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Abstract

Soft peri-implant tissues are important to ensure the integration of a dental implant, and information on their morphophysiology may explain
some clinical failures. Through this study, we aim to contribute to a better understanding of the behavior of peri-implant soft tissue, the
morphological support being the one that can explain the different clinical situations. Thus, we sought to reconcile clinical, histopathological
and immunohistochemical (IHC) aspects of soft peri-implant tissue, in patients who did not show clinical mobility or radiological signs of
bone resorption four months after insertion of implants, some of them showing no clinical signs of inflammation. Immunohistochemically,
we highlighted the cellular populations participating in the inflammatory process present in the peri-implant mucosa, in the two groups of
patients. The IHC identification of these types of cells and the degree to which each of them was represented by the use of monoclonal
antibodies can provide additional insight into the local response of peri-implant soft tissue in healing and osseointegration. This helps the
clinician to improve the clinical success of dental implant treatment because the soft tissue surrounding the dental implant separates the
implant from the oral cavity and makes a biological seal that prevents the development of the peri-implant pathology. Thus, the soft tissue

surrounding the dental implants ensures the conditions of osseointegration and hence the long-term survival of an implant.
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=& Introduction

Oral implantology enters the line of the most modern
therapies for the restoration of edentulous patients, and
the integration at the level of soft and hard tissue is a
condition for the success of the dental implant. Peri-
implant soft tissue must provide an effective barrier that
prevents access to microorganisms and their products. The
health and vitality of an integrated dental implant depends
on the support of surrounding tissues, which not only
anchor the implant to the bone but also have the important
function of creating a protective seal. The behavior of the
peri-implant mucosa depends on several factors, including
soft tissue quality, depth of implant, type of biomaterial
used and appearance of its surface [1-3]. Literature reports
a very high maintenance rate of between 95% and 98%
for a period of 10 years, which encourages the physician
to consider this type of oral rehabilitation [4, 5]. Despite
this high percentage, there are many patients with peri-
implant disorders [6, 7]. The specialized medical literature
reports very differently the incidence of peri-implant
pathology: from a very low 5% to 56% prevalence [8—13].
The extent of this incidence is justified in the existence of
the various definitions used in the classification of this
pathology. Hence, the difficulty of comparing different
studies and also the need for more research to lead to a
consensus on this subject.

We have been motivated in choosing this theme in

several ways: the insertion of dental implants is a method
that has been more and more frequently used in the last
decades in aesthetic and functional restorations; there is
a continuing concern regarding the improvement of the
implant types and the discovery of new materials that are
best tolerated; there is not always an explanation for failure
in a particular case; clinical success may be influenced by
the particularities of peri-implant tissues.

= Patients, Materials and Methods

The studied material consisted of peri-implant mucosa
fragments collected from 30 non-smoker patients, women
and men, aged 30-65 years old. Harvesting mucosal
fragments for the histological study was performed four
months after insertion of dental implants, with no mobility
or radiological signs of bone resorption. The patients
under study were divided into two groups:

= Group I, consisting of 18 patients with no inflam-
matory clinical signs;

= Group II, consisting of 12 patients with clinically
evident inflammatory signs.

The patients in the two groups received a different
number of implants, depending on the individual clinical
situation. Patients who did not give informed consent for the
maneuvers necessary for harvesting the peri-implant mucosa
and for the use of harvested material, both for diagnostic
and research purposes, were excluded from the study.
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The harvested fragments were processed by the
histological inclusion technique on paraffin, the sections
obtained being stained with Hematoxylin—Eosin (HE) and
Goldner—Szekely trichrome. The immunohistochemical

Table 1 — Antibodies used in the IHC study

(IHC) study was performed on sections obtained from
the same paraffin blocks. The study was centered on
investigating the following inflammatory infiltration — the
antibodies used in this study are centralized in Table 1.

