PULP MORPHOLOGY, ACCESS PREPARATION

AND ROOT CANAL INSTRUMENTATION

CAPT J. D. Allemang

OBJECTIVE:  Each participant should 

1.  Understand the intricate anatomy of the root canal systems which may be present in each tooth

2.  Be able to design and prepare adequate access preparations

3.  Apply the principles and concepts of root canal instrumentation to optimally prepare the root canal system for obturation.
MAIN POINTS:  At the conclusion of the seminar, each participant should:

   
MP #1 -   know the relative number of roots and/or canals in each tooth

   
MP #2 -   be able to classify root canal systems.

   
MP #3 -   understand the external and internal anatomy of the crowns and roots of each tooth.

   
MP #4 -   be able to analyze clinical and radiographic data before and during access preparation.

   
MP #5 -   know the objectives and principles of access preparation.

   
MP #6 -   be able to design adequate access preparation.


MP #7 -   understand the objectives and concepts of root canal preparation.


MP #8 -   understand the biological and mechanical factors that must be considered in establishing the 


    apical matrix.


MP #9 -   identify the instruments commonly used in root canal  preparation and understand their 


    respective functions.


MP #10 - select methods of root canal preparation based upon established principles, 

                
    instrument characteristics and root canal anatomy.

 I.  Morphology of the Root Canal System

     A.  Considerations -

         1.  External anatomy -  crown / root 

         2.  Number of roots / canals  - 

         3.  Canal configurations - 

         4.  Root curvatures / dilacerations -

         5.  Lateral / accessory canals - 

         6.  Position of foramen / foramina 

     B.  Classification of the Root Canal System (Weine) - 

         1.  Type I    - one orifice / one canal / one foramen

         2.  Type II   - two orifices / two canals / one foramen

         3.  Type III  - two orifices / two canals / two foramina

         4.  Type IV   - one orifice / two canals / two foramina

     C.  Maxillary Teeth

         1.  Central Incisor -
             - Average length - 22.5 mm

             - Morphology - Type I.  Canal is slightly triangular at the cervical area, gradually becoming round in                     
   the apical area.  Root may have a slight distal and lingual curvature.

             _ Access  - triangular lingual access just above cingulum.

             - Lingual shoulder may prevent direct access; watch for calcific metamorphosis post trauma.

         2.  Lateral Incisor -
             - Average length - 22.0 mm

             - Morphology - Type I.  Canal is ovoid in the cervical area and round in the apical area.  Root apex 
  
  commonly has a distal dilaceration.

             - Access - triangular to ovoid.

             - Beware of dilacerations; watch for dens in dente.

     3.  Canine - 

             - Average length - 27.0 mm

             - Morphology - Type I.  Canal is ovoid in shape.   Root can curve in any direction in the apical third, 
  
  but is usually to buccal.   Apical foramen frequently not located at anatomic apex.

             - Access - ovoid above cingulum

             - Beware of buccal apical dilaceration

         4.  First premolar -

             - Average length - 21.0 mm

             - Morphology -

              Carns EJ, Skidmore AE.  Configuration and deviation of root canals of maxillary first  premolars.  
Oral Surg 1973;36:880-6.

              One canal    -  9%            
One root    - 37%

              Two canals   - 85%          
Two roots   - 57%

              Three canals -  6%           
Three roots -  6%

             - Access - oval preparation with greater extension to buccal and lingual

             - Beware of mesial concavity and post-treatment fractures.

         5.  Second premolar - 

             - Average length - 21.0 mm

             - Morphology - 

              Vertucci FJ, Seelig A, Gillis R.  Root canal morphology of the human maxillary second premolar.                    
Oral Surg 1974;38:456-64.

              One canal / one foramen   -   48%

              Two canals / one foramina -  27% 

              Two canals / two foramina -  24%

              Three canals              
  -   1%

             - Access - ovoid

         6.  First molar - 

             - Average length - (B) 19 mm / (P) 21 mm

             - Morphology -  Usually 3 rooted with 3-4 canals.  Palatal canal often curves to buccal in apical third.  
   Second MB canal usually located between the primary MB canal and the palatal root (1.8 mm)and 
  
   may exit 2 mm from the root end.  Primary MB canal is the straighter canal.

               Weine FS, Healy HJ, Gerstein H, Evanson L.  Canal configuration in the mesiobuccal root of the  
  
  maxillary first molar and its endodontic significance.  Oral Surg 1969;28:419-25.

               Mesiobuccal root:
               One canal   -  50%

               Two canals  -  50%

                 Type II   -  37%

                 Type III  -  15%

             - Access - Trapezoidal to facilitate locating MB2.

         7.  Second Molar - 

             - Average length - (B) 19 mm / (P) 21 mm

             - Morphology - usually 3 rooted with 3 canals but can exhibit a 4th canal.  Three orifices may be                       
  configured in a straight line.

               Pomeranz HH, Fishelberg G.  The secondary mesio-buccal canal of maxillary molars.  J Am Dent 
 
 Assoc 1974;88:119-24.

               Mesiobuccal root:
               One canal    -  63%

               Two canals   -  37%

                 Type II    -  13%

                 Type III   -  24%


Kulild JC, Peters DD.  Incidence and configuration  of canal systems in the mesiobuccal root of 
maxillary first and second molars.  J Endodon 1990; 16:311-7.


  Second canal







      not located, 
  

                MB root located :
without bur
using bur
microscope
(only one canal found)
   


               First Molar    
  60.8%    
  29.4%    
    5.9%    

3.9%


               Second Molar   
  43.8%     
  34.4%

   15.6%   

6.3%  

                      

Total:  
  54.2%     
  31.3%   
    9.6%    

4.1`%


Significance:  94-96% of maxillary molars have a second canal somewhere in the mesiobuccal root 

             - Access - quadrilateral to locate 4th canal.

     D.  Mandibular Teeth                        

         1.  Central/lateral incisors -

             - Average length - 21.0 mm

             - Morphology - Canal shape can be broad bucco-lingually and ribbon shaped.  Frequently, there is a 
  
  dentinal bridge separating the buccal and lingual canals.  

              Benjamin KA, Dowson J. Incidence of two root canals in human mandibular incisor teeth. 


Oral Surg 1974;34:122-6.

               One canal / one foramen  -  57.3%

               Two canals              
 -  42.7%

                   Type II              -  41.4%

                   Type III             -   1.3%

             - Access - triangular to ovoid.  Lingual shoulder of dentin may hide lingual canal.  Extend access to 
  
  lingual and incisal.   Mesio-distal thinness of root invites perforations.

         2.  Canine -

             - Average length - 25.0 mm

             - Morphology - Canal is ovoid at cervical and round apically from midroot.  Lingual dentinal 
  
   


shoulder may be present.

              Vertuccci FJ.  Root canal anatomy of the mandibular anterior teeth.  


J Am Dent Assoc 1974;89:369-71.

               One canal / one foramen      -  78%

               Two canals          
      -  22%

                    Type II                 -  16%

                    Type III                -   6%

             - Access - Ovoid in shape.

