1. Dentition 

· Teeth are hard bony structures in the oral cavity that are variously modified to capture, tear, cut or grind food material before it is swallowed. 

· Epidermal teeth are hard cornified epidermal structures of rare occurrence, as in the buccal funnel of cyclostomes and on the edges of tadpole jaws. Dermal teeth are found in most of the vertebrates.
· Absence of teeth:
Modern turtles and birds lack teeth. Teeth are present in all mammals though a secon​dary toothless condition is found in some mammals. The adult platypus (Ornithorhynchus) bears epidermal teeth but no true teeth are present. In platypus embryonic teeth are replaced by horny epidermal teeth in adult. In Echidna or spiny ant-eater (Tachyglossus) the teeth are absent in all stages of life.

· In certain ant-eaters of the New World (e.g., Myrmecophaga, Tamandua and Cyclopes) and’ in adult whale-bone whale, Balaena (Right whale), Caperea (Pygmy right whale), Eschrichtius (Grey whale), Balaenoptera (Rorqual whale), Megaptera (Humpback whale)—teeth are absent.

· Many other vertebrae lack bony teeth eg. Sturgeons, numerous teleosts including sea horses and few amphibians.
2. Meaning of Dentition in Mammals:

The arrangement of teeth in the upper and lower jaws, mainly on the premaxilla, maxilla and dentary bones, is called dentition.

3. Origin and Structure of Teeth in Mammals:
· Teeth have evolved from denticles which are released from armour near the margins of the mouth as ossification in the inte​gument. A typical mammalian tooth can be distinguished mainly into two regions — crown and root. The crown is the exposed part of the tooth and situated above the root and in the old age it is generally subject to wear.

· The root is the hidden part in the gum which is anchored in the socket or alveolus of the jaw bone. The tooth encloses a pulp cavity that contains blood vessels, nerves, and connective tissue (Fig. Structure of teeth has been given in class). The junction of crown and root is called neck.

· Each tooth is made up of the same four components: enamel, dentin, cementum and pulp.

· There are three kinds of tissues in a typical tooth. They are enamel, dentine and cement. 
· Unworn crown is covered by a thin, very hard, glisten​ing layer, called enamel. It is the hardest substance in the body and is somewhat translucent. It is created by cells known as ameloblasts. It is the heaviest tissue of the vertebrates and is com​posed of crystals of hydroxyapatite [3(Ca3PO4)2. Ca(OH)2). It is ectodermal in ori​gin and totally acellular. The enamel is the first line of protection for the tooth. It can withstand biting pressure but does not have the ability to regrow once fully formed. If there has been minor demineralization (become more porous) occurring, it can remineralize (harden) and thus stop the tooth decay process with proper nutrition and oral care.
· The dentin is the substance that lies beneath the enamel and the cementum in the tooth. Dentin is created by cells known as odontoblasts. It is harder than bone but softer than enamel. It makes up the major portion of the tooth. The dentin is comprised of microscopic tubes known as dentinal tubules. There are three types of dentin. Primary dentin is what is present when the tooth erupts. Secondary dentin continues to form during the life of the tooth. Reparative dentin can form in response to inflammation/irritation or trauma. The color of the dentin reflecting through the enamel is what is responsible for the color (hue and tint) of the tooth. Because dentin is softer than enamel, if decay passes through the enamel (demineralization) and invades the dentin, it can spread very rapidly here. The enamel and the dentin meet at an area known as dentoenamel junction.The ivory is a specialised dentine and hard creamy-white substance, found in ele​phant, hippopotamus, walrus and narwhals tusks. The human dentine is composed of mainly calcium phosphate and fluoride 66.72%, organic matter 28.01% and calcium carbonate.
· The cementum or Crusta petrosa is the substance that covers the root of the tooth. It is also very thin and not as hard as the enamel but has a similar hardness to bone. It is softer than dentine and is rich in collagenous fibres. Cement is a nonvascular bone and usually acellular. Cells, known as cementoblasts form cementum. There are fibers that project from the cementum and attach it to the alveolar bone. The cementum can be abraded by such things as the bristles of a stiff toothbrush. Also, if the cementum becomes exposed to the oral cavity through gingival recession, this surface can become very sensitive to temperature changes in the mouth (hot and cold). The enamel and cementum meet at an area known as the cementoenamel junction. Both dentine and cement are mesodermal in origin.

