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Abstract 
The presence of foreign materials in the tissues, represented in the present study by the insertion of dental implants, creates artificial 
structures that can sometimes cause adverse consequences, which implies the obligation to perform a complex medical assessment before 
inserting dental implants. This assessment appreciates the quality of the tissue, depending on which the use of a certain type of biomaterial 
is indicated and focuses on a certain surgical technique. We assessed the clinical, histopathological (HP) and immunohistochemical (IHC) 
aspects of peri-implant soft tissue in patients who did not show mobility or imagistic signs of bone resorption, three months after implant 
insertion, some of them showing no inflammatory clinical signs. Immunohistochemically, on the sections of the peri-implant mucosa, we 
assessed the presence of mast cells, vascularization and the process of angiogenesis. Mast cells are key cells actively involved in the 
pathogenesis of peri-implant inflammation, having an immunomodulatory role. Vasodilation and angiogenesis, determined by the release 
of chemical mediators by degranulation of mast cells under the action of pathogens, induce tissue remodeling, ensuring the healing and 
formation of a tissue to form a barrier that effectively prevents the development of a bacterial biofilm. Thus, the control of the activity of these 
cells is important for the management of the local inflammatory process. The correlations between the clinical, HP and IHC behavior of the 
peri-implant soft tissue bring important information for the clinic, emphasizing the need to identify a therapeutic strategy to modulate mast 
cell activity, in order to prevent and treat peri-implant disease, to ensure osseointegration and longer survival of the dental implant. 
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 Introduction 

Through oral implantology, dentistry has made signi-
ficant progress, with endosseous dental implants becoming 
a treatment option increasingly requested by edentulous 
patients. This modern prosthetic restoration therapy not only 
addresses the functional needs of patients (mastication, 
phonation), but also contributes to obtaining aesthetic 
results desired and appreciated by the patient. These are 
the reasons why implant treatment is increasingly used 
in specialized medical practice. 

The presence of foreign materials in the tissues, 
represented by the insertion of dental implants, creates 
artificial structures that can sometimes cause adverse 
consequences, which implies the obligation to perform  
a complex medical assessment before inserting dental 
implants. This assessment assesses the quality of the 
tissue, depending on which the use of a certain type of 
biomaterial is indicated and orients towards a certain 
surgical technique. This is important because, despite a 
high rate of maintenance of dental implants, there are 
many patients who have complications immediately after 
implant insertion, after its osseointegration, or in the 
prosthetic reconstruction phase, complications that can 
even lead to the loss of the dental implant [1, 2]. 

The etiological factors involved in peri-implant 
pathology are insufficiently known, but two are considered 
to be the main factors: bacterial infection and biomechanical 
overload [3, 4]. Experimental studies suggest that peri-
implant pathology has, as principal cause, bacterial plaque 
[5]. These are supported by the findings of clinical studies, 
histopathological (HP) studies on explanted dental implants 

and studies that assessed the role of oral hygiene for the 
long-term success of dental implant treatment [6–8]. The 
possibility that occlusal overload may cause pathological 
changes in osseointegration [9] has been confirmed by 
biomechanical overload studies in experimental animal 
models [10], by finding dental implant mobility without 
signs of marginal inflammation [11] and through studies 
that asses the impact of bone quality and of the length  
of the implant on the long-term success of the implant 
treatment [12]. 

Mast cells are key cells actively involved in the 
pathogenesis of peri-implant inflammation, the control 
of their activity being important for the management of 
inflammatory conditions. On the other hand, pathogens 
induce the release of chemical mediators from mast cells, 
which causes vasodilation, angiogenesis, cell recruitment, 
tissue remodeling and fibrosis [13]. 

Aim 

Starting from these aspects, this morphological study 
aimed at highlighting the presence of mast cells, vasculari-
zation and angiogenesis, as well as quantifying these data 
in relation to the clinical aspects found, in order to achieve 
a correlation between clinical, HP and immunohisto-
chemical (IHC) behavior of the peri-implant soft tissue. 

 Patients, Materials and Methods 

The study was performed on a number of 10 patients, 
from whom we harvested, three months after the insertion 
of dental implants, peri-implant oral mucosa. The number 
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of implants differed from one patient to another, depending 
on the number of missing teeth. All patients were non-
smokers and ranged in age from 30 to 65 years. Imaging 
examination did not reveal peri-implant bone changes, but 
three patients showed local inflammatory signs caused 
by the presence of bacterial plaque. 