         3.  First Premolar -

             - Average length - 22.0 mm

             - Morphology - Second canal may project off primary canal (Type IV) sharply to lingual.  Broad B-L                        
   canal space tapers to a small, ovoid shape in the apical area.

              Vertucci FJ.  Root canal morphology of mandibular premolars. J Am Dent Assoc 1978;97:47-50.

               One canal     -  75%

               Two canals    -  24% (Type IV)

               Three canals  -   1%

             - Access  - ovoid access centered over central groove

         4.  Second Premolar -

             
- Average length - 22.0 mm


-  Morphology - The canal shape and variability can mimic that of the mandibular first premolar.

               Vertucci FJ.  Root canal morphology of mandibular premolar.  J Am Dent Assoc 1978;97:47-50.

               One canal     -  97.5%

               Two canals    -   2.5% (Type IV)

             - Access - ovoid access with a little more of a M-D extension than the mandibular first bicuspid.

         5.  First Molar -

             - Average length - 21.0 mm

             - Morphology - usually two roots (can have 3-4) and 3-4 canals.  MB and ML canals are usually 
  
  curved with the MB canal exhibiting the greatest curvature.  Distal canal is usually larger than                       
  mesial canals.  

              Skidmore AE, Bjorndal AM.  Root canal morphology of the human mandibular first molar.  


Oral Surg 1971;32:778-84.

               Two canals            -  7%

               Three canals          - 64%

               Four canals           - 29%

                    
Mesial canals  - 
Type III    - 60%

                            


Type II     - 40%



Distal canals   -  
Type II     - 60%

                                        

Type III    - 40%

             - Access - rectangular access is recommended to locate all the canals.  More cuspal tooth structure  
  
  may need to be removed at MB and ML to locate the canal orifices.

             - Calcification of pulp chamber is common; multiple radiographs are recommended.

         6.  Second Molar -

             _ Average length - 20.0 mm

             - Morphology - Usually 2 roots with 3 canals.  MB and ML roots often merge.  Mesial roots have                      
  a gentle distal curvature.  Watch for C-shaped canal configuration.

               Weine FS, Pasiewicz RA, Rice RT.  Canal configuration of the mandibular second molar using a

                clinically oriented in vitro method.  J Endodon 1988;14:207-13.

               
One canal       -   
    1.3%

               
Two canals      -  
    4.0%

               
Three canals    - 
  81.0%

               
Four canals     - 
  11.0%

               
C-shaped canal  -   2.7%

               Mesial Root

                    Type I     -     4%

                    Type II    -    52%

                    Type III   -    40%

               Distal Root:

                    Type I     -    85%

                    Type II    -     9%

                    Type III   -     1%

             - Access - rectangular, similar to mandibular first molar.

             - Tooth most susceptible to vertical fracture.

              Cooke HG, Cox FL.  C-shaped canal configurations in mandibular molars.  


J Am Dent Assoc 1979;99:836-9.

             
- a single ribbon-shaped orifice with a 180o arc.


- usually starts at the ML line angle, extending around the buccal and ending at the distal aspect

                       of the pulp chamber. 

             
- the canal morphology can be highly variable making instrumentation and obturation difficult.

             
- may consider extraction and replantation.

             
- second molars  8%

Melton DC, Krell KV, Fuller MW.  Anatomical and histological features of C-shaped canals in mandibular second molars.  J Endodon 1991;17:384-388.

Shape of canal system in section


Coronal

Middle
 
Apical







Section

Section

Section

Category 1 – continuous C-shape – 


4

2

4

Category 2 – semicolon shape - 


2

4

2

Category 3 – separate, discrete canals - 

1

1

1

From the data above, it can be seen that the configuration of C-shaped canals changes as you proceed down the root.  This irregular and changing configuration makes these systems extremely difficult to debride and obturate.  Copious irrigation with NaOCl and use of sonics/ultrasonics can help.

Also note that  the Weine, Pasiewicz and Rice article above  studied 75 mand 2nd molars 

and found 2.7%  to be C-shaped

Access shape- generally rectangular or oval – depends on configuration found

     E.  Position of the apical foramen

         
Burch JG, Hulen S.  The relationship of the apical foramen to the anatomic apex of the tooth root.  


Oral Surg 1972;34:262-8.


-  92% of the major foramina deviated from the anatomic apices.


-  average deviation of the foramen from the anatomic apex was 0.59 mm.

     F.  Lateral/accessory canals

         
Gutmann JL.  Prevalence, location and patency of accessory canals in the furcation region of 
permanent molars.  J Periodontol 1978;49:21-6.

         
-  24.5% had actual furcal canals present


-  28.4% had canals located in the furcal area (lateral canals near the furcation)

         
De Deus QD.  Frequency, location and direction of the lateral, secondary and accessory canals.  


J Endodon 1975;1:361-6.


-  27.4% of teeth had canals in the apical area of the root

II.  Access Preparation

NB:  Access shape is dictated by canal configuration and must be modified to allow unencumbered instrumentation with straight-line access as deep into the canals as possible.

Access Shape in Relation to Orifice Location:

Wilcox LR, Walton RE, Case WB.  Molar access: shape and outline according to orifice locations.  J Endodon 1989; 14: 315-8.   

Botom line:  Accesses shown in dental texts are too far mesial for maxillary molars 

and both too far mesial and too far lingual for mandibular molars.  Accesses should 

be more centered than usually shown in texts. 

     A.  Steps in access preparation -

         1.  Evaluation -  clinical/radiographic - 

         2.  Isolation/disinfection - Placement of the rubber dam may be delayed in order to 


                                         maintain correct alignment of your accessing instruments or to 

                                                        identify all of the canal orifices.

         3.  Coronal access -

         4.  Debridement of pulp chamber - 

     B.  Objectives of access preparation -

         1.  Establish unimpeded, direct line access to the apical foramen. 

         2.  Make access preparation confluent with the canal orifices.

         3.  Create divergent walls for a positive seat of the temporary restoration and to allow direct 


  visualization of orifices.

         4.  Debride the entire contents of the pulp chamber.

     C.  Special Problems and Considerations -

         1.  Reduced pulp size - "young vs. old" tooth -  As the pulp chamber and canals calcify, the distance 
  
  between canal orifices increases

             a.  Aids in locating calcified canals - 

                 -  sharp endodontic explorer (D-16)

                 -  radiograph with bur in place

                 -  NaOCL in chamber

                 -  transillumination

                 -  discolored dentin or calcification

· RC Prep in chamber between appointments

Kobayashi C.  Penetration of constricted canals with modified K files.  J Endodon 1997;23: 391-393. 

Bottom Line:  The author modified K files to gain access into calcified canals that could not be penetrated with conventional #10 files.   1-2 mm of a #10 K file tip is sliced diagonally to reduce the diameter of the file tip to about 1/5 of its original size.  This modification allowed penetration into ~75% of the previously impenetrable canals.

