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Theme of lesson: 

The saliva, its structure, properties, a role in support of homeostasis of the hard tissues of the teeth. 

Mineralization, demineralization, remineralisation. 

Mechanisms of protection of the oral cavity, their role in prevention of dental caries, diseases of the periodont.

Remineralisation of teeth

Remineralisation of teeth is a process in which minerals are returned to the molecular structure of the tooth itself. Teeth are (often) porous allowing fluids and demineralization beneath the surface of the tooth. When demineralized these pores become larger. [1] Incipient caries may be remineralized. [2] Some remineralisation methods may work for "white spot lesions" but not necessarily "intact tooth surfaces". [3] This process cannot replace lost tooth material (that is, it will not fill a cavity that has developed into a hole) [4].

Since natural remineralization is frequently inadequate to maintain strong enamel, especially in today’s world of processed foods and refined sugars, the natural remineralization process needs to be augmented.

During the past seven years there has been increased interest and development in calcium phosphate-based remineralization technology. Since these technologies are relatively new, the goal of this article is to increase the clinician’s knowledge of the demineralization/remineralization process, the products available, and ideas for implementation into daily practice.

Remineralization and demineralization have a significant impact on the strength and hardness of dental enamel. Remineralization and demineralization are processes that occur on the tooth surface. Since there is no connection between the bloodstream and tooth enamel, mineral supplements have no impact on the remineralization process. The reverse is also true. Events that draw minerals out of the blood, such as pregnancy or a broken bone healing, do not extract minerals from the teeth.1,2

Demineralization is the process of removing mineral ions from dental enamel, essentially “dissolving the enamel.” Dental enamel is a crystalline latticework made up of various minerals, primarily a complex calcium phosphate mineral called hydroxyapatite. A substantial number of mineral ions can be lost from the hydroxyapatite latticework without destroying its structural integrity. Although the integrity of the tooth is still intact, a patient may experience hot, cold, pressure or pain much more readily than before demineralization. A severely demineralized spot on a tooth that hasn’t yet formed a cavity may have the symptoms of a cavity. In some cases, when too many minerals are dissolved from an area of the hydroxyapatite’s latticework, a cavity results. Fortunately, the latticework can be strengthened and restored through the natural process of remineralization by eating unprocessed foods rich in minerals, such as natural and organic foods.1,2

Remineralization is the process of restoring mineral ions to the tooth structure, and can be compared to replacing the missing links in a chain. The lost mineral ions must be replaced with ions of the same shape, size and electrical charge. Remineralization involves carbon dioxide from breath and water from saliva to create a mild, unstable carbonic acid that is at the core of the natural remineralization process. Minerals in saliva present from food are dissolved by the carbonic acids. In addition, carbonic acid quickly and easily converts to carbon dioxide and water. When this happens, the dissolved mineral ions precipitate out as solid mineral ions again, but not always as the original mineral molecules. If a particular mineral ion is near a demineralized portion of the hydroxyapatite crystal that requires that ion, the ion is incorporated into the dental enamel. Though natural remineralization is always taking place, the level of activity varies according to conditions in the mouth. In fact, for remineralization to proceed, six conditions or events must occur at the same time:

• Sufficient minerals must be present in the saliva. Food is the principal source of minerals for the teeth, therefore an adequate diet and sufficient time spent chewing (this transfers minerals to the saliva) is vital.

• A molecule of carbonic acid must be produced. A very small fraction of the carbon dioxide from the breath is converted to carbonic acid.

• The carbonic acid molecule must be produced in proximity to a mineral molecule, which then dissolves into its ionic components. 

• This all has to occur in proximity to a demineralized spot in the hydroxyapatite latticework that requires the exact mineral ion.

• The demineralized spot has to be clean and accessible so the mineral ion is attracted to the “hole” in the lattice by the opposite electric charges of the ion and the “hole.” Many different ions have the correct charge, but only the correct ion has the correct shape and size to fit into the “hole.” 