Paraffin-embedding histological technique was 
performed for the processing of peri-implant mucosal 
fragments. The obtained sections were stained with 
Hematoxylin–Eosin (HE) and Goldner–Szekely (GS) 
trichrome. To perform the IHC study, 4 μm thick sections 
were made from the paraffin blocks. IHC processing used 
the Avidin–Biotin complex/Horseradish peroxidase (ABC/ 
HRP – Avidin complexed with biotinylated peroxidase) 
technique as a working method. We used the following 
antibodies: anti-tryptase (monoclonal mouse anti-human 
mast cell tryptase, clone AA1, 1/500 dilution, Dako) for 
mast cells; anti-cluster of differentiation (CD) 34 (mono-
clonal mouse anti-human CD34 Class II, clone QBEnd/10, 
1/100 dilution, Dako) for endothelial cells highlighting. 

 Results 

The oral mucosa around natural teeth and around dental 
implants has common morphological features, but the 
orientation of collagen fibers and vascularization differs 
in the connective tissue. The quality of the peri-implant 
mucosa is important for the long-term success of the 
dental implant. Thus, an inadequate response can lead to 
treatment failure, through loss of the implant. Knowledge 
of the structure of the peri-implant mucosa brings 
important information to ensure the clinical success of 
dental implant treatment. On the sections obtained from 
patients who did not show inflammatory clinical signs, 
as well as from those who showed obvious clinical signs 
of inflammation, we highlighted immunohistochemically 
the presence of mast cells and the appearance of vascula-
rization. This is because it is known that intense vascula-
rization is present in an inflammatory process, being 
necessary to support the repair processes, through the 
supply of necessary substances. On the other hand, we 
aimed to establish correlations between the intensity of 
vascularization and the degree of representation of mast 
cells that, as released mediators, have the ability to stimulate 
this process. 

Histological aspects of the peri-implant mucosa 

On the examined sections, we identified different 
histological aspects, both at the level of the epithelium 
and at the level of the lamina propria of the peri-implant 
mucosa, compared to the structure of the normal gingival 
mucosa. Sometimes, the changes were zonal, other times 
they affected larger areas of the peri-implant mucosa. In 
the areas where changes in the connective tissue were 
more intense, they were also associated with changes in 
the overlaying epithelium. These changes were more intense 
in patients where inflammation was also clinically present 
and were more important at the level of the connective 
tissue, compared to the surface epithelium. 

The epithelium was keratinized on all examined 
sections, sometimes orthokeratinization was present, other 
times a process of parakeratinization was present, there 
were no differences compared to the gingival mucosa 
around the natural teeth (Figure 1, A and B). We identified 

the presence of acanthosis, which increased the thickness 
of the epithelium and the appearance of long, branched 
and interconnected epithelial extensions (Figure 1C). This 
aspect, present in the proximity of the lamina propria, 
ensures an interpenetration of the epithelial projections 
in the form of ridges with the papillary extensions of  
the connective tissue. On some sections, the epithelial 
extensions take on the appearance of long and narrow 
cell cords. On some of the sections, the epithelial cells 
from the spinous and superficial layer presented a 
ballooned appearance due to vacuums of different sizes, 
sometimes confluent (Figure 1D). Epithelial changes 
differed from patient to patient, but also varied in the 
same patient from one implant site to another. 

At the level of the chorion of the peri-implant mucosa, 
compared to the structure of the normal gingival mucosa, 
there were changes of all components: cellularity, collagen 
fibers and blood vessels. In the structure of the chorion, 
the collagen fibrillar component, specific to a masticatory 
mucosa, was majoritarily. Overall, the conjunctival papillae 
took on a high appearance rising between the epithelial 
ridges. The cell population was represented by fibroblasts, 
as well as chronic inflammatory cells, of lymphoplasmo-
cytic and macrophage type, which indicates the presence 
of both a specific and non-specific inflammatory process. 
The fibroblasts encountered in large numbers justify the 
presence in large numbers of collagen fibers on the 
examined sections (Figure 1E). The intensity of the 
inflammatory process was different from one patient to 
another and from one implant site to another in the case 
of the same patient. Inflammatory infiltrate was more 
pronounced in cases where patients also had a local peri-
implant inflammatory reaction clinically visible, with a 
diffuse appearance (Figure 1F) or sometimes showed  
a nodular disposition (Figure 1G). The variability of the 
inflammatory aspect, both in terms of intensity and in terms 
of disposition, suggests that these changes are caused by 
bacterial plaque, which is exacerbated by local aggressive 
factors (Figure 1H). The distribution of blood vessels 
was different, being more numerous in the conjunctival 
papillae and in areas with inflammatory infiltrate. The 
blood vessels were represented by typical capillaries but 
also by neoangiogenesis vessels. Reduced vascularization 
was identified on the sections where the collagen fibrillar 
component predominated and the inflammatory connective 
cells were numerically reduced, indicating the tendency 
to extinguish the inflammatory reaction. 