         2.  Prior restorations and crowns -  may alter coronal landmarks 

         3.  Caries, abrasion, attrition and trauma - remove all caries, unsupported enamel and faulty 
  
  
  restorations - may require the placement of a band or a temporary restoration prior to making an 
  
  access into the tooth

         4.  Long axis of crown/root - may not line up when large restoration or crown placed

         5.  Reduce occlusion ? - may reduce postoperative pain in teeth already sensitive to percussion 

         6.  Establishment of reference points for files - if necessary, prepare flattened reference points prior to 
  
  making access

     D.  Instruments used in access preparation -

         1.  The bur you choose to make an access into a tooth depends mostly on which bur you like.  There are 
  
  no hard and fast rules.  You should consider the type of material that you are penetrating.  In the 
  
  last ten years, burs or diamonds have been modified with a "safe" end.

         2.  In addition to round and straight shaped burs, more specialized burs include:

             
-  safe-ended diamond

             
-  “LN” bur 

             
-  “Endo-Z” bur


-  “Endo Access” bur  


-  “Transmetal” bur

         
Stokes AN, Tidmarsh BG.  A comparison of diamond and tungsten carbide burs for preparing 
endodontic access cavities through crowns. J Endodon 1988;14:550-3.

         
- diamond burs better for access cavities through precious and non-precious alloys.  Diamonds that 
   
   were extra coarse and round were found to be the best.  Tungsten carbide burs were effective but 
  
  caused more vibration.

     E.  Pitfalls of inadequate access preparation - 

         1.  Inadequate caries removal - 

         2.  Perforation of crown, root or furcation - 

         3.  Post treatment discomfort - 

         4.  Coronal discoloration - 

         5.  Missed canals - 

         6.  Mutilation of coronal tooth structure - 

         7.  Inadequate instrumentation and obturation - 

III.  Objectives of Root Canal Preparation

       A.  Objective I:  Do No Harm

           1.  Mechanical objectives - 

               a.  Prepare a sound apical matrix

               b.  Create a continuously tapering, funnel-shaped preparation

               c.  Avoid overzealous instrumentation

               d.  Pre-curve all files

               e.  Remove all residues from canal

               f.  Maintain patency through the apical foramen

           2.  Biologic objectives -

               a.  establish an exact working length

               b.  confine instrumentation to canal

               c.  remove all irritants from canal

               d.  avoid pushing debris past apical constriction

               e.  create a significant width in the coronal half of the canal to allow for copious flushing with irrigant

       B.  Objective 2:  Keep the Apical Constriction Small and in its Original Position

           

1.  Quality determines the effectiveness of the apical seal -

            
2.  Avoid aggressive instrumentation -

            
3.  Depends on a precise W.L. and frequent recapitulation -

            
4.  Allows for a tapered canal preparation -

             
5.  Less debris is extruded -             

             
6.  Apical Anatomy - 

               
a.  Studies -  Kuttler (1955)  - Thickness of apical cementum  = .5mm (or more as patient ages)






Burch and Hulen (1972) - 92% of canal foramina exit onto the root surface short 





of the anatomic (or radiographic) apex.  Average distance is  .59mm






Stein and Corcoran (1990) - distance from opening of foramen onto root surface 





to the cemento-dentinal junction (CDJ) is .7mm





b.  Apical constriction -  not always coincident with the CDJ - can be slightly coronal





c.  Cemento-dentinal junction -  canal width at CDJ averages .2-.3 mm - roughly a size 25 file

d.  Minor/major diameters -  

Kuttler’s study showed the minor diameter  is approximately .5mm from the major diameter (the canal’s exit onto the root surface).   Burch and Hulen showed the major diameter is approximately .59mm from the anatomic apex – these studies give us the rationale for placing apical stops .5-1mm from the radiographic apex (.5mm if canal exits at anatomic apex – most canals do NOT exit at the anatomical apex, so .5 + .59 = a little over 1 mm – in reality, many times the apical constriction is more than 1 mm from the radiographic apex) 

NOTE:  These numbers are AVERAGES - location of the apical stop is determined by evaluating all the




 data available for each individual canal!





e.  Radiographic/anatomic apices -  may or may not be the same depending on whether roots have a 




curvature in the plane of the x-ray beam

               7.  Apical stop - the apical extent of the root canal preparation prepared in sound dentin to act as a 





matrix for the root canal filling material





a.  Considerations -

                        
-  position of foramen - (see above)

                              -  apical resorption - may destroy the apical constriction

                              -  overinstrumentation - - may destroy the apical constriction

                              -  physiologic aging - thicker cementum - more deviation of foramen from the anatomic apex

               8.   Working length determination- Different methods may be required to accurately 

                                                                            determine the desired working length.  It must be 

                                                                            accurate and at the apical constriction.

                 
a.  Radiographically- 
Place a file into the canal at a predetermined length based on 

                                                     
the pre-operative radiograph.  If the file goes to the 

                                                     
periodontal ligament space, then the point of exit from the 

                                                     
tooth can be determined, and the working length may be 

                                                     
subtracted back to the apical constriction (0.5 - 1 mm).  

                                                     
If you must make an adjustment over 1-2 mm, you should verify








with a new radiograph.  The file should be small enough not to








damage or ledge the canal in case the estimated working length is 

                                                     
incorrect, yet large enough to be visible radiographically 

                                                     
(size # 15), or be radiopaque enough to be seen on radiographs 

                                                     
(K-1 or K-2 Pathfinder files = carbon steel = more radiopaque). 

                    
b.  Electronically-       The use of apex locators can be very useful in determining 

                            

                working length.  Newer models (Root ZX, etc.) are very 

                                             
 accurate  and can be used where it is difficult to interpret the 

                                                     
 radiograph (maxillary 2nd molars).  The use of the apex                                                      






 locator can also reduce the number of radiographs required.         

 




NOTE:  
Apex locators operate on one of three principles:  resistance, impedance, or  frequency







Impedance:  Endometer, Dentometer, Odontometer, Foramatron, Apex Finder







Frequency:  







(1) High Frequency:  Endocator             




         

(2) Change in Frequency:  Neosono D, Forameter, Neosono MC

                                             (3) Two Frequency:

   




 

(a) Difference:  Endex

                                                            (b) Ratio:  Root ZX






Resistance and impedance apex locators had to be used in a dry canal free of fluids.  The frequency type apex locators such as the Endocator could be used in the presence of fluids, but had to be coated to prevent interference. This coating made the probes thicker and prevented the Endocator from being used in small canals.  The Endex can be used with electrolytic fluids without a covering, but needs to be calibrated for each canal.  The Root ZX apex locator can be used with an electrolyte solution or in the presence of pulp tissue.  The Root ZX has a self-calibrating microprocessor that adjusts the calculated quotient so the meter reading is directly related to the position of the file.  The Root ZX is user friendly and appears to be more accurate than the other electronic apex locators.

Nguyen HQ, Kaufman Y, Komorowski, Friedman S. Electronic length measurement using small and large files in enlarged canals.  Int Endo J 1996;29:359-64.

