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I.
Dentin


The pulp is surrounded and contained within hard dentin walls.  By volume, 
dentin is:


45% inorganic  -  hydroxyapatite crystals


33% organic     -  collagen and ground substance


22% water        -  dentinal fluid


A.
Types of Dentin



1.
Developmental dentin - dentin formed during tooth 



development




Orthodentin - tubular form of dentin found in mammals



2.
Secondary dentin - dentin formed physiologically after the root 


is fully formed



3.
Mantle dentin - the first dentin formed 




- situated immediately subjacent to the enamel or cementum 80-
   
              100u in width



4.
Circumpulpal dentin - the dentin formed after the layer of 


mantle 
dentin has been deposited




- the major part of developmental dentin



5.
Predentin - the unmineralized organic matrix of dentin




located between the odontoblastic layer and the circum-pulpal 


dentin




- comprised of Type I collagen and proteoglycans (ground 

     

  substance)


B.
Dentinal Tubules - occupies 20-30% of the volume of dentin 



- formed around the odontoblastic processes 



- traverse the entire width of the dentine from the DEJ or DCJ to the pulp



- mean number of tubules/ sq mm is greater at the pulpal wall than at the 
       
  DEJ



  30-52,000/sq mm  --  pulpal wall



  10-25,000/sq mm  --  DEJ

              - diameter of tubules is also greater at the pulpal wall than at the DEJ

                1-2u at DEJ vs 3-4u at the pulpal wall



  The total tubular surface area is:



1% of the total surface area of dentin at the DEJ



45% of the total surface area of dentin at the pulp


1.
Peritubular dentin - the dentin which lines the dentinal tubules 

- more highly mineralized than intertubular dentin 



- more 
readily dissolved in acid



2.
Intertubular dentin - the dentin located between the dentinal 


tubules 




- comprises the bulk of circumpulpal dentin 




- less inorganic/more organic than peritubular dentin



3.
Periodontoblastic space - space between the odontoblastic 


process and the wall of the dentinal tubule 




- contains the dentinal fluid 



4.
Dentinal fluid - 22% of the total volume of dentin




- is an ultrafiltrate of blood from the pulpal capillaries




- composition is similar to that of plasma




- flows outward from the pulp into the dentinal tubules




- eventually escapes through small pores in the enamel




- allows for direct communication between the dentin and the pulp

II.
Pulp


A.
Morphologic Zones



1.
Predentin (“dentinoid”) - narrow band of uncalcified predentinal 


matrix




- 20-25u in width




- signifies a lag period in the mineralization of the dentin matrix




- is always present as long as odontoblasts are present




- equal to osteoid in composition




- stains differently than dentin



2.
Odontoblast layer - immediately subjacent to the predentin 




- composed of the cell bodies of the dentin forming odontoblasts




- one cell layer in thickness




- capillaries and nerve fibers are located among the odontoblasts




- desmosome-like cell junctions join the odontoblasts 




- allow the odontoblasts to function as a syncytium



3.
Cell-poor zone (Cell-free Zone of Weil) - located immediately 

subjacent to the odontoblast layer




- 40u in width




- relatively free of cells




- traversed by capillaries and unmyelinated nerve fibers




- presence or absence depends on the functional state of 

     

  the pulp




- disappears during formation of reparative dentin



4.
Cell-rich zone - located immediately subjacent to the cell-poor 


zone




- richly populated with fibroblasts and undifferentiated 



  mesenchymal cells (reserve cells)




- reservoir for the replacement of irreversibly damaged 



  odontoblasts



5.
Pulp proper - core of loose connective tissue (collagen and 


ground substance)




- nerves and blood vessels course through it toward the peripheral 


  areas of the pulp




- contains fibroblasts, macrophages (histiocytes), lymphocytes, and 

  plasma cells


B.
Cells of the Pulp


1.
Odontoblasts - specialized cells unique to the pulp




- cell bodies are in pulp next to predentin




- fully differentiated cells (cannot divide or differentiate any 


  further)




- responsible for the formation and maintenance of dentin




- cell shape related to activity and location




  Columnar ---> increased activity ---> coronal pulp 




  Low columnar ---> decreased activity ---> midroot




  Cuboidal ---> decreased activity ---> apical third





  Flat ---> no activity ---> apex 

 