aTtlirI';zg/ Antibody Epitope marker Clone Source/Code Qrt‘:ilg\f:l Dilution
CD3 Polyclonal rabbit anti-human CD3 T-lymphocytes F7.2.38 DAKO/A0452 Citrate, pH 6 1:50
CDh4 Monoclonal mouse anti-human CD4 T-helper lymphocytes MT310 DAKO /MO0716 Citrate, pH 6 1:50
CD8 Monoclonal mouse anti-human CD8  Cytotoxic T-lymphocytes C8/144B DAKO/M7103 EDTA,pH6  1:100
CD20  Monoclonal mouse anti-human CD20 B-lymphocytes 1F8 DAKO / M0784 Citrate, pH 6 1:50
CD68 Monoclonal anti-human CD68 Macrophages KP1 DAKO / M0814 Citrate,pH6  1:100
CD79a Monoclonal mouse anti-human CD79a Plasma cells jcb117  DAKO/M7050 EDTA, pH9 1:50
CD15 Monoclonal mouse anti-human PMNs C3D  DAKO/MO733 Citrate,pH6  1:25

granulocyte-associated antigen

IHC: Immunohistochemical; CD: Cluster of differentiation; PMNs: Polymorphonuclear neutrophils; EDTA: Ethylenediaminetetraacetic acid.

= Results

Knowledge of the structure of the peri-implant mucosa
will help the clinician to improve the clinical success of
the dental implant treatment. The success and survival of
a dental implant does not depend only on osseointegration.

Histological aspects of the peri-implantation
mucosa in the studied groups

In our study, we evaluated the histological changes of
the epithelium and connective tissue around the implant,
on the sections from patients belonging to the two groups,
compared to normal gingival mucosal fragments. On
sections from groups I and II, we noticed the presence
of changes that were of interest both to the surface
epithelium and to the lamina propria and whose location,
extent and intensity were different, even within the same
group. Sometimes, these changes were very intense.

In the two groups of patients, we followed epithelial
and lamellar changes (inflammation of the participating
inflammatory cell types, presence of cellular edema,
nuclear changes, intensity and type of vascularization).
These parameters were quantified in three grades: mild
(grade 1), moderate (grade 2) and severe (grade 3).

Sections from group I, consisting of patients with no
inflammatory clinical signs, showed little, grade 1 variation.
An epithelium was found on the surface of the soft tissue,
which was orthokeratinized on some sections and para-
keratinized on others (Figure 1, A and B). Also, there was a
process of acanthosis (Figure 1C), which led to an increase
in epithelial thickness and accentuation of epithelial ridges,
which are much elongated and broad. Sometimes, due to
very elongated epithelial ridges, the epithelial surface has
a mesh appearance (Figure 1D). At the epithelial level,
starting with the spinous layer, some cells showed edema,
gaining a balloon appearance (Figure 1E). In the structure
of the epithelium, rare neutrophilic leukocytes, an indicator
of an acute inflammatory process, have also been identified.
The epithelium of the peri-implant mucosa showed changes
that varied in appearance and intensity from one case to
another, and, even in the same case, arcas with different
structural aspects were detected.

The peri-implant mucosal cortex showed changes that
affected cell populations, the collagen fibril component
and the blood vessels. Some inflammatory cells, especially
between the epithelial ridges, in the immediate vicinity
of the epithelium, along with fibrocytes and a collagen

fibril component (Figure 1F), were present at the level
of the chorion. Inflammatory infiltrate was also present
away from the epithelium but most often, it was delimited,
being located on narrow surfaces. The presence at this
level of the lymphoplasmocytic cell infiltrate, as well as
many macrophages, indicates the development of a specific,
but also nonspecific, macrophage defense process. There
are also numerous fibrotic cells stimulated by the local
inflammatory process in the collagen fibrillogenesis process.
Coronary vascularization was increased, especially in areas
where the inflammatory process was more intense.

Group II sections, from patients who showed clinically
evident inflammatory signs, showed more intense changes,
from moderate to severe, compared to those from group I
patients who clinically showed no inflammatory signs.
The surface of the epithelium was frequently thin and/or
ulcerated (Figure 2). The acanthosis process was more
intense, resulting in a papilloma aspect of the lamina
propria (Figure 3). Epithelial cells showed sometimes-
pronounced intracellular edema, causing cell membrane
rupture (Figure 4). At the level of the chorion, there is
an inflammatory infiltrate, sometimes intense, which
corresponds to a severe degree of inflammation associated
with intense vascularization (Figure 5).