Bottom Line(s):

Small files and large files yield similar readings in enlarged (instrumented) canals

Root ZX identified apical constriction to be .45mm coronal to actual minor diameter

Root ZX identified narrowest canal diameter even when an anatomic apical constriction did not exist or was destroyed by instrumentation.

Inconsistencies indicate apex locators should not be used to completely replace routine radiographic determination of canal length. 


Shabahang S, Goon Gluskin AH.  An in vivo evaluation of root ZX electronic apex locator.  J Endodon 1996;22:616-18.

Bottom line:  When a potential error of ± 0.5 mm from the foramen is accepted as a tolerable range for clinical application, the Root ZX was 96.2% accurate.

Gutmann JL, Leonard JE.  Problem solving in endodontic working-length determination. Compend 1995;16:288-301.

Bottom line:
No one technique is superior.  Success in determining an accurate WL in all situations is predicated on applying multiple techniques using a problem solving format.

ROOT ZX (J. Morita, Inc.) – 

[image: image1.jpg]



Manufacturer’s Information

The ROOT ZX is an electronic apex locator that may be used with extreme accuracy in a wet canal in the presence of sodium hypochlorite, blood, water, local anesthetic, and even the pulp. 

1. Turn the unit on before plugging in the attachments and probe. The Root ZX automatically calibrates in the first few seconds after the main switch is activated.  The flashing constriction indicator bar will appear when the unit is done calibrating.  Please do not attach the file holder and lip-clip (contrary electrode) to the patient and then turn the unit on.  This will not allow the unit to accurately calibrate.

2. Dry the pulp-chamber and the coronal portion of the tooth. The canal may be wet with sodium hypochlorite, blood, water, local anesthetic, or even the pulp, however, the coronal portion (pulp chamber) must be kept dry.  If there is moisture in the coronal portion of the tooth, the electrical current may leak into the soft tissue or possibly contact a metal restoration and give an instant apex reading.  It is important to clean the chamber and dry it.  Please use cotton, if necessary, to dry the coronal portion of the tooth.

3. Utilize Patency (Always advance the file until an apex reading is obtained).  It is essential that the file be taken to the apex first then returned to the apical constriction.  It is important to advance the file with a slow clockwise turn until the word "APEX" begins to flash.  When the apex is reached, turn the file with a slow counterclockwise turn until the meter reads .5mm.  At this time, the tooth will begin to flash on the left side of the monitor.  This indicates you are at the apical constriction. 

4. Take readings before instrumenting.  We have found that the Root ZX performs best before filing the canal.  It can be used to confirm lengths after filing, however, it is beneficial to find the working length before instrumenting the canals. If you are having trouble obtaining a consistent reading when introducing the file to the canal, it is recommended to remove more tissue.  If no reading occurs, it is possible that you are in a large canal and a larger file is needed or the canal may be calcified. 

ROOT ZX TROUBLE-SHOOTING GUIDE

PRIVATE
PROBLEM
REASON
SOLUTION

No Reading 
1 Taking reading after filing the canal and dentin debris is impacted at the apex. 

2 No contact with the lip-clip

3 Large canal and using a small file

4 File holder not clean

5 Maxillary teeth: Root maybe in the sinus cavity
1 Take reading before filing or remove debris. 

2 Wet patients’ lip

3 Use larger file

4 Clean it

5 Use larger file that is snug in the canal

Instant Apex
1 Wet or moist chamber 

2 Proximal Decay
1 Dry it "Use Cotton" inside chamber and around outside of crown. 

2 Remove decay & place temporary restoration

Unstable readings when file enters the canal
1 Abundance of tissue in the canal 

2 Surface tension of Sodium Hypochlorite

3 Small file in large canal
1 Remove more tissue 

2 Unit will adjust itself

3 Use a Snug fitting file 

Reading Stops at 2-3mm will not advance
1 Sharp turn in the canal near the apex 

2 Canal filed before reading and debris is blocking the apex
1 Navigate file to the apex (bend tip of file) 

2 Clean out debris utilize Patency

2-3mm reading & the file is out the apex
1 Poor connection with one of the attachments
1 Check all connections

c. Tactile sense in locating constriction –

          This can be developed with experience, especially when initially 

                                 inserting the file.  The tactile sense should be used only in 

                                 conjunction with other means to determine the working length.   

       

C.  Objective 3:  Totally Clean the Root Canal Space




1.  Irrigation - Cleansing of the root canal must take place in a wet environment

               
a.  Commonly used irrigants - NaOCl, H2O2, Glyoxide, EDTA, RC Prep

               
b.  Sodium Hypochlorite (NaOCl) - properties

                      

-  vital and necrotic tissue solvent  -  (more effective on necrotic tissue)






-  bactericidal - (must come in contact with organisms)

                              -  lubricates - easier to negotiate canals

                              -  tissue irritant - (a negative property if it comes in contact with tissue you want to 







preserve i.e., PDL cells in perforation sites and vital tissue beyond the apex)






-  removes organic component of smear layer -  (EDTA can remove the mineral 







component)  

 IRRIGATION  is often the MOST UNDER-UTILIZED component of our instrumentation armamentarium)
The most widely used irrigant is Sodium hypochlorite, NaOCl, in concentrations of 5.25%, 2.6%, and 1.25%.

Irrigation is a critical and necessary component in all instrumentation techniques.

“Wet Field” endodontics should be your norm!

      D.  Objective 4:  Create a Continuously Tapering Root Canal Shape      

   


1.  Careful instrumentation and appreciation for canal curvatures is essential!

IV.   Instruments


A.  Many types:  Hand driven: Engine driven; Combination; Ultrasonics/sonics -



1.  Hand driven - 

      


a.  Broaches (K-type) -

          

b.  
Files/Reamers (K-type, H-type) - 

                       (1)  Manufacturing process - twisted vs. machined

                       (2)  Variations -

  




*  depth or angle of cutting blade        *  cutting efficiency

  




*  degree of twist/flute spacing             *  torsional strength

  




*  cross-sectional design                        *  flexibility

  




*  tip design




c.  ADA Specification No. 28 established standards for K and H type files in following elements:                                             

                 
(1)  Diameter and taper of instruments






-  The taper of standard instruments is an increase in diameter of .02 mm per every 1 mm 

                 


increase in the length of the file.



       
(2)  Incremental size increases between instruments






-  Instruments increase in size from #06 which is .06 mm in diameter at its tip, to size 

                 


#150 which is 1.50 mm in diameter at its tip.  Sizes increase by 5 from the #10 to     

                 


the #60, and by 10 from size #60 to size #150.  Sizes #6 and #8 are also available.






-  D-0 (sometimes called D-1) is at the projected tip of the instrument 






-  D-16(sometimes called D2) is a point 16 mm from the tip of the instrument, and is .32 mm larger in 

                


diameter than D-0.






-  D-3 is a point 3 mm from D-0, thus it is .06 mm larger in diameter than D0.



