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Abstract 
Otosclerosis is a bone condition affecting the stapes bone within the otic capsule, and its exact cause is still unknown. It is characterized by 
a lack of proper remodeling of newly formed vascular and woven bone, leading to the development of abnormal osteons and the formation 
of sclerotic bone. Bilateral otosclerosis is seen in 80% of patients and 60% of otosclerosis patients have a family history of the condition. The 
etiology of this disease is still unknown, there are lots of theories to explain it. The histopathological (HP) studies of otosclerosis showed that 
osteoblasts, osteoclasts, vascular proliferation, fibroblasts, and histiocytes were observed in the stapes footplate. The onset of the symptoms 
occurs by the early third decade of life, usually it doesn’t start later. In otosclerosis, the energy exerted by sound at the level of the tympanic 
membrane is reduced in the inner ear due to the fixation and rigidity of the ossicular chain, leading to hearing loss, especially for low frequencies. 
The primary clinical symptom of otosclerosis is conductive hearing loss but it is important to note that sensorineural hearing loss and mixed 
hearing loss can also occur as secondary symptoms of the condition. Another symptom present in patients with otosclerosis is tinnitus. The 
paper carried out a retrospective study of 70 patients diagnosed with otosclerosis in the Department of Otorhinolaryngology of Emergency 
City Hospital, Timişoara, Romania, between January 2021 to December 2022. Tissue fragments were processed at Service of Pathology by 
standard Hematoxylin–Eosin staining. The HP diagnosis was completed using Masson’s trichrome staining, Giemsa histochemical staining, 
and immunohistochemical (IHC) reactions with anti-cluster of differentiation (CD)20, anti-CD3, anti-CD4, anti-CD8, anti-CD34, and anti-CD31 
antibodies. The microscopic examination showed a chronic diffuse inflammatory infiltrate that consisted predominantly of mature T-lymphocytes, 
immunohistochemically positive for CD3, CD4 and CD8. There were also present rare CD20-positive B-lymphocytes. Among the lymphocytes, 
relatively numerous mast cells were identified, highlighted histochemically by the Giemsa staining. They had numerous purple-violet intracytoplasmic 
granules. In the connective tissue support, a relatively rich vascular network was identified, consisting of hyperemic capillaries, highlighted 
immunohistochemically with anti-CD31 and anti-CD34 antibodies. Bone tissues trabeculae showed extensive areas of fibrosis. The collagen 
fibers were highlighted by Masson’s trichrome staining, being stained in green, blue, or bluish green. 

Keywords: otosclerosis, immunohistochemistry, mast cells, T-lymphocytes. 

 Introduction 
Otosclerosis is a disorder that affects the stapes bone 

within the otic capsule. The cause of this condition is still 
unknown. The otosclerosis results as a failure in the 
appropriate remodeling of newly synthetized trabecular 
bone, being characterized by sclerosis of osseous extra-
cellular matrix with perturbed osteons. The history of 
otosclerosis starts in 1704 when Valsalva reported for the 
first time that hearing loss is caused by stapes ankylosis 
caused by an inflammatory reaction in the middle ear [1]. 
Throughout history, Ádám Politzer discovered in his 
pathological studies that ankylosis is caused by a new bone 
that is overgrowing at the oval window and the stapes level. 
However, only in 1901 the term of otosclerosis is being 
introduced as a distinct pathology [1]. 

The etiology of this disease is still unknown, there are 

lots of theories to explain it. The histopathological (HP) 
studies of otosclerosis showed that osteoblasts, osteoclasts, 
vascular proliferation, fibroblasts, and macrophages were 
observed in the stapes footplate [2]. According to the 
published studies in terms of location, the otosclerotic 
plaque is most frequently at the level of the stapes footplate 
and anterior to the oval window, followed by the round 
window, pericochlear region and last but not least the 
anterior part of the internal auditory canal [3]. 

In the Ear Nose and Throat (ENT) treatise written by 
Anniko et al., it is underlined that there are roughly 15–20 
cases of clinical otosclerosis per 100 000 people in Europe 
every year [2, 4]. 