- produce Type I collagen, proteoglycans and hydroxy- 
          
     

  apatite crystals needed for dentinogenesis




- odontoblastic processes extend within the dentinal 

     


  tubules approximately one-third the distance into the 

     

  dentin




- when the associated tubule is cut with a bur, the cell body of the 


  odontoblast is pulled into the tubule and the cell dies




- replacement cells come from the cell-rich zone



2.
Fibroblasts - most numerous cells in the pulp 




- spindle shaped cells with oval nuclei and cytoplasmic processes 


  extending from the main cell body




- abundant in the cell-rich zone




- responsible for production and degradation of collagen and 


  ground substance



- relatively undifferentiated cell; may be the source of replacement 


  odontoblasts



3.
Fibrocytes - mature form of fibroblasts




- quantity increases with maturity of the pulp




- primary function is the maintenance of collagen fibers



4.
Undifferentiated mesenchymal cells - stem cells located in the 

cell-rich zone and the pulp proper

  

   




- can differentiate into odontoblasts and/or fibroblasts



5.
Lymphocytes and plasma cells - located in the 




subodontoblastic region of the coronal pulp




- immunologically competent cells involved in cell mediated and 


  humoral (antibody) mediated immune responses



6.
Histiocytes - fixed macrophages in tissue




- part of “mononuclear phagocytic system”




- during inflammation, become mobile ---> macrophages




- phagocytosis of foreign matter (bacteria)




- derived from monocytes in blood stream



7.
Mast cells - source of histamine for inflammatory reactions




- presence in uninflamed pulp tissue is controversial


C.
Ground Substance (sol-gel colloidal system) - amorphous matrix in 
which 
the connective tissue cells and fibers of the pulp are embedded 



- comprised of proteoglycans (acid mucopolysaccharides) and water



- high water content serves as a cushion for the pulp cells



- proteoglycans determine the physical characteristics of the pulp tissue



- the state of polymerization of the ground substance strongly influences 

  the spread of inflammation in the pulp



-a high state of polymerization hinders the spread of inflammation



-as pulp matures, ground substance becomes more gelatinous


D.
Fibers of the Pulp



1.
Collagen




Type I  --  dentin and pulp tissue




Type II --  pulp tissue




Type IV -  basement membranes of blood vessels




- young pulp has small irregularly oriented fibers




- mature pulp has larger fiber bundles especially in the apical 


  aspect of the root




- fibers form matrix for deposition of calcifying minerals (CaPO4) 
   

  in dentin (normal) and pulp (pathological)



2.
Elastin - confined to the walls of arterioles




- not a part of the intercellular matrix


E.
Innervation


Regardless of the nature of the sensory stimulus (thermal, mechanical, 


chemical, etc.), all afferent impulses from the pulp result in the sensation 


of pain.



1.
Afferent Nerve Fibers




a)
Myelinated A delta fibers -sharp, pricking pain 





- low threshold for stimulation





- enter at the apical foramen, follow the path of the 




  blood vessels, and then branch to form the Plexus of 


   
  Raschkow beneath the cell rich zone





- within the plexus, the fibers lose their myelin 




  sheath and proceed to the cell-free zone where they 



  form a subodontoblastic plexus





- the free nerve endings then pass into the odontoblastic 



  layer and the predentin





- in the predentin, the fibers run transversely and do one of 



  three things:






-- run through the dentinal tubules to 






    terminate at the predentin-dentin junction







-- run parallel to the tubules in the 






   uncalcified matrix of the predentin 







-- run through the dentinal tubules to the             




   predentin-dentin junction where they loop 





   around and return to the odontoblastic 





   layer





- very few fibers enter into the dentin proper and those that 



  do, run only a short distance





- the nerve stimulated by EPT and cold test





- not fully formed until 5 years after tooth eruption





- reason why immature “vital” teeth do not respond to EPT




b)
Unmyelinated C fibers





- enter at the apical foramen within the A delta fiber 



  bundles; distributed throughout the pulp





- associated with burning, aching, throbbing types of pain





- high threshold of stimulation





- true nociceptive fibers—pain-conducting fibers that 



  respond to stimuli capable of injuring tissue





- remain excitable even in necrotic tissue





- the fibers stimulated by “hot water” test



2.
Efferent nerve fibers




a)
Unmyelinated C fibers





- postganglionic sympathetic fibers





- regulate blood flow by constricting blood vessel size 



  when stimulated 





- may also be involved in regulation of dentinogenesis





**Cholinergic parasympathetic nerve fibers have not been 

 