• The carbonic acid must convert to carbon dioxide and water before any of the above circumstances change. When this happens, a mineral ion is precipitated out of solution into the structure of the enamel.1,2

Since natural remineralization is frequently inadequate to maintain strong enamel, especially in today’s world of processed foods and refined sugars, the natural remineralization process needs to be augmented. Remineralization must be enhanced, or demineralization must be retarded.1,2

There are currently three technologies that offer claims of remineralization:

• Recaldent, found in GC America’s PROSPEC MI paste and Trident chewing gum

• Amorphous calcium phosphate (ACP) found in Arm & Hammer’s Enamel Care Toothpaste, Discus Dental’s Nite White bleaching gel and Premier Dental’s Enamel Pro polishing paste

• SensiStat, found in Ortek Therapeutic’s Proclude and Denclude products1,2,3

Also worth mentioning is a new technology called NovaMin, a synthetic mineral composed of calcium, sodium, phosphorus and silica, the driving mechanism that binds to the tooth surface. The sodium buffers the pH to allow for precipitation of crystals onto the tooth surface. There is a rapid and continuous release and deposition of a natural crystalline hydroxyl-carbonate apatite (HCA) layer that is chemically and structurally the same as tooth mineral. SootheRx by OMMII and Sunstar Butler’s NuCare prophy paste both contain NovaMin.7

Patient care strategies 

One of my colleagues who works with the JP Institute told me that as a trial, she placed two of her patients on SootheRx. Both of these patients suffered from such severe sensitivity that they could not tolerate a continuing care visit. The protocol for SoothRx is use twice a day for two weeks followed by once a week for six months. After only two weeks, the patients returned for continuing care with complete relief. By using SootheRx once a week, the patients continue to be sensitivity free.

There are several ways to treat a caries infection, most of which involve combined home use of chlorhexidine and fluoride. With remineralization therapy, areas in the patient’s mouth that are demineralized and run the risk of cavitating have a good chance of remineralizing before cavitation occurs. Of course, anything that can be done to assist the patient in reversing the demineralization process is of significant value.

Since demineralization occurs when the tooth undergoes an acid challenge, the first step is to reduce the frequency of that challenge. Nutrition and diet are a chief concern, especially today where we encounter more processed than fresh food. Telling patients of the importance of fresh fruits and vegetables, which provide the minerals our bodies need to naturally remineralize the tooth structure, should be part of the recall or continuing care hygiene protocol.

For those who have active decay or areas of demineralization (white spots), daily use of a chewing gum with ACP is highly recommended, in addition to a healthy diet. Trident Advantage, Trident for Kids, and Trident Whitening all contain appropriate amounts of ACP. Two sticks of gum should be chewed for five minutes, five times per day to assist in the remineralization process and maintenance of healthy saliva flow.6 My current patient recommendation is to chew the ACP gum for five minutes after breakfast, after lunch, mid-day, after dinner and before bed. This accomplishes the suggested “five for five” per day regimen to remineralize the affected areas.

Patients may use MI paste at home. They simply brush, floss, then rub the MI paste on the demineralized areas with their fingers. No rinsing is needed. MI paste is also well utilized during a hygiene visit when applied with the rubber cup in the same way as polishing, without rinsing afterward.3,4 For ongoing home use, the clinician should recommend Enamel Care Toothpaste with ACP by Arm & Hammer. Replacing daily use of regular toothpaste with ACP makes the calcium and phosphate readily available for use in the saliva. Keep in mind the need for fluoride use if toothpaste with fluoride is omitted.8

For in-office use, a polishing paste containing one of the remineralization technologies should be used with each periodontal maintenance or continuing care appointment. Either Enamel Pro or Proclude will meet the in-office requirements.

