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ABSTRACT:

Cementum is a thin layer of mesenchymal tissue covering the dentine of the root and is one of supporting 

tissues of the periodontium. The other tissues that support the tooth are the alveolar bone and the periodontal 

ligament. Cementum is the least understood of these tissues.

Periodontitis is the most common form of destructive periodontal disease. It is characterized by an 

inflammatory process that gradually spreads in an apical direction, causing resorption of alveolar bone as well 

as loss of soft tissue attached to the tooth. It is believed that 7% to 15% of the adult population is affected by 

severe periodontitis. The disease usually begins at around the age of 40 and progresses slowly with periods of 

exacerbation and remission. Alterations in periodontium have been reported in patients with chronic 

periodontitis. Gingival changes, changes in the alveolar bone and periodontal ligament have been described. 

However, changes in cementum have received little attention. Cementum is a biologically responsive tissue 

affected by environmental stimuli and may undergo alterations as a result of pathologic changes in the 

immediate environment. Therefore, this review focuses on the changes in cementum which occur when it is 

exposed to oral environment.

INTRODUCTION 

The normal periodontium provides the support 

necessary to maintain teeth in function. It consists of 

four principal components: gingiva, periodontal 

ligament, cementum and alveolar bone. Each of 

these periodontal components is distinct in its 

location, tissue architecture, biochemical 

composition and chemical composition, but all 

these components function together as a single unit.

The cementum is a hard, avascular, calcified 

connective tissue that covers the root dentine and 

gives insertion to the periodontal fibre bundle. It can 

be regarded as a bone of attachment and is the only 

specifically dental tissue of the periodontium. 

Periodontitis is the disease of the tooth supporting 

tissues. Alterations in the supporting tissue develop 

in response to bacteria in subgingival plaque. 

Interactions of connective tissue cells chiefly 

fibroblasts with numerous inflammatory mediators 

and cytokines present at the site of injury, initiate an 

inflammatory response that destroy the 

collagenous and non collagenous proteins in the 

extracellular matrix of the periodontium. This leads 

to attachment loss and bone resorption. Cementum 

of the root becomes exposed to the environment of 

periodontal pocket or the oral cavity and alterations 
1,2may occur within exposed hard tissue.  Structural 

and compositional changes in the matrix 

components of cementum have been reported in 

patients with periodontitis. Significant evidence 

supports a strong correlation between periodontal 

disease and diseased or altered cementum. 

However changes in cementum have received little 

attention probably because cementum of root was 

considered an inactive or unresponsive tissue. 

Histologic sections of human teeth provide evidence 
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that cementum of the root surface is not inactive. It 

is affected by changes in immediate environment as 

evidenced by the root surface alterations that occur 

in periodontitis. 

CHANGES IN DISEASED CEMENTUM SURFACE

Since the early nineteen hundreds there has been a 

periodic interest in cemental changes caused by 

exposure to the oral cavity. The changes which occur 

in the root surface wall of periodontal pocket are 

significant because they may perpetuate the 

periodontal infection, cause pain and complicate 

periodontal treatment. Changes in cementum can 

be described as structural, chemical, cytotoxic 
3changes and changes in the thickness.

STRUCTURAL CHANGES:

PRESENCE OF PATHOGENIC GRANULES

Bass has described “pathologic granules” in exposed 

cementum and underlying dentine in frozen 

sections of decalcified human teeth in 1951. These 

pathologic granules are only seen under cementum 

surface which had been exposed to the oral 

environment as a consequence of chronic 

inflammatory periodontal disease. In 1963, Benson 

examined frozen section from 56 decalcified human 

teeth which had to be extracted due to periodontal 

disease. He found that 96% of the examined teeth 

contained granules in exposed cementum. The 

specimens which did not possess granules were 

with a minimum amount of exposed cementum and 
4

no visible calculus.

Pathologic granules were also found in exposed 

cementum of 75 human decalcified teeth which 

were extracted because of advanced periodontal 

disease. On examination with light microscope, in 

72 of these teeth granule like formations were found 

in exposed cementum. In only one instance were the 
4 

granules also found under unexposed root surface.