· The pulp is the final component, and it is where all the nerves and blood vessels that supply the tooth are housed. The pulp is divided into two areas: the pulp chamber, located in the crown of the tooth; and the pulp canals, which are located in the root(s) of the tooth. The pulp cavity is lined by a layer of bone cells, called odontoblasts. If the pulp area becomes exposed to decay, a bacterial infection can occur and may require root canal therapy in order to save the tooth. When the teeth first erupt, the pulp chamber and canals are very large, but as secondary dentin forms, the pulp area decreases.
· The tooth is attached to the underlying alveolar bone with strong connective tissue fibers (Sharpey’s fibres). known as the periodontal ligaments.
4. Types of Dentition in Mammals:
A. Classification According to the Shape and Size of the Teeth:
Homodont:
Homodont or isodont type of teeth is a condition where the teeth are all alike in their shape and size. e.g., the toothed whales (Odontoceti). All teeth are functionally and anatomically of the same type, although their size may be variable depending on the location. Sometimes functionally some teeth may be specialized as fangs of snakes. Pinnipedians show a tendency towards homodont condition. Fishes amphibians reptiles and in the extinct toothed birds, the homodont or isodont condition is observed.

Heterodont:
Heterodont condition is the usual feature in mammals, i.e. the teeth are distinguished according to their shape, size and function. The function is also different at different parts of the tooth row. There are 4 functionally different types of teeth, namely, flat incisors for cutting, long and pointed canines for tearing flesh and large and broad premolars and molars with flat grinding surface. Molars have no counterparts in the milk teeth. Except mammals heterodont condition is found in Port Jackson Shark (Heterodontus), in several reptiles, specially among mammal-like reptiles.

B. According to the Mode of Attachment of Teeth:
a) Thecodont: 
In this condition, the teeth are lodged in bony sockets or alveoli of the jaw bone and capillaries and nerves enter the pulp cavity through the open tips of the hollow roots. Thecodont dentition is found in mammals. Here root of the tooth is firmly fixed in a socket of the jawbone, making the attachment strongest in vertebrates. This is a peg and socket attachment with the help of cementum that surrounds the root portion of the tooth.



Mode of attachment of teeth

Except mammals, thecodont type of teeth is found in crocodiles and in some fishes (Haddock, Garpike and Barracuda). Among vertebrates except thecodont, acrodont and pleurodont type of dentition is found.
b) Acrodont:
The teeth are fused to the surface of the underlying jawbone. They have no roots and are attached to the edge of the jawbone by fibrous membrane e.g., fishes, amphibians and some reptiles. This type of attachment is not very strong and teeth are lost easily and are replaced by new ones.
In amphibians if teeth are present, they are acrodont and homodont except Necturus. All reptiles do not possess acrodont type of teeth. The acrodont- possessing reptiles are Sphenodort, Calotes, Draco, Agama, Uromastix, Moloch horridus and some snakes.