In 80% of cases, otosclerosis is present bilateral. Sixty 
percent of patients with otosclerosis have a family history 
of this disease. According to Thys & Van Camp, 40% of the 
remaining cases of otosclerosis involve various factors, 
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such as autosomal dominant inheritance with inconsistent 
penetrance in certain family members, phenocopies, new 
mutations, or rare cases transmitted through alternate modes 
of inheritance [1, 3, 5]. 

The disease doesn’t show clinical symptoms until after 
the age of 20, and in Central Europe, the fifth decade has the 
highest frequency. The illness runs in families, and females 
are affected twice more frequently than males [4]. 

Factors that influence the progression of the disease 
have been highlighted as follows: puberty, pregnancy, and 
menopause hormonal factors [3, 6]. 

Following the published literature, it was noticed that 
otosclerosis is a disease that predominates in the Caucasian 
population. This is rarely found in black, Indian, and 
oriental populations. The incidence is also low in the South 
American and Japanese population [3]. 

The onset of the symptoms occurs by the early third 
decade of life, usually it doesn’t start later [3, 6]. From 
the gender ratio point of view, it was remarked that there 
is a predominance for the female gender, the ratio of 
women to men being 2:1 [7]. 

In otosclerosis, the energy exerted by sound at the 
level of the tympanic membrane is reduced in the inner 
ear due to the fixation and rigidity of the ossicular chain, 
leading to hearing loss, especially for low frequencies [8]. 
Conductive hearing loss is the main clinical symptom of 
otosclerosis. In a few cases, the hearing loss could be 
sensorineural or mixed. These patients also accused tinnitus 
at presentation [3, 9]. 

The treatment methods used for otosclerosis are stapes 
surgery that is a minimally invasive procedure. Implantable 
hearing aids, such as middle ear or bone conduction implants, 
may be considered as options for managing otosclerosis. 
In more severe cases, cochlear implants can be an alternative 
solution. The effectiveness of different pharmaceutical 
treatments for otosclerosis remains uncertain and are not 
widely regarded as conventional treatment methods [7]. 

Aim 

The paper highlighted the histological aspects found in 
osseous harvested specimens from patients with otosclerosis, 
with emphasis on immunohistochemical (IHC) phenotype 
of inflammatory cells presented around sclerotic bone 
and to characterize the vascularization of the surrounding 
connective tissue, for a better understanding of disease 
etiology. 

 Patients, Materials and Methods 
Study patients’ selection 

The paper carried out a retrospective study of all patients 
diagnosed with otosclerosis between January 2021 and 
December 2022 from the Hospital’s database at the 
Department of ENT, Emergency City Hospital, Timişoara, 
Romania. The Hospital is affiliated with the Victor Babeş 
University of Medicine and Pharmacy, Timişoara. 

Patient demographic data, biological investigations, 
and medical history information were obtained from the 
patient observation sheet. 

Inclusion criteria 

To be included in the study, the patients should have 

presented: unilateral or bilateral mild, moderate, or severe 
mixed hearing loss or transmission hearing loss; type A 
tympanogram; absent Stapedius reflex; a surgery procedure 
(stapedotomy or stapedectomy) and fitting of a titanium 
(Ti) prosthesis at the same surgical time. 

Exclusion criteria 

As exclusion criteria were considered acute otic 
infections at the time of hospitalization and incomplete 
investigations like lack of audiogram. 

During the afforded mentioned period, 73 patients were 
diagnosed with unilateral or bilateral otosclerosis, but three 
patients were excluded according with used selection criteria 
(a 39-year-old female patient because of the type of surgery 
applied, tympanoplasty not stapedotomy nor stapedectomy, 
a 38-year-old male patient because he refused the surgery, 
and a 51-year-old female patient was counted only once 
even if she had two hospital presentations during the period 
studied). 

Laboratory method 

Biopsy was performed in all cases. The harvested tissue 
fragments were sent to the Service of Pathology from 
Emergency City Hospital, Timişoara, and processed by 
standard histological procedure, after decalcification. 