The changes we encountered in the peri-implant mucosa, 
both in the epithelium and in the lamina propria, are non-
specific, being present in other periodontal, inflammatory 
and hyperplastic diseases. 

IHC study of the peri-implant mucosa 

In the IHC study, on the sections of peri-implant mucosa 
harvested from patients three months after the insertion 
of dental implants, we monitored the presence of mast 
cells, the appearance of vascularization and the process 
of angiogenesis. This is because mast cells are key cells, 
actively involved in the pathogenesis of peri-implant 
inflammation, having an immunomodulatory role, along 
with lymphocytes and plasma cells. The immunomodula-
tory properties in inflammation are due to the ability to 
produce cytokines and mediators, increasing the intensity 
of inflammation. The release of chemical mediators by 
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degranulation of mast cells under the action of pathogens 
causes vasodilation and angiogenesis, inducing tissue 
remodeling and ensuring the healing and formation of a 
tissue that becomes a barrier to effectively prevent the 
development of a bacterial biofilm. Thus, the control of the 
activity of these cells is important for the management 
of the local inflammatory process. To highlight mast cells, 
we used tryptase, which marks not only immature cells, 
but also degranulated ones. On the examined sections, 
mast cells were present in large numbers in inflammatory 
areas and were also identified in very small numbers in 
areas with developed collagen fibrillar component, or in 

areas of the mucosa where no inflammatory process was 
present. When the inflammatory infiltrate was located in 
the superficial chorion, mast cells were also identified 
intraepithelially (Figure 2, A and B). The degranulation 
process was more frequently observed in mast cells present 
in the inflammatory focus, many of them being degranulated 
(Figure 2C) and located perivascularly (Figure 2D). On 
the examined sections of peri-implant mucosa, immuno-
labeling for tryptase was evident in patients with obvious 
inflammatory clinical signs, indicating the involvement of 
these cells in the chronic inflammatory process of these 
patients. 

 

Figure 1 – Peri-implant mucosa: (A) Orthokeratinized epithelium; (B) Parakeratinized epithelium; (C) Acanthosis, 
deep epithelial ridges, edema of the epithelial cells in the intermediate layer, which, at the level of the superficial layer, 
have a vacuolar appearance; (D) Edema of cells in all layers of the epithelium; (E) Lamina propria rich in collagen 
fibers associated with numerous fibroblasts; (F) Diffuse lymphoplasmocytic inflammatory infiltrate. HE staining: (A–C 
and E) ×200. Masson’s trichrome staining: (D and F) ×100. 
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Figure 1 (continued) – Peri-implant mucosa: (G) Nodular-looking lymphoplasmocytic inflammatory infiltrate;  
(H) Numerous capillaries and inflammatory infiltrate in a papilla of the connective tissue. HE staining: (G) ×100;  
(H) ×200. 

 

Figure 2 – Peri-implant mucosa: (A) Mast cells located intra-epithelially and in the superficial chorion; (B) Mast cells 
arranged in the superficial chorion; (C) Diffused arranged granulated mast cells; (D) Mast cells with perivascular 
location. Positive immunolabeling for anti-tryptase antibody: (A–D) ×100. 

 
Examination of IHC expression and localization of 

mast cell tryptase in peri-implant soft tissue from the 
studied patients, contributes to increasing understanding 
of the inflammatory phenomenon and its evolution, 
associated with clinical issues encountered in patients 
receiving dental implant therapy. 