Remark:
The teeth in modern amphibians are attached in the pleurodont style to the outer wall in a broad alveolar groove of the jaw bone. The teeth of modern amphibians are pleurodont and supported by pedicels of dental origin to which they are attached by zones of soft tissue.

c) Pleurodont:
Here the teeth are attached to the inner-side of the jawbone. The tooth touches the bone only with the outer surface of its root. In acrodont and pleurodont types of dentition, there are no roots, and nerves and blood vessels do not enter the pulp cavity at the base, e.g., Necturus (Amphibia) and some reptiles. Pleurodont teeth are attached on the inner side and upper side of the jawbone that brings larger surface area of tooth in contact with jawbone and hence attachment is stronger, as in lizards and urodeles. But this attachment is also not as strong as thecodont.
Among reptiles the following families possess the pleurodont type teeth: Iguanidae (Iguana), Xenosauridae (Xenosaurus, Mexico), Zonuridae (Africa), Anguidae (Anguis, Ophisaurus), Lacertidae (Lacerta), Scincidae (Mabuya), Helodermatidae (Heloderma, Mexico), Varanidae (Varanus), Cerrhosauridae (Africa) and many snakes.

C. According to the Succession or Replace​ment of Teeth:
The teeth can be divided into three cate​gories:
(i) Monophyodont

(ii) Diphyodont and

(iii) Polyphyodont.

Among mammals the first two categories are found.

(i) Monophyodont:
In some mammals, only one set of teeth develops in their life time and this condition is called Monophyodont, e.g., Marsupials retain all their milk teeth except last premolars, the toothed whales (Odontoceti), some rodents (e.g., squirrels), certain insectivores (e.g., moles). Among platypus, sirenians and tooth​less whales develop only one set of teeth (monophyodont dentition). These teeth may not erupt (some whales) or, if they develop are usually shed shortly afterward.
(ii) Diphyodont:
In most mammals two sets of teeth are found. The first temporary set of teeth, called deciduous teeth, milk teeth or lacteal teeth, are lost or replaced by a second set of teeth, termed permanent teeth. In bats and guinea-pigs the milk teeth are lost even before birth. In milk teeth the molars are absent.
(iii) Polyphyodont:
In this condition, the teeth are replaced continuously throughout life, e.g., most lower vertebrates replace their teeth, generation following generation (Dogfish, snakes).
5. Types of teeth:
In heterodont condition the teeth can be distinguished into 4 types. They are incisors, canines, premolars and molars.

(i) Incisors:
They are situated anteriorly on the premaxilla in upper jaw and tips of dentaries in lower jaw. They are conical, single-rooted and monocuspid. They are used for cutting or cropping. Incisors may be totally absent in sloth or absent on upper jaw in sheep and ox. In rodents and lagomorphs the incisors are chisel-shaped, open rooted and continue to grow throughout life. 

For human: The four front teeth in both the upper and lower jaws are incisors. Their primary function is to cut food.  The two incisors on either side of the midline are known as central incisors.  The two adjacent teeth to the central incisors are known as the lateral incisors.  Incisors have a single root and a sharp incisal edge.
(ii) Canines:
Canines lie immediately behind the incisors. They are single in each half of the jaw. They are large-pointed, long-crowned with a single root. They are used for piercing and tearing the flesh of the prey (dog). Sometimes the canines are used in holding the prey, mainly seen in carnivorous mammals. 
For human: There are four canines in the oral cavity. Two in the maxillary arch and two in the mandibular area.  They are behind and adjacent to the lateral incisors.  Their main function is to tear food.  They have a single, pointed cusp and a single root.  They have the longest root of any tooth.  They also serve to form the corners of the mouth.
In rodents and lagomorphs, the canine is absent, leaving a space in-between incisors and premolars, called diastema. Any gap within the dental series is called diastema. In horses, the canines are relatively small. In car​nivores (dogs, tigers and lions) the canines become spear-shaped and used for piercing and tearing the flesh. They are generally used for holding and piercing in relation to both feeding and fighting.
(iii) Premolars:
Following the canines there are premolars or bicuspid teeth. These have two roots and two cusps. The premolars are used for grinding the food materials. 
For human:  These teeth are located behind and adjacent to the canines and are designed to crush food.  There are eight premolars in the oral cavity.  There are two in each quadrant of the mouth.  The one closest to the midline is the first premolar and the one farthest from the midline is the second premolar.  These teeth can have 3-4 cusps.  The maxillary first premolar has two roots, and the remaining premolars have a single root.  There are no premolars in the primary dentition.
(iv)  Molars:
      Molars lie behind the premolars. They have two or more roots and several cusps. Molars are used for crushing food; premolars and molars are collectively called “Cheek teeth”.

