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Abstract Obijective. Many factors can induce the periodontal disease, including inadequate dietary intake,
irritating factors of the marginal periodontium, and contamination with periodontal pathogens.
Standardization of experimental animal models allows a rapid evaluation of therapeutic approaches.

Methods and results. The study included five sheep aged five years, receiving food intake with
a high content of fats, oxalic and phytic acids. Local induction of periodontal disease consisted of a
surgical procedure based on sectioning of superficial periodontal ligaments, instillation of periodontal
exudate collected from human patients, and tooth neck ligation. Periodontitis was successfully induced
in all the sheep included in the study. The comparisons between clinical and radiological indices
(gingival recession, bleeding on probing, periodontal probing depth, demineralization of interdental
septa) were highly statistically significant (p<<0.01). The histopathological aspects of periodontal
disease were characterized: tooth bone resorption and destruction of periodontal ligaments, presence
of bacterial plaque and calculus, inflammatory reaction with multifocal distribution, as well as gingival
epithelial hyperplasia.

Conclusions. The natural increase in tooth mobility and predisposition of sheep to periodontal
disease, induce a greater resemblance of this experimental model to the human condition and allows
a more extensive study of therapeutic methods.
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Introduction

Chronic periodontal disease (CPD) is a persistent immune
inflammatory disease, highly prevalent in tooth-supporting
tissues (MOMEN-HERAVI et al, 2017 [1]), extremely
complex and multifactorial, with a difficult and controversial
classification. CPD includes a wide range of diseases and
can be localized or generalized; it can be further classified
depending on its extension and severity, its association with
risk factors and systemic diseases (HIGHFIELD, 2009 [2]).
CPD predominantly affects adults (KINANE et al, 2017 [3])
and represents one of the main causes of edentation in patients
aged over 40 years (NUVVULA et al, 2016 [4]). All the four
main components of the periodontium (gingiva, periodontal
ligament, alveolar bone and cementum) are affected by
chronic periodontal disease, which finally leads to the
destruction of tooth-supporting structures, as well as their
loss (KINANE et al, 2017 [3]).

Why is the study of CPD important? So far, no direct
causal relationship between CPD and chronic systemic
diseases has been confirmed (MAWARDI et al, 2015 [5]);
a number of studies have shown a two-way relationship
between CPD and chronic systemic diseases. The relationship
is clearer as the severity of periodontal disease is greater.

The virulence and the endotoxins of periodontal patho-
gens induce several systemic pathogenic mechanisms: endothelial
dysfunction, oxidative stress, systemic inflammation, formation
of foam cells, lipid accumulation, atherothrombosis, vascular
remodeling (CHISTIAKOV et al, 2016 [6]). Chronic marginal
periodontitis causes a systemic inflammatory response;
associated with oxidative stress, it may increase the risk of
developing atherosclerosis (MAWARDI et al, 2015 [5]),
cardiovascular diseases (ischemic vascular diseases, hyper-
tension, atrial fibrillation, heart failure) (CHISTIAKQV et al,
2016 [6]; (CARRIZALES-SEPULVEDA et al, 2018 [7]);
(MARTIN-CABEZAS et al, 2016 [8]), diabetes mellitus
(LAMSTER & PAGAN, 2017 [9]). Also, CPD increases
the risk of dyslipidemic profile and metabolic syndrome
(MAWARDI et al, 2015 [5]), chronic respiratory diseases
(CARDQOSO et al, 2018 [10]), rheumatoid arthritis (HAJIS-
HENGALLIS, 2015 [11]), systemic lupus erythematosus
(SETE et al., 2016 [12]) or even adverse pregnancy outcomes
(COBB et al, 2017 [13]). Data available from a number of
meta-analyses have shown a positive association between the
systemic hyperinflammatory state and the risk of several types
of cancer: oral, pulmonary, pancreatic (MICHAUD et al, 2017
[14]), colorectal (MOMEN-HERAVI et al, 2017 [1]).

In humans, the slow spread, over years, of bacterial
pathogens determines gingival inflammation towards the
ligaments and bone (MOMEN-HERAVI et al, 2017 [1]).
This process can last 10 or 15 years (RAMSEIER et al,
2017 [15]) and may trigger many other chronic diseases
(PAPADOPOLUS et al, 2014 [16]). This slow immune
process can be more rapidly reproduced in animal models, and
the immune host response is complex, both local and systemic,
and cannot be reproduced in vitro, which is the main argument
to use experimental models (OZ & PULEO, 2011 [17]).
Furthermore, genetic alterations in animals also allow to
identify the specific components of the immune response
(GRAVES et al, 2012 [18]); (PAPADOPOULOS et al, 2014
[16]). Experiments on animals have facilitated detecting the
key mediators involved in the initiation, progression and

outcome of the disease, which control host response modu-
lation, tissue homeostasis restoration and the improvement of
tissue resistance to new or ongoing inflammation (KINANE
etal, 2017 [3]).