Sometimes, the changes were of interest to a limited
area of connective tissue, other times the changes were on a
considerably larger stretch of connective tissue adjacent to
a regionally ulcerated epithelium. In areas of connective
tissue of the soft peri-implant tissue, which had an inflam-
matory process, on some sections we found the presence
of a well-represented collagen fibril component, which
dissociated the inflammatory infiltrate, suggesting a limi-
tation of it, thus a tendency to extinguish inflammation.

Depending on gender, we noted that, in both groups,
women showed all degrees of inflammation and the most
severe cellular edema, which could be explained by the
physiological hormonal constellation of this gender.

IHC study of inflammatory infiltrate

We followed the clinical, histopathological (HP) and
IHC aspects of soft peri-implant tissue in patients who did
not show mobility or radiological signs of bone resorption
four months after insertion of the dental implants, some
of whom showed no inflammatory clinical signs. Immuno-
histochemically, we highlighted the cellular populations
participating in the inflammatory process present in the peri-
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implant mucosa in the two groups of patients. Inflammatory
infiltrating cells were lymphocytes, macrophages, plasmo-
cytes, mast cells, polymorphonuclear neutrophil (PMN)
cells, fibrocytes. The most numerous cells were populations
and sub-populations of lymphocytes and macrophages,
indicating the existence of a chronic, lymphoplasmocytary
and macrophage inflammatory process. Sometimes, however,
we have found an aggravation of this chronic process through
the presence of PMNs. The location, extent and intensity
of the inflammatory infiltrate were different, for group I
patients, compared to group Il and, even within the same

Figure 1 — First group of patients. Peri-implant mucosa: (A) Orthokeratinized epithelium and deep epithelial ridges;

group, there were different aspects. Inflammatory infiltrates
sometimes exhibited a diffuse disposition, but there were
also areas with delimitation tendencies. On sections from
the group II patients, the areas occupied by the inflammatory
infiltrate were more numerous, larger in the surface and
with higher cell density than those from the patients
belonging to the group 1. The IHC identification of these
types of cells and of the degree to which each of them has
been represented by the use of monoclonal antibodies can
provide additional insight into the local response of peri-
implant soft tissue in healing and osseointegration.

(B) Parakeratinized epithelium; (C) Acanthosis and parakeratosis; (D) Network aspect of the epithelial surface due to
branched and interdigitated epithelial ridges; (E) Cellular edema at the level of the spiny and superficial layer of the
epithelium — low inflammatory infiltration in the conjunctivae; (F) Inflammatory chronic infiltration reduced in the
subepithelial area. HE staining: (B and F) x100; (4, D and E) x200. Masson’s trichrome staining: (C) %x200.
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Moderate inflammatory process at the lamina propria
level. HE staining, x100.
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the spinal and superficial layer with vacuolar appearance.
Intense chronic inflammatory infiltrate at lamina propria
level. HE staining, x<100.

IHC highlighting of T-lymphocytes

T-lymphocytes are cellular mediated immune cells.
Multiple subpopulations of T-helper lymphocytes (LTh),
cytotoxic or killer T-lymphocytes (LTc), suppressor T-
lymphocytes (LTs), T-lymphocytes with memory (LTM)
are formed by multiplication of activated T-lymphocytes.
These cell types are morphologically similar, but have
different functions. In our study, T-lymphocytes were
detected immunohistochemically, with the anti-CD3
antibody, which revealed the presence of both LTh
and LTc. The presence of CD3+ lymphocytes indicates
the existence of an inflammatory process. They were
diffuse and less rarely grouped, especially perivascular
or sub-epithelial, at the level of the connective papillae
(Figures 6 and 7).