In carnivores the number of cheek teeth is often reduced and in some cases (Fissipedia) last upper premolar and first molar in lower jaw are modified into chisel-shaped sharp cusps, called Carnassial teeth, used for cracking bones and shearing tendons. 

For human: The most posterior teeth in the mouth are the molars.  They have broader and flatter surfaces with 4-5 cusps.  They are designed to grind food.  Mandibular molars typically have 2 roots.  Maxillary molars, which are located behind the second premolars, typically have 3 roots.  There are 12 molars in the permanent dentition with three in each quadrant of the mouth.  They are named starting with closest to the midline as first molars, second molars and third molars.  In some people, their third molar of both side did not fully developed.  Third molars are often referred to as wisdom teeth. Its eruption is often delayed. The primary dentition only contains eight molars. 
6. Cusp patterns of cheek teeth:
The molars contain many cusps on their surface. The cusps are raised tiny structures or ridges on the occlusal surface. The cusps are called cones. Depending on the number and shape of the cusps, molars are recognised in different names.

[Among fossil mammals]
(i) Triconodont:
In this condition molars possess 3 cones or cusps arranged in anteroposterior lines. This type of molar teeth are found in the fossil Mesozoic mammals e.g., Triconodon.
(ii) Trituberculate:
Here the molars contain three cones or tubercles, arranged in the form of a triangle. It is also found among fossil Mesozoic mammals, e.g., Spalacotherium.

7. Modification of Cheek teeth:

Depending upon the feeding habit and the type of food taken (trophic specialization), the premolars and molars of recent eutherians have undergone changes in their shape, and cheek teeth are recognised into the following names.

(i) Bunodont:
When the cusps in the cheek teeth remain separate and rounded, the tooth is called bunodont (mound + tooth). In man and in some omnivore mammals the cheek teeth are bunodont type and they are used in grinding the food material. These teeth are small with smaller cusps or tubercles on the surface for handling soft diet as in man, monkeys, rodents etc.
(ii) Lophodont:
If the cusps are joined to form ridges or lophs, the tooth is called lophodont. The cheek teeth of elephant are of lophodont type. There is an intricate folding of enamel and dentine. These type of teeth are used to grind all sorts of plants, and also grasses. The ridges on the grinding surface are in the shape of rounded lophs and the depressions are filled with silica.
(iii) Secodont:
When the cheek teeth are with sharp cut​ting crowns, the teeth are called secodont. This condition of teeth is present in terrestrial carnivores and in some primates. These teeth possess cutting edges and are used for cutting and shearing the flesh.

 (iv) Selenodont:
Cheek teeth with crescent-shaped cusps are known as selenodont. In ruminants and horses (perissodactyla), the teeth are seleno​dont (crescent shaped moon + tooth) type and are used for grinding the plant matter. Here silica deposits around cusps and in the depressions of the grinding surface. This makes the grinding surface of teeth harder to prevent wearing.
(v) Brachydont:
A smaller tooth with a low crown and compara​tively long root is called brachydont (short + tooth), suitable for feeding on soft diet, e.g., Man.

 (vi) Hypsodont:
When the crown is high and the roots are short and open e.g., Horse, incisor of elephants. They can resist wear and tear of feeding on tough and fibrous diet as in ungulates.
8. Modification of Teeth Based on Diet:
The teeth of mammals are modified according to their food habit.

a) Herbivorous mammals:
· Herbivores include oxen, sheep, goats, deer, antelopes, camels, rodents, elephants, and members of the uneven toed mammals. Their food consists of mainly grasses and plant material which require long mastication for digestion. 
· In artiodactyles the grinding teeth possess broad crown, complicated by ridges and folds of hard enamel. 
· Premolars are not used for grinding purposes. 