Sheep have a predisposition to periodontitis, which is
also termed “broken mouth”, a disorder that according to
microbiological studies involves both bacteria found in
clinically manifest human periodontitis and bacteria located
in the rumen, broken mouth in sheep generally manifesting
acutely, which are associated with nutritional deficiencies
(e.g., Porphyromonas gingivalis, Prevotella, Pseudomonas,
etc.) (ANA C. BORSANELLI et al [70]); (MARCELLO P.
RIGGIO et al [69]).

Also, sheep have bone anisotropy very similar to that
found in humans (WANG Y et al [38]); (SOARES HB &
LAVINSKY L [39]), which has a major impact on periodontal
status.

Regarding the implication of diet in the development of
CPD, an association between several dietary risk factors and
the incidence and evolution of destructive periodontal disease
has been demonstrated (OZ & PULEO, 2011 [17]). Diet also
has a local effect on the formation of plagque and development
of periodontal inflammation. Inadequate intake of both macro-
nutrients (carbohydrates, lipids, proteins) and micronutrients
(vitamins) is a sensitive marker for the development of CPD
(HUJOEL & LINGSTROM, 2017 [19]).

Among micronutrients, vitamins B12, C and D are
inversely correlated with the onset or progression of CPD
(CHAPPLE et al, 2017 [20]). The reduction of plasma vitamin
C concentrations increases the prevalence of periodontitis
(VAN DER VELDEN et al, 2011 [21]). Vitamin B12 and
vitamin D deficiency is also associated with periodontal
disease progression (ZONG et al, 2016 [22]).

Low intake of minerals (magnesium, calcium, iron,
zinc) and other antioxidants (vitamins A & E, lycopene) is
also correlated with higher levels of periodontal disease
(DOMMISCH et al, 2018 [23]); (VAN DER VELDEN et al,
2011 [21]); (NAJEEB et al, 2016 [24]).

Aim

The aim of this study is to define the induction of
chronic marginal periodontitis similar to human forms in an
experimental sheep model, considering the natural evolution
of the disease in sheep, which most frequently occurs in the
acute form (broken mouth). We used as a working hypothesis
the environmental factors and the local factors that are also
commonly found in human disease, with a pathogenic role
in the development of periodontal disease. Consequently, the
following were considered as potential pathogenic factors:
sedentariness, inadequate food intake and instillation for CPD
induction of periodontal exudate collected from patients with
chronic marginal periodontitis, followed by chronic irritation
of the marginal periodontium, for a long time period.

Material and Method

The study was conducted based on the Ethics Committee
approval no. 23 of 23.01.2015, issued by “Iuliu Hatieganu”
University of Medicine and Pharmacy Cluj-Napoca in
collaboration with the University of Agricultural Sciences and
Veterinary Medicine Cluj-Napoca. The study included five
sheep (Ovis aries, Romanian Turcana breed), aged five years,
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non-pregnant females (which presented no gestational
processes after inclusion in the study), multiparous, with
a weight ranging between 40-60 kg, without cardiac diseases
or other organic disorders.

In order to establish a correct diagnosis of the periodontal
status corresponding to the species, a healthy 2-year-old
non-pregnant adult female sheep was evaluated clinically and
radiologically (control).

To avoid the suffering of the animals, they were sedated
before any therapeutic or diagnostic procedure, according to
the following protocol:

Anesthesia protocol for sheep: female, aged 5 years,
multiparous, with a weight between 40-60 kg, without cardiac
diseases or other organic disorders.

Venous approach — the saphenous vein was catheterized
with a 20G IV catheter.

Preanesthesia — Atropin 0.02 mg/kg subcutaneously to
reduce hypersalivation, Diazepam 0.5 mg/kg intravenously.

Induction of anesthesia — Ketamine 5 mg/kg intra-
venously and Propofol intravenously with an effect ranging
between 2-4 mg/kg, intubation usinga 5.5 0r 6 ETT.

Maintenance of anesthesia — with 1.5-2% Isoflurane in
100% oxygen (a Midmark Matrx VME2 device was used).

Monitoring of vital functions by: ECG, capnography,
pulse oximetry (a Drager Infinity Delta device was used).

Fluids: Ringer’s lactate solution 5 ml/kg/h were
administered.

Analgesis — was performed with Flunixin 1 mg/kg SC
at 24 hours

The first stage of the study included analgosedation
followed by:

1. Radiological examination

For radiological examination, a parallel technique for the
mandibular incisors was adapted. The mandibular basilar bone
was placed on the horizontal plane of the table, while the head
was maintained in extension bilaterally by two stands that kept
it in position. The X-ray beam penetrated at an angle of
90 degrees to the horizontal plane, above the nasal fossae. This

-

Fig. 2.

3. Local intervention on the marginal perio-
dontium

Local intervention for induction of the disease consisted
of: sectioning of superficial marginal periodontal ligaments
(Figure 4), followed by instillation of periodontal exudate

technique generates the radiological image in front view and
can only be performed under sedation (Figure 1).

Figure 1. The radiological image obtained by the described
technique allows the radiological examination of mandibular
front teeth, especially the central incisors.

