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Dental Pulp:  The Effects of Restorative Procedures

Learning Objectives:  

1.  Describe the anatomy of the pulp-dentin complex and list functions of the dental pulp.

2.  Understand the differences between primary, secondary, tertiary, sclerotic, intertubular, and peritubular dentin.  

3.  Describe the changes that occur in the dentinal tubules going from the DEJ toward the pulp.  Explain the effects of tubule morphology on dentin permeability.

4.  Explain the Hydrodynamic Theory of pain.

5.  Understand the effects of local anesthetic, temperature, desiccation, mechanical pressure, and restorative dental materials on the dental pulp.

6.  List recommendations to minimize pulpal injury during restorative procedures.

7.  Understand rationale for the use of liners and bases.

8.  Discuss direct and indirect pulp caps.

9.  Discuss dentin hypersensitivity and current treatment modalities.
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It is nearly impossible to perform restorative dental procedures without adversely affecting the dental pulp.  Caution must be employed to minimize pulpal injury.  An understanding of the physiology of the pulp and dentin tissues assists in developing   “pulp-friendly” restorative strategies.  The pulp and dentin are both derived from mesoderm and are considered by many to be a single tissue, the dentin being the end product of cell differentiation.  Also, a close functional relationship exists between pulp and dentin.   Thus, the entire “Pulp-Dentin Complex” must be examined when discussing pulpal responses to restorative treatment.   

1.  Pulp Components


a.  nerve fibers



f. odontoblasts


b.  vascular system


g. fibroblasts


c.  lymphatic system


h. macrophages


d.  connective tissue cells

i. collagen and fine fibers


e.  intercellular substance



2.  Pulp Functions


a.  Formative - production of primary dentin


b.  Nutritive


c.  Sensory (Protective) (pain response only)


d.  Defensive - production of tertiary or reparative dentin

3.  Dentin


a.  derived from odontoblasts


b.  newest dentin layer always on the pulpal surface


c.  formation continues throughout life

4.  Types of Dentin


a.  Primary dentin



1) Dentin forming initial shape of the tooth



2) Completed 3 years after tooth eruption (permanent teeth)


b.  Secondary dentin



Low rate deposition continuing after primary dentin is formed


c.  Tertiary (Reparative) dentin

1) Response to moderate level irritants (ie. attrition, abrasion, erosion, trauma, moderate-rate caries, operative procedures, etc.)

2) Localized dentin deposit on wall of pulp cavity

3) Variable tubular structure

4) Low permeability

5) Following tooth preparation for restoration, approximately 1 month to detect reparative dentin formation microscopically

6) 70( thickness 7-8 weeks after tooth preparation


d.  Sclerotic dentin



1) Result of aging or mild irritation



2) Deposition of peritubular dentin



3) Progresses from DEJ toward pulp
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e.  Peritubular dentin



1) Dentin lining the tubules



2) Low collagen content



3) Highly mineralized


f.  Intertubular dentin



1) Located between tubules



2) Makes up bulk of dentin



3) Higher collagen content



4) Less mineralized

5.  Dentin Matrix


a.  Calcified portion



1) Organic - mainly collagen



2) Inorganic - hydroxyapatite



3) Water


b.  Uncalcified portion



1) Dentinal tubules




- odontoblastic fibers (Tome’s)




- fluid

6. Tubular Morphology


a.  Tubular Density



1) 15,000 - 20,000/mm2 at DEJ



2) 45,000 - 65,000/mm2 at the pulp


b.  Tubule Diameter



1) 0.5 - 0.9 (m at DEJ



2) 2 - 3 (m at the pulp




c.  Summary - Tubules are larger and more numerous toward the pulp.  Tubules are smaller and fewer toward the DEJ.  Therefore, dentin surface area is much larger toward the DEJ.

