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ABSTRACT

Periodontal diseases require treatment at an early stage to prevent further damage and aggravation of the disease. The most commonly seen
periodontal diseases are gingivitis and periodontitis. Animals have contributed a major role in studying the different periodontal diseases and
providing a proper treatment. Periodontal diseases are either induced in these experimental animal models or can be seen naturally. Different drugs
are tested on the animals induced by the disease to find the most effective treatment for that particular disease. Different animals such as mice, rats,
pigs, rabbits, hamsters, and rodents are used for the periodontal research. Different animals show a different reaction while some animals show no
reaction. Each animal has its own advantages and disadvantages. The use of large animals brings a limitation in the due to its housing difficulties.
Animals for periodontal research are chosen depending on their similarity with that of human anatomy and physiology. The use of these animals will
help to replicate the disease seen in humans in a better and more accurate way. This will improve the treatment outcome and the prognosis of the
disease. The drugs used can, hence, give a better idea about the effect it would have on the human body depending on the effects it shows on the animal
models. Hence, the use of appropriate animals for the periodontal research is important to design a better treatment for these diseases. Hence, animal

models play an important role in the periodontal research.
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INTRODUCTION

Periodontal diseases are very common among the general population.
Gingivitis and periodontitis are the most commonly seen diseases.
The body shows an inflammatory response due to the accumulation of
the bacteria Gram-negative being the most predominant on the teeth
surface [1].

Gingivitis is the inflammation of the gingiva. The inflammation
of the gingiva can be due to various reasons such as plaque
accumulation around the tooth surface, hormonal changes, drug-
induced, inflammatory, or idiopathic. There are four stages of gingival
enlargement - the initial lesion, early lesion, established lesion, and
advanced lesion. It is areversible disease on proper maintenance of oral
hygiene. Gingivitis is marked by red and swollen gums which bleed on
probing and brushing of teeth. On proper maintenance of oral hygiene,
brushing, flossing, and use of mouthwashes can reduce the condition.
Gingivitis can be of two types which include plaque-induced gingival
disease and non-plaque induced gingival disease. The plaque-induced
gingival disease is mainly caused by the accumulation of plaque on the
tooth surface and due to malnutrition or medications. The non-plaque
induced gingival disease is caused because of any bacterial, fungal or
viral infection, and foreign bodies in the oral cavity like dentures and
can also be as a result of genetic factors. The accumulation of plaque
around and on the tooth surface is the triggering factor for gingival
inflammation due to the immune response and causing destruction
of the tissues. When plaque is not removed regularly, it will calcify to
become calculus and later can also form tartar on the tooth surface.
There are also other reasons which will lead to the inflammation of
the gingival tissues such as hormonal changes, drugs, smoking, diet
leading to various deficiencies, and age. However, gingivitis, when left
unattended, will lead to an increase destruction of the periodontal
tissues causing an aggressive stage named periodontitis [1].

Periodontitis will lead to an excessive tissue destruction and bone loss
which will eventually lead to mobility of teeth in the advanced stage. It

damages the soft tissue and destroys the bone that supports the teeth.
They have similar symptoms as gingivitis some aggravation. Red and
swollen gingiva is seen which bleeds spontaneously on touch. Bad
breath is also experienced in patients with periodontitis. The teeth will
eventually become mobile and pain on biting will be experienced, and
recession of the gingiva will be seen showing symptoms of sensitivity
due to exposed roots. There are different types of periodontitis
which include chronic periodontitis, aggressive periodontitis, and
periodontitis as a manifestation of systemic disease. These diseases
when confined to only a specific region of the oral cavity is called as
localized, and when the disease is seen affecting the entire dentition,
it is called as generalized. Chronic periodontitis is reported to have
been seen most commonly in the older individuals in whom there is the
excessive destruction of the tissues and bone. Aggressive periodontitis
is the rapid destruction of the periodontium with the defects in the
bone. It is most commonly said to be seen in individuals younger than
25 years of age but can be seen in adults also. The increase in the
rate of progression of the disease will lead to early loss of teeth. This
disease is mostly hereditary and can be seen in individuals having a
family history of aggressive periodontitis. Early loss of teeth with early
bone resorption is also seen in aggressive periodontitis and is a serious
condition.