The radiological image represents a 2-year-old control
sheep.

2. Initial periodontometry strictly performed in
the mandibular front teeth

To assess tooth mobility and the probing depth,
three types of measurements and tests of the tooth
mobility directions were carried out: axial, mesio-distal and
vestibulo-oral.

Clinical evaluation included the assessment of
periodontal probing depth, using an 11-mm long graded
periodontal probe with a tip diameter of 0.5 mm (Figures 2, 3)
(TEOFIL LUNG & MADALINA LAZAR [25]), as well as
tooth mobility, which was determined manually using a dental
clamp and the graded periodontal probe. Six gingival sulcus
points corresponding to the tooth surfaces were assessed by
probing: mesio-vestibular, centro-vestibular, disto-vestibular,
disto-lingual, centro-lingual and mesio-lingual.

Fig. 3.
Figures 2 and 3 illustrate images during the initial periodontal probing depth measurement.

collected from human patients with chronic marginal
periodontitis (Figure 5), continuing with tooth neck ligation
with multifilament silk non-absorbable sutures placed as deep
as possible into the gingival sulcus, to violate the biological
desmodontal space (Figure 6).

1513



Alexandru Bogdan-Cdtdlin et al

.

Figure 4. Image taken immediately after
sectioning of the marginal periodontal
ligaments.

Diet and environmental conditions

Diet was initiated immediately after local treatment.
Over a period of 10 months, the ration of each sheep included
in the study was calculated for a weight ranging between
40-60 kg and consisted of: 1 kg hay, 100 g zea mays, 200 g bone
flour, 150 g rumex acetosa mixed with rhubarb (with petiole),
as a dry mixture (BODEA AND ENACHESCU, 1984 [26]),
administered in two portions. This ration was established
taking into consideration the dynamic structure of ruminal
bacteria, which is different at different times (LI et al,
2014 [27]), as well as hydroxyapatite absorption (NIEUW
AMERONGEN et al, 1988 [28]), which in the presence of
phytates can decrease up to 100% in the case of sheep. The
housing conditions were optimal in terms of temperature,
humidity and light sources, while the sheep were permanently
confined in pens that did not allow extensive movements.

The sheep experienced no weight loss during the ten
months.

Statistical analysis

To test the differences between the pre- and post-
induction mean values of the six measured periodonto-
metric parameters (mesio-vestibular, centro-vestibular,
disto-vestibular, disto-lingual, centro-lingual and mesio-
lingual), the T test for paired samples was used. The null
hypotheses were rejected and the alternative hypotheses
were accepted. The difference between the calculated
means, graphically represented, was statistically significant,
with a p value <<0.01.

To test the differences in the mean values of the tooth
mobility indices (vestibulo-oral, mesio-distal and axial)
between the control sheep and the sheep with induced chronic
periodontitis, the T test for independent samples with unequal
variables was used. For the equality of the previously tested
variables, the F test was used.

After a period of 10 months, the animals were
reexamined based on dental radiographs and post-induction
periodontometry, and two of the five sheep were euthanized
for histological evaluation.

Euthanasia was performed by injection of the medication
into the saphenous vein, according to the following protocol:
after previous sedation with Xylazine 0.1 mg/kg IV (Xylazin
Bio 2% Bioveta, Czechia), sodium pentobarbital 140 mg/kg IV
(Euthasol Vet, Le Vet B.V., Netherlands) was administered.

Figure 5. Instillation of periodontal

exudate collected from human patients
with chronic marginal periodontitis.

Figure 6. Tooth neck ligation

The specimens for histological examination were
collected by sectioning the chin with the entire front teeth
group, in the same session, immediately after euthanasia.

Histological examination

The mandibular specimens were fixed in 10%
formaldehyde.

Sagittal sections of the anterior mandible were cut.
The mandibular sections were fixed in formaldehyde solutions
for subsequent processing.

Processing by fixation, decalcification and paraffin
embedding of the tissues was performed. Immediately after
the tissues were sectioned, they were fixed in 10% neutral
buffered formaldehyde solution to facilitate the access of the
fixing solution (SILVA et al, 2011 [29]). Decalcification in
10% neutral EDTA buffer and nitric acid was performed (LIU
et al, 2017 [30]), until flexibility by manual testing was
obtained. The samples for histological examination were cut
sagittally. The decalcified tissues were embedded in paraffin
and cut manually at a thickness of 5 um.

For hematoxylin-eosin staining (H&E) of the decalcified
sections, the slides were deparaffinized in xylene, rehydrated
in a descending ethanol concentration and stained with
hematoxylin for 20 minutes, washed, after eosin Y staining for
4 minutes. Subsequently, the slides were washed, dehydrated
in ascending ethanol concentrations, then cleaned with xylene
and mounted (FOSTER, 2012 [31]).