    found in the pulp.  Thus, there is no neural vasodilatory 




    control over the pulpal arterioles.  It is felt that vasodilation 




    of the arterioles is due to the accumulation of vasodilation 




    metabolites (CO2, H+, waste products) within the stroma of 




    the pulp and/or the release of histamine during 





    inflammation.



3.
Dentinal sensitivity



- Nerve fibers do not extend to the DEJ  






- Odontoblasts do not function as receptor cells.




a)
Brannstrom’s Hydrodynamic Theory





- the rapid movement of dentinal fluid stimulates the A- 



  delta nerve fibers located in the odontoblastic 




  layer of the pulp





- dentinal tubule functions as a capillary tube





- heat  --  expands the fluid within the tubules causing an 



  immediate flow of fluid toward the pulp





- cold  --  contracts the fluid within the tubules causing an 




  immediate flow of fluid away from the pulp





- dehydration (air blast, sucrose)  --  rapid outward 





  movement of fluid





- probing with an explorer  --  rapid outward movement of 




  fluid





- pain does not linger





- pulp tissue is not irreversibly damaged





- explains dentinal hypersensitivity  --  removal of 




  cementum results in exposure of dentinal tubules




b)
Deep pulpal inflammation




- results in stimulation of afferent unmyelinated C fibers




- slow heating of pulp causes cellular damage which causes 

  inflammation



4.
Proprioception




- pulp does not contain any proprioceptive fibers 




- therefore, the patient cannot localize the pain when only the 


  pulpal nerve fibers are stimulated




- periodontal ligament does contain proprioceptive fibers




- therefore, the patient can localize the pain when inflammation 


  spreads from the pulp to the periradicular tissues


F.
Vascular Supply



Blood enters the apical foramen via arterioles.  The arterioles course up 

                        through the central portion of the radicular pulp and give off branches 

                        toward the periphery. As the arterioles pass into the coronal pulp, they fan 

                        out toward the dentin and give rise to a capillary plexus in the 

                        subodontoblastic cell-free zone.



1.
Arterioles




- relatively thick diameter of 10-100um




- diameter is controlled by efferent C fibers (postganglionic 


  sympathetic fibers)




- centrally located in the pulp




- in uninflamed tissue, will quickly stop bleeding if cut



2.
Venules




- very thin walls




- increased pulpal interstitial pressure will collapse




  the walls of the venules and cause hemostasis




- collecting venules become progressively larger as they course to 


  the central region of the pulp 



- maximum diameter is 200um



3.
Capillaries




- surrounded by a basement membrane with fenestrations




- provide fluid and metabolites to pulpal cells




- plexus of capillaries located in the subodontoblastic cell-free zone



4.
Arteriovenous anastomoses (AVAs)




- direct communication between arterioles and venules bypassing 


  the capillaries




- small venules; diameter of 10um




- play an important role in the regulation of the pulp 


              circulation




- provide a mechanism for shunting blood away from areas 



  of injury where damage to the microcirculation may result in 


  thrombosis and hemorrhage



5.
Lymphatics




- existence in pulp is controversial

                                    - Bernick showed lymph capillaries originated as blind openings near the   

                                      zone of Weil and the odontoblastic layer.  