The harvested bone tissue fragments were processed 
in accordance with the international protocol, adapted to 
the requirements of the Department and recommendations 
of the Romanian Ministry of Health. All biopsies were fixed 
in buffered formaldehyde, then decalcified and stained 
using standard Hematoxylin–Eosin (HE) staining. The HP 
diagnosis was completed using Masson’s trichrome staining 
and Giemsa histochemical staining. 

To phenotype the inflammatory cells and to characterize 
the blood vessel network, there were used IHC reactions 
for cluster of differentiation (CD)20, CD3, CD4, CD8, 
CD34, and CD31. 

Table 1 consolidated all the data concerning the antibodies 
utilized for IHC reactions. All the reagents utilized for 
immunohistochemistry were supplied by Novocastra™ 
(Leica Biosystems). For all the antibodies, the inclusion 
time was 30 minutes. 

Table 1 – Data related to the antibodies used for IHC 
reactions 

Antibody Substrate Clone Dilution 

CD3 Monoclonal mouse LN10 1:500 

CD4 Monoclonal mouse 4B12 1:100 

CD8 Monoclonal mouse 4B11 1:500 

CD20 Monoclonal mouse L26 1:150 

CD34 Monoclonal mouse QBEnd/10 1:100 

CD31 Monoclonal mouse JC70A 1:100 

CD: Cluster of differentiation; IHC: Immunohistochemical. 

The slides were evaluated in conventional light 
microscopy, with the elaboration of an HP report that 
includes the patient’s personal data, the clinical diagnosis, 
the macroscopic examination of the specimens, as well as 
the HP diagnosis. 

Statistical analysis 

The statistics was run with Microsoft Excel software. 
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For the ordinal variables, we calculated the median, minimum 
and maximum range values, frequencies, and percentages 
were used to describe the findings. For qualitative and 
dichotomous variables, there were calculated the frequency 
tables. 

Ethical approvals 

The Hospital Ethics Committee approved the presented 
study (No. I-28406/28.10.2022) and the patients signed 
the informed consent forms. Throughout the entirety of 
this study, the authors diligently adhered to all applicable 
guidelines, regulations, as well as ethics and safety protocols. 

 Results 
Of the total of 70 patients, 69 were adults and one was 

a teenager, with the ages between 15 and 69. 
The distribution of patients according to age highlighted 

that most subjects with otosclerosis were in between the ages 
40 and 49 years old (39%), followed by the patients in the 
decade 50–59 years (19%) and 30–39 years (12%). In our 
study, the youngest patient was 15 years old and the oldest 
69 years old. The average age of the studied group was 
46 years, with a standard deviation of 9.47 years (Figure 1). 
Seventy-seven percent of subjects were females and 23% 
were males, with a 4:1 female to males’ ratio (Figure 1). 
Twenty-three percent come from a rural environment and 
77% from an urban one (Figure 1). 

 
Figure 1 – Distribution of patients according to age, 
gender, and place of living. 

Twenty percent of patients had unilateral otosclerosis 
(14 out of 70), while 80% of them (56 out of 70) were 
diagnosed with bilateral disease (Figures 2 and 3). Besides 
hypoacusis, at admission, 54% of patients presented tinnitus, 
associated or not with vertigo (24%). Other symptoms 
were auricular fullness (four cases out of 70) and otalgia 
(three cases out of 70). The duration of symptoms was 
known for 50% of the patients included in the studied 
group. Symptoms with a duration of one to five years were 
described by 23 (33%) patients, between six and 10 years 
by 14% of patients and more than 20 years by only two 
patients (3%). 

 
Figure 2 – Distribution of patients diagnosed with 
unilateral otosclerosis according to gender and place 
of living. 

 
Figure 3 – Distribution of patients diagnosed with 
bilateral otosclerosis according to gender and place of 
living. 

Thirty percent of the patients (21 out of 70) have 
associated diseases like high blood pressure (seven cases), 
tumors (five cases), one benign and four malignant (thyroid, 
breast, Paget’s disease, ovarian cancer with costal metastasis), 
five cases of autoimmune thyroiditis, four cases of type 2 
diabetes and three cases of hypercholesterolemia; other 
associated conditions, one case each, were coagulopathies, 
septal deviation, chronic hypertrophic rhinitis, type C 
hepatitis, herniated disc, chronic venous insufficiency, 
ovarian cyst, chronic uveitis, sinus tachycardia (Table 2). 

