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Abstract

Background: The present study aims to analyse the in vivo behaviour of
nanohydroxyapatite and to assess its regenerative capacity in dogs affected by
periodontal disease.

1 University of Camerino, School of Phar-
macology, Via Madonna delle Carceri,
62032 Camerino (MC), Italy

University of Camerino, School of Bio-
sciences and Veterinary Medicine, Via
Circonvallazione 93/95, 62024 Matelica
(MC), Italy

Methods and findings: The dogs employed in the study were randomly subdivided 2
into a control group and an experimental group. After clinical, instrumental and
radiological examinations, all the subjects underwent dental prophylaxis and
a bioptic sample was taken. A histopathological examination of the periodontal
tissues, in correspondence to teeth with periodontopathy ranging between stages
2 and 3, followed. Regenerative therapy with applications of nanohydroxyapatite
was administered only to the dogs of the experimental group. After a period
of between 35 and 40 days, a further clinical, instrumental and radiological
examination was carried out and a bioptic sample taken solely on the dogs whose
histological examinations showed changes ascribable to periodontal disease. The
results of the histopathological examination demonstrated that only the dogs in
the experimental group, who underwent dental prophylaxis together with the
administration of nanohydroxyapatite, showed clear signs of improvement with
respect to their initial condition.
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membranes, bone grafts and bioactive materials which promote
the neoformation of the desired tissues [3].

Introduction

The most common disorders found during clinical examinations
in dogs in all age ranges are represented by oral diseases and,
amongst these, Periodontal Disease (PD) is the most frequently
diagnosed [1]. It is a multifactorial infection which attacks the
periodontium, and bacterial plaque is the most important
etiological factor. PD can have numerous complications,
both local (oro-nasal fistulas, pulpitis, pathological fractures,
osteomyelitis) and systemic (renal, cardiac, lung and liver
diseases, diabetes mellitus, negative effects on pregnancy) [2].

Guided Tissue Regeneration (GTR) is one of the latest
techniques introduced for regenerative purposes in the control

There has been a recent growth in interest in nanotechnology in
many fields and, in particular, in dentistry significant applications
ofnumerous biomaterials are being developed, above all in the
regeneration of periodontal tissues. Among the alloplastic graft
materials, research into the use hydroxyapatite [Ca, (PO,) (OH),]
in the medical field has long been carried out. Being a major
component of the inorganic mineral part of bone and teeth,
it presents a tested biocompatibility [4-11]. Its use in oral and
maxillofacial surgery, periodontology, orthopaedics and vertebral
surgery has been widely documented [12-15]. It behaves as an

of this disease. It aims to rebuild tissues compromised by PD,
restoring them to their original condition by utilizing barrier
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osteoconductive material, which acts as a scaffold for the new
bone growth. Hydroxyapatite is used mainly to fill periodontal
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defects, and the possibility of obtaining the nanocrystalline form
has further improved its penetration capacity also conferring
osteoinductive properties. Several studies have shown that, given
its chemical and chrystallographic affinity with the inorganic
components of bone, this product is able to set up chemical
links and to guarantee a more rapid integration of the implants
with the bone and the surrounding tissues [16-18]. Another
interesting element is that the nanohydroxyapatite proved to be
less phlogogenic than the standard hydroxyapatite and to induce
a higher production of alkaline phosphatase and osteocalcin,
indicating a greater bone production [19-21].

The aim of this work has been to analyse the in vivo behaviour of
nanohydroxyapatite (NIA) and to confirm its regenerative capacity
in dogs with periodontal disease stages 2 and 3 by means of our
clinical and experimental contribution. A new apatite — Neo
Active Apatite® — with crystals varying in size between 70 and 100
nm and developed by an Italian firm (Ghimas from Casalecchio di
Reno, Bologna) was utilized.