We highlighted CD4+ (LTh) and CD8+ (LTc)
lymphocytes because the CD4/CDS8 lymphocyte ratio is
known to be an indicator of immunomodulation status.
T-helper, CD4+ lymphocytes were variable, frequent,
moderate or rare, but were present in a larger number
than CD8+ suppressor/cytotoxic T-lymphocytes. CD4+
lymphocytes were dissected as a diffuse or perivascular

T Sty 1 Y IR e ey SO )
{ ,@‘0"21 X ?g,?;:‘e‘f" 1’,’:?}'«.&3

K

: W) 'y Qg dme\ (e ‘,' 748
- #‘ i) }‘ ¥ ) @,:p i.‘,\ A, QQVT" Ny b*« &
S e RS

N
i

TN

.,v"’)
LA

:
g
ARt

3
i ! AR
i
e

w2 @)

«‘ :.i~;6 'F:’A‘{v'f &
Jah’l""vgﬁ

Py

by
L35

A T8 N O RS AR

Figure 3 — Second group of patients. Papilloma aspect of
the lamina propria, due to very elongated epithelial ridges.
HE staining, x100.

Figure 5 — Intense, subepithelial and perivascular inflam-
matory infiltrate. Masson’s trichrome staining, %200.

infiltrate (Figure 8), while CD8+ lymphocytes were present
in extremely small numbers, especially perivascular and
subepithelial or even absent (Figure 9).

IHC highlighting of B-lymphocytes

In order to highlight B-lymphocytes, pivotal cells of
humoral-mediated immunity, we used the anti-CD20
antibody that did not mark the first and last stage of
B-lymphocyte development. For this reason, for the
detection of plasma platelets presenting with antigenic
stimulation of B-lymphocytes, we used the anti-CD79«
antibody, a protein present on the B-lymphocyte surface
when antigenically stimulated. The presence of B-
lymphocytes and plasma mutants indicates the existence
of a humoral immune mechanism in the peri-implantation
soft tissues. Compared to T-lymphocytes, B-lymphocytes
were identified in much greater numbers, indicating a
higher humoral immune response compared to the immune
cell type reaction in both patient groups. Humoral immune
response was more intense on sections from patients who
had clinically evident signs of inflammation.

CD20+ B-lymphocytes were identified in the inflam-
matory infiltrate present in both groups of patients, even
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though the intensity and extent of the CD20+ was signi-
ficantly lower in the first group. B-lymphocytes were
disposed near the epithelium in the connective tissue
(Figure 10). At the level of the lamina propria, into the
inflammatory areas, B-lymphocytes were, in some sections,
the most numerous cells, clinging to a diffuse appearance
(Figure 11), but sometimes they were grouped, in the shape
of a crown, around the typical capillaries, but also around
angiogenesis capillaries, or had a nodular appearance
(Figure 12). CD79a+ plasma cells, as well as B-lymphocytes,
were well represented numerically, although they varied
from one case to another, with a non-homogeneous distri-
bution and embedding a diffuse or localized pattern. They
were identified at the same sites with B-lymphocytes,
especially subepithelial, penetrating to the surface of the
connective tissue, but also in the other areas of the lamina
propria, especially located perivascularly (Figure 13).

IHC highlighting of macrophages and PMNs

Macrophages are not only the exponent of non-specific
defense cells, acting through phagocytosis, but also
participating in the specific defense process by cooperating
with immune cells, performing immunomodulatory action.
We highlighted the macrophages with the anti-CD68
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Figure 6 — Diffuse and perivascular CD3+ T-lymphocytes.
Anti-CD3 antibody immunomarking, x<100.
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Figure 8 — Diffuse lymphocytic infiltrate with numerous
CD4+ T-helper lymphocytes. Anti-CD4 antibody immuno-

marking, x100.

antibody. Their distribution in peri-implant soft tissue
differed from one patient group to another, but also
within the same group, were numerically different from
one case to another. The largest number of macrophages
was identified in sections of group II patients, but they
were also present on the sections of group I patients, even
if there were fewer. Their distribution was different, being
found alongside the other cells involved in the inflam-
matory process. They have been found isolated, or have
a diffuse or localized appearance in the form of a cellular
group. These aspects probably correlate with the intensity
of the inflammatory process and the presence of antigens.
Regardless of the layout, they were usually identified near
capillaries or angiogenesis vessels, where the blood-borne
antigens arrive (Figure 14).