PAS staining evidences glycogen and glycated com-
pounds. The sectioned tissues are first oxidized in periodic
Schiff acid. The oxidative process results in the formation of
aldehyde groups by cleavage of the carbon-carbon bond. Free
hydroxyl groups should be present for oxidation. Oxidation
is completed when the aldehyde stage is reached. Aldehyde
groups are detected by Schiff reagent. A colorless, unstable
dialdehyde compound is formed, which is subsequently
transformed into the colored end product by restoration of
the quinoid chromophoric group (BILGE FETTAHL OGLU
KARAMAN et al [32]).

Giemsa staining can be used to study the adhesion of
pathogens to cells. It differentially stains human and bacterial
cells purple and pink respectively (WOODS GL & WALKER
DH [33]). Giemsa solutions represent a mixture of polychrome
methylene blue and eosin Y dissolved in methanol and
glycerol (STEFANOVIC, D et al [34]).
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The slides are immersed in the Giemsa solution and
the tris-maleic buffer, heated to 60°C in a microwave oven,
stained for 10 minutes at room temperature. Differentiation is
obtained with a 1% acetic acid solution in absolute ethanol,
which also initiates dehydration, followed by cleaning
(BUESA, RJ [35]).

Gram staining allows differentiating between Gram-
positive and Gram-negative bacteria based on differential
staining with a crystal violet-iodine complex and safranin
content. The cell walls of Gram-positive microorganisms
maintain this complex after alcohol treatment and stain
purple, while Gram-negative organisms stain pink after such
a treatment (COICO R, 2005 [36]).

A crystal violet solution was applied to tissue sections
for 5 minutes at room temperature, and the slides were briefly
rinsed with tap water to remove excess crystal violet, followed
by Gram iodine mordant, which was applied to the tissue
sections for 2 min and was briefly washed with tap water.
In order to remove any non-specific crystal violet staining,
a decolorizing Gram solvent was applied to the slides for
30 seconds, then was rapidly washed with tap water until the
water ran clear. The sections were then stained with Gram
Safranin for 1 min and 40 s, followed by dehydration through

Fig. 7.

a series of alcohols (95-100%) to xylene and then cover-
slipped (BECERRA SC et al [37]).

The microscopic sections included bone structures with
the inner and outer cortical bone, alveolar bone (the alveolar
bone proper and the medullary alveolar bone), oral epithelium,
sulcular epithelium, junctional epithelium, gingival sulcus,
gingival corium, periodontal ligaments, desmodontium, as
well as dental structures including: cementum, dentin, enamel,
dental vasculo-nervous bundle. The images were examined
and photographed with a Leica D-500 microscope.

Results

During the 10-month disease induction period, after
initial evaluation and local surgery, followed by food ration
administration and housing in a space that did not allow the
animals to perform extensive movements, the following were
observed: gingival recession, presence of bleeding on probing,
differences in periodontal probing depth, as well as teeth
exfoliation, without associated organic disorders. The animals
were reexamined after a period of 10 months, under sedation
(no additional examinations were performed during this time
period) (Figures 7, 8, 9, 10).

Fig. 8.

Fig. 9.

Fig. 10.

Figure 7 represents post-periodontometry Muhlemann bleeding gr. IV.
Figures 8, 9, 10 represent gingival recession, post-induction periodontometry, persistence of
multifilament silk sutures in some teeth, presence of calculus deposits, gingival margin congestion.

The increase in periodontal probing depth as well as in
tooth mobility was confirmed statistically. Major differences
were observed in the six reference points, with highly
statistically significant results.

1. Initial and post-induction mesio-vestibular (MV)
evaluation evidenced a p <<0.01 with a mean difference of

4.39 mm (=6.18-1.79), representing the increase in post-
induction values (Figure 11).

2. Initial and post-induction centro-vestibular evaluation
evidenced a p <<0.01 with a mean difference of 5.35 mm
(=5.88-0.53), representing the increase in post-induction
values (Figure 12).
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0.53

MV initial MV post-induction I

Vinitial V post-induction

Figure 11. Initial and post-induction mesio-vestibular mean
with the associated confidence intervals.

3. Initial and post-induction disto-vestibular evaluation
evidenced a p<<0.01 with a mean difference of 4 mm (=6.38-
2.38), representing the increase in post-induction values

(Figure 13).

Figure 12. Initial and post-induction centro-vestibular (V) mean
with the associated confidence intervals.

4. Initial and post-induction disto-lingual (DL)

evaluation evidenced a p<<0.01 with a mean difference of
3.5 mm (=7.44-3.94), which shows the increase in post-

induction values (Figure 14).

g

= B

DV post-induction

DV initial

DL initial DL post-induction

Figure 13. Initial and post-induction disto-vestibular mean with
the associated confidence intervals.

5. Initial and post-induction centro-lingual (L)
evaluation evidenced a p<<0.01 with a mean difference of
4.15 mm (=7.97-3.82), representing the increase in post-
induction values (Figure 15).

Figure 14. Initial and post-induction disto-lingual mean with the
associated confidence intervals.

6. Initial and post-induction mesio-lingual (ML)
evaluation evidenced a p<<0.01 with a mean difference of
4.12 mm (=7.97-3.85), representing the increase in post-

induction values (Figure 16).