Table 2 – The most frequent diseases associated with 
hearing loss 

 No. of cases Percentage 

Associated conditions 21 30% 

High blood pressure 7 10% 

Tumors 5 7% 

▪ Benign 1 1% 

▪ Malignant 4 6% 

Autoimmune thyroiditis 5 7% 

Type 2 diabetes 4 6% 

Hypercholesterolemia 3 4% 

Stapedotomy was performed on 67 out of 70 patients, 
while stapedectomy was used to correct the hypoacusis 
of a 27-year-old woman, and posterior stapedectomy was 
considered as a therapeutic method in two female cases 
(35-year-old and 42-year-old). In a 43-year-old woman, a 
reject of the Ti prosthesis was noted that had to be removed 
at three days post-implantation; in three cases, the surgical 
intervention consisted by reposition of Ti prosthesis (Table 3). 

Table 3 – Situation of patients who needed reintervention 

Patient Age [years] First surgery Actual surgery 

Male 50 2017 2022 

Female 41 2020 2022 

Female 47 2020 2022 

Sixty-one (87%) patients presented right ear hypoacusis, 
with 31 cases of conductive hearing loss, 27 mixt and three 
sensorineural. In nine cases, the right ear audiogram was 
normal (Figure 4). Sixty-five (93%) patients presented left 
ear hypoacusis, with 33 cases of conductive hearing loss, 
26 mixt and six sensorineural. In five cases, the left ear 
audiogram was normal (Figure 5). 

In one case of a 27-year-old female patient, diagnosed 
with moderate conductive hearing loss in the right ear, there 
were noted important family history events. At admission, 
the tympanogram was type As, with the absence of the 
stapedial reflex. The patient did not present symptoms such 
as vertigo or tinnitus. From the family history, she stated 
that her grandmother suffered from otosclerosis. The results 
punctuated a transmission of otosclerosis on the maternal 
line (Figure 6). 
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Figure 4 – Distribution of right ear hypoacusis according 
to subtypes and intensity. 

 
Figure 5 – Distribution of left ear hypoacusis according 
to subtypes and intensity. 

The HP examination highlighted that on HE- and 
Masson’s trichrome-stained slides, in all cases, there was 
observed formation of osteoid, lined by osteoblasts and 

 

Figure 6 – The genealogy of 
patient’s family. Orange symbols 
denote individuals with clinical 
features of otosclerosis. 

 

osteoprogenitor cells and surrounded by connective tissue, 
with areas of calcified osseous matrix that presented 
osteocytes disposed in lacunae between osseous lamella 
arranged in incomplete shaped osteons (Figures 7–14). 

The Giemsa staining revealed the presence of mast cells 
around small blood vessels (Figures 15 and 16). 

The inflammatory infiltrate consisted predominantly of 
mature T-lymphocytes, immunohistochemically positive 
for CD3. Most of the T-cells were CD4-positive, while only 
a few lymphocytes were positive for CD8 (Figures 17–19). 
A small number of lymphocytes were B-cells, CD20-
positive (Figure 20). 

In the surrounding connective support, a relatively rich 
vascular network was identified, consisting of hyperemic 
capillary structures, highlighted immunohistochemically with 
anti-CD31 and anti-CD34 antibodies (Figures 21 and 22). 

 

 
Figure 7 – Incomplete shaped osteons, surrounded by 
connective tissue with interstitial edema and lymphocytes. 
HE staining, ×50. HE: Hematoxylin–Eosin. 

Figure 8 – Newly-formed osteoid lined by osteoblasts and 
osteoprogenitor cells in a connective tissue with diffuse 
moderate lymphocytic infiltrate. HE staining, ×50. 

 

 
Figure 9 – Newly-formed osteoid with osseous lamella 
arranged in osteons, and lacune with osteocytes, 
surrounded by connective tissue with lymphocytes, plasma 
cells, macrophages, and multinucleated giant cells. HE 
staining, ×200. 