The four basic morphological patterns of the 

granules observed under Transmission electron 

microscope are grape like structure, long chain like 

aggregates, small isolated vacuoles and very long 

fissure like areas. The first three patterns 

predominate. It is also noted that the vacuoles 

follow the pattern, orientation and configuration of 

intact collagen fibrils. These vacuoles may be areas 

where collagen fibrils have degenerated or areas 

where the fibrils had not been initially fully 
5

mineralized.

The distribution of these granules is found to be 

highly variable. The heaviest concentration of 

granules is near cementodentinal junction. 

Frequently aggregates of granules cross the 

cementodentinal junction in to the dentine. In some 

areas they are isolated measuring 1.0µm or less. In 

other areas the granules are arranged in clumps 2-

6µm across. The granules are not bi refringent and 

have a lower index of refraction than the 

surrounding cementum. With incident light they 

appear white. The granules are colored varying 
 

shades of brown under transmitted light. An 

attempt to stain the granules with plasma, oil red O, 

haemtoxylin and eosin was unsuccessful. The 

granules are not seen in calcified ground sections. 

Use of different decalcifying agents has no 

observable effect on their morphological 

appearance. When sections are immersed in 

absolute alcohol, the granules disappear within 5 
5 

minutes.

AREAS OF INCREASED MINERALIZATION

Changes in the mineral phase of exposed cementum 

are another widely observed characteristics. Selvig 

suggested that the cementum of exposed root 

surface have three degrees of mineralization when 

compared to normal surfaces, either no change was 

observed or changes like surface demineralization 

or formation of hypermineralized cemental surface 

was seen. The zone of hypermineralization was the 
6

most commonly observed change.

In normal cementum, the crystals appear as plates 

of even size and shape. They are distributed evenly 

through out the calcified matrix with no varying 

mineral gradient along the cemental surface and are 

oriented with their long axes more or less parallel to 

the collagen fibers. Their dimensions average 

530±150 A in length; 350±120 A in width and 54±14 

A in thickness.

A detailed examination of hypermineralized area 
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indicates a lack of preferred crystal orientation. The 

crystals were more densely packed and appeared as 

distinct, tablet shaped, polygonal structures. They 

demonstrate an increase in thickness when 

compared to normal crystal (80 ± 20 ? ). The most 

likely explanation for the crystal change is further 

mineralization of the original crystal when it 

becomes exposed to the oral cavity. The crystals in 

hypermineralized areas showed a more perfect 

crystal structure which supports the hypothesis of 
5

continued growth of pre-existing crystals.

Another factor in the relation to crystal formation 

and the presence of tablet shaped crystals is the 

nature of organic matrix. Crystal morphology in 

mineralized crystals is clearly related to the nature 

of the matrix. Changes in organic matrix could be a 

sufficient co-factor in the formation of a new species 

of crystals under the conditions of the oral 

environment. 

R.  Furseth and Johansen suggested that 

supersaturated saliva with respect to calcium and 

phosphate ions provide the material necessary to 
7

from hypermineralized zone.

Selvig and Selvig showed an increase in the mineral 

content of cervical cementum over 50 years age 

group. They concluded that this resulted from 

exposure of the cervical area to the oral cavity due to 
 6recession.

AREAS OF DEMINERALIZATION

ROOT CARIES: Exposure to oral fluid and bacterial 

plaque results in proteolysis of embedded remnants 

of Sharpeys fibers, the cementum may be softened 

and undergo fragmentation and cavitation. 

Involvement of cementum is followed by bacterial 

penetration of the dentinal tubules, resulting in 

destruction of dentine. In severe cases, large 

sections of necrotic cementum becomes detached 

from the tooth and separated from it by masses of 

bacteria. The tooth may not be painful, but 

exploration of root surface reveals the presence of a 

defect, penetration of involved areas with a probe 

causes pain.