The greater our ability to arrest disease and the more we take advantage of remineralization technologies, the better our patients are served. Clinicians should research these products and their application for home use by the patient, as well as professional use. Your patients will be glad you did. 
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The most common effect of diet on the mouth is the development of dental caries (tooth decay) and enamel erosion. Foods containing any kind of sugar contribute to tooth decay; hence the recent surge in sugar-free alternatives. Plaque, a sticky film of bacteria that accumulates on your teeth, thrives on the sugars found in the everyday foods we eat.

If you do not clean your teeth properly after eating, plaque bacteria use food sugars to produce acids that destroy the thin, hard outer layer of tooth tissue (enamel). Dental erosion is the breakdown of tooth structure caused by acid attacks on the teeth. As time passes, tooth decay occurs, resulting in cavities.

Plaque also produces substances that irritate the gums, making them red, sensitive and susceptible to bleeding. This can lead to gum disease (a leading cause of tooth loss in adults), in which the gum tissues pull away from the teeth, forming pockets that fill with bacteria and pus. If the gums are not treated, the bone around the teeth is destroyed, and teeth may become loose or require extraction.

Saliva

Saliva (also referred to as spit , spittle or slobber) is the watery and usually frothy substance produced in the mouths of humans and most other animals. Saliva is produced in and secreted from the salivary glands. Human saliva is composed mostly of water, but also includes electrolytes, mucus, antibacterial compounds, and various enzymes. [1] As part of the initial process of food digestion, the enzymes in the saliva break down some of the starch and fat in the food at the molecular level. Saliva also breaks down food caught in the teeth, protecting them from bacteria that cause decay. Furthermore, saliva lubricates and protects the teeth, the tongue, and the tender tissues inside the mouth. Saliva also plays an important role in tasting food by trapping thiols produced from odourless food compounds by anaerobic bacteria living in the mouth. [2]

Functions

Digestion

The digestive functions of saliva include moistening food, and helping to create a food bolus, so it can be swallowed easily. Saliva contains the enzyme amylase that breaks some starches down into maltose and dextrin. Thus, digestion of food begins in the mouth. Salivary glands also secrete enzymes (salivary lipase) to start fat digestion.[4]

Disinfectants

Further information: Wound licking

A common belief is that saliva contained in the mouth has natural disinfectants, which leads people to believe it is beneficial to "lick their wounds". Researchers at the University of Florida at Gainesville have discovered a protein called nerve growth factor (NGF) in the saliva of mice. Wounds doused with NGF healed twice as fast as untreated and unlicked wounds; therefore, saliva can help to heal wounds in some species. NGF has not been found in human saliva; however, researchers find human saliva contains such antibacterial agents as secretory IgA, lactoferrin, and peroxidase.[5] It has not been shown that human licking of wounds disinfects them, but licking is likely to help clean the wound by removing larger contaminants such as dirt and may help to directly remove infective bodies by brushing them away. Therefore, licking would be a way of wiping off pathogens, useful if clean water is not available to the animal or person.

The mouth of animals is the habitat of many bacteria, some pathogenic. Some diseases, such as herpes, can be transmitted through the mouth. Animal (including human) bites are routinely treated with systemic antibiotics because of the risk of septicemia.

Recent research suggests that the saliva of birds is a better indicator of avian influenza than are faecal samples. [6]

Non-physiological use

Saliva has anti-fog functions. Scuba divers commonly smear a thin layer of saliva on the inside surface of their goggles to prevent fogging.

Saliva is an effective cleaning agent used in art conservation. Cotton swabs coated with saliva are rolled across a painting's surface to delicately remove thin layers of dirt that may accumulate.[7]

Stimulation

The production of saliva is stimulated both by the sympathetic nervous system and the parasympathetic.[8]

The saliva stimulated by sympathetic innervation is thicker, and saliva stimulated parasympathetically is more watery.