L post-induction

Linitial

ML initial ML post-induction

Figure 15. Initial and post-induction centro-lingual (L) mean with
the associated confidence intervals.

Figure 16. Initial and post-induction mesio-lingual (ML) mean
with the associated confidence intervals.
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Regarding tooth mobility, for all three directions (axial, 2. For mobility in mesio-distal (M-D) direction, a
mesio-distal and vestibulo-oral), the results of the F test  p<<0.01 with a mean of 4 mm (= 4.35-0.35) was obtained,
indicated a p<< 0.01, the result being highly statistically representing the increase in mobility for the sheep included

significant. The comparison was made between the control in the experiment (Figure 18).

sheep and the sheep included in the study. 3. For mobility in axial direction, a p<<0.01 with a
1. For mobility in vestibulo-oral (V-O) direction, a  mean of 2.43 mm (= 2.99-0.56) was obtained, with an increase

p<<0.01 with a mean of 4.41 mm (= 5.41-1) was obtained, in mobility for the sheep included in the experiment

representing the increase in mobility for the sheep included in (Figure 19).
the experiment (Figure 17).

V-0 control sheep V-0 post-induction M-D control sheep ~ M-D post-induction

Figure 17. The reference vestibulo-oral mean between the control  Figure 18. The reference mesio-distal mean between the control
sheep and the sheep included in the study, with the associated sheep and the sheep included in the study, with the associated
confidence intervals. confidence intervals.

i 0.56

AXIAL control sheep AXIAL post-induction

Figure 19. The reference axial mobility mean between the control sheep and the sheep
included in the study, with the associated confidence intervals.

shown in Figures 20 and 21, A — before disease induction

Radiological results
g and B — after disease induction.

At the end of the experiment, demineralization of
interdental septa and other few changes were observed, as
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Figure 20. Al — initial volume of the interdental septum; Figure 21. Al — initial width of the desmodontal space; B1 — width
B1 - reduced volume of the interdental septum, with bone  of the desmodontal space after disease induction (larger); A2 —initial
resorption, after disease induction; A2 — initial radiological height of the interdental septum; B2 — interdental septum with bone
dimensions of the desmodontal space; B2 — extensive and  resorption, after disease induction; A3 — initial intensity of bone
more profound desmodontal space; B3 — calculus deposits ~ mineralization; B3 — bone demineralization after disease induction;
below the cementoenamel junction at the level of the central B4 — edentulous gap at the level of the exfoliated tooth; B5 — dental
incisor (a) and in the cervical area of the third leftincisor (b).  calculus in the cervical area.

tooth necks in the depth of the biological desmodontal space
was observed, as well as the presence of calculus deposits
(Figure 22).

Morphological changes

Macroscopic images

In the samples used for histological examination,
persistence of multifilament silk sutures at the level of the

Figure 22. The sagittal section of the samples shows: persistence of sutures (arrows),
calculus deposits (yellowish color).

. L of periodontal ligaments, even the presence of bacterial

Microscopic images species detected by special histological stains (Figures 23-29).

Periodontal destruction was evidenced in a number Hematoxylin-eosin staining showed inflammatory

of histopathological changes: inflammatory reactions, bone  reactions and tissue destruction. PAS, Giemsa and Gram
resorption, cementum-dentin and dental resorption, destruction staining evidenced bacterial colonies.

1518



Induction of chronic marginal periodontitis in an experimental sheep model: clinical, radiological and histological evaluation

Hematoxylin-eosin staining

Figure 23. Dental bone resorption; presence of calculus Figure 24. Calculus enclosed in soft tissue (on the
(yellow arrow) and multifilament silk sutures (green arrow), lingual surface) (purple arrow).

ligament resorption + deep periodontal pocket (lingual

surface) (blue arrow), calculus deposits enclosed in soft

tissue (vestibular and lingual surfaces) (yellow arrow), tooth

neck caries with retrograde evolution (black arrow).

Figure 25. Calculus (red arrow) adherent to multifilament Figure 26. Extensive dental resorption (black arrow),
silk sutures (blue arrow), in contact with soft tissues that calculus deposits (red arrow) and bacterial plaque
show inflammatory reaction (black arrow). (green arrow).

Figure 27. Extensive lymphoplasmacytic Figure 28. Destruction of the marginal ~ Figure 29. Calculus (red arrow)
inflammatory infiltrate with rare neutro- periodontium, presence of calculus enclosed in soft tissues that show
phils, multifocal distribution (black arrow), (red arrow) and bacterial plaque (blue  inflammatory reaction.

situated at the site of transition between arrow), destruction and inflammation

hyperplastic gingival epithelium and the tooth.  of periodontal ligaments (black arrow).

1519



Alexandru Bogdan-Cdtdlin et al

Giemsa and PAS staining evidenced the presence of
Actinomyces bacteria and cocci (Figures 30, 31, 32, 33).

Figure 31. Actinomyces
colony (PAS+ staining).