                                    - Tokada did not find lymphatic vessels in the pulp

III.
Pulpal Pathophysiology


A.
Susceptibility of the Pulp to Irreversible Injury



1.
Unyielding dentin walls




- unable to increase total volume of blood without increasing 


  interstitial pressure (low compliance system)




- inflammatory edema will increase the intrapulpal pressure 




- increased intrapulpal pressure will collapse the walls of the 


  venules




- inflammation spreads to adjacent areas causing further collapse of 

  the venules



2.
Poor collateral circulation




- once the arterioles entering the apical foramen in a mature tooth 


  are destroyed, repair by ingrowth of new blood vessels cannot 


  occur unless hard tissue resorption or fracture occurs



3.
Degenerative inflammation (chronic)




- result of:  




  caries, restorative procedures, periodontal disease          




- results in:




a)
decreased pulpal space (calcific metamorphosis)




b)
decreased number of odontoblasts, fibroblasts and 





undifferentiated mesenchymal cells




c)
decreased quality of the ground substance




d)
decreased circulation in the pulp             




e)
increased amount of collagen in the pulp 




f)
increased amount of intrapulpal calcifications




*** In general, reduces the ability of the pulp to respond to 



       further insults.



4.
Increased number of microbes in the oral cavity as a result of 



caries, 
trauma, and periodontal disease, the pulp is exposed to 



infecting organisms and their byproducts


B.
Pulpal Response to Caries



In order to better understand pulpal pathosis, the pathogenesis of pulpitis resulting 

                        from dental caries will be discussed.



The dentin and pulp form a biological continuum.  There is a direct 

                        communication between the dentin and pulp via the dentinal tubules.  The pulp 

                        reacts to caries long before bacteria enter the pulp chamber.  Soluble irritants and 

                        inflammatory stimuli (e.g. bacterial enzymes, endotoxin, immune complexes, 

                        products of tissue destruction, etc) diffuse from the carious lesion through the 

                        dentinal tubules into the pulp.



In response to the oncoming process of decay, the dentinal 
tubules of the primary 

                        dentin gradually become mineralized, provided that the odontoblasts remain vital.  

                        The odontoblasts lay down increased amounts of dentin within the tubules.  This 

                        peritubular dentin is more mineralized than the adjacent intertubular dentin and it 

                        results in the sclerosis of the dentinal tubules.  This sclerotic dentin constitutes 

                        the initial defense of the pulp against caries.  It is more likely to form in the 

                        presence of a low grade carious lesion.



If, on the other hand, the carious process is acute, the odontoblasts adjacent to the 

                        lesion degenerate, resulting in the loss of the odontoblastic process within the 

                        tubule and no sclerotic dentin formation.  These dead tracts are open pathways 

                 
to the pulp and thus, very permeable to bacterial irritants.



In response to further irritation, as the caries progresses, the remaining vital 

                        odontoblasts or odontoblast replacement cells from the cell rich zone begin to 

                        form a less uniform dentin matrix.  This reparative dentin is restricted to that 

                        portion of the dentin adjacent to the tubules communicating with the lesion.  

                        Depending on how rapidly it is formed, the reparative dentin does tend to be more 

                        permeable than primary or secondary dentin.  However, even though it does not 

                        establish an impervious barrier to further ingress of bacterial products, it is an 

                        additional line of defense the pulp generates in order to impede the further 

                        progression of the carious lesion.  Inflammatory reactions develop in the pulp      

                        before bacteria penetrate the pulp chamber.  However, it is not until the reparative 

                        dentin is invaded that evidence of irreversible pulpitis, such as abscess formation 

                        is observed.  Inflammation of the pulp begins as a low grade, chronic response.  

                        The acute inflammatory response is only evoked after chronic inflammatory 

                        elements have become well established in the pulp tissue.  A diffuse infiltration of 

                        lymphocytes, plasma cells and macrophages appear within the pulp tissue 

                        adjacent to the carious lesion.  Fibroblastic proliferation and the laying down of 

                        collagen take place at the periphery of the response in an attempt to localize the 

                        lesion.  An increased proliferation of blood vessels also accompanies the chronic 

                        inflammatory response.

                       
As bacteria and their byproducts continue to penetrate deeper into the primary 
dentin or invade the reparative dentin, the inflammatory response becomes more 
acute in nature.  The release of histamine and bradykinin from lysed cells results 
in vasodilation, increased capillary permeability, an accumulation of 
polymorphonuclear leukocytes (PMNs) and an increase in interstitial fluid in the 
inflamed area (localized edema).  The resultant increase in intrapulpal pressure 
may then stimulate the unmyelinated C-fibers within the pulp.