Figure 10 – Osseous trabeculae formed intertrabecular 
spaces with bone marrow. Masson’s trichrome staining, 
×100. 
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Figure 11 – Newly-formed osteoid. Masson’s trichrome 
staining, ×200. 

Figure 12 – Dense sclerotic bone with prominent cement 
lines. Masson’s trichrome staining, ×200. 

 

 
Figure 13 – Diffuse mild lymphocytic infiltrate around 
the newly-formed osteoid. HE staining, ×100. 

Figure 14 – Heavy diffuse inflammatory infiltrate and 
with formation of small follicles around osteoid trabeculae. 
HE staining, ×50. 

 

 
Figure 15 – Small orthochromatic mast cells in peri-
vascular space. Giemsa staining, ×100. 

Figure 16 – Mast cells filled with orthochromatic granules 
in the connective tissue around osseous trabeculae. Giemsa 
staining, ×50. 
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Figure 17 – Diffuse inflammatory infiltrate composed of 
many CD3-positive T-cells. Anti-CD3 antibody immuno-
marking, ×200. CD: Cluster of differentiation. 

Figure 18 – The inflammatory infiltrate consisted of 
many CD4-positive T-helper cells. Anti-CD4 antibody 
immunomarking, ×200. 

 

 
Figure 19 – Only a few cytotoxic CD8-positive T-cells 
were identified in the inflammatory infiltrate. Anti-CD8 
antibody immunomarking, ×200. 

Figure 20 – Inflammatory infiltrate also contained a small 
number of CD20-positive B-cells. Anti-CD20 antibody 
immunomarking, ×200. 

 

 
Figure 21 – Rich vascular network highlighted by CD31 
reaction. Anti-CD31 antibody immunomarking, ×200. 

Figure 22 – Newly-formed small blood vessels surrounding 
osseous trabeculae. Anti-CD34 antibody immunomarking, 
×200. 
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 Discussions 
An intensive consultation and a complete audiological 

evaluation are the important keys in the correct diagnosis 
of otosclerosis, regardless of the patient’s age [10]. 

Otosclerosis is a disease that predominates in the 
Caucasian population. This is rarely found in black, Indian, 
and oriental populations. The incidence is also low in the 
South American and Japanese population [6, 11]. The studied 
group in the present article was composed only of Caucasians, 
but this could be also a demographic condition. 

In otosclerosis, the energy exerted by sound at the level 
of the tympanic membrane is reduced in the inner ear due 
to the fixation and rigidity of the ossicular chain, leading 
to hearing loss, especially for low frequencies [9, 12]. The 
hearing loss is mainly conductive, but in few patients, a 
sensorineural or a mixed otosclerosis can occur [13–15]. 
In the present study, the most frequent mechanism of hearing 
loss was also conductive (44% for right ear and 47% for 
left ear), similar to the literature, but the number of cases 
with mixt hearing loss was also important (39% for right 
ear and 37% for left ear). Only a few cases presented a 
sensorineural hearing loss (4% for right ear and 9% for 
left ear). 

Even if vertigo and tinnitus can be symptoms for many 
pathological conditions, are also present in patients with 
otosclerosis [6, 10, 16–19]. If tinnitus was one of the most 
important accuse that referred 54% of the patients from this 
study to the hospital, vertigo was present only in 24% of 
cases. 

According to the literature and similar to the present 
article, in 80% of cases, otosclerosis is diagnosed as a 
bilateral condition [20, 21]. 

Despite that in published literature, 60% of patients 
with otosclerosis have family members with this condition, 
in this study only one female patient described a similar 
condition presented by other family members [22, 23]. Other 
authors perceived that 40% of otosclerosis cases can be 
attributed to various factors, such as autosomal dominant 
inheritance with variable penetrance in family members, 
or rare cases transmitted through alternative modes of 
inheritance, but this fact was identified in only one patient 
of the present study [1, 6, 11]. 

