim of our study was to study morphological state of the autograft from the fascia of the temporal muscle in myringoplasty.
Until now, there is no consensus on issue of which fabrics are more suitable for use in the eardrum. We decided to study of use
of an autograft from the fascia of the temporal muscle for myringoplasty in rabbits in the experiment, and in patients with chronic
dry mesotympanitis. An electron microscopic examination of the fascia taken immediately, after 10, 20 min and 1 h after sampling.
It was found that there are no gross destructive changes in the fascia structure. Minor changes are detected in the form of a light
disorganization of the collagen complex, granular dystrophy with an increase in cell. Inflammatory diseases of the middle ear are
widespread among population of all age groups. In the experiment, a positive result was obtained in 29 (82.8%) rabbits. In our
research we performed morphological features of xenograft engraftment in an experimental animal on 3, 7, 14, 21 days and 1-3
months. In period from 3 days to 3 months after operation, the animals were euthanized by an air embolism and subjected to
pathological examination. Then recovered xenograft, was examined macro and microscopically. Pieces were fixed in a 10% solution
of neutral formalin. After washing with water, dehydration was carried out in alcohol and chloroform, and after, waxed with paraffin.
Histological sections were stained with hematoxylin-eosin. Collagen fibers were detected by method of Vann-Gieson.
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INTRODUCTION

Closing the perforation of the tympanic membrane
eliminates of anatomical defect, prevents recurrence of
inflammatory process in the middle ear, and prevents
development of sensorineural hearing loss or other
complications'®. For the first time in 1879, Bertold used
a skin flap from his forearm in clinical practice to restore
the eardrum™®. For a long time, skin flaps remained the
material of choice for closing defects in the eardrum®13,
According to skin flap without inflammatory changes in
follow-up period up to 5 years after surgery was observed
in 57% of patients™, in 43% of the plastic flap had certain
defects and did not fulfill of main function of the eardrum.
In long term after surgery, hearing loss in area of speech
frequencies less than 40 dB was in 62.2% of patients, less
than 30 dB in 40.2% of patients's'” covered the eardrum
defect with a free skin graft from the ear region near an
earlobe. The flap was thinned and laid on prepared bed,
completely covering of perforation and epidermal edge
of the eardrum'. Recommends use of a skin flap for
marginal and small central perforations of the tympanic
membrane. In 40 patients with myringoplasty™ closed
the eardrum defect with a free skin graft from behind the
ear area. Complete graft engraftment was observed in 24
patients. With the development of oto-surgery, clinicians
began to use more effective meatal and meato-tympanal
flaps to restore integrity of the eardrum. In patients with
chronic mesotympanitis used meato-tympanal flaps to
close the defects of the eardrum in posterior quadrants,
data are presented on an effectiveness of closing small
defects of the tympanic membrane in posterior quadrants
by displacement of formed meato-tympanal flap created
a wound surface at edges of the eardrum defect and
subsequently used a posterior meatal flap to close it.
Accordingto large defects ofthe eardrum, mucocutaneous
flaps consisting of the skin of external auditory canal and
implanted mucous membrane of cheek are effective.
In course of long-term clinical observations of use of a
skin graft and a flap on pedicle during myringoplasty,
following shortcomings were revealed: presence of
highly differentiated epithelium, glandular appendages
led to formation of epidermal cysts, cholesteatoma
and development of allergic reactions®. Severity of the
thick layer of collagen and elastic fibers made it difficult
to lay, caused contraction and tucking of edges of the
flap, leading to malnutrition, followed by atrophy and
necrosis'®2. Many surgeons have an opinion about
him as a graft of little use for myringoplasty. The main
disadvantage limiting its use is the presence of a highly
differentiated epithelium and glandular appendages. As
clinical experience has shown, these features often lead
to necrosis or atrophy, formation of epidermal cysts and
cholesteotomas. In addition, the flap needs to be neatly
laid (side to side), which is sometimes difficult to perform
because of its pronounced ability to contract and twist the
edges due to presence of a powerful elastic and collagen
layer?'. Currently, free skin flaps are independently
used in exceptional cases, and more often as flaps that