The progressive accumulation of PMNs with their subsequent tissue destruction 

results in suppuration that may be diffuse or 
localized, in which case a 
microabscess is formed.  The abscess is surrounded by an area of fibrous 
connective tissue in an attempt to wall off the area of infection.  As bacteria enter 
the abscess, they are promptly destroyed by the PMNs.  If the number and/or 
virulency of the bacterial flora is decreased, the abscess may remain in a chronic 
state.  However, when the number of bacteria entering the pulp exceeds the ability 
of the inflammatory response to repel them, degeneration of the pulp quickly 
occurs.


Thus, the inflammatory response evoked by bacteria appears to be the cause of 

more tissue damage than the microbes themselves.  In fact, large numbers of 
bacteria are not usually seen in the pulp until the late stages of total necrosis.


Because of the unique encasement of the dental pulp in a “low compliance” 
environment, intrapulpal pressure is of paramount importance in pulpal pathosis.  
At rest, the pulpal capillaries are collapsed while blood flows directly from the 
arterioles to venules via the arteriovenous anastomoses.  However, when the 
tissue becomes active and there is an increased metabolic demand for oxygen, the 
precapillary sphincters open resulting in an increase in intra-capillary pressure and 
vascular permeability.  This results in an increase in interstitial fluid and 
intrapulpal pressure.  In an uninflamed pulp, this increase in intrapulpal pressure 
is transient.  The extravasated fluid is quickly removed by venules (lymphatics?) 
returning the intrapulpal pressure to normal values.


During the initial phase of inflammation, the increase in intrapulpal pressure 
occurs only at the specific local site of irritation which is located at the periphery 
of the pulp adjacent to the carious lesion.  Because the stroma of the pulp confines 
the fluid to the area of inflammation, the rest of the pulp maintains a normal 
intrapulpal pressure.  However, as the inflammatory response intensifies, more 
and more of the ground substance is destroyed.  This allows the increased 
interstitial fluid to permeate into the surrounding areas of the pulp.  The resultant 
increase in intrapulpal pressure causes vascular collapse of the venules and 
subsequent ischemic necrosis.  This circumferential spread of inflammation and 
necrosis from the site of initial inflammation continues until there is gross 
destruction of tissue with a loss of structural integrity.  The 
pulp then becomes an 
isobaric chamber wherein all areas of the pulp are in hydrostatic communication.  
When this occurs, complete necrosis of the pulp tissue has taken place.


C.
Classification of Pulpal Pathosis



1.
Reversible Pulpitis




- localized inflammation




- localized increase in intrapulpal pressure




- threshold of stimulation for A delta nerve fibers is lowered




- exaggerated, nonlingering response to stimuli




- pulp tissue able to accommodate increased pressure and repair the 

  damage



2.
Irreversible Pulpitis




- localized area of necrosis that cannot be repaired or walled off




- spreads throughout pulp by causing inflammation in adjacent 


  areas




- usually have preexisting chronic pulpitis which has decreased the 


  ability of the pulp to respond favorably




- presence of inflammatory mediators lowers the threshold 



  of stimulation for all intrapulpal nerves

- PMNs are involved and they cause exacerbation of the    
inflammation-


 




- pain lingers after thermal stimulation of A delta nerve fibers




- spontaneous dull, aching pain caused by stimulation of 



  unmyelinated C fibers in the pulp proper




- mediators of inflammation (bradykinin) directly stimulate the 


  fibers



3.
Total Necrosis




- if caused by inflammation that started in the pulp (e.g. caries), it 


  most probably will spread to the periradicular tissues




- if caused by trauma that severs the blood supply to the tooth, a 


  dry necrosis may result that may not spread to the periradicular 


  tissues

IV.
Periradicular Pathophysiology


A.
Periradicular Tissues



- cannot distinguish from pulp tissue at the apical foramen



- inflammatory response is the same as in the pulp



- pulpal inflammation eventually spreads to the periradicular tissues



- periradicular inflammation usually occurs before total necrosis of the 
  
  pulp tissue occurs



- periradicular tissues have better reparative capacity due to increased 
  
  collateral circulation, larger pool of undifferentiated mesenchymal cells 
  
  and easier accommodation of edema through bone resorption or extrusion 
  of the tooth