These diseases when left untreated or unattended will aggravate and
eventually lead to loss of teeth and excessive bone resorption. In the
aggravated stage the only treatment is the extraction of the teeth which
we can mostly encounter because of the ignorance of the population to the
periodontal problems. However, these diseases will become severe at the
later stages and cause severe damage. Early detection of the disease will
help in treating it and decreasing the severity of the disease. Therefore,
planning on newer and safer drugs for the treatment of periodontal
diseases will provide a better prognosis. Designing of drugs for the later
stages will also be helpful in treating the disease. The new drugs being
designed should be checked for its safety and its efficiency before using
it of patients to avoid any adverse drug interaction or harm to the human
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body and its functions. These drugs are, hence, tested or experimented in
animal models before using them in humans. The animals to be used must
produce a similarity to the human anatomic structures and physiology.
These similarities will help us to predict the clear safety of the drugs in
humans as well. The periodontal diseases can be naturally occurring in
these animals or have to be induced in them [2].

The bacterial biofilm will initiate the inflammatory responses causing
these diseases. Various treatment modalities have to be found to reduce
the harmful effects of the disease. The drugs and treatments to be
planned have to be tested for its safety before being used in humans.
New treatments are checked using animal models for their safety use
and efficacy in humans. The treatment for the periodontal diseases
should be emphasized on periodontal tissue regeneration using surgical
and non-surgical methods, growth factors, bone substitutes, and
mesenchymal stem cells which are the most recently proposed [2]. The
most commonly used animals for inducing and treating periodontitis
with newer ways are rats, pigs, hamsters, dogs, rabbits, and ferrets.
These animals are first induced with the disease, and then the newer
treatments are experimented on them to see its effect. However, these
animal models must be used with utmost care for ethical reasons [3,4].
The animal models have given a lot of knowledge of new concerns in
biological sciences [5-10].The use of animal models depends on the
similarity of it to the human body. The animals chosen for periodontal
research are checked for the close relationship to the human anatomy
and physiology.

Periodontal research aims in finding the causes for periodontal diseases
and inducing the diseases that are seen in the human oral cavity which
includes creating bone defects and planning a proper treatment for
it. The animals chosen are either having a periodontal disease, or the
disease is induced in them, and various drugs are used for its treatment.
The outcome of the treatment regarding the drugs and therapies is
taken into consideration for periodontal diseases in humans.

SELECTION OF ANIMAL MODELS

The animals should have characteristics of the diseases similar to the
ones seen in humans to study the evolution and origin of periodontal
diseases. The experimental study should include the use of indices that
are used in humans to assess the periodontal health such as the gingival
index, oral hygiene index, and subgingival pocket depth. Experiments
also require the use of radiographs, bacteria determination, histology
analysis, and blood immunology assays.

The studies conducted using monkeys were of good importance since
they had very similar anatomy to that of humans and also showed
similar development of periodontal diseases. The research can be
restricted in monkeys due to ethical reasons which require the care and
use justifications. The transportation along with expenses should also
be accounted for monkeys over long periods.

Dogs have a high occurrence of periodontal diseases with age and
close relation with the etiopathogenesis of humans [11]. Dogs are used
extensively in the periodontal research in spite of certain differences in
the bacterial population and the inflammatory response compared to
humans. The sub-connective tissue remains normal in dogs in spite of
the calculus deposits leading to gingivitis which is contrary in humans.
Gingivitis can be converted into periodontitis experimentally in dogs by
ligature fixing around the tooth [12,13].