complement other plastic tissues. Not found widespread
and skin rags on the leg, cut from the ear region. Only
acceptable type of skin graft is a flap on leg, formed from
the skin of external auditory meatus, which does not
contain sebaceous and sweat glands and has a common
blood vessel network. But it cannot be used to close
large perforations without additional tissue, otherwise
the membrane formed from it will be thin and atrophic?.
Significant difficulties due to the biological characteristics
of skin grafts forced otosurgeons to begin searching
for new materials to replace the eardrum defect from
less differentiated tissues, which have a low metabolic
rate and, therefore, are more stable under conditions
of low nutrition, are more tolerant to infection and less
undergo changes engraftment compared to skin®. These
circumstances dictated the need to search for plastic
materials for myringoplasty from less differentiated
tissues. Tissues of mesenchymal genesis appeared to be
more preferable for these purposes. Transplants from less
differentiated tissue of mesodermal origin (fascia, vein,
periosteum, adipose tissue) have a low metabolic rate and
undergo engraftment undergo less changes compared to
the skin2*. Widespread and generally recognized among
clinicians as plastic material for restoring the integrity of
the eardrum was the fascia of the temporal muscle®*2®,
Experimental studies have shown that epiphasia of the
temporal muscle has the ability to produce epithelial cells
and bears the least differences in sound transmission
compared to normal. Currently, the fascia of the temporal
muscle is successfully used for small and large defects
of the eardrum. When analyzing long-term clinical
results, optimal engraftment is achieved in 80-93% of
cases'®. Along with the fascia of the temporal muscle,
otosurgeons for the reconstruction of the tympanic
membrane successfully used the fascia of the thigh and
foot", lower leg”'®. With myringoplasty in patients with
chronic mesotympanitis, the vein wall’, periosteum® and
a fat auto graft were successfully used'®. Allografts from
the dura mater of an adult and a fetus?', an allograft of the
tympanic membrane. In studies of information is given
on the plasty of extensive defects with an allograft of the
tympanic membrane along with a hammer and a dura
mater. Many years of clinical experience with use of these
grafts during surgical interventions on the middle ear
revealed a number of disadvantages rejection of plastic
material, recurrence of perforation in a non-tympanic
membrane, the need for additional operations to collect
the transplant, which negatively affects the anatomical
and functional results of surgical treatment of patients.
Therefore, in modern otosurgery, the development of
new highly effective transplants for the repair of eardrum
defects is an urgent and important problem.

MATERIALS AND METHODS

We observed 110 patients with chronic purulent otitis
media who underwent surgery from 2015 to 2019.
According to a clinical and functional study, it was
found that 42 patients (38.2%) had total and 68 patients
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(61.8%) subtotal perforation of the eardrum. The mucous
membrane of the medial wall of the tympanic cavity in all
patients was pale pink with no signs of epidermization.
In 17 patients (15.4%), it was thickened due to swollen
(edema). In 10 patients (9.1%), the humidity of the
mucous membrane of the tympanic cavity was noted.
The period of “dry ear” before the time of surgery ranged
from 2-6 months, an average of 106 days. The ventilation
function of the auditory tube was evaluated as 1 degree
- in 26 patients (23.6%), 2 - in 31 (28.2%), 3 - in 22 (20%),
4 -in 20 (18.2%), 5 - in 11 (10%). Drainage function in
36 patients (32.7%) was of 1 degree, in 49 (44.5%) - 2,
in 25 (22.8%) - 3. The age of patients ranged from 18
to 60 years. Women were 58 (52.7%), men 52 (47.3%).
A socially adequate level of hearing was in 63.6% of
patients from group 1, in 62% from group 2. Operations
were performed under general anesthesia (endotracheal
anesthesia). Used micro-instruments, motor system,
microscope "Carl Zeiss Surgical GmbH". After access to
the structures of the middle ear, an audit of its spaces
was performed. Remediation activities were carried out
if necessary. We started reconstruction. Sizes of the
eardrum defect, the condition of the auditory osicles,
and the mucous membrane of the tympanic cavity were
evaluated. The significance of differences between
the studied groups was determined by calculating the
student t-test. Differences in the compared values were
considered significant at a significance level of p<0.05.