Figure 30. Actinomyces loca-
ted in the inner epithelium of
the periodontal pocket (yellow
arrow) (PAS+ staining).

Gram staining evidenced Gram-positive bacteria stained in
blue (Figures 34, 35, 36, 37).

Fig. 34. Fig. 35.

P

Figure 33. Cocci in the
periodontal pockets (Giemsa
staining).

Figure 32. Cocci in the inner
epithelium of the periodontal
pocket (Giemsa staining).

" Fig. 36. Fig. 37.

Figures 34, 35, 36, 37. Gram staining evidenced Gram-positive bacteria in the bacterial plaque found deep in the

periodontal pockets.

Discussions

It was decided to initiate this study on sheep because
under specific environmental conditions they acquire
periodontal disease, generally in the acute form (broken
mouth); in addition, bone anisotropy in sheep is very similar
to that found in humans (WANG Y et al [38]); (SOARES HB
et al [39]). Also, studies confirm the presence of bacterial
species common to both sheep and humans under periodontal
disease conditions (ANA C. BORSANELLI et al [70]).

The presence of Actinomyces bacteria, even if detected
only by histological exams, confirms the fact that these can
occur in chronic periodontitis forms as well.

Clinical measurements in CPD, such as periodontal
pocket depth, tooth mobility and bleeding on probing, are
essential for the diagnosis of this disease. These measurements
have not yet been prevailed over by the efforts made to detect

biomarkers in the gingival crevicular fluid (KINANE et al,
2017 [3)).

Regarding periodontal pocket depth, the statistically
significant differences (p<<0.01) between the mean values
of the indicators evaluated by periodontometry for the six
measured sites illustrated the success of this experimental
model. The increase in the probing depth after 10 months from
local surgery (a period during which the animals were
subjected to an individualized lifestyle) was highly significant,
which is why this model is suitable for further studies on
therapeutic procedures.

A probing depth >5 mm and the number of sites with
gingival recession were identified as predictors of risk for CPD
(VAN DER VELDEN et al, 2006 [40]). In our study, we
succeeded in reproducing probing depth values >6-7 mm
(Figures 11, 13-16), which corresponds to the evolution of
the chronic process and shows the usefulness of this model.
The mesio-lingual (ML), centro-lingual (L) and disto-lingual
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(DL) sites showed good accuracy in estimating attachment
loss and registered the highest probing depth values (=7 mm).
We took into consideration the results that do not overestimate
chronic marginal periodontitis (CHU & OUYANG, 2015 [41])
and are in accordance with the physiological particularities
of sheep.

Chronic marginal periodontitis leads to progressive
attachment loss followed by tooth loss (PAYNE et al, 2013
[42]). Since different degrees of severity of the inflammatory
process result in different risks of periodontal attachment
loss (SCHATZLE et al, 2004 [43]), it can be assumed that
attempting to control and reduce inflammation can reduce the
risk of tooth loss. A very important cause of the increase in
inflammation is the development of dental plaque, especially
in the subgingival area. In our 10-month study, we initiated
several pathogenic mechanisms that contributed to the
development of CPD: the instillation of pathogenic bacterial
species (from the periodontal exudate collected from human
patients with periodontal disease) favored the development of
an oral bacterial biofilm and induced a chronic inflammatory
process leading to the development of dental plaque and its
calcification in the periodontal pockets (Figs. 23-26, 28, 29).
lons in the serum transudate resulting during the inflammatory
process mainly favor bacterial plague calcification in the
subgingival area (KINANE et al, 2017 [3]), similarly to
the plaque in our study. The presence of dental plaque
concentrates the dental pathogens and increases their
adherence to the tooth surface (JONES et al, 2011 [44]).
The most frequent bacterial species identified in chronic
periodontitis developed in our study were Actinomyces,
important bacterial plaque forming organisms, which induced
characteristic pathogenic changes (Figures 30, 31). This
observation was also reported in human studies on chronic
periodontitis (VIELKIND et al, 2015 [45]).

The evolution of the chronic periodontal process can be
assessed by dental radiographs using the parallel technique
(the development of a parallel technique for the current
study described above); this can be used to easily measure the
bone crest height and to evaluate the presence of factors
contributing to plague accumulation and calculus development
(KOROSTOFF et al, 2016 [46]). In our clinical and
radiological evaluation, we observed the presence of dental
plaque and calculus deposits at the beginning of the study
(Figures 2, 3); at the final radiological evaluation, subgin-
gival calculus deposits were more markedly present, at
the cementoenamel junction, with radiological visibility
(Figure 15). Also, a decrease in height and demineralization
of interdental septa were obvious.

In humans, the first molars are lost initially due to more
extensive bacterial plaque deposits (JONES et al, 2011 [44]).
The process is similar in sheep, with the difference that
the initial presence of the dental plaque was detected in the
mandibular front teeth, which is favored by the absence of
antagonist teeth; in time, these aspects lead to the loss of those
teeth. In our study, surgery forced the progression of chronic
marginal periodontitis in a period of 10 months. Of the
7 mandibular incisors observed initially, 2 were lost (28.57%).