Materials and Methods

Ethical approval for the study was obtained from the Italian
Ministry of Education, University and Research. For the purposes
of this study, 40 mixed-breed dogs with periodontal disease,
ranging from between 5 and 15 years old and weighing between
15 and 40 kg, were selected. PD varied between stages 2 and 3.
The classification is in accordance with the AVDC periodontal
disease classification. The dogs were randomly subdivided
into two homogenous groups: GROUP C (control group) and
GROUP N (experimental group). All the subjects underwent
a generalphysical examination, a physical examination of the
oral cavity, a blood test and a cardiological examination. Dogs
with clearly malignant proliferative lesions and cardiovascular
or metabolic complications where surgical and anaesthetic
procedures were contraindicated were excluded from the study.

A thorough clinical and instrumental intraoral examination of
the periodontium was carried out under general anaesthesia,
followed by a radiological examination in order to make an
accurate assessment of the stage of the disease. The instrumental
examination was performed utilizing a Williams graduated probe,
which was run along the gingival sulcus of each tooth in order to
highlight the presence of subgingival pockets, gingival recession
or attachment loss (Figure 1). A dental explorer was utilized to
spot possible loss of substanceof the mineralized components of
each single tooth. All clinical sighsobserved were registered onto
a dental chart and photographed.

The radiological examinations were carried out using a standard
digital machine (FUJIFILM FCR CAPSULA). Right and left oblique
latero-lateral extraoral and dorso-ventral and ventro-dorsal
intraoral projections were taken without intubation. The
extraoral projections allowed for radiographic visualization of
the mandibular and maxillary arches without superimposition,
since the images were taken with the mouth wide open at an
inclination of 30° with respect to the orthogonal plane, utilizing
a foam rubber support (Figure 2). The intraoral shots, with the
film inserted inside the mouth, allowed radiographic visualization
of the rostral part of the maxilla and of the mandible, including
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the canines (dorso-ventral and ventro-dorsal views) (Figure 3). To
avoid excessive lengthening of the roots of the canines in both
arches, the intraoral shots were taken using the bisectingangle
technique, inclining the radiographic beam perpendicular to the
bisector of the angle formed by the long axis of the tooth and of
the radiographic cassette.

Once intubation was performed, each patient was taken into
the operating theatre, kept under inhalationanaesthesia and
underwent dental treatment. The subjects belonging to the
GROUP N also underwent guided regenerative periodontal
therapy. The dental prophylaxis, respecting the norms of
disinfection and asepsis as far as possible, was carried out by
means of tartar ablation,gingival curettage (to remove the
infected soft tissue lining of the periodontal pockets), rinsing the
gingival sulcus with 0.12% chlorexidine and, finally, polishing the
enamel. The teeth where both the instrumental and radiographic
examinations highlighted furcation exposure and over 50% bone

Instrumental examination utilizing a graduated peri-
odontal probe.

Figure 1
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Figure 2 Right oblique latero-lateral extraoral projection. J
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Figure 3 Ventro-dorsal intraoral projection.
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resorption (PD stage 4 — advanced periodontitis), were extracted.
One tooth with a degree of periodontopathy varying between
stages 2 (early periodontitis) and 3 (moderate periodontitis) was
selected and a bioptic sample of the periodontal tissues of the
bone and gingiva from every single dog in each group was taken.

In order to carry out the biopsy it was necessary to create a full
thickness (mucoperiosteal) nondisplaced flap. Firstly, a crevicular
horizontal incision was performed using a number 15 scalpel
blade and a second vertical releasing incision was created
mesial or distal to the target tooth, thus obtaining a triangular
flap. With the aid of a sharp Molt periosteal elevator, the flap
was elevated from the alveolar bone respecting the margins as
far as possible (Figure 4). The exposed surface of the root was
planed using a Gracey curette, after the removal of the infected
granulation tissue. Subsequently, the biopsy was performed
using Rongeur bone cutting forceps (Figure 5) and the fragment
of tissue was immersed in 10% neutral buffered formalin solution
and underwent histopathological examination. After the biopsy,
only the subjects belonging to the GROUP N were treated with
the guided regenerative periodontal therapy by means of an
application of Neo Active Apatite Powder®, utilizing a Williger
bone spoon (Figure 6). The grains of powder were dampened
with saline solution to improve adherence. The flaps were
then repositioned to their original sites and sutured with 4-0
absorbable monofilament suture material on a reverse cutting
needle (Monocryl, Ethicon®) (Figure 7).