RESULTS AND DISCUSSION

On day 3 after autograft grafting in the tympanic membrane
after modeling of chronic otitis media, discirculatory,
destructive changes were detected around the graft.
Destructive changes were manifested by traumatic
loosening and thinning of soft tissues (Figure 1), in the
thickness of which the development of hemorrhages
and thrombosis was noted. The fascia tissue during this
period of the experiment is somewhat loosened with
loss of stainability of the fibrous structures in the form of
blanching and hypochromasia of the protein component
of the fascia due to interfiber edema and disorganization
of the interstructural substance. Around the planted fascia,
vasodilation of the mainly microvasculature and venules is
noted. Moreover, the vessels are dilated, thin-walled with
perivascular edema and diapedetic hemorrhage (Figure
2). In the lumen of blood vessels, mainly post-capillary
venules, there is a peripheral arrangement of leukocytes
and monocytes with migration into the surrounding
tissue through a transendothelial transition. And around
destructively altered tissue masses macrophages with
high phagocytic activity appear (Figure 3). On the 7"
day of the experiment, the formation of a demarcation
inflammatory infiltrate around the implanted autologic
fascia in the area of the chronically inflamed eardrum was
noted. This demarcation shaft was represented by the
majority of dilated thin-walled vessels, lymphohistiocytic
cell elements, active macrophages, giant macrophages
of foreign bodies and randomly located argyrophilic
and reticular fibers (Figure 4). During the given period

of the experiment, from the side of the planted fascia,
there was some thinning and a decrease in edematous-
destructive changes. On the periphery of the fascia, on
both sides, the fibrous structures of the fascia merge
and intertwine with the cellular-fibrous elements of
the surrounding demarcation shaft. The middle part
of the fascia remains dense and fibrous, only single
mononuclear cells penetrate the thickness of the fibrous
structures, but blood vessels do not form. From the side
of the middle ear, during this period of the experiment,
enhanced epithelization of the surface of the planted
fascia is noted. At the same time, the fact is determined
that, at the periphery of the autograft, the integumentary
epithelium initially becomes multirow and hyperchromic,
then the regenerative activity of the epithelium increases
and epithelization of the autograft surface occurs
(Figure 5). From the side of the outer ear, epithelization
is relatively slower. Acanthosis and parakeratosis occur
in the multilayer integument epithelium. The acanthotic
epithelium shifts towards the surface of the autograft;
epithelization occurs in the form of the appearance of
initially a single-layered, then a multilayer epithelium
(Figure 6). On the 14" and 21%t day of the experiment,
the implanted autologic fascia fully merges with the

Figure 1: Loosening (L), edema (E) and destructive changes (DC) of
the autograft. Coloring: hematoxylin and eosin. Uv: approx. 10, vol. 2.
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Figure 2: Vasodilation (VD), diapedetic hemorrhage (DH), the

appearance of leukocyte infiltration (LI). Coloring: hematoxylin and
eosin. Uv: approx. 10, vol. 40.
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Figure 3: The appearance of inflammatory infiltration (Il) and the
activation of macrophages (Ma) around the graft. Coloring: hematoxylin
and eosin. Uv: approx. 10, vol. 40.

Figure 4: Loosening of fibrous structures (BC) and infiltration of
transplant lymphoid cells (LC). Coloring: hematoxylin and eosin. Uv:
approx. 10, vol. 40.
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Figure 5: Epithelialization (Ep) of the surface from the side of the middle

ear, the appearance of the basement membrane (BM) and cell infiltration
(Cl). Coloring: hematoxylin and eosin. Uv: approx. 10, vol. 40.

surrounding soft tissues. Around the autograft, the
demarcation shaft becomes more mature and consists of
cell-fibrous tissue (Figure 7a). In the composition of which
the vessels are reduced and the available vessels are
relatively narrowed and without discirculatory disorders.
Only directly in the circumference of the fibrous structures

of the planted fascia is the preservation of single lymphoid
and macrophage cells observed. The middle part of the
autograft at this time of the experiment is compacted, the
fibrous structures are homogenized without swelling and
loosening. On both sides, the surface of the autograft
is completely epithelized. From the side of the middle
ear, a multi-row prismatic epithelium appears with the
formation of a basement membrane and a vascular
submucosal layer (Figure 7b). On the surface from
the side of the external auditory meatus, a stratified
squamous epithelium of different thickness is formed
(Figure 8). The results of the morphological study showed
that 1 month after replanting the autologous fascia in the
area of the tympanic membrane against the background
of chronic otitis media, complete fusion of the fascia with
the surrounding soft tissues was noted. From the side
of the external auditory meatus, complete epithelization
was noted with the development of a complete multilayer
squamous epithelium on the surface of the autograft
(Figure 9). On the inside of the graft, the development on
the surface of a full-fledged multi-row prismatic epithelium
is also revealed. Under the epithelium, the basement
membrane remains somewhat thickened and uneven