       
(3)  Numbering systems for instruments  (sizes) - see #2 above

                       (4)  Reamer (K-type) -

                          
-  twisted from square or triangular blank - 

                              -  0.80 to 0.28 flutes/mm -

                              -  used with reaming motion and counter-rotational motion -

                       (5)  File (K-type) - 

                          
-  twisted from square blank -

                              -  1.97 to 0.88 flutes/mm -  

                              -  used with a rasping motion -

                       (6)  File (H-type or Hedstrom) -

                          
-  flutes made by machine grinding -

                              -  helical angle near 90 degrees -

                              -  used with a pulling motion (circumferential filing) -





(7)  Design improvements -

                          
-  Cross-sectional design - triangular, rhomboid, S-shaped






-  H-type hybrids -   Unifile, S-file

                                  

     Flex-R, Flex-O 

                                                  
     Safe-sided Hedstrom  






-  Tip design - cutting vs. non-cutting  - “Batt tip”, “Roane bullet tip”

                                  
         Flex-R, Flex-O, Onyx-R files






-  Flute design - 
flat, U-shape

                                           

less ledging and better 

                                           

centering in the canal






 -  Constant increase in tip diameter

                                           Series 29 files

                              -  Taper increases (Variable taper instruments)

                                           .04 Taper files, .06 Taper, .08 Taper, .10 Taper, .12 Taper

                                           Files of Greater Taper (GT Rotary files)

                                           Quantec - Series 2000

                                           Taper increases more per mm of length than standard instruments 







This gives greater flare.                              







-  New metals

                                           Nickel-Titanium files





(8)  K-Flex file - 

                          
-  rhomboid shape -

                              -  alternating flute design -

                       (9)  Burns Unifile -  S-file -

                              -  positive rake angle -

                              -  double helix flute design -

                              -  increased shaft bulk -

                              -  decreased flute depth - 

                       (9)  Flex-R file -

                              -  fluted edges are machined -

                              -  conical non-cutting tip design -

                              -  balanced force technique - 

                 
(10)  Flex-O file

                              -  twisted, not machined (more bulk of metal = more fracture resistance?)

                              -  non-cutting “Batt” tip design -

                              -  balanced force technique - 





(11)  Profile - Series 29

                              -  Standard taper of 29.17% increase between instrument sizes (do not follow ISO sizes)

                              -  Available in stainless steel and nickel-titanium for K-type reamers

                                  and files, and Hedstrom files

                              -  13 instruments replace 20 instruments from # 6 to # 130                               

                              -  smaller increase in size with the smaller instruments    

                      (12)  Nickel-titanium files






-  greater elastic flexibility

                              - superior resistance to fracture in both clockwise and counter-clockwise torsion


2.  Engine driven -

       

a.  Gates Glidden burs - sizes 1 - 6



b.  Martin Orifice Enlargers -



c.  Peeso Reamers



d.  Rapid Body Shapers (RBS*) - Rotary engine reamers with non-cutting “Roane bullet tip”


3.  Combination -

             a.  Canal Master "U" System - combined both hand driven and rotary instruments (now sold mainly in Europe under other names) 





- Stainless Steel





                       - Non-cutting pilot tip - 0.75/2.00mm

                       -  Cutting segment - 1.0/2.0mm

                       -  Smooth, round shape with constant diameter along shaft

                       -  Used in rotary (360 degree) motion




b.  Lightspeed* - (Nickel - titanium rotary version of Canal Master-U)

                   
-  Nickel-titanium flexibility

                   
-  Generally mechanically driven (2000 RPM) but the rotary instruments should be 






used by hand in the apical portion of severely curved canals 

                   
-  Short cutting blade

                  
-  Flexible taperless shaft




c.  .04 Taper Nickel-Titanium Rotary Files  (‘Profile”)

                     
-  Nickel-titanium flexibility

                     
-  Engine driven efficiency

                   
-  29% increase in tip diameters in “Series 29”, also available in ISO tip sizes

                    
-  U-file design, prevents self-threading into canal

                    
-  non-cutting tip   

                    
- requires 6:1 gear reduction handpiece (rpm of 300-350 or 150-175)






(electric handpieces best for rotary instrumentation – can set speed and it stays more constant than






 traditional air driven foot pedal systems – may result in less breakage of instruments) 






4.  Ultrasonic/Sonic  (specifics discussed later in outline)

               -  Differences in frequency of vibration




-  Differences in source of power




-  Cavi-Endo (Ultrasonic)-




-  Enac - (Ultrasonic) 




-  Micro Mega 1500-3000 (Sonic)-

  VI.  Current Instrumentation Techniques -

       A.  Factors to consider when instrumenting canals



1.  Pre-curved files -

Buchanan LS.  File bending: essential for management of curved canals.  Endo Report 1987;2:16-20.

Bottom Line:  lt is impossible to achieve consistent endodontic success - even in straight forward cases - without bending files!" (with traditional techniques – some newer ones like “Balanced Force” do not employ file bending)

           2.  Circumferential filing -

           3.  Anticurvature filing - (selective filing in the coronal portion of curved canals to prevent strip 





perforations into the furcation.   The walls on the opposite side from the curve are instrumented 




more than the inner walls resulting in a decrease of the overall degree of canal curvature)

Lim SS, Stock CJR.  The risk of perforation in the curved canal: anticurvature filing compared with the stepback technique.  Int Endod J 1987;20:33-9.

Bottom Line:  Anti-curvature approach can preserve dentinal thickness near furcation.  It also gives a more straight line access deeper into the canal.

           4.  Incremental filing - (cutting off 1mm “increment” from the file tip to create “half sizes”)

           5.  Recapitulation - "patency file"

6. Serial preparation – (use of step-back techniques to increase flare of preparation)

Coffae KP, Brilliant JD.  The effect of serial preparation versus nonserial preparation on tissue removal in the root canals of extracted mandibular molars.  J Endodon 1975;1:211-4.

Bottom Line:  Serial preparation removes more tissue and also allows for greater penetration of irrigation needle.    

          7.  Apical Clearing - 
Parris J, Wilcox L, Walton R. Effectiveness of apical clearing: histological and radiographical evaluation. J Endodon 1994;20:219-24.
Bottom Line:  Apical clearing is defined as: following cleaning and shaping, sequentially rotating files two to four sizes larger than the initial (master) apical file at working length, then rotating the largest apical file again after a final irrigation and drying. This experiment showed that in the apical portion of the canal, the apical clearing technique resulted in better debridement with minimal increase in apical transportation.


8.  Flare of preparation is critical to success of obturation – particularly with lateral compaction technique

Allison DA, Weber CR, Walton RE.  The influence of the method of canal preparation on the quality of apical and coronal obturation.  J Endodon 1979;5:298-304.