· The grinding func​tion is occupied by very elongated hypsodont molars. The effective grinding surface is main​tained by the persistence of harder enamel. 
· The incisors of the upper jaw are lost and the canine teeth are rudimentary or absent. The incisors and canines of the lower jaw are pre​sent and are used for grass-cropping appara​tus. The check teeth of ruminants and horses are of selenodont type.

· Rodents have no canines. Only incisors are used for gnawing, scraping and nibbling. The incisors are sharp and chisel-shaped, used for cutting purposes. Enamel are absent on the posterior surface of the incisors and as a result, the body of the incisors wears quickly.

· As the incisors are provided with persistent open roots they grow throughout life. They have 3 molars or grinders on each side of the jaw. The cusps of the broad surfaces of the molars are joined in pairs to form ridges.

· Elephants have lost all canine teeth and all the incisors except the second pair in the upper jaw which have developed into tusks. The jaws have six hypsodont molars in each jaw and are used as grinding teeth. Out of 6, only two molars remain functional at a time.
· The surfaces of the molars consist of a series of deep plates composed of a dentine and enamel, bound together in a solid mass by cement. These three elements wear at different rates, leaving a rough surface. As the dentine wears, the enamel of the crowns of the molars appears a series of trans​verse ridges.

· In horses, all the cheek teeth are hypsodont with crescent shaped cusps, known as selenodont used for grinding purposes. The enamel, dentine and cement of the cheek teeth wear at different rates, leaving a rough surface for grinding the grasses.

b) Carnivorous mammals:
· In carnivorous mammals, the canines are large, sharp and pointed which are used for tearing purposes and incisors are pierced into the body of the victim. These teeth are suppor​ted by powerful jaw muscles. Incisors and canines are used for seizing, holding and biting.

· The last upper premolar and first lower molar are developed into sharp chisel-shaped struc​tures, called carnassial teeth and used for cut​ting the flesh. These carnassial teeth act against each other like the blades of a pair of incisors. The cheek teeth of carnivores are secodont type because these teeth possess sharp cutting crowns.

c) Omnivorous mammals:
· The omnivorous mammals consume mixed diet including vegetables and meat. Many mammals including monkeys, man and true civets fall in this group. Cheek teeth of these mammals are bunodont type.

· The cusps on the cheek teeth remain separate and are rounded in shape. The incisors are used for cutting the food material. The true civets sub​sist on meat and vegetable matter. They have broad-crowned many cusped molars. The molars are designed to cut the flesh and to grind the vegetable matter.

d) Aquatic mammals:
· Among mammals, cetacean pinnipeds and sea cows are aquatic. The sea cows have teeth which are greatly reduced in size. They are grazers and teeth are little used. The well- developed lips are used for grazing purpose. The pinnipeds have teeth which have laterally compressed cones and three cusps in a row which helps to prevent escape of the slippery prey.

· Cetaceans have two groups — whale bone whales (Mysticeti) and toothed whales (Odontoceti). Toothed whales have homodont type teeth. The teeth are used to hold the prey. In whale bone whales (Mysticeti) the teeth are completely absent. Instead, transversely arranged triangular plates of keratin hang from the roof of the mouth, called baleen.
· The number of plates is about 300 and varies in colour in different species. The outer surface of the baleen is smooth and straight but inner surface has a hairy fringe to trap the food when water is expelled. These plates help to strain the minute planktonic food.
e) Other vertebrates:
· Cyclostomes have only epidermal teeth. Others like lung fishes and Chimaera have teeth modified into crushing plates. Majority of fishes possess Polyphyodont, Acrodont and homodont dentition suitable for seizing prey.
· In amphibians teeth are located on jaw bones, palatine and vomer bones and are Polyphyodont. Tadpoles lack true teeth and their jaws have horny epidermal ridges which are used to scrape algae on which they feed.