The dogs were then brought roundand, finally, discharged after
one day of hospitalization.

After a period of between 35 and 40 days, only to the dogs where
the histological examination of the biopted tissue had highlighted
lymphocyte and plasmacellular infiltrations with abundant active
osteoclasts and macrophages, together with bone resorption
phenomena, were re-examined. The dogs whose histological
examination did not highlight any changes attributable to
periodontal disease (13 in total), were excluded from the re-
examination. The 27 remaining dogs who were re-examined, were
given,under general anaesthesia, asecond clinical, instrumental,
radiographic and histological examinationonly in relation to the
areas wherethe previous biopsy was carried out.

In total, 12 dogs belonging to GROUP C and 15 to GROUP N were
re-examined.

© Under License of Creative Commons Attribution 3.0 License
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K Figure 4 Creating a mucoperiosteal nondisplaced flap. J

~

Figure 5 Performing a biopsy of the periodontal
K tissues of the bone and gingiva. j

Results

No signs of rejection or dehiscence of the mucoperiosteal flap were
registered in any of the dogs who underwent the re-examination.
The clinical assessment and instrumental examinations of the 12
subjects appertaining to GROUP C highlighted a slight to moderate
gingival inflammation in 9 of the dogs, characterized by oedema
and rednessof the free margin, while in 3 subjects there were no
appreciable phenomena of inflammation or signs of spontaneous
bleeding. Probing with the use of a Williams graduated probe
showed the level of attachment loss to be superimposableto the
initial values. The x-ray image of the area where the biopsy was
taken did not highlight areas of bone rarefaction greater than
those shown on the initial images. In 5 subjects, the histological
examination confirmed the same degenerative phenomena
as in the first sample, characterized by osteoclastic/osteolithic
processes attributable to signs of periodontitis; in 5 dogs, there
was a worseningof the degenerative process,either with areas
of exuberant or hyperplastic granulation tissue infiltrated by
numerous polymorphonucleated cells, or with tissue inflammation
starting from the periosteum, taking over the paraosteal area
and extending to the gingiva, with widespread dystrophic and
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Figure 7 Repositioning the flap.
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heterotopic calcification and no proliferative phenomena. In
2 cases there proved to be widespread infiltration and erosion
of the gingival epithelium, with an extensive dysplastic aspect
of the basal layer, while there were clear signs of alveolar bone
resorptionand irregularity, with multiple necrotic microfoci.

In 4 of the 15 subjects belonging to the GROUP N, clinical
assessment and instrumental examinations highlighted a slight
degree of gingival inflammation, characterized by oedema
and redness of the free gingival margin with no spontaneous
bleeding, while in 11 subjects there were no clinically appreciable
inflammatory phenomena. The examination carried out using a
Williams probe, showeda regression in the levels of attachment
loss in all the dogswith respect to the initial examinations, which
proved to be total in 8 of the subjects and partial in 7. The
radiographicexamination of the area of the biopsy did not highlight
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any phenomena of bone rarefaction, nor any osteoproduction
greater than that shown in the initial images. In 5 of the animals
belonging to this group, where the results of the initial histological
examinations highlighted a mononuclear lymphoplasmacytic cell
infiltration of the mucosal corium, ascribable to phenomena of
chronic gingivitis, the second sample showed the gingiva to have
a normal structure with absence of inflammatory cell infiltration.
In 10 subjects, the initial histopathological report highlighted a
situation ascribable to multifocal necrotic phenomena, with areas
of periostitis-osteomyelitis, characterized by severely altered
appearance of the bone and widespread osteoclastic resorption
(Figure 8); in 8 of these subjects, the result of the second sample
was characterized by osteoblast repopulating together with
proliferative-reparative periosteal processes, with absence of
inflammatory cell infiltrate, while in 2 subjects the alveolar bone
had a paraphysiological appearance (Figure 9).