Bottom Line:  flared preparations that allowed the spreader to fit within 1mm of the apical stop in the empty prepared canal and to within approximately 2mm of the apical stop when the master GP cone was in canal gave a better apical seal than preparations that did not allow spreader penetration to that level.  This gives us an easy test of preparation adequacy – simply place the spreader in the empty canal – if it fits to within 1mm of the apical stop, the prep is adequate, if not, additional flaring needs to be done.
       B.  Pitfalls of Canal Instrumentation

        
1.  Separated instruments -

           2.  Ledging (internal zip) -

           3.  Perforation (apical, lateral) -

           4.  Stripping -

           5.  Blockages -  

       C.  Step-back Technique

           1.  Apical matrix is established -

           2.  Step-back filing 0.5 to 1.0mm for each sequential file

           3.  Coronal flaring with Gates Glidden burs in step-back fashion

                       Advantages -

                       *  Decreases transportation

                       *  Increases % of canal walls planed

                       *  Facilitates spreader penetration

                       *  Facilitates obturation

       D.  Step-down - Step-back Technique

1.  “Step down” : Coronal canal debridement and initial flare made using #15 to #25 Hedstrom files 
placed passively to midroot and rasped against the walls in an anti-curvature direction.  Each 
successively larger file is placed .5 mm shorter.  Gates-Glidden burs #2 and #3 are then used in step-
back fashion as far as they will go without apical pressure

           2.  “Step back” : Working length established in conventional manner.  Master apical file (MAF) size 




established followed by traditional step-back to blend with coronal step-down creating smooth 




continuous taper.  Recapitulate with patency file and MAF between step-back files.

                        Advantages -

                        *  removes coronal canal contents early which may reduce extrusion of contaminated debris

                        *  eliminates coronal interferences

                        *  provides early access of irrigation to apical area

       E.  Crown-down pressureless Technique





1.  Insert #35 file until it just binds and measure depth - this is the “radicular access length”





2.  Flare coronal portion of canal using #2 and #3 Gates to radicular access length





3.  Starting with #30 file, insert beyond radicular access length until resistance first encountered 

4.  Rotate #30 clockwise two full rotations using NO pressure

5.  Step down using sequentially smaller files rotated as in #4 above to a point 3mm from the   
radiographic apex.  This is the “provisional working length”.  Take a radiograph with the file 
at the provisional WL and estimate your “true” WL.

6.  Continue stepping down with smaller files to the true WL

7.  Place a #35 file until resistance is just met (should be at or beyond your radicular access length)

8.  Rotate passively two full turns and then proceed with smaller files in step-down to the true WL

9.  Do additional sequences of step-downs starting with #40, then #45, then #50, etc until apical 

matrix is developed and apical flare blends with the coronal flare created with Gates-Gliddens 

in #2 above. 

       F.  Balanced Force Technique:  Uses Flex-R files in sequential order in a 








  clockwise-counterclockwise-clockwise manner.  Technique was developed to 







  address problems with conventional techniques:  






a.  K-type file design invites transportation of the canal

                    

b.  Transportation occurs at the outer curvature of the canal due to unbalanced 

                         

forces and cutting edges at the tips of the files

1.  Uses a file with a modified tip design (Flex-R).  It should not be used with Hedstrom instruments or 
even K- files without a modified tip.   

2.  Use of Gates-Glidden drills (sizes #2 and above) for coronal flaring is recommended early in the 
technique.  

3.  The first file to bind short of the WL is inserted into the canal and rotated to the right (clockwise) a quarter of a turn.  This causes the flutes to engage a small amount of dentin.  The file is then 
rotated to the left (counterclockwise) at least one-third of a revolution.  The counterclockwise 
rotation tends to unthread the instrument, so slight pressure in an apical direction is required.  It is the counterclockwise rotation with APICAL pressure that actually provides the cutting action by shearing off the small amount of dentin engaged during the clockwise rotation.

4.  The counterclockwise rotation can be one or two rotations if there is little curvature or if the instrument does not bind.  It should not be forced to the left as the instrument can fracture.

5.  The files should gradually feed into the canal to the working length.  At the working length, the file is rotated passively to the right for a 1/2 turn or more while preventing further apical movement.  This loads the file with debris and fractured dentin which is removed when the file is withdrawn from the canal.  The files are not precurved, even in more severely curved canals. .  Sequentially larger files are used until a master apical file is determined.  The use of a patency file is required between each sequentially larger file.

1.  The apical preparation is completed with the step-back technique.  The use of frequent irrigation is 





necessary as with any technique. 

2.  Careful inspection of files is required because they may fracture more easily with rotational cutting techniques.      

       G.  Ultrasonic/Sonic -

                    1.  Differences -

                            *  Frequency of vibration imparted

                               
Sound wave technology in endodontics can be divided into two groups. The

                               
sonic group whose working frequencies are between 1 and 8 KHz  (a KHz = 1000







cycles per second), and the ultrasonic group, whose working frequencies 

                               
are between 25 and 40 KHz.                                

                            *  Source of power

                               
The ultrasonic classification can further be divided into the 

                                
magnetostrictive and piezoelectric groups.  Representative instruments of 

                                
the various types are listed below.

Product

         Company

  Type


            
Frequency
Endostar 5
       Syntex

              sonic                                             
6.5 Khz

MM 1500

Medidenta
              sonic

                       
1.5-3.0 KHz

Cavi-Endo 25
Dentsply


ultrasonic (magnostrictive)                
25 KHz

ENAC


   
Osada                    
ultrasonic (piezoelectric)                   30 KHz

P-5




Satelec/Amadent               
ultrasonic (piezoelectric)                   29 KHz 

Mini-Endo

Analytic


ultrasonic (piezoelectric)

30 KHz





2.  Endosonic Ultrasonic Synergistic System -  "acoustic streaming"        

                             - Mechanism of action was originally thought to be linear movement of bubbles and  

                               transient cavitation which is a collapse of the air bubbles resulting in the 

                               release of large amounts of energy (implosion).  This is no longer believed 

                               to be the mechanism of action.

                             - "Acoustic streaming" is now believed to be the mechanism of action of         

                               ultrasonic instrumentation.  Acoustic streaming, as described by Ahmad is  

                               the flow of fluid being transported from the apical end to the coronal end of 

                               the file in the region closest to the file.  As the file is energized there is a           

                               development of multiple areas of primary streaming or eddies, and over 

                               time there is a slow formation of a secondary streaming patterns 

                               further removed from the file.  The direction of fluid flow appears to be in 

                               opposite directions in adjacent eddies.  Secondary streaming of four 

                               observed areas was consistent with the location of antinodes.  The rapid movement of fluid in 





 acoustic streaming generates shear forces.  Ahmad and Lumley in 1991 described how these 





 shear forces may be responsible for membrane disruption and the disaggregation of        

                               clumps of bacteria or debris. 

                    
3.  Advantages/Disadvantages -

                               There are mixed reports on the advantages and disadvantages of 

                               ultrasonics.  The reports differ on speed of preparation, the amount of         

                               canal cleanliness, removal of bacteria, apical transportation, and 

                               straightening of the canal when ultrasonic instrumentation is compared to 

                               hand instrumentation.  Used in combination with hand instruments, 

                               ultrasonic/sonic instrumentation can be effective.  The use of a small file for 

                               3 minutes in the ultrasonic unit after instrumentation can be used to 

                               irrigate and remove some of the smear layer, providing the file does not 

                               touch the canal wall.  Recent research pending publication indicates that sonic instruments 





 achieve the same results

                    
4.  Effectiveness -   

                               Effectiveness may be in the irrigation provided by ultrasonic/sonic 

                               instruments.  Chemomechanical cleansing properties of irrigants such as 

                               NaOCl is improved when combined with ultrasonic devices.  Besides canal  

                               instrumentation, sonics and ultrasonics can be used for post removal, sealer 

                               placement, and condensation of gutta-percha. 