A prevalence study of root caries in 20-64 year old 

individuals revealed that 42% had one or more root 

caries lesion and they tend to increase with age. 

Caries of root may lead to pulpitis, sensitivity to 

sweets and thermal changes or severe pain. 
3Pathologic exposure of pulp occurs in severe cases.

AREAS OF CELLULAR RESORPTION 

Areas of lacunar resorption in patients with 

periodontal ly  diseased teeth have been 

demonstrated on light and transmission electron 

microscope. Initially these areas were thought to 

result from stimulation due to inflammatory 

process. However, Henry and Weinmann concluded 

that trauma appears to be most important local 

factor in production of resorption and there was 

little or no resorption in the area of periodontal 

pocket. No correlation was shown between 
5

inflammation and resorption.

The extent of root resorption in teeth extracted due 

to chronic periodontitis has been evaluated. It is 

shown that over 80% of the teeth exhibited 

resorption: 46-67% of teeth with slight 

periodontitis, 85% of teeth with moderate 

periodontitis and 93.55% with severe periodontitis 

show resorption, thus concluding that severity of 

periodontitis plays a major role in the presence and 
8extent of external root resorption.

The micro hardness of the cemental surface in 

relationship to the periodontal pocket and 

immediately apical to the junctional epithelium is 

reduced when compared to a normal cemental 

surface that is covered by connective tissue. This 

softening is related to the demineralization of the 

cemental surface by organic acids of the 

inflammatory exudates and to the resorption of the 

collagen and protein polysaccharide matrix via 
9enzyme activities. 

CHEMICAL CHANGES

Examination of sound, cervical cementum is 

characterized by a relatively homogenous 

distribution of minerals, a faintly lamellar 

appearance and a zone of high and low radioopacity 
 10near the cemental dentinal junction  The calcium 

and phosphorus content of extracted tooth roots 

exposed to the in vivo oral environment has shown 

significant changes. Calcium and phosphorus 
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contents are greater in roots exposed to pockets 
11

when compared to unexposed locations.

The cementum surface which becomes exposed to 

the oral cavity as a result of progressive chronic 

periodontal disease may adsorb Ca, P, Mg and F from 

the environment and thus develop a highly calcified 

surface layer. The analyses for heavy metals 

including Cu, Zn, Sn, Fe, Ag is negative i.e. the 

elements may have been present in lower 
12

concentrations than 0.1%.

M.R.Wirthlin compared the mineral content of 

healthy cementum to that of pathologically exposed 

cementum in patients with inflammatory 

periodontal disease and found that the values of 

diseased areas for Ca, Mg, P, F were significantly 

higher than that for healthy areas, thus concluding 

that root surfaces which have lost their attachment 

due to chronic inflammatory periodontal disease 

present significant increases in calcium, 
13

magnesium, phosphorus and fluoride.

CYTOTOXIC CHANGES

The early reports deal mainly with bacterial 

contamination or penetration of the cemental 

surface. In 1901, Hart hypothesized that bacteria 

from oral cavity entered all tooth surfaces to which 

they were exposed. By examining sections of teeth 

extracted due to periodontal disease, he reported 

microbial penetration was the cause of many 

failures in attempts to treat 'pyrorrhea alveolaris.' 

Later in 1911, Hartzell suggested similar changes in 

exposed cementum, but thought that the bacterial 

penetration was limited to the tissue surface. He 

suggested that the pitted surface of cementum 

afforded an ideal habitat for the bacteria. Their 

growth and subsequent release of toxic bacterial 

products resulted in a continuing inflammation in 
5

the periodontal membrane.

In 1921, Skillen W.G concluded after a series of 

experiments that cementum was permeable to the 

fluid of oral cavity upto the depth of the cemento-

dentinal junction. He suggested that the penetration 

of cementum by the bacteria or their toxic products, 
4made it incompatible with overlying tissue.  