- unless microbes are involved, inflammation is usually contained in the 
  
  periradicular area and does not go into a cellulitis


B.
Classification of Periradicular Pathosis



1.
Acute Periradicular Periodontitis




- inflammation in PDL caused by tissue damage; extension of 


  pulpal pathosis or occlusal trauma




- PMNs cause rapid buildup of edematous fluid in the PDL




- pressure on tooth (occlusion / percussion) is transmitted to the 


  fluid which pushes on nerve endings in the PDL




- tooth may be elevated out of its socket because of the buildup in 


  fluid pressure in the PDL




- usually there are no radiographic changes because 
it happens 


  quickly




- pain is caused by pressure on the nerve endings; the pain will 


  remain until bone is resorbed, the fluid is drained or the irritants 


  are removed




- pulp tests are essential and results must be correlated with other 


  diagnostic information in order to determine if inflammation is of 


  pulpal origin or from occlusal trauma



2.
Acute Periradicular Abscess




- large numbers of bacteria get past the apex into the periradicular 


  tissues 




- implies a breakdown of immune system because the body should 


  have been able to contain the microbes inside the root canal 


  system; therefore, rule out systemic 
factors which may have 


  weakened defensive capabilities




- acute inflammatory response; PMNs are the dominant cells




- results in a local collection of purulent exudate




- may not have radiographic evidence of bone destruction because 


  fluids are rapidly spread away from the tooth




- clinically, swelling to various degrees is present along with pain 



  and a feeling that the tooth is elevated in the socket




- systemic symptoms (fever, malaise) can also be present




- the infection may spread along facial planes to form a cellulitis



3.
Chronic Periradicular Periodontitis




a)
Periradicular granuloma





- relatively low-grade, long-standing lesion formed to





  neutralize irritants from the canal system and wall them 




  off from the rest of the body





- as long as the irritants keep emanating from the root canal 


  system, the soft tissue lesion will keep expanding at the 



  expense of the surrounding bone 



- microscopically, this granulomatous tissue is comprised 

  of lymphocytes, plasma cells, and macrophages        
 
  surrounded by a relatively uninflamed fibrous capsule 
 
  made up of collagen, fibroblasts, and capillary buds





- clinically, this lesion is asymptomatic and is detected 



  radiographically by a periradicular radiolucency






b)
Periradicular cyst




- if the inflammation stimulates the epithelial rests 




  of Malassez to begin dividing, a cyst may develop 




  within the granuloma





- a cyst is a three-dimensional epithelial lined cavity 



  filled with fluid 





- the lumen of the cyst may or may not 





  communicate with the apical foramen of the root 




  canal





- “bay cyst”  -- lumen communicates with the apical





  foramen -- may heal with nonsurgical root canal 





  treatment





- “true cyst” --lumen does not communicate with 




  the apical foramen





- requires surgical root canal treatment



4.
Chronic Suppurative Periodontitis




- apical lesion that has established drainage by breaking through 


  the cortical plate of bone and the overlying 
periodontal tissues




- clinically, a “sinus tract” is present




- patient is usually asymptomatic



5.
Phoenix Abscess




- an acute periradicular abscess superimposed on a preexisting 


  chronic periradicular periodontitis




- an acute exacerbation of a previously existing chronic lesion




- result of an increase in the virulence of the bacteria or decrease in 

  the patient’s resistance




- clinically, the patient exhibits the same symptoms as that of an 


  acute periradicular abscess




- however, radiographically there is a radiolucency associated with 


  the tooth



6.
Chronic Periradicular Periodontitis with Symptoms




- a periradicular granuloma or cyst that is showing signs of 



  becoming acute 




- pain to occlusion, palpation, or percussion




- histologically, the tissue would show an increased 
number of 


  PMNs

                        7.
Focal Sclerosing Osteomyelitis (Condensing Osteitis)



- a very low grade pulpal inflammation which results in an increase 


  in the bone density rather than resorption 




- clinically, the patient is usually asymptomatic




- radiographically, the periradicular area shows increased bone 


  density and trabeculation




- histologically, a mild chronic inflammatory infiltrate is associated 

  with the osseous tissue


                  - RCT not indicated unless there is other evidence of pulpal  
inflammation-

 




- radiopacity may persist after RCT and extraction of the tooth
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