Parasympathetic stimulation leads to acetylcholine (ACh) release onto the salivary acinar cells. ACh binds to muscarinic receptors and causes an increased intracellular calcium ion concentration (through the IP3/DAG second messenger system). Increased calcium causes vesicles within the cells to fuse with the apical cell membrane leading to secretion formation. ACh also causes the salivary gland to release kallikrein, an enzyme that converts kininogen to lysyl-bradykinin. Lysyl-bradykinin acts upons blood vessels and capillaries of the salivary gland to generate vasodilation and increased capillary permeability respectively. The resulting increased blood flow to the acinar allows production of more saliva. Lastly, both parasympathetic and sympathetic nervous stimulation can lead to myoepitheilium contraction which causes the expulsion of secretions from the secretory acinus into the ducts and eventually to the oral cavity.

Daily salivary output

There is much debate about the amount of saliva that is produced in a healthy person per day. The estimates range from 0.75 liters per day to 1.5 liters per day. This suggests that the amount produced varies from person to person. However, it is generally accepted that while sleeping the amount usually drops to almost zero.

Contents

Produced in salivary glands, human saliva is 98% water, but it contains many important substances, including electrolytes, mucus, antibacterial compounds and various enzymes. [1]

It is a fluid containing:

Water

Electrolytes: 

2-21 mmol/L sodium (lower than blood plasma)

10-36 mmol/L potassium (higher than plasma)

1.2-2.8 mmol/L calcium (similar to plasma)

0.08-0.5 mmol/L magnesium

5-40 mmol/L chloride (lower than plasma)

25 mmol/L bicarbonate (higher than plasma)

1.4-39 mmol/L phosphate

Mucus. Mucus in saliva mainly consists of mucopolysaccharides and glycoproteins;

Antibacterial compounds (thiocyanate, hydrogen peroxide, and secretory immunoglobulin A)

Various enzymes. There are three major enzymes found in saliva. 

α-amylase (EC3.2.1.1). Amylase starts the digestion of starch and lipase fat before the food is even swallowed. It has a pH optima of 7.4.

lingual lipase. Lingual lipase has a pH optimum ~4.0 so it is not activated until entering the acidic environment of the stomach.

Antimicrobial enzymes that kill bacteria. 

Lysozyme

Salivary lactoperoxidase

Lactoferrin[9]

Immunoglobulin A[9]

Proline-rich proteins (function in enamel formation, Ca2+-binding, microbe killing and lubrication)[9]

Minor enzymes include salivary acid phosphatases A+B, N-acetylmuramoyl-L-alanine amidase, NAD(P)H dehydrogenase (quinone), superoxide dismutase, glutathione transferase, class 3 aldehyde dehydrogenase, glucose-6-phosphate isomerase, and tissue kallikrein (function unknown)[9].

Cells: Possibly as much as 8 million human and 500 million bacterial cells per mL. The presence of bacterial products (small organic acids, amines, and thiols) causes saliva to sometimes exhibit foul odor.

Opiorphin, a newly researched pain-killing substance found in human saliva.

Different reagents used to determine the content of saliva \1. Molisch test gives a positive result of purple color that is costituent to the presence of carbohydrates

The salivary glands in mammals are exocrine glands, glands with ducts, that produce saliva. They also secrete amylase, an enzyme that breaks down starch into glucose. In other organisms such as insects, salivary glands are often used to produce biologically important proteins like silk or glues, and fly salivary glands contain polytene chromosomes that have been useful in genetic research.

Histology

The glands are enclosed in a capsule of connective tissue and internally divided into lobules. Blood vessels and nerves enter the glands at the hilum and gradually branch out into the lobules.

Ducts

In the duct system, the lumens formed by intercalated ducts, which in turn join to form striated ducts. These drain into ducts situated between the lobes of the gland (called interlobar ducts or secretory ducts).

All of the human salivary glands terminate in the mouth, where the saliva proceeds to aid in digestion. The saliva that salivary glands release is quickly inactivated in the stomach by the acid that is present there.

Anatomy

The salivary glands are situated at the entrance to the gastrointestinal system to help begin the process of digestion.