Haidet J, Reader A, Beck M, Meyers W. An in vivo comparison of the step-back technique versus a step-back/ultrasonic technique in human mandibular molars.  J Endodon 1989;15:195-9.

Bottom line:
3 minutes of passive ultrasonic activation following hand instrumentation produces a cleaner canal than hand instrumentation alone

Jensen SA, Walker TL.  Hutter JW, Nicoll BK.  Comparison of the cleaning efficacy of passive sonic activation and passive ultrasonic activation after hand instrumentation in molar root canals.  J Endodon 1999;25:735-738.

Bottom line:   3 minutes of passive SONIC activation following hand instrumentation produces a cleaner canal than hand instrumentation alone and is comparable to 3 minutes of passive ultrasonic activation.

Note: follow-up study by Sabins R indicated 60 seconds per canal gives comparable

          results with either sonic or ultrasonic and 30 seconds with ultrasonic also good

I.  .04 Taper Nickel-Titanium Preparation  (Profile) 




Traditional technique:

                    
1.  Determine the working length with at least a # 10 hand file.  Then with the 

                      

contra-angle running at 300-350 rpm's, the # 4 (red -ISO .216) file is taken to a 

                         
depth of  1/2 to 2/3 of the working length.  Minimal pressure is used.  (About 

                         
the same amount of pressure required when writing with a sharp lead pencil.)  

                         
If resistance is met, it is retracted slightly and then advanced again.  The 

                         
instrument should be kept moving and not allowed to run in one area very 

                         
long.  Copious irrigation is used between instruments.  

2.  The # 5 (blue -ISO .279) is used to about the same depth in the canal (1/2 to 2/3 


of the working length).  The # 3 (gold -ISO .167) is used approximately 2/3 to 3/4 of the working 
length. 

                      3.  Gates-Glidden drills are used to enlarge the coronal flare and aid in      

                         
irrigation.  





4.  The use of the # 4 (red -ISO .216), # 5 (blue -ISO .279), # 3 (gold - ISO .167), and # 2 (silver -ISO 



.129) is repeated and files slowly advanced until the working length is reached with the # 2 





(silver -ISO .129).  Again, frequent irrigation between files is necessary.  

5.  Once the # 2 (silver -ISO .129) reaches the working length, the # 3

                         
(gold -ISO .167), # 4 (red -ISO .216) are taken to the working length.  The # 5 

                         
(blue -ISO .279) is then stepped-back 1 mm short of the working length.  The # 

                         
6 (green -ISO .360) is stepped-back 2-3 mm short of WL or 1-2 mm short of the # 5.  





6.  This procedure will obviously be modified for different sized canals.  Care must be taken during 





the entire procedure not to apply firm pressure that would overstress and fracture the file.  

                         
Instruments must be inspected very closely before each use so fatigued, deformed, and stressed 





files can be discarded before fracture can occur.





7.  A Sonic MM 1500 instrument with a #15 file can be used to aid in irrigation

NOTE:  A different technique designed to reduce instrument fracture uses the Profiles in a crown down instrumentation technique.  The crown-down procedure is begun starting with the # 8 (Silver - .04 Taper) instrument and going down to the # 2 (silver - .04 Taper) instrument.  Each instrument should advance further into  the canal than the previous file.  Once the working length is reached with an instrument, larger files are introduced to the working length until a suitable master apical file size is obtained.  Then a step-back procedure is completed.   The handpiece speed is reduced to 150-175 rpm in this technique.  

      
J.  Lightspeed Traditional Preparation Technique




1.      After making a standard access preparation, determine the working length of 

                        
the canal.  Establish and maintain canal patency with a # 15 K-file.  Preflare the 

                        
coronal portion of the canal with Gates-Glidden drills.

               2.     With an RPM of 750-2000 (some advocate lower speeds), start with the smallest 

                        
size (# 20) Lightspeed* instrument and slowly advance with light apical 

                        
pressure in one continuous motion to the working length.  If no resistance is 

                        
felt, it means that the instrument is not cutting.  Instrument with increasingly 

                        
larger file sizes (DO NOT SKIP FILE SIZES).  




3.      When resistance is felt to apical advancement, it means the Lightspeed instrument is cutting 






dentin.   Now change to a pecking motion (advancing and withdrawing in the canal).  

                        
Always use light apical pressure when using the pecking motion.  Resistance 

                        
will usually be felt 1 - 2 mm short of the WL.  




4.     Continue using larger sequential files.  When resistance is felt 3 - 4 mm short of the WL, this 





instrument becomes the Master Apical Rotary (MAR).




5.      Irrigate with NaOCl (followed by EDTA if desired), at least between every 3 file sizes.

                        Step-back from the MAR size in 1 mm increments using each sequential size (DO 

                        NOT SKIP SIZES).  Step back to at least a size that is .25 larger than the MAR.

                        Example:  MAR is a # 40, then step back to at least a size # 65.  




6.  Important points:  Maintain patency.  Always keep the instrument rotating.  Do not skip sizes.  Do 





not  exceed 2000 RPM.  Do not force the Lightspeed*.  Do not twist the handpiece 

                        
while in the canal.  Do not linger in one area, keep the instrument moving.  

                        
Irrigation is essential.  DO NOT use in a dry canal.                 

NOTE:  Manufacturer’s recommended techniques for rotary instruments are constantly under revision as the companies collect data from practitioners.  The addendum at the end of this outline contains information from the web sites of several rotary instrument manufacturers.  If you use rotary instruments, it is imperative that you keep abreast of the latest recommended techniques.

VII.  Inter-Appointment Medications

               A.  Ca(OH)2 comes in several formulations

                   1.  Ca(OH)2 powder mixed with saline or anesthetic solution       

                   2.  Calasept -Ca(OH)2, NaCl, KCl, Na carbonate

                   3.  Hypocal -Ca(OH)2 in methylcellulose




    4.  Pulpdent -Ca(OH)2 in methylcellulose

                   5.  Reogan -Ca(OH)2 in methylcellulose

               B.  Ca(OH)2 has been used as an intracanal medicament for a variety of reasons.

                   1.  Elimination of microorganisms

                   2.  Dissolution of necrotic material

                   3.  Prevention or control of post-treatment pain

                   4.  Control of persistent periapical abscess or inability to dry canal

                   5.  Prevention or treatment of inflammatory resorption  

                   6.  Apexification

                   7.  Repair of iatrogenic perforations

                   8.  Create an apical plug to facilitate obturation of canals with open apices

                   Sjogren, Figdor, Spangberg, and Sundqvist - 1991 

                   * 7 day application of calcium hydroxide was effective in eliminating bacteria from 

                       root canals

   VIII. Irrigation and Smear Layer Removal

                   A.  The smear layer is made up of an amorphous layer of microcrystalline debris.  

                         It is created by an instrument touching the canal walls.  It is composed of 

                         organic and inorganic components.  Mader and Baumgartner in an SEM study 

                         described two confluent layers:

                         (1) a superficial layer of 1-2 um along the canal walls, and 

                         (2) a layer packed within the tubules to a depth of as much as 40 um.  