Vascularization and angiogenesis in the peri-implant 
mucosa were demonstrated immunohistochemically using 
the anti-CD34 antibody. Blood supply is important in 

conditions of a healthy mucosa to ensure the functionality 
of peri-implant tissues and it becomes absolutely necessary 
in the event of an inflammatory process. In order for the 
repair and healing processes to take place, the supply of 
the necessary substances has to be present. Vascularization 
and angiogenesis were present on all sections examined, 
but showed different intensities. On microscopic sections 
from patients who did not show clinical signs of inflam-
mation, inflammatory cells and mast cells were present in 
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very small numbers and were associated with restricted 
vascularity and an almost non-existent angiogenic process. 
On the sections from patients who showed clinical signs 
of inflammation, vascularity and angiogenesis was very 
intense, correlated to the inflammatory process’s intensity 
and to the population of mast cells that release chemical 
mediators and enzymes that cause angiogenesis. The 

vessels were mainly represented by small-caliber, capillary 
vessels. The angiogenesis process was of capillary type, 
starting with the pre-existing vessels, being located in areas 
with inflammatory infiltrate (Figure 3, A–D). 

These microscopic aspects are specific to the develop-
ment of a healing process. 
 

 

Figure 3 – Peri-implant mucosa: (A and B) Intense vascularization in the connective tissue’s papillae and superficial 
chorion; (C) Intense vascularization in areas with inflammatory infiltrates; (D) Capillary angiogenesis in inflammatory 
infiltrate. Positive immunolabeling for anti-CD34 antibody: (A and C) ×100; (B and D) ×200. 

 
 Discussions 

Clinical studies and experiments on laboratory animals 
have shown that the accumulation of bacterial plaque 
around dental implants causes the development of an 
inflammatory process in the peri-implant mucosa, named 
mucositis [14]. This inflammatory lesion has many features 
in common with gingivitis developed in the gingival 
mucosa around natural teeth. Some authors [15] have 
analyzed the manner in which the tissue responds to the 
appearance of bacterial plaque on teeth and dental implants 
in on partially edentulous persons who volunteered for the 
study. The increase of clinical signs of inflammation, of 
inflammatory cell infiltrate’s dimension and the proportion 
of different markers of inflammatory cells, both in the 
peri-implant mucosa and in the gingival mucosa, during 
plaque formation has been shown [16, 17]. 

Pathogens induce the release of chemical mediators 
from mast cells, causing vasodilation, angiogenesis, cell 
recruitment, tissue remodeling and fibrosis [13]. The 
process of tissue remodeling and fibrosis takes place 

with the participation of mast cells that have an important 
role regarding the genesis of connective tissue [18, 19]. 
Increased immunolabeling of mast cells with tryptase in 
various tissues has been described systemically in the 
aorta [20, 21], renal cell carcinoma [22] and calcification 
areas [23]. Although no studies have been performed on 
chymase or tryptase-labeled mast cells in peri-implantitis, 
the involvement of these cells has been shown in human 
and rodent periodontal [24] disease [25]. Other studies 
show an increased tryptase activity in cervical fluid  
in patients diagnosed with periodontal disease. These 
experimental studies prove that inhibition of tryptase is 
able to prevent the loss of alveolar bone in periodontitis. 
Moreover, through their inflammation immunomodulatory 
properties, mast cells are able to produce cytokines and 
mediators by increasing the degree of inflammation 
intensity [26, 27]. In our study, too, there was an increase 
in mast cell tryptase immunolabeling in patients who also 
showed inflammatory clinical signs, compared with those 
who did not clinically show these signs, which proves the 
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involvement of these cells in the chronic inflammatory 
process of the group of patients who showed obvious 
clinical signs of inflammation. The release of tumor 
necrosis factor-alpha (TNF-α) by mast cells activates the 
endothelium and upgrades inflammation. The activation 
of the endothelium produces greater expression of the 
CD31 adhesion molecule in the endothelial membrane. 
Studies in rats have shown an increase in CD31 in lesions 
located periapically that also confirms the conclusions 
of our study in which CD34 immunolabeling shows a 
higher density of blood vessels, especially on sections 
from patients who also had a clinical inflammatory signs. 
Thus, where a higher density of blood vessels immuno-
labeled with anti-CD34 antibody was present, we hypo-
thesized that, in this group, increased neovascularization 
during chronic inflammation causes a greater influx of 
leukocytes at the inflammation site, and particularly 
effector lymphocytes. The effector T-lymphocytes that 
first arrive at the site of inflammation are T-helper 17 
(Th17) cells, which produce interleukin (IL)-17. The 
pathogenesis of various inflammatory diseases is linked 
to this cytokine. Among these diseases are rheumatoid 
arthritis, psoriasis, systemic lupus erythematosus, peri-
implantitis [28]. IL-17 is known to play an important part 
in the immune and the inflammatory response. It regulates 
the expression of cytokines, chemokines and adhesion 
molecules, which are mediators of inflammation [29]. 
However, proper vascularization is also important in  
the absence of an inflammatory process to ensure the 
functionality of peri-implant tissues [30, 31]. 