The most ethically relevant animal models for periodontal research
are the rodents and rats and have the dental structures similar to that
of humans [14]. The periodontal diseases in rats are less compared
to their occurrence in humans, so they are induced by bacterial
inoculation and carbohydrate-rich diet or ligature around the teeth.
However, the continuous growth and migration of teeth in rats do
not make it possible to study the long period evolution of diseases
histologically. However, these models are used for the immunological
and microbiological studies [15].
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Hamsters and rats share the similar etiopathogenesis of periodontal
diseases. The hamsters are useful in microbiology and immunological
researches [16].

Monkeys and dogs being large animals are widely used for treatments
with different biomaterials and regeneration of tissues and pigs
and rabbits are also for these researches to some extent. A literature
research, in the past 10 years gave around 200 publications regarding
the use of biomaterials and tissue engineering in experimental
periodontitis.

The animal models were selected based on the ease in the surgically
created defects and pathologies similar to humans. These defects can be
created in the models in different ways which include the acute defect
model, the chronic defect model, and the acute/chronic defect model.

The defects in acute defect models are surgically induced by removing
the periodontal components surgically, and reproducible defects are
created in the experiment and control sites. The chronic defects make
use of the ligatures, orthodontic elastics, and silk sutures to reproduce
the defects which are more commonly seen in the interproximal areas
when compared to the buccal or lingual surfaces.

The chronic/acute defect is created surgically following by placement
of ligatures to allow accumulation of calculus and to prevent the defect
regeneration. The alveolar crest of the ramus is used to create osseous
and periodontal defects. The sizes of the defects created are critical-
sized and will heal over in time during the study.

The selection of animal models, however, gets compromise when
dealing with large animals due to housing of these large animals and
it also deals with the ethical and social issues. The role of bacteria, diet
in the periodontal diseases in the histological level can be assessed by
using small animals as models such as rats and hamsters.

ANIMAL MODELS

The animals which have a close resemblance to the human oral cavity
are chosen for the periodontal research. These animal models are used
to study the periodontal disease to design a better treatment and also
to check the effectiveness of the treatment on that particular disease.
Humans are said to have evolved from monkeys and hence showing
maximum similarities to humans. However, dogs are also seen to
naturally replicate the periodontal diseases seen in the humans. Rats
have always been a part of the experimental world and are quite useful
even in the periodontal field. The various animals commonly used to
either replicate the periodontal diseases or naturally presenting the
disease are rodents, pigs, dogs, rabbits, horses, ferrets, and hamsters.

Non-human primates

Monkeys are similar to humans and hence have a very close resemblance
of the oral structures to humans and also the accumulation of plaque,
calculus, and microbes. The species showing naturally occurring
periodontal diseases are rhesus monkeys, baboons, and cynomolgus
monkeys [17]. There are some species of non-human primates that
show the periodontal diseases at the adult age [18]. The orthodontic
elastics and ligatures were placed on the tooth surface to increase the
plaque accumulation to induce periodontitis at a faster rate [3]. The
ligatures are being changed every 1-2 weeks depending on the pocket
formations [19-23].

Dogs

Dogs have plaque accumulation containing microbes similar to the
human bacteria such as Porphyromonas gingivalis and Fusobacterium
nucleatum [24,25]. The size and periodontal status of the dogs are
similar to the human oral structures. The dogs that are most cooperative
are employed in the research for the ease. The use of dogs however in
a large scale is not possible due to ethical reasons. Although there are
a lot of similarities between the human and dog dentition, there is a
limitation to it when it comes to occlusion contacts, lateral movements,
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and open contacts. The gingivitis and periodontitis aggravation is
similar to that seen in humans. Due to the accumulation of supra-
gingival plaque and calculus because of the soft and minced diet will
lead to aggravation of gingivitis [24-27].

The marginal part of the gingiva is inflamed in early gingivitis with
neutrophils and monocytes. The later stages will lead to the extension
of the infiltrate apically beyond the junctional epithelium leading to the
pocket formation. The junctional epithelium and epithelial attachment
will extend up to the coronal level on gingival margin, and hence the
gingival sulcus is usually absent in healthy dogs.