Neutrophil PMNs were detected with the anti-CD15
antibody. They were only identified on some sections from
patients belonging to group II, with clinically apparent
inflammatory signs. Their presence on these sections, along
with B-lymphocytes, indicates a greater severity of the
process. They were diffused in the areas of lamina propria
with inflammation, along with the other cells of the
inflammatory infiltrate, and were sometimes also identified
intra-epithelial (Figure 15).
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Figure 9 — Rare cytotoxic CD8+ T-lymphocytes disposed
mostly subepithelial. Anti-CD8 antibody immunomarking,
x100.
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Figure 14 — Diffuse and perivascular CD68+ macrophages.
Anti-CD68 antibody immunomarking, x100.

= Discussions

Complications in oral implantology can lead to implant
loss. Tissues in contact with dental implants may present,
under certain conditions, pathological changes, which is
the peri-implant pathology. In these situations, the inflam-
matory process is either of low intensity, only affecting
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Figure 11 — Diffuse CD20+ B-lymphocytes at lamina
propria level. Anti-CD20 antibody immunomarking,
x100.

: R
Figure 13 — Subepithelial CD79a+ plasma cells. Anti-

CD79a antibody immunomarking, x200.
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Figure 15 — Perivascular CD15+ PMNs. Anti-CDI15

antibody immunomarking, x100. PMNs: Polymorpho-
nuclear neutrophils.

the soft parts around the implant (gingivitis, or mucositis)
or severely, causing progressive bone resorption. Affection
of the alveolar bone associated with an inflammatory
pathology of the soft parts is known as peri-implant,
which is considered to be the major cause of the failure
of dental implants.
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In our study, we tracked the HP aspects characteristic
of soft peri-implant tissues, in patients who did not show
inflammatory clinical signs and in those patients where
these signs were obvious. The histological examination of
the peri-implant mucosa, in animal models and in humans,
even in the absence of the bacterial plaque, shows the
presence of inflammatory cells in accordance with what
we have also observed on the microscopic sections of the
two groups of patients. On the sections taken from the
peri-implant area from clinically healthy subjects and
from patients with inflammation, the soft tissue presented
inflammatory infiltration. The presence of lymphocytes
signified the existence of an effective immune response,
which is essential for the lasting success of osseo-
integrated dental implants [14]. Sanz et al. [15] studied
biopsies of soft tissue prelevated from a number of six
patients that presented peri-implantitis and found that an
inflammatory lesion occupied 65% of the connective
tissue. They also concluded that inflammatory changes
were of interest in both epithelium and connective tissue
and found an increased number of plasma cells and other
mononuclear cells.

In our research, inflammatory infiltrate was found in
all samples, including those from patients who did not
clinically show signs of inflammation or who were of low
intensity. This suggests that the existence of inflammation,
along with bone resorption, indicate peri-implantitis. The
intensity and extent of the inflammatory process was of
varying degrees, varying between the patients of the two
groups but also within the same group, from one patient
to another, indicating a different reactivity. Also, the
inflammatory process varied in intensity and stretch,
even in the same patient, with areas with inflammatory
process and free areas.

HP characterization of peri-implant tissues in failed
implants indicated the presence of inflammatory lesions
in the peri-implant mucosa [15, 16], while in other reports
the infiltrate inflammatory cell was virtually absent [17].
Moreover, histological analysis of peri-implant tissues was
frequently limited to bone tissue despite the identification
of inflammation signs at the level of the peri-implant
mucosa, at the time of explantation [18]. Esposito ef al.
[17], in a research concerning the HP study of late
implant failures, found only the presence of moderate
inflammatory infiltrate at the level of the peri-implant
tissue perimeter. In this context, it is understood that in
nine out of 10 cases examined, no inflammation clinical
signs were found. The “implant failure” term cannot
represent a condition of the existence of a similar
periodicity with other situations in which there were
soft tissue inflammation and bone loss. Other authors
[19] note these microscopic aspects present on the
sections only from clinically ill patients, showing both
signs of inflammation and bone loss. Other authors [17],
mentioned above, show that most of the implants (nine
out of 10) who showed mobility also lacked inflammation
clinical and histological signs. The different observations
indicated by these studies are because of the obvious
variations of the causes of the failures.