The disease becomes clinical between the 30th year and 
50th year of age, and the highest incidence is seen in the 
fifth decade in Central Europe. The diagnosis of otosclerosis 
is very rare under the age of 30 and over the age of 60 
[24, 25]. In the present study, 39% of the patients were in 
their forties at the time of diagnosis, followed by 27% in 
their fifties. Only three patients out of 70 (4%) were at 
diagnosis less than 30-year-old. 

Similar to those observed in different malignancies, 
also in otosclerosis there is a protection induced by sexual 
hormones [26]. Despite this protection, many authors found 
out that females are affected twice as often as males [2, 20, 
27, 28]. In this study, women represented 77% of cases, 
with a 3.34:1 female to male ratio. 

The most frequently associated diseases identified in 
the patients of the present study were high blood pressure, 
tumor conditions and autoimmune thyroiditis. Even if there 
are almost 100 years since few researchers suggested that 
could be an endocrine mechanism of otosclerosis, so far, 

no studies have been published in the English literature to 
demonstrate if there is a correlation between otosclerosis 
and autoimmune thyroiditis or different types of tumors 
[29–31]. These correlations should be well studied in the 
future, to be able to observe if exists an association between 
these pathologies and also an etiological pathway that could 
be interrupted by preventive therapies. 

Some authors identified a correlation between Paget’s 
disease of bone and osteosclerosis [32–37], condition that 
was also found in a 45-year-old female patient from present 
paper, but the association of these two diseases must be 
furthermore investigated. 

Moreover, besides of the fact that high blood pressure 
was the most frequently observed associated conditions 
to otosclerosis during the patients of the present study, in 
the English literature there is no correlation cited between 
these diseases. A paper debates the possibility of a relation 
between high blood pressure and failure of the surgical 
procedure with necessity of reintervention [38–40]. In the 
studied group, three patients needed reintervention to 
reposition the prosthesis, but all of them had normal blood 
pressure. 

It was demonstrated that bisphosphonates use can 
interfere with bone remodeling by acting on osteoclasts’ 
activity [41, 42]. This could be the reason why some 
authors proposed bisphosphonates as optimal candidates 
to prevent or to stop the evolution of osteosclerosis  
[32, 43, 44]. Besides this, the “gold standard” treatment 
method of otosclerosis remains surgical, through posterior 
stapedectomy, stapedectomy or stapedotomy and placement 
of an ossicular chain prosthesis [8]. 

HP studies of otosclerosis showed that osteoblasts, 
osteoclasts, vascular proliferation, fibroblasts, and 
macrophages were observed in the stapes footplate [4]. 
According to the published studies in terms of location, 
the otosclerotic plaque is most frequently at the level of 
the stapes footplate and anterior to the oval window, 
followed by the round window, pericochlear region and 
last but not least the anterior part of the internal auditory 
canal [7]. During the dynamic of otosclerotic disease, the 
bone can have three HP patterns: spongiotic bone, sclerotic 
bone with dense mineralized bone, and mixed bone [1, 10]. 

In the present study, the HP exams of pericochlear region, 
oval window, and stapes base highlighted the presence of 
osteoclasts and osteoblasts, around osseous trabeculae with 
foci of increased cellularity and areas of bone resorption 
and deposition. The collagen fibers of the newly formed 
bone showed fibrous thickening. The surrounding connective 
tissue presented mild to moderate inflammatory infiltrate 
and increased vascularization. 

Even if the hearing loss due to chronic infections and 
formation of cholesteatomas and that from otosclerosis 
have different pathogenic pathways, the inflammatory 
infiltrate seems to be similar, consisting predominant from 
T-lymphocytes [45–48]. 

 Conclusions 
The present study highlighted the epidemiological data 

of osteosclerosis and described its HP characteristics on 
morphological stained slides, HE and Masson’s trichrome. 
Moreover, Giemsa staining and IHC reactions helped to 
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phenotype the inflammatory infiltrate and to demonstrate 
the presence of T-cells and mast cells around the newly 
formed trabeculae and also the aspects of small blood 
vessels. A better understanding of the pathophysiology of 
otosclerosis could offer a treatment option to cure this 
condition, that it is not realizable nowadays, with great 
impact on the patients’ quality of life. 
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