· Among reptiles, turtles lack teeth and have horny beak. In others, teeth are generally confined to jaw bones but in snakes and lizards may occur on palatine and pterygoid bones. Fangs of snakes are modified upper maxillary teeth and in Heloderma they are lower maxillary or mandibular.

· Modern birds lack teeth but Archaeopteryx had thecodont dentition and so were the toothed birds Ichthyornis and Hesperornis.
9.  Dental Formula:
The number of teeth in any particular species remains constant but varies in different species. So the number of teeth is expressed by a sort of equation and is called dental formula. The maximum number of teeth in heterodont mammals is 44. There are mam​mals with teeth less than 44. This is due to the reduction in the number of one or more types.

This constancy of the number of teeth has become a tool to the taxonomists for the pur​pose of classification. The dental formula is expressed by the number of each type of teeth in each half of the jaws. The teeth of the upper jaw are placed as numerators and in the lower jaw as denominators.

The numerators and denominators are separated by a horizontal line. The kind of teeth is indicated by initial letters i, c, Pm, m indicating incisor, canine, premolar and molar, respectively. For further simplification the initial letters are often omit​ted. When a certain type of tooth is absent, a zero is used to indicate the fact.

Dental formula of some mammals:
A typical primitive eutherian mammal possesses 44 teeth and it is expressed.

I3/3, c1/1, Pm4/4, m3/3 = 22 x 2 = 44.

In simpler forms it may be expressed

3.1.4.3/3.1.4.3 = 22 x 2 = 44.

Among monotremes, Tachyglossus does not possess teeth at any stage. The adult platy​pus (Ornithorhynchus) bears no teeth.

In marsupials the milk dentition persists except the last premolar. In adult marsupials the number of incisors in upper and lower jaws always varies except in burrowing wom​bats (phascolomys).

	

	



PRIMATES.  Primates are basically arboreal animals whose ancestors were insectivores and some of them still continue with their original diet. Generally they possess larger pointed canines and flat molars.

UNGULATES. Ungulates belong to two orders, the even-toed Artiodactyla and the odd-toed Perissodactyla that includes horses and rhinoceroses. They are all herbivores and fleet footed grazers and browsers, with teeth adapted for grinding tough vegetation. Musk deer also has large upper canines hanging on either side of the jaws. Hippopotamus has large canines too with sharp edges meant for defense against the lurking crocodiles in their amphibious habitat.

Pigs and horses have full set of 44 teeth as depicted in the dental formula given above. Premolars and molars are similar in shape and size, have flat grinding surface, with silica deposits between cusps. Such grinders are called selenodont and are designed to grind tough grasses. Wild boars have large canines for digging roots of plants and also for defence.

INSECTIVORES. In insectivores such as shrews, hedgehogs and moles, all teeth are pointed and grinding teeth possess peg-like cusps for crushing hard exoskeleton of insects on which they feed. In the mole genera Scalopus and Condylura milk teeth are retained throughout life.

CHIROPTERA. In bats milk teeth are shed before birth and they are born with permanent teeth. Insectivorous bats have conical cusps on the grinding teeth for crushing insects.

RODENTIA. Rodents include rats, mice, squirrels and guinea pigs which possess chisel-shaped front incisors for gnawing nuts and hard objects. These teeth grow throughout life due to the wide opening of the pulp cavity but they are worn out equally fast. Premolars and molars have flat grinding surface.

LAGOMORPHA. In rabbits also the upper incisors are chisel shaped adapted for gnawing, canines are absent and cheek teeth are modified for grinding. As in other herbivores, a big diastema is present between incisors and premolars.

PROBOSCIDIA.  The order includes elephants which have upper incisors modified as long tusks which are used for digging roots of plants, for removing barks from trees or for offence and defense. Premolars and molars are alike in appearance and they have broad and lophodont surface, in which cusps unite to form circular lophs of ridges with silica deposits in the depressions. Tusks of African elephant can reach a length of two metres and may weigh as much as 100 kg each.