Also, more than half of the sections of the two groups
of patients showed a moderate degree of inflammation,
but this, correlated with age, was much more intense in

younger patients, indicating a tissue hyper-reactivity in
these patients. The same aspect is confirmed by other
authors [20]. Our study shows that clinical examination
is useful for monitoring the status of the peri-implant
mucosa, in both healthy subjects and patients, but it has
its limitations. Clinical attitude should also take into
account the predisposition of female patients for inflam-
mation and edema. This result is in agreement with other
authors [20].

The most important role in maintaining an implant
belongs to the connective tissue. If it is of good quality,
so will the fixation of the epithelium. If connective tissue
is inflamed to a significant degree, it affects both denting
and jaw junction [21, 22]. Thus, the extracellular matrix
of gingival connective tissue plays an important role in
the homeostasis of dental implants. Some authors have
analyzed the presence of different leukocytes in the
alveolar mucosa before and after it has become peri-
implant mucosa [23]. Seymour et al. [24], on sections of
patients who have clinically shown signs of inflammation,
have shown the presence of inflammatory cell infiltrates
in which the B-lymphocyte ratio was greater than that of
T-lymphocytes. Other studies [25] found the presence of
B-lymphocytes higher compared to T-lymphocytes, with
an even greater difference between the two cell categories,
namely 4.1% B-cells (CD19+) and 7.3% T-cells (CD3+).
This coincides with the findings of Seymour et al. (1989),
according to whom B-lymphocytes occupy a large
proportion of total lymphocytes in the peri-implant
mucosa. This is consistent with our study, which identified
a much larger number of B-lymphocytes in the second
group of patients, and T-lymphocytes were present in the
first group of patients, but in low numbers. On the other
hand, other authors [14, 26] show that T-lymphocytes
predominate at the mucositis level, explained by the fact
that histological analysis was done by those who found
the prevalence of B-cells on sections from patients with
signs and symptoms of inflammation, while the other
authors, who found the presence of higher T-lymphocytes,
did the IHC analysis on sections from the clinically healthy
peri-implant mucosa. In our study, there was an obvious
prevalence of B-lymphocytes.

Our study shows that lesions from the other two
groups of patients did not differ only in their size but
also in the number and density of CD79a+ plasma cells,
CD68+ macrophages, CD15+ PMNs, CD3+, CD4+ and
CD8+ T-lymphocytes, CD20+ B-lymphocytes, which were
higher in the second group of patients. These differences
indicate that the inflammatory response in patients who
had obvious clinical signs of inflammation was much
more intense by promoting cells that are part of both the
non-specific, genetically-transmitted and non-specific
genetic defense system prior to contact with the pathogen,
as well as from the specific adaptive immune system, which
allows not only specific recognition and elimination of
antigens, but also an individualized response adapted to
the type of aggression. The fact that on the sections of
patients with evidence of inflammatory clinical signs B-
lymphocytes were present in a significantly greater number
compared to T-lymphocytes and along with them they
identified CD15+ cells (PMNs) indicating a greater severity
of the process. This is consistent with other specialized
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studies [27]. In contrast, patients of group I showed more
B-lymphocytes than T-lymphocytes, but much lower than
group II. CD4+ lymphocytes were identified in a larger
proportion for group I compared to CD8+ lymphocytes,
which were more numerous for group II patients. Cytotoxic
CD8+ T-lymphocytes, by enzymatic activity may cause
peri-implantation tissue destruction and thus their presence
could be an indicator of aggressive potential. The presence
of CD4+ and CD8+ lymphocytes shows that at soft peri-
implant tissue level originated from the two categories of
patients, there is a complex immune process and the stage
of the disease may alter the ratio of these populations of
T-helper lymphocytes and cytotoxic T-lymphocytes. It
follows that the severity of the affection correlates not
only with the size of the lesions, but especially with the
cellular profile (increased B-lymphocytes and plasma
cells), which characterizes the second group of patients
in our study.