We found that the density of tryptase-positive mast 
cells and the density of blood vessels immunolabeled 
with anti-CD34, which is the adhesion molecule present 
on endothelial cells, are correlated. Chemical mediators 
and enzymes that cause angiogenesis are released by mast 
cells, and the presence of mast cells in large numbers 
determines, in response, osteoclastic resorption. In health 
conditions of the peri-implant mucosa, IL-13 can act, 
controlling and regulating the synthesis of IL-17 by T-
lymphocytes. In inflammatory processes, there is an 
increase in IL-17, which contributes to the exacerbation 
of this process, inhibiting IL-13 activity. In our study, 
the presence of these cells in large numbers, especially in 
patients who showed clinical inflammatory appearance, 
explains the increase in the number of CD34 immuno-
labeled vessels and suggests the participation of mast cell 
tryptase in endothelial cell-induced changes. Thus, increased 
IL-17 could activate osteoclasts and cause bone loss and 
consequently trigger implant loss. The understanding of 
the role played by cytokines in the installation of peri-
implantitis, could lead to the development of new therapies 
inhibiting the synthesis of IL-17 and inducing the synthesis 
of IL-13 in the peri-implant tissue, which contributes to 
increasing the dental implant’s long-term success rate. 

Mast cells are key cells actively involved in the 
pathogenesis of peri-implant inflammation, the control 
of their activity being important for the management of 
inflammatory conditions. Our findings should materialize 
in the therapeutic implications of building strategies for the 
possible use of drugs to inhibit and/or influence mast cell 
activation in order to increase dental implant osseo-

integration and to prevent and treat peri-implant disease. 
The manner in which peri-implant mucosa responds 

to plaque depends on a local defense mechanism that 
forms once the mucosa attaches to the implant. The 
existence in the alveolar mucosa of various leukocytes 
was analyzed before and after it became peri-implant 
mucosa [32]. Only inflammatory cells that expressed 
markers for different types of immunity were identified 
in the alveolar mucosa, while a higher number of 
leukocytes was present in the peri-implant mucosa. It has 
been suggested that an epithelial barrier is formed in the 
peri-implant mucosa due to antigens that may pass to 
the mucosa from the oral cavity. 

Our study reported the presence of inflammatory lesions 
in the peri-implant mucosa. These findings are in accordance 
with other studies that indicate that inflammatory cells are 
also present in healthy gums and free peri-implant mucosa 
[33]. Accumulation of bacterial plaque and microbial 
contamination of peri-implant soft tissue causes inflam-
mation and, consequently, large exudation of inflammatory 
cells. Our study is consistent with others that have found 
an increase in vascular permeability and exudation of 
leukocytes that release enzymes that cause destruction 
of the vascular wall. 

Because angiogenesis is an important part of the 
healing process, we used the CD34-labeled endothelial 
cells to identify vascular structures on the examined 
sections. IHC study of blood vessels and angiogenesis 
with the help of anti-CD34 antibody showed the presence 
of a larger number of vessels in patients who showed 
clinical signs of inflammation. In our study, we found 
an important positive correlation between the density of 
tryptase-positive mast cells and the density of blood vessels 
immunolabeled with anti-CD34 antibody. This is because 
CD34 is an adhesion molecule present on endothelial cells 
and mast cells release chemical mediators and enzymes 
that promote angiogenesis. In response, mast cells present 
in large numbers may cause osteoclastic resorption. 

 Conclusions 

The changes we encountered in the peri-implant mucosa, 
both in the epithelium and in the lamina propria are non-
specific, being present in other periodontal, inflammatory 
and hyperplastic diseases. Mast cells are key cells actively 
involved in the pathogenesis of peri-implant inflammation, 
the control of their activity being important for the mana-
gement of inflammatory conditions in patients who have 
benefited from dental implant therapy. Intense vascularity 
and the presence of angiogenesis were correlated in 
patients who showed obvious clinical signs of inflammation, 
with increased immunoreactivity for tryptase, but also 
with a higher number of inflammatory cells involved in 
specific and nonspecific defense. The correlations between 
the clinical, HP and IHC behavior of the peri-implant 
soft tissue bring important information for the clinic, 
emphasizing the need to identify a therapeutic strategy 
to modulate mast cell activity, in order to prevent and 
treat peri-implant disease, ensure osseointegration and 
implicitly the longevity of the dental implant. 
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