Stones H.H. in 1934 observed that by adult life the 

primary (acellular) cementum had become 

completely impermeable from either the 

periodontal ligament or the pulp. His observations 

did support Skillen, in that he thought that 

secondary(cellular) cementum was permeable to 

fluids from the periodontal ligament throughout the 
14life.

In 1942, Gottlieb stated that periodontal disease 

was the disease of cementum and that continual 

cementum deposition was necessary to maintain 
15periodontal health.

The structural and ultrastructural changes related 

to bacterial invasion in root cementum and 

radicular dentine of periodontally diseased, caries 

free human teeth have been examined. The invasion 

seems to start as a localized process, often involving 

only one bacterium. Bacteria are present in the 

lacunar defects in the cementum. These lacunae 

extend into radicular dentine invading the dentinal 

tubules. Both the invaded dentinal tubules and the 

lacunae could act as bacterial reservoir from which 
13recolonization of treated root surfaces occur.

In order to localize the distribution of cementum 

associated lipopolysaccharides in periodontal 

disease an immunogold/silver labeling system is 

utilized to demonstrate LPS on scanning electron 

microscope images of scaled extracted teeth. Most 

of the detectable LPS is found to be associated with 

bacteria and calculus which persits on the root 

surface despite the scaling of the specimens. Smaller 

amount of bound LPS is also detected on the cuticle 

and surface cementum layers of the affected root 

surface, but in places where some of the underlying 

cementum is removed no LPS is detected. From 

these results it is postulated that the principal 

therapeutic effect of extensive cementum removal 

by root planning is that it facilitates the removal of 

plaque and calculus from resorption lacunae, which 

are a prominent feature of the affected root 
16

surface.

CHANGES IN THICKNESS

Histometric studies have evaluated changes in the 

thickness of cementum with periodontal disease. 

Cementum width increases with the advancement 
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of age. The mean cementum width on the mesial 

side of the root is slightly less than on the distal side 

which seems to represent a functional effect related 

to the mesio-occlusal migration of the teeth which is 
17,18

to be expected with increasing age.

The morphological changes and changes in 

thickness that occur in root cementum layers due to 

periodontal disease can be evaluated by scanning 

electron microscope. The result of SEM evaluation 

has revealed a significant decrease in the thickness 

of cementum layer on the diseased root surfaces 

compared to the healthy surfaces. There are denser 

and conspicuous collagen fibers with their 

interfibrillar matrix in cementum layers on the 

healthy root surfaces compared to the diseased 

surfaces. The thickness of cementum layers in 

diseased areas is found to be significantly less than 

that in the healthy areas of root surfaces. The 

variations exists in the density and visibility of 

cemental fibers between individuals and within the 
19individual.

It has also been found that cementum in the middle 

regions of the roots is thinner in the periodontally 

diseased than in the sound teeth. However, in the 

apical cementum the thickness is higher in the 

periodontally diseased teeth. This can be accounted 

for the reason that with the loss of attachment in a 

periodontally diseased tooth, the remainder of the 

root will be subjected to greater strain, which may 

induce cementum apposition and account for 
20increased thickness.

Changes in thickness of cementum have also been 

seen Type 2 diabetic patients with periodontal 

disease. The average thickness of the cementum 

layers in the decalcified teeth extracted from non-

diabetic and type 2 diabetic patients when 

compared showed a significant difference in every 

site of measurement with regard to the thickness of 

the cementum layer. The cementum layer is thicker 

at the apical part of the root and at the midpoint of 

the apical half, and thinner at the central part of the 

root and at the midpoint of the coronal half in type 2 
21

diabetic patients.

Thus, cementum is a biologically responsive tissue 

affected by environmental stimuli and may undergo 

alterations as a result of pathologic changes in the 

immediate environment. Inflammation of the 

supporting periodontal tissues produces changes in 

the cementum. Structural changes interfere with 

normal connective tissue attachment. Bacteria and 

bacterial products on the surface of the cementum 

initiate a cytotoxic immune response. Biochemical 

changes in the collagenous structure of the 

cementum may result in autoimmune response in 

an individual. 
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