7.  Dentin Permeability


a.  Movement of fluids through dentin  (also toxins toward pulp)

b.  Permeability is proportional to the thickness of dentin, and the diameter and number of tubules

c.  Pulpal fluid has slight positive pressure

d.  Coronal dentin more permeable than root dentin

e.  In occlusal preps, dentin over pulp horns more permeable than pulpal floor

f.  In class II preps, axial walls more permeable than pulpal floor

8.  Theories of Pain


a.  Direct innervation

b.  Hydrodynamic theory - rapid movement of fluid in the dentinal tubules that results in deformation of the mechanoreceptor nerve endings



1) Causes of fluid movement




- intrapulpal pressure




- cold or heat




- osmotic gradient




- mechanical pressure




- desiccation

9.  Response to Dental Procedures

a.  Local anesthesia - local anesthetic with epinephrine has been shown to reduce blood flow to the dental pulp

- 2% Lido w/ 1:100K epi - blood flow reduced to pulp with both infiltration and inferior alveolar block


- pulpal blood flow ceases for 30 min. with ligamental injection

- direct relationship between length of flow cessation and concentration of vasoconstrictor used

- prolonged reduction in oxygen transport can alter pulpal response to injury

b.  Thermal Injury

- Heat is primary cause of pulpal damage during restorative procedures

- Deep prep worse than shallow

- Main damage within 1-2 mm radius of dentin being cut

- Tooth “blushing” during prep attributed to frictional heat

- 4oF increase ( minimal pulpal reaction

- 10 oF increase ( partial odontoblast destruction, 15% of cases showed pulpal necrosis.

- 20 oF increase ( complete odontoblast destruction, 60% of cases did not recover

- 30 oF increase ( necrotic pulp

c.  Instrumentation and pulpal temperatures

- 1800-10,000 rpm’s, no coolant ( 5-22oF increase

- 1800-10,000 rpm’s w/ air coolant ( 1oF increase

- 250,000-300,000 rpm’s w/ air ( 4-7oF decrease

- 250,000-300,000 rpm’s w/ water spray ( 8-9oF decrease

d.  General rules concerning instrumentation

- High speeds, light touch, air/water coolant kindest to pulp

- Small burs generate less heat than large burs because of the greater surface area with larger burs.

- Carbide burs remain sharper longer than stainless steel burs, therefore, carbide burs generate less heat

- Diamond burs/stones can develop tremendous amount of heat w/o proper coolant

- Carbide burs are most efficient when cutting ductile materials such as dentin, metal alloys, amalgam.  Also better for end cutting and intracoronal preps

- Diamond burs better for cutting brittle materials, better for extracoronal tooth preparation, beveling enamel margins, enameloplasty

e.  Crown preparations

- Incidence of pulp necrosis:


full crown preparation

13.3%


partial veneer restoration
  5.1%


unrestored control

  0.5%

f.  Desiccation of dentin

- Causes rapid outward fluid movement

- Continuous air drying can aspirate odontoblast into tubules resulting in destruction of the odontoblast

- Dentin desiccation from air blasts and cutting procedures seems to have limited long-term pulpal effects

- Ideal:  Maintain dentin’s normal fluid content

g.  Pulp Exposure

Pulpal injury is due primarily to bacterial contamination.  If a mechanical exposure occurs while drilling a pin hole or placing retention features, assuming that good isolation has been maintained ie. rubber dam, cover exposure site with calcium hydroxide, then cover the calcium hydroxide with a glass ionomer base (Vitrebond).  Select a new site for retention placement.

h.  Remaining Dentin Thickness

Dentin is an excellent thermal insulator as well as a buffer.  The thicker the remaining dentin, the greater the protection it affords.  Use light pressure, copious water spray, sharp small burs, and sharp hand instruments when dentin is thin.

i.  Restorative Materials

-  Two schools of thought concerning the effects of dental materials on the dental pulp.



Stanley - dental materials can be toxic to the pulp



Brannstrom - current dental materials are generally compatible with the pulp.  Bacterial infiltration responsible for pulpal problems

Acid Pretreatment - to minimize pulpal response:


- use weaker acids


- shorten application time  (10-15 seconds)


- passive application (no rubbing or scrubbing)

Bonding Agents  


- self-cured bonding agents ( minimal pulpal response


- VLC bonding agents ( less pulpal response than chemical cured agents


- can promote pulpal health by providing dentinal seal if used properly

Dual-cure Resin Cements

- without light activation ( moderate pulpal response


- light activated ( minimal pulpal response

Dental Cements

- Zinc Phosphate - more severe response with thinner mix - get normal healing with healthy pulp


- Glass Ionomer - pulpal irritant when used as a luting cement.  However, histological exam found healthy pulps suggesting post-op sensitivity due to some other cause.  Can have a severe response when dentin is less than 0.5 mm’s thick.

Composite Resin

- minimal pulpal response, no lining other than DBA’s needed.  Resin is a good thermal insulator.