Parotid Glands

Main article: Parotid gland

The parotid glands are a pair of glands located in the subcutaneous tissues of the face overlying the mandibular ramus and anterior and inferior to the external ear. The secretion produced by the parotid glands is serous in nature, and enters the oral cavity through the Stensen's duct after passing through the intercalated ducts which are prominent in the gland. Despite being the largest pair of glands, only approximately 25% of saliva is produced by the glands.Saliva contains a mixture of enzymes like salivary amylase(ptyalin), matase(trace amounts), lysozyme (which disinfect and kills bacteria and germs which enter the mouth) etc., salts and water. Saliva helps converting starch into maltose which is then converted patially to glucose by the maltase.

Submandibular Glands

Main article: Submandibular gland

The submandibular glands are a pair of glands located beneath the floor of the mouth, superior to the digastric muscles. The secretion produced is a mixture of both serous and mucous and enters the oral cavity via Wharton's ducts. Approximately 70% of saliva in the oral cavity is produced by the submandibular glands, even though they are much smaller than the parotid glands.

Sublingual Gland

Main article: Sublingual gland

The sublingual glands are a pair of glands located beneath the floor of the mouth anterior to the submandibular glands. The secretion produced is mainly mucous in nature, however it is categorized as a mixed gland. Unlike the other two major glands, the ductal system of the sublingual glands do not have striated ducts, and exit from 8-20 excretory ducts. Approximately 5% of saliva entering the oral cavity come from these glands.

Minor Salivary Glands

There are over 600 minor salivary glands located throughout the oral cavity within the lamina propria of the oral mucosa. They are 1-2mm in diameter and unlike the other glands, they are not encapsulated by connective tissue only surrounded by it. The gland is usually a number of acini connected in a tiny lobule. A minor salivary gland may have a common excretory duct with another gland, or may have its own excretory duct. Their secretion is mainly mucous in nature (except for Von Ebner's glands) and have many functions such as coating the oral cavity with saliva. Problems with dentures are usually associated with minor salivary glands.[1]

Von Ebner's glands are glands found in circumvallate papillae of the tongue. They secrete a serous fluid that begin lipid hydrolysis. They are an essential component of taste.

Innervation

Salivary glands are innervated, either directly or indirectly, by the parasympathetic and sympathetic arms of the autonomic nervous system.

Parasympathetic innervation to the salivary glands is carried via cranial nerves. The parotid gland receives its parasympathetic input from the glossopharyngeal nerve (CN IX) via the otic ganglion, while the submandibular and sublingual glands receive their parasympathetic input from the facial nerve (CN VII) via the submandibular ganglion.

Direct sympathetic innervation of the salivary glands takes place via preganglionic nerves in the thoracic segments T1-T3 which synapse in the superior cervical ganglion with postganglionic neurons that release norepinephrine, which is then received by β-adrenergic receptors on the acinar and ductal cells of the salivary glands, leading to an increase in cyclic adenosine monophosphate (cAMP) levels and the corresponding increase of saliva secretion. Note that in this regard both parasympathetic and sympathetic stimuli result in an increase in salivary gland secretions.[2] The sympathetic nervous system also affects salivary gland secretions indirectly by innervating the blood vessels that supply the glands.

SALIVARY GLANDS

These produce the clear liquid that is released into the mouth (saliva, or spit). There are three pairs of major salivary glands and many minor glands. Saliva lubricates the mouth and starts the breakdown of chewed food. It is made up of water, enzymes, mucin and protein. 

The parotid  is the largest salivary gland and is situated below the ear. The saliva is released through an opening called the parotid duct which enters the mouth on the inside of the cheek next to the upper molar teeth. There is one on each side.

The submandibular salivary gland  is situated under the mandible (lower jaw bone) and releases saliva just underneath the front of the tongue, behind the front teeth. There is one on each side.

The sublingual salivary glands  are situated under the tongue and release saliva from many small openings (ducts) under the tongue. This pair of salivary glands sit next to each other under the tongue.
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