Our results indicate the existence of a humoral immune
process, but also of cellular immune reactions in the
tissues examined, immunohistochemically confirmed by
the presence of B-lymphocytes and plasma cells and
T-lymphocytes in the inflammatory infiltrate. However,
there is the possibility of transformation, of converting a
stable lesion into a progressive one, which implies a
change in inflammatory infiltration, the lymphocyte ratio,
not only in lymphocyte populations, but also in the sub-
populations of these main categories.

& Conclusions

Knowledge of the structure of the peri-implant mucosa
helps the clinician to improve the clinical success of dental
implant treatment, because the soft tissue surrounding the
dental implant separates the dental implant from the oral
cavity and provides a seal that prevents the development
of peri-implant pathology. Thus, the soft tissue around
the implants ensures the conditions of osseointegration
and hence the long-term survival of an implant. In our
study, chronic inflammatory infiltrate, lymphoplasmocytary
and macrophage type, was found in all samples, including
those from patients who did not clinically show signs of
inflammation or were of low intensity. This suggests that
the existence of inflammation, along with radiological
images that suggest bone loss, are reliable signs of peri-
implantitis. Our study shows that clinical examination
is useful for monitoring the status of the peri-implant
mucosa, in both healthy subjects and patients, but it has
its limitations. The IHC identification of these types of
cells and the degree to which each of them was represented
by the use of monoclonal antibodies can provide additional
insight into the local response of peri-implant soft tissue
in healing and osseointegration.

Conflict of interests
The authors declare that they have no conflict of
interests.

References

[1 Berglundh T, Lindhe J, Ericsson |, Marinello CP, Liljenberg B,
Thomsen P. The soft tissue barrier at implants and teeth. Clin
Oral Implants Res, 1991, 2(2):81-90.

[2] Ericsson I, Lindhe J. Probing depth at implants and teeth.
An experimental study in the dog. J Clin Periodontol, 1993,
20(9):623-627.

[3] Linkow LI, Rinaldi AW, Weiss WW Jr, Smith GH. Factors
influencing long-term implant success. J Prosthet Dent, 1990,
63(1):64-73.

[4] Ramanauskaite A, Juodzbalys G. Diagnostic principles of
peri-implantitis: a systematic review and guidelines for peri-
implantitis diagnosis proposal. J Oral Maxillofac Res, 2016,
7(3):e8.

[5] Lang NP, Berglundh T, Heitz-Mayfield LJ, Pjetursson BE,
Salvi GE, Sanz M. Consensus statements and recommended
clinical procedures regarding implant survival and compli-
cations. Int J Oral Maxillofac Implants, 2004, 19(Suppl):150—
154.

[6] Koldsland OC, Scheie AA, Aass AM. Prevalence of peri-
implantitis related to severity of the disease with different
degrees of bone loss. J Periodontol, 2010, 81(2):231-238.

[7] Pjetursson BE, Tan K, Lang NP, Bragger U, Egger M,
Zwahlen M. A systematic review of the survival and
complication rates of fixed partial dentures (FPDs) after an
observation period of at least 5 years. Clin Oral Implants Res,
2004, 15(6):667—-676.

[8] Cecchinato D, Parpaiola A, Lindhe J. Mucosal inflammation
and incidence of crestal bone loss among implant patients:
a 10-year study. Clin Oral Implants Res, 2014, 25(7):791-796.

[9] Atieh MA, Alsabeeha NH, Faggion CM Jr, Duncan WJ. The
frequency of peri-implant diseases: a systematic review and
meta-analysis. J Periodontol, 2013, 84(11):1586—1598.

[10] Klinge B, Meyle J; Working Group 2. Peri-implant tissue
destruction. The Third EAO Consensus Conference 2012.
Clin Oral Implants Res, 2012, 23(Suppl 6):108-110.

[11] Albrektsson T, Buser D, Chen ST, Cochran D, DeBruyn H,
Jemt T, Koka S, Nevins M, Sennerby L, Simion M, Taylor TD,
Wennerberg A. Statements from the Estepona consensus
meeting on peri-implantitis, February 2—4, 2012. Clin Implant
Dent Relat Res, 2012, 14(6):781-782.