Dental Amalgam

- tolerated well by pulp

Gold


- compatible with pulp

Current Thinking  (Brannstrom) (Cox)

1.  Materials today are biocompatible with the pulp

2.  Pulpal response usually a failure of the materials to prevent microleakage and dentin permeability

10. Recommendations to Minimize Pulpal Trauma During Dental Treatment


a.
Goal is to maintain normal fluid content of the dentin


b.
Use cutting speeds greater than 200,000 rpm’s


c.
Use light pressure with copious air/water spray


d.
Judiciously use anesthetic solutions (1:100,000 epinephrine)


e.
Use carbide burs for intracoronal preps, amalgam removal, small preps


f.
Use diamond burs for extracoronal preps


g.
For pin placement, use Minim pins with a sharp drill


h.
Use sharp hand instruments


i.
Use intermittent strokes with rubber cups and points


j.
Do not over dry tooth


k.
Use rubber dam


l.
Consider antibacterial prep cleansers such as Consepsis


m.
Fabricate well-fitting provisional restorations

11.  Liners and Bases


a.
Liner - barrier to chemical and bacterial irritation


b.
Base - barrier to chemical and bacterial irritation, thermal insulation when 


base  thickness is greater than 0.5 mm, resistance to force of condensation 
                   (amalgam, direct gold)


c.
Why Use Liners and Bases?



- thermal insulation



- seal dentin



- deliver therapeutic agents (fluoride)



- optimize thickness of restorative material (direct gold, gold and ceramic 


   inlays/onlays)


d.
Why Not Use Liners and Bases?



- expense



- excess on cavosurface margins can result in margin defect



- decreased strength of restoration


e.
Examples of Liners



- Copal Varnish (Copalite)



- Calcium Hydroxide (VLC Dycal, Life)



- Glass Ionomer (Vitrebond)



- Resin-bonded/fluoride (Cavalite, Timeline)



- Dentin Bonding Agents


f.
Examples of Bases



- Zinc Phosphate Cement



- Resin-reinforced ZOE Cement (IRM)



- Zinc Polycarboxylate Cement (Durelon)



- Glass Ionomer Cement (Ketac-fil, Fuji II)



- Resin-modified Glass Ionomer Cement (Fuji II LC, Photac-fil)


g.  Clinical Recommendations for Liners and Bases



- no longer base to ideal form



- avoid covering entire pulpal floor with liner/base under stress-bearing 


   restoration, ie. amalgam



- glass ionomer better than zinc phosphate bases in reducing post-op     
    
         sensitivity



Composite Resin Restorations



- generally DBA’s only




- less than 0.5 mm’s from pulp ( Ca(OH)2 / GIC / DBA










or









      DBA only



- high caries activity          (         GIC liner / DBA








                    or







             DBA with fluoride release



Amalgam Restorations



- less than 0.5 mm/s from pulp ( Ca(OH)2 / GIC / Copal Varnish










      or









   Ca(OH)2 / GIC / DBA




- low caries activity, >0.5mm’s dentin ( Copal Varnish










     or









GIC / Copal Varnish










     or









          GIC / DBA










     or










No Liner




- high caries activity, >0.5mm’s dentin ( GIC / Copal Varnish










          or










   GIC / DBA



12.  Pulp Caps - controversial topic


- Direct


- Indirect

13.  Dentin Hypersensitivity


a. 
goal of treatment to occlude tubules  (hydrodynamic theory)


b. 
dentifrice - those with potassium nitrate most effective



- Sensodyne F  (5% potassium nitrate) (Block Drug)



- Colgate Sensitive (5% potassium nitrate) (.15% F)

c. gels

· UltraEZ™  (Ultradent)

· 3% potassium nitrate

· .11 w/w fluoride ion
 


d. 
oxalates - may require reapplication in 6 - 12 months



- 3% monohydrogen-monopotassium oxalate        Protect   (Butler)



- 6% ferric oxalate      Sensodyne Sealant  (Block Drug)


e. 
DBA’s



- 
All-Bond DS  (Bisco)

· Pain-Free  (Parkell)

· HurriSeal (Beutlich Pharaceuticals)

· Gluma Desensitizer (Kulzer)

· any dentin bonding system from restorative kit


f.  
Fluorides



- 0.4% SnF2   Gel-Kam   (Colgate)



- 0.4% SnF2   DentinBloc   (Colgate)
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