There were two methods that were described which included treatment
of surgical defects on 3 and 4™ mandibular premolars [28-30], or based
after avulsion on 3™ premolars [31-34]. The regeneration procedures
which used bone morphogenetic protein, enamel matrix protein or
grafting materials as bioactive glass, and guided tissue regeneration
used were evaluated by these methods [35-38].

The residual osseous walls were counted at the surgical defect level
and considered the important healing factor. For the evaluation of
biomaterials, the defects having 4 mm of depth and width and osseous
wall of 1 or 3 in number were reproduced in models for periodontal
regeneration [39,40]. Dehiscence at the buccal roots level of the molars
was induced in dogs.[41] The filling of biomaterials and regenerating
techniques were done by creating fenestration of critical size at the
maxillary canines on the buccal side [42-47].

Miniature pigs

In terms of disease development, anatomy and physiology the pigs are
similar to humans [48]. The Minnesota miniature pig been used widely for
the various biomedical researches [49]. The minipigs usually after the age
of 6 months will develop gingivitis which will be indicated by inflammation
of the gingiva, bleeding of the gingiva on probing and accumulation of
plaque and calculus. The inoculation if bacteria and use of ligature wires
will induce periodontitis in mini pigs in about 4-8 weeks [49].

Rats

The gingival area of the rats is very similar to the humans [14]. With
all the similarities there exists some differences which include the
crevicular epithelium Kkeratinization and gingival and junctional
epithelium relationship with contact of desmosomes between
superficial cells of gingival epithelium and non-keratinized cells present
in junctional epithelium [50]. The various changes occurring in the
eruption of teeth in the rats will cause the movement of the molars in
the three-dimensional space and lead to movement in an occlusal, distal,
and buccal direction which is in comparison to the occluso mesial shift
in human teeth. There is a shift if the cementoenamel junction occlusally
faster when compared to the alveolar bone deposition. The age-related
factors and changes will have an impact on the research regarding
periodontal health and experiments. The rats appear normal in natural
conditions, and hence the disease has to be induced in rats. The injections
containing periodontal pathogens such as P. gingivalis, Streptococcus
sobrinus, Aggregatibacter actinomycetemcomitans, Actinomyces viscosus,
E nucleatum, Capnocytophaga, and Eikenella corrodens are injected into
the rats to induce the periodontal diseases [51].

The disease resistant strains in periodontics are obtained from silk
ligatures tied around the molars such as Sprague-Dawley or white
Lobund or can be done by inoculation of specific bacteria [52]. The
inflammation is only localized to the junctional epithelium in the initial
stage with high activity of phagocytes and neutrophils which forms a
protective barrier. Acute interdental inflammation is seen as ulcerations
in the junctional epithelium and neutrophils infiltrates in the supra-
alveolar connective tissue and increase in osteoclastic activity in 10%
of animals with 100 days of age [53,54].

A surgical model of rats has been proposed in the past 10 years [55].
This model had surgical periodontal defects on the second mandibular
molars at the radicular surfaces in the form of fenestrations. The bone
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at the second molars following an extraoral incision was removed using
a burr with saline irrigation. The depth of the defect was 1.5 mm, and
the width of 3 mm was standardized. This model of the rat was reprised
by Huang [56].

The rats are small animals which have a relatively low housing and
breeding cost and hence increasing the ease to carry out the researches
in a successful and sufficient number for statistical analysis.

Hamsters

The histological structure of hamsters is similar to that of rats [57].
Diet with high concentration of carbohydrates was used to create
periodontal disease in these animals [16]. The diet leads to a plaque
accumulation consisting of formic acid bacteria with food debris seen in
the palatal and lingual surfaces. Crater-like gingival pockets was formed
after breakdown of plaque accumulation at the junctional epithelium
and having the neutrophils as the primary inflammatory responses.
However, in hamsters, the inflammatory response is limited when
compared to rats and is different in observation to humans. The rats
infected with Gram-positive bacteria showed similar periodontal lesions
with diet in hamsters with the alveolar bone resorption mechanism.