[12] Zitzmann NU, Berglundh T. Definition and prevalence of peri-
implant diseases. J Clin Periodontol, 2008, 35(8 Suppl):286—
291.

[13] Mombelli A, Lang NP. The diagnosis and treatment of peri-
implantitis. Periodontol 2000, 1998, 17(1):63—76.

[14] Tonetti MS, Imboden M, Gerber L, Lang NP. Compartmentali-
zation of inflammatory cell phenotypes in normal gingiva and
peri-implant keratinized mucosa. J Clin Periodontol, 1995,
22(10):735-742.

[15] Sanz M, Alandez J, Lazaro P, Calvo JL, Quirynen M, van
Steenberghe D. Histo-pathologic characteristics of peri-
implant soft tissues in Branemark implants with 2 distinct
clinical and radiological patterns. Clin Oral Implants Res,
1991, 2(3):128-134.

[16] Piattelli A, Scarano A, Piattelli M. Histologic observations on
230 retrieved dental implants: 8 years’ experience (1989—
1996). J Periodontol, 1998, 69(2):178-184.

[17] Esposito M, Thomsen P, Ericson LE, Sennerby L, Lekholm U.
Histopathologic observations on late oral implant failures.
Clin Implant Dent Relat Res, 2000, 2(1):18-32.

[18] Sennerby L, Ericson LE, Thomsen P, Lekholm U, Astrand P.
Structure of the bone—titanium interface in retrieved clinical
oral implants. Clin Oral Implants Res, 1991, 2(3):103—111.

[19] Berglundh T, Gislason O, Lekholm U, Sennerby L, Lindhe J.
Histopathological observations of human periimplantitis lesions.
J Clin Periodontol, 2004, 31(5):341-347.

[20] Silva E, Félix S, Rodriguez-Archilla A, Oliveira P, Martins dos
Santos J. Revisiting peri-implant soft tissue — histopathological
study of the peri-implant soft tissue. Int J Clin Exp Pathol,
2014, 7(2):611-618.

[21] Chavrier C, Couble ML, Hartmann DJ. Qualitative study of
collagenous and noncollagenous glycoproteins of the human
healthy keratinized mucosa surrounding implants. Clin Oral
Implants Res, 1994, 5(3):117-124.

[22] Marsh PD. Are dental diseases examples of ecological
catastrophes? Microbiology, 2003, 149(Pt 2):279-294.

[23] Lilienberg B, Gualini F, Berglundh T, Tonetti M, Lindhe J.
Some characteristics of the ridge mucosa before and after
implant installation. A prospective study in humans. J Clin
Periodontol, 1996, 23(11):1008—1013.




The evaluation of the morphological evolution of the tissue integration of dental implants through conventional... 859

[24] Seymour GJ, Gemmell E, Lenz LJ, Henry P, Bower R,
Yamazaki K. Immunohistologic analysis of the inflammatory
infiltrates associated with osseointegrated implants. Int J Oral
Maxillofac Implants, 1989, 4(3):191-198.

[25] Gualini F, Berglundh T. Immunohistochemical characteristics
of inflammatory lesions at implants. J Clin Periodontol, 2003,
30(1):14-18.

Corresponding author

[26] Lilienberg B, Gualini F, Berglundh T, Tonetti M, Lindhe J.
Composition of plaque-associated lesions in the gingiva and
the peri-implant mucosa in partially edentulous subjects. J Clin
Periodontol, 1997, 24(2):119-123.

[27] Hultin M, Gustafsson A, Hallstrém H, Johansson LA, Ekfeldt A,
Klinge B. Microbiological findings and host response in patients
with peri-implantitis. Clin Oral Implants Res, 2002, 13(4):349-358.

Stefania Craifoiu, Professor, MD, PhD, Department of Histology, Faculty of Medicine, University of Medicine and
Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova, Dolj County, Romania; Phone +40723—-458 081, e-mail:

scraitoiu@yahoo.com

Received: January 12, 2018

Accepted: September 29, 2018