Discussion

Although over the last forty years there has been significant
progress towards the understanding of the ethiopathogenesis of
PD, traditional methods for formulating a clinical diagnosis have
remained fundamentally unchanged:nowadays, the diagnostic
and staging evaluation for PD is traditionally based on clinical,
instrumental and radiographic parameters which, lacking in scientific
rigour, prove to be insufficient even from a prognostic point of view.
In the first place, in fact, clinical assessment — such as probing depth
and attachment loss — are subjective in character; furthermore, the
results obtained by means of the above parameters are tied to the
moment in which the examination takes place and, thus, will vary
in relationship to temporary and specific conditions like, for example,
the inflammatory condition. Studies carried out on the progression of
PD have shown that it is a pathological condition in evolution, which
alternates between periods of active tissue destruction and periods of
involution or dormancy [22,23]. Hence, traditional clinical assessment
should not be restricted to a single periodontal examination [24].

As reported in various studies, a radiographic examination
underestimates the alveolar bone level, both from the point of view of
resorption —in as much as it only highlights bone loss when it exceeds
30-40% — and also in a regenerative sense, because a minimum degree
of mineralization must be present in order for it to be radiographically
visualized [25].

Considering the numerous variables which can influence the evaluation
of the stage of PD, a biopsy of the periodontal tissues represents an
additional fundamental examination which is essential for a correct
diagnosis [26]. In fact, although the biopsy — in particular that of the
bone — is a technique which potentially has some contraindications
in areas affected by resorption, it remains the only way to determine
exactly which inflammatory elements are involved and the gravity of
the alveolar resorption. The histopathological examination, therefore,
represents the gold standard both for the clinical assessment of the
disease and the formulation of a prognosis.

Thus, to establish the outcome of a periodontal regenerative therapy, it
is necessary to carry out both the clinical, instrumental and radiographic
examinations, as well as a histopathological analysis, while, at the same
time, taking into consideration the above-mentioned limitations.

In particular, in this work, the criteria whereby the subjects were
enlisted and, subsequently, the method by which the PD stage
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\ - Histopathological image after treatment.
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was assessed, were based on traditional systems. Having carried
out a guided periodontal regenerative therapy, we felt that
it was essential to take a sample of a fragment of periodontal
tissue, taking advantage of the histopathological examination
in order to evaluate the effectiveness of NIA as a graft material.
On the basis of the results obtained, it is abundantly clear that
the histopathological condition of all the subjects belonging to
GROUP C — who underwent exclusively professional periodontal
treatment — showed no signs of improvement. In fact, the results
proved to be analogousin 5 out of 12 of the subjects and decidedly
worsened in the remaining 7. On the other hand, the histological

© Under License of Creative Commons Attribution 3.0 License

examination of all the dogs belonging to GROUP N —to which the
professional periodontal treatment had been combined with
the application of NIA —showed a marked improvement with
respect to the initial condition. The structure of the mucosal
coriumappeared normal and showed osteoblast repopulating.
Furthermore, in 2 cases the bone had a paraphysiological
appearance.

Conclusion

we can affirm that the utilization of NIA as a graft material in
regenerative periodontal therapy has led to very satisfactory
results which, given the limitations of the diagnostic instruments
available, we felt should be confirmed unquestionably by means
of a histopathological examination. We, therefore, believe — in
accordance with the results obtained in human medicine [27,28]
— that NIA constitutes both a valid osteoconductive as well as
osteoinductive graft product in dogs.

We feel it necessary to point out that the results obtained appear
even more encouraging, given the fact that the study was carried
out on dogs from the kennel, where regular daily treatment had
not been possible. In fact, the animals in question had been
deprived of the considerablefurther benefits that the daily care
adds to the dental prophylaxis and to regeneration therapies. We
consider it essential to widen the number of subjects enlisted in
the study and to improve the results obtained, both by utilizing
dogs whose owners are willing to carry out the above-mentioned
treatment and by further standardizing diagnostic assessment
methods.
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