Ferrets

The plaque was induced by ligatures in 4-8 weeks [58,59]. The
periodontal lesions observed in ferrets were similar to that of humans.
The calculus quantity and quality increased with the progression of
disease with inflammation following which there was a split in the
junctional epithelium and hence the formation of gingival pockets
similar to that seen in hamsters.

Horses

The most commonly seen diseases in horses are calculus accumulation,
recession of gingiva, periodontal pocket, and buccal abrasion. Due to its
large size and husbandry, the use of this animal is not much practiced
for experimental research of periodontal diseases and to design newer
therapies.

Rabbits

Various microorganisms were found in the rabbit oral cavity which
included Arcanobacterium haemolyticum, E nucleatum, Prevotella spp.,
Streptococcus milleri group, Peptostreptococcus micros, Actinomyces
israelii, and Prevotella heparinolytica, which are similar to the flora
of periodontal diseases seen in humans [60]. Surgically induced
periodontal defects are created in the rabbits to study the periodontal
regeneration, but the periodontal ligament regeneration was found to
be less suitable [61,11] periodontitis is caused by local factors such as
plaque and calculus which leads to progressive inflammation causing
bone loss [62,63]. Surgically induced defects may not mimic the natural
form of disease.

Minks

Age- and plaque-related periodontitis is observed in minks. However,
the severity of the disease is considered only in the older animals which
show that the severity increases with aging in these animals. Aggressive
periodontitis with severe periodontal lesions and bone loss is seen in
younger minks.

The maxilla and mandible showed different extent of gingiva being
affected with a deep vestibule in the upper jaw and large band of
attached gingiva at the incisors and canines. The attached gingiva at the
incisors and premolars in the lower jaw is narrower. The maxilla and
mandible had the similar attached gingiva appearance at the molars.
High hemorrhagic inflammatory response is seen in the marginal
gingiva in minks affected by Chediac-Higashi syndrome. Bone crater
formation is seen with variable bone resorption lesions at the furcation
depending on the extent and location of the gingival inflammation. The
inflammatory response, when seen histologically, appears different
when compared to that of humans. Hence, these animals have an
interesting role in the periodontal researches, but due to its housing, it
is used in limitation.
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CONCLUSION

The different animals models used for periodontal research will have
their own advantages and disadvantages. The use of the animal models
depends on the accuracy and their similarity with that of the human
oral cavity. The similarity of the animals to the human oral cavity will
replicate the diseases as itis seen in humans and hence better treatment
can be planned. The success of the treatment using various drugs can
be assessed using these models. The naturally occurring periodontal
diseases or the diseases have to be induced into the animal models to
get an response. However, the use of some animals which show high
similarity to the accumulation of plaque and deposits to that of human
have been restricted their use due to its size and ethical reasons. The
use of small animals is considered more comfortable and does not
cause destruction in large scale. These small animals are induced with
the periodontal disease and experiments of drugs are carried out.

These models are required for a better understanding of the origin and
evolution of the diseases in humans. The animal models can help us
to do a proper and effective periodontal research to make the use of
new biomaterials and treatments successful in the clinical trials. The
safety and efficacy of the new biomaterials and treatments depend on
the similarity of the animal models anatomically, physiologically, and
pathologically to humans.

The use of monkeys as animal’s models is highly preferable due to its
similarity in the anatomic and physiology of humans, but their use is
limited due to the ethical reasons. Dogs are also widely used as animal
models for periodontal research. The monkeys and dogs have anatomy
and physiology similar to those of humans can be used for pre-clinical
studies for new treatments. The use of rats requires the surgical creation
of defects, but because of its small size, it is a most preferred model.
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