Figure 6: 7 day. Epithelization (Ep) of the surface from the external
auditory meatus in the form of the appearance of a multilayer epithelium
(FS). Coloring: hematoxylin and eosin. Uv: approx. 10, vol. 40.

Figure 7a: 14 day. Fibrosis of the Demarcation shaft (DV) around the
Autograft (Ag) in the form of the appearance of mature Lymphohistiocytic
Cells (LHC). Coloring: hematoxylin and eosin. Uv: approx. 10, vol. 40.
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and appears to be a homogeneous eosinophilic mass
(Figure 10). Only under the basement membrane, in the
circumference of the autologous fascia, is the preservation
of certain cellular elements of macrophage and fibrocystic
origin. Middle part of the planted fascia becomes even
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Figure 7b: 21 day. Complete epithelization (Ep) of the surface from the
side of the middle ear, the formation of the basement membrane (Bm).
Coloring: hematoxylin and eosin. Uv: approx. 10, vol. 40.
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Figure 8.: 21 days. Epithelization (Ep) of the outer surface in the form
of the appearance of different thicknesses of the squamous Multilayer
Epithelium (ME). Coloring: hematoxylin and eosin. Uv: approx. 10, vol.
40.

Figure 9: 1 Month Full epithelization (Ep) of the outer surface, the
appearance of dense Fibrous Structures (Fs) under the epithelium.
Coloring: hematoxylin and eosin. Uv: approx. 10, vol. 40.
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Figure 10: 1 month. Epithelization (Ep) of the inner surface, compaction

under the epithelial layer with the appearance of Fibrous Structures
(FS). Coloring: hematoxylin and eosin. Uv: approx. 10, vol. 40.

denser and homogeneous without any cellular elements
and vascular formations 3 months after replanting the
autologic fascia in the region of the tympanic membrane
against the background of simulated chronic otitis media,
the fact is noted that in the fascia implantation zone all
cell-tissue elements are indistinguishable from normal
intact tissue. From the side of the external auditory canal,
the integumentary epithelium is represented by a stratified
squamous epithelium, which consists of uniformly spaced
layers of squamous epithelium, on the surface of a small
amount of horny substance. From the side of the middle
ear, the integumentary epithelium is represented by normal
multirow prismatic cells. On both sides, under the epithelial
basement membrane and its own connective tissue
membrane, a thin layer of homogeneous fibrous tissue is
presented. Structural elements of implanted autologic fascia
in stainability and fibrous elements do not differ from the
surrounding normal tissue. Almost reactive changes are not
detected in the fascia circumference, there are few vessels
and are represented by arterioles and capillaries.

CONCLUSION

Thus, based on the survey data, it could be concluded
that Results of a morphological study in dynamics after
replanting an aerologic fascia in the tympanic membrane
against a background of simulated chronic otitis media
showed that early reactive destructive, dis circulatory and
acute inflammatory changes develop around the auto graft
with development of an inflammatory demarcation shaft
from thin-walled vessels by 7" day, young cell elements of
mainly lympho-histiocytic, monocyte-macrophage origin.
But the cellular elements of the demarcation shaft do not
penetrate into the thickness of the planted fascia, only
surround from different sides. As part of the fascia in the
early stages of the experiment, there is a slight swelling
and loosening of the fibrous structures. By 14" day of the
experiment, these acute destructive and inflammatory
changes stabilize and on the 21stday turn into mature
connective tissue structures. At this time, complete
epithelization of the surface with the development of the
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corresponding integumentary epithelium for each part
of the ear is noted on both sides of the auto graft. in
subsequent periods, the disappearance of discirculatory
and inflammatory changes in the composition of the
healing tissue and the formation of the integument
epithelium, basement membrane, sub mucosal layer and
fibrous structures of the tympanic membrane are noted.
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