CARNIVORES.  Carnivores include cats, tigers, lions, dogs, wolves, jackals and bears and the aquatic seals, sea lions and walruses. Their canines are long and pointed, dagger like for tearing flesh of the prey. Canines of walruses are modified into long tusks. Carnassial teeth are enlarged teeth with pointed cusps. These teeth also have sharp cutting edges and are called secodont teeth used for shearing flesh.

CETACEA.  There are no teeth in Mysticeti or baleen whales which possess baleen plates hanging from the palate that are suitable for straining planktons from sea water. In Odontoceti or toothed whales, teeth are homodont and monophyodont which are used to seize fish or other prey.

MARSUPIALS. Generally marsupials retain milk teeth except the last premolars that are replaced. Herbivores have a diastema and premolars and molars modified for grinding.
10. Unusual Teeth in Mammals:
(i) Elephant’s tusk:
The elephant’s tusks are the second pair of incisors in the upper-jaw. The lower incisors disappeared. The tusks are made of ivory which is a specialized dentine. The upper incisors have no root and they grow to form tusk. Both sexes of African elephants have tusks but in India only males bear tusks. Tusks are used in offence and defense.

(ii) Pig’s tusk:
In wild boar the upper canines are enlarged to form stout tusks. The warthog (Phacochoerus) of Africa bears 4 upward cur​ving tusks. These are transformed canines of both jaws. These are used for digging in the soil for storage roots and tubers of the plants.

(iii) Barking deer’s tusk:
The male muntjaks and musk deer possess tusks which are the enlarged form of upper canine teeth. These are used for self defense.

(iv) Walrus’s tusk:
They are the modified form of upper ca​nines. The primary function of the tusks is to break the clams on the ocean floor.
11. Development of tooth
Teeth develop over the jaw bone where certain malpighian cells start actively multiplying forming a mass of cells called dental lamina or enamel organ. A dental papilla made of group of dermal cells appears below the dental lamina that supplies nourishment to the growing mass of cells. Cells of the outer layer of dermal papilla arrange themselves in a row and get differentiated into odontoblast cells. Epidermal cells of the dental lamina that cover the growing dentine are called ameloblasts.

The tooth gradually grows outwards and eventually gets exposed by penetrating through the skin covering the jaw bone. The dental papilla inside the pulp cavity remains active along with its blood supply and nerve intact. This development of tooth is identical to the development of dermal scales in fishes. Hence shark teeth are also called modified placoid scales.
12. Origin and Evolution of Molars in Mammals:
The origin of the complex cheek teeth of mammals was a controversial issue for a long time. The simple and single-rooted incisor and canine show little modifications and are not taken into consideration in any discussion on the origin of cheek teeth. Two theories have been put forward to explain the origin of the complex cheek teeth.
a. Concrescence Theory of Kukenthal and Rose:
This theory was postulated by Kukenthal and Rose in 1890. This theory advocates that the cheek teeth (multi-cuspid teeth) originated by the fusion of two or more conical teeth. In dugong several enamel organs fuse to form the molar teeth.

Remarks:
As the theory is not supported by embryological evidences and the condition found in dugong is considered as exception, so this theory has been discarded.

b. Differentiation Theory of Cope and Osborn:
This theory was presented in 1880 by Cope and Osborn and was revised by Gregory in 1934. This theory holds that star​ting with a primitive conical tooth, two addi​tional projections or buds developed giving rise to the so-called triconodont shape. In the second phase these cones shifted so as to give rise to separate tubercles or cusps arranged in a triangle. This has been called tritubercular position. Still later other parts may have developed from these three original tubercles so as to form additional cusps or folds and thus arrived the varied types of mammalian cheek teeth that exist today.

Remarks:
Due to abundant embryological and palaeontological evidences, most zoolo​gists are in favour of this theory.