In this study, an adjuvant factor in the obtaining of a
successful experimental model was dietary control. The high
dietary intake of oxalic acid and phytic acid (found in rhubarb,
rumex acetosa and zea mays), as well as animal fats induced
a decrease in intestinal calcium absorption (ASLANI et al,

2011 [47]), by formation of non-resorbable compounds,
along with a fatty diet that diminished salivary calcium
absorption (NIEUW AMERONGEN et al, 1988 [28]),
favoring the onset of the disease.

Advantages of the experimental sheep model

compared to other animal models

Each animal model of CPD has its advantages and
disadvantages. Each animal model shows similarities and
dissimilarities to humans and allows the induction of clinical
manifestations similar to those of human periodontitis
(bleeding on probing, bone loss, deep periodontal pockets and
tooth loss). Each animal model can test a component of the
pathological process in periodontal disease. However, any
dental study in animals involves a selection based on a
different main investigation purpose: tissue regeneration,
bone healing, inflammatory mediators, formation of calculus,
implant studies.

Non-human primates are the most similar to man (dental
structure, microflora), but their cost is extremely high, and
periodontal disease occurs late in life and evolves over a long
time period (OZ & PULEOQ, 2011 [17]).

Rodents are the easiest to manipulate genetically in
different genomes and microbial states, and are less expensive,
but they are commonly used for the induction of acute
periodontitis and for the study of the host-microbiome
interaction (genetically manipulated rat strain for the study of
specific immune interactions). At the same time, rodents
have continuously growing teeth and a greater natural tooth
regeneration capacity, they have a natural resistance to
periodontitis and also have unique anatomical particularities
of dental and periodontal tissues, which is why they do not
reproduce human periodontitis progression (OZ & PULEO,
2011 [17]); (MUSHEGYAN et al, 2015 [48]).

Hamsters have been used to illustrate the transmissibility
of periodontal disease with plaque bacteria because they
develop both the caries and extensive periodontal disease
after bacterial inoculation. Nevertheless, in hamsters, the
disadvantage is represented by inflammation, which is not the
most important characteristic, as it is in humans (CHANDNA
etal, 2011 [49]).

Rabbits present oral microorganisms similar to human
periodontal flora (TYRRELL et al, 2002 [50]), and their use
is less expensive. Pro-inflammatory and anti-inflammatory
mechanisms in rabbits are similar to those found in humans
(HASTURK et al, 2007 [51]). However, there are opinions
according to which using rabbits is not adequate for the study
of periodontal ligament regeneration (OORTGIESEN et al,
2010 [52]).

Dogs can develop periodontal disease similarly to
humans both naturally and experimentally, but their use is
also expensive, requires special care, and their teeth are also
different from human dentition (OZ and PULEO, 2011 [17]).
Dogs have a genetic breed predisposition to chronic diseases
(such as periodontitis) and are physiologically closer to
humans; consequently, they are more suitable for a compa-
rative genomic approach of CPD (ALBUQUERQUE et al,
2012 [53]). In any case, they are animal models that are
more widely used in the research of periodontitis compared
to primates (DANNAN & ALKATTAN, 2007 [54]).

Using pigs (particularly small breed pigs) in the study of
CPD induced naturally or experimentally is adequate because
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they show many similarities to humans in terms of dental
structure and physiology, and also have similar immunological
and pathological mechanisms in the evolution of periodontitis
(OZ & PULEO, 2011 [17]); (WANG S et al, 2007 [55]).
Another argument for the use of miniature pigs is gingivitis
and periodontitis that occur naturally; consequently, there is an
inflammatory process similar to that observed in human
periodontal disease (LIU et al, 2008 [56]). However, the use
of pigs is relatively expensive and involves growth-related
problems. There are relatively few studies on pig models.

Sheep as an experimental model of chronic
marginal periodontitis

Sheep have been used in many dental studies in a number
of dental research areas: healing of periodontal wounds
(DANESH-MEYER et al, 1997 [57]), endodontic regeneration
(AL TAII et al, 2016 [58]), stem cell therapy in bone
regeneration (SCHLIEPHAKE et al, 2001 [59]), implant
studies (LANGHOFF et al, 2008 [60]).

The wide-scale use of sheep as an animal model in dental
studies is due to several reasons. In addition to economic
reasons — they are accessible, numerous and their breeding is
of economic interest (DANESH-MEYER et al, 1997 [57]),
there are many similarities of the anatomy of sheep teeth to
human teeth, with an adequate growth rate, with the
advantages and disadvantages of each dental age (AL TAII
et al, 2016 [58]). The experimental sheep model uses the
similarity to naturally occurring periodontal disease. Similarly
to humans, individual variations in the extension and severity
of the induced disease may complicate the interpretation of
the healing response (DANESH-MEYER et al, 1997 [57]).

The main reason for using sheep is represented by
periodontal disease in sheep which occurs naturally and is also
termed “broken mouth” (BORSANELLI et al, 2017 [61]).
Broken mouth periodontitis (BMP) is a painful disorder of
sheep incisors, with many similarities to human CPD
evolution: periodontal bacterial infection, formation of
periodontal pockets, association of subgingival plague with
periodontal lesions (MCCOURTIE et al, 1990 [62]), severe
degradation of periodontal collagen, chronic inflammation
(gingivitis) with perivascular accumulation of mononuclear
cells, plasma cells, lymphocytes and resorptive cells
(osteoclasts and cementoclasts), high serum IgG levels,
antibodies, significant alveolar bone resorption, epithelial
inflammatory infiltration, gingival recession, degradation of
blood capillary walls and bleeding on probing, increased tooth
mobility and progressive tooth loss. It develops especially in
sheep grazing in rough grasslands (ISMAIEL et al, 1989 [63]);
(RIGGIO et al, 2013 [64]); (BORSANELLI et al, 2017 [61]).
All these characteristics are similar to those found in rapidly
destructive forms of human CPD (ISMAIEL et al, 1989 [63]).

Another important reason for using the sheep model
is dental plaque which occurs naturally, including in the
subgingival area. In this animal model, we succeeded in
reproducing a larger amount of subgingival calculus, which is
known to be a determining factor of risk for CPD onset (VAN
DER VELDEN et al, 2006 [40]). Gingivitis is reversible, but
in sensitive persons it progresses towards chronic periodontitis
(KINANE et al, 2017 [3]). In sheep, broken mouth, which is
natural and is a type of acute periodontitis with typical onset
around a younger age, is a disease that is similar to human
periodontitis in many regards (ISMAIEL et al, 1989 [63]).

We started in our study from the premise that it is preferable
to choose sheep as a CPD model based on susceptibility to an
acute form of gingival inflammation, which can more rapidly
progress towards periodontitis. This premise is supported in
humans by the study of Van der Velden et al, who indicate
the fact that periodontal disease can develop at young ages, as
well as an increase in susceptibility to CPD at the adult age
(VAN DER VELDEN et al, 2006 [40]).

The bacterial composition of the oral flora and the
development of dental plaque are also an important reason
for choosing the sheep model of periodontal disease.

In human dental plaque, bacterial composition is
influenced by many factors, including oxygen supply, pH,
diet, oral hygiene and intermicrobial interactions. Poor,
insufficient oral hygiene or the lack of dental care, smoking,
alteration of immunity, as well as other harmful factors might
induce gingivitis (i.e. gingival tissue inflammation). Above
and below the gingival margin, bacterial composition differs
significantly. In healthy individuals, bacterial flora is mainly
composed of aerobic streptococci, anaerobic actinomycetes
and F. nucleatum (MOORE & MOORE, 1994 [65]). It is
known that the main bacterial species involved in human
CPD are Porphyromonas gingivalis, Prevotella intermedia,
Treponema denticola, Tannerella forsythia and Aggregati-
bacter actinomycetemcomitans (SANZ et al, 2018 [66]);
(MOMBELLI, 2018 [67]); (YONG et al, 2015 [68]).
Subgingival plaque (CHISTIAKQV et al, 2016 [6]) and the
presence of Aggregatibacter actinomycetemcomitans (VAN
DER VELDEN et al, 2006 [40]) play a major role in the
development of gingivitis, as well as periodontitis. The oral
flora in the sheep model has a distinct pattern and is associated
with oral health and natural periodontitis (RIGGIO et al,
2013 [64]). A number of studies have reported similarities of
the microflora and periodontitis between sheep and humans:
species of Porphyromonas with black pigmentation (RIGGIO
etal, 2013 [64]), Treponema (BORSANELLI etal, 2017 [61]),
Bacteroides melaninogenicus/Prevotella (FRISKEN et al,
1989), (ISMAIEL et al, 1989 [63]), Bacteroides gingivalis
(MCCOURTIE et al, 1990 [62]).

Even if an identical model of human periodontal disease
has not yet been developed, bacterial colonization and the
natural evolution of periodontal disease in sheep represent a
valid argument to use the experimental sheep model of CPD.

Conclusions

Maintaining a healthy periodontal support has a positive
impact on host immunity and can ensure prevention of other
systemic inflammatory diseases.

Bacterial plaque control, removal of calculus and all
local irritating factors that act on the marginal periodontium
are essential in stopping gingivitis, periodontal attachment
loss and finally tooth loss.

Dietary imbalances with decreased calcium absorption
can favor periodontal disease. A diet poor in carbohydrates
and rich in omega-3 fatty acids and vitamins C and D can
significantly reduce gingival-periodontal inflammation.

The experimental sheep model of periodontal disease
has many similarities to the human condition and could
allow a more rapid study of therapeutic models.

Even if larger numbers of animals are required for
a classification regarding physiological tooth mobility as well
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as physiological probing depth, natural periodontitis in sheep
is an important argument to use sheep as an experimental
model of chronic periodontitis.

Further studies with objective measurements of the
serological markers of periodontal disease might be useful
to confirm the importance of the animal model.
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