                   B.  The use of a small file in the ultrasonic unit after completion of cleansing and    

                          shaping aids in removal of the smear layer - research pending publication shows that sonic units 




   achieve the same results.

                   C.  The use of 5.25% NaOCl to remove the organic portion of the smear layer, 

                         after the use of  EDTA to remove the inorganic portion of the smear layer is 

                          effective.  (Baumgartner and Mader)

====================================================================================

ADDENDUM ON ROTARY FILE SYSTEMS 

(courtesy of LCDR Adam Strimer)

PROFILE (Dentsply-Tulsa Dental, Inc)

A series of files which increase incrementally by 29% between sizes was originally developed by Schilder.  Ben Johnson’s company, Tulsa Dental obtained the rights to this system, and they also patented the Profile series 29 hand files.  Tulsa Dental has since been acquired by Caulk-Dentsply, and the original Profile instruments have expanded to include a multitude of hand and rotary systems with varying tapers.  

· Types of Profiles available :
Profile GT Rotary Instrument System (21, 25, 30mm)

Size
Taper
Color
Additional GT files:

20
.12
Blue
Size
Taper

20
.10
Red
35
.12

20
.08
Yellow
50
.12

20
.06
Silver
70
.12

Profile Rotary Instrument System (ISO sizes; 21, 25, 30mm)

Size
Taper

Commonly used sizes:

40
.04

35
.04

30
.04

25
.04

20
.04

Additional sizes available:

50
.04

45
.04

15
.04

Profile Orifice Shapers (17 and 19mm)

Instrument number
Size
Taper

1
20
.05

2
30
.06

3
40
.06

4
50
.07

5
60
.08

6
80
.08

Profile Series 29 variable taper Rotary Files (21, 25, 30mm)

Instrument #
Equivilant ISO size
Taper
Color

2
12.9
.04 or .06
White

3
16.7
.04 or .06
Yellow

4
21.6
.04 or .06
Red

5
27.9
.04 or .06
Blue

6
36
.04 or .06
Green

7
46.5
.04 or .06
Brown

8
60
.04 or .06
White

9
77.5
.04 or .06
Yellow

10
100
.04 or .06
Red

Profile instruments are now being manufactured by Dentsply’s Maillefer division, Switzerland.  A rotary ISO sized .06 taper series has recently been introduced and should be available soon.
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Manufacturer’s Information – Greater Taper (GT) Rotary Ni-Ti files

ProFile® GTTM Rotary Instrument System Technique

· Use the crown-down approach – enlarge the coronal portion of the canal, then the mid-root, and finally the apical third the suggested sequence for most canals follows.PRIVATE "TYPE=PICT;ALT=ProFile GT in Aseptico handpiece"
· Use a slow-speed hand piece. We recommend operating at 150 RPM, frequently lubricating the canal throughout the procedure. We recommend Glyde File Prep. 

· Access the tooth and locate all the canals. Estimate the working length and canal size.

· Use the instruments in the following sequence:
ProFile GT 20/.12 to resistance
ProFile GT 20/.10 to resistance
ProFile GT 20/.08 to resistance
ProFile GT 20/.06 to resistance

· After instrumenting with the GT files, you should be within 1-2mm of the working length or at the apex. Use ProFile .04 taper instruments in tip sizes 20, 25, 30 and 35 for apical shaping. 

· Finish with a GT instrument for the desired obturation shape.
General Information

· Pull out the file, examine it and remove debris after each use. Score the files to track the number of uses. 

· At ½ to 2/3 of the estimated length, establish the exact working length with a radiograph or apex locator. Proceed incrementally to working length. 

· Never leave the file in the canal more than four seconds. 
· Be Gentle, using minimal apical pressure. DO NOT PUSH APICALLY to achieve length.
ProFile Rotary Instrument System (ISO sizes)

· DENTSPLY Tulsa Dental introduces an easy to use system that makes root canal treatment better, faster and easier than ever before. The ProFile Rotary Instrument System uses the most scientifically advanced nickel titanium instruments. Familiar ISO tip sizes and colors, plus step-by-step instructions for using the instrument.

· The Profile Rotary Instrument System technique prepares all three areas of the root canal: the coronal area, the mid-root and the apical sections. The variable tapers of the instruments let you begin shaping the canal from the coronal area working down to the apical area, using fewer and progressively smaller files. 

· Take control in the coronal portion of the canal

The ProFile instruments run at the same slow speed as the rest of the files you'll use. You'll eliminate the time you need to adjust your motor speed after shaping the orifice. Unlike the parallel preparation created by Gates Glidden drills, the unique ProFile taper design helps you prepare the coronal portion of the root canal system more efficiently. In fact, you can achieve optimal flaring of the coronal portion with fewer instruments. A noncutting tip opens the coronal area with more control and less aggression than Gates Glidden drills.

· Move down smoothly with strength, flexibility and speed

Super flexible nickel titanium gives the ProFile instruments the ability to ease around curved canals, letting you create a tapered preparation... even in canal curvatures. Built-in safety features of the instruments let you proceed with confidence at every step. A special safety-tip design has minimal transition angle to prevent ledging and transporting. The radial-landed U-shaped flutes "lift" debris rather than packing debris down the apex. This lets you create a crown-down, continuously tapering preparation from orifice to apex... the best shape for obturation.

ProFile® Orifice ShapersTM
· The Orifice Shaper is an excellent tool for developing a tapered coronal portion of the canal. Used in a controlled, slow-speed, high-torque rotary handpiece, ProFile Orifice Shapers produce a precise continuous tapering preparation, which is essential for successful endodontic procedures. 

· You Can Do More With Less. The unique taper design of ProFile Orifice Shapers helps you prepare the coronal portion of the root canal system more efficiently than with standard Gates Glidden Drills. With Orifice Shapers, an optimal flaring of the coronal portion of the canal can usually be achieved with just two or three sizes using a slow-speed, high-torque handpiece. 

· Better by Design. ProFile Orifice Shapers use a variable taper shape to create an optimal canal preparation, The U-file radial-landed flute design keeps the instrument centered in the canal and minimizes the risk of ledging, transporting, or perforating the canal. Using a mechanized rotary motion, the taper of the Orifice Shaper opens the coronal portion of the canal quickly and efficiently.

· ProFile Orifice Shapers are designed to give you the benefit of rotary reaming action with a non-cutting tip-replacing the more aggressive cutting action of Gates Glidden drills and the indiscriminate cutting action of sonics. 

· The ProFile Orifice Shaper's U-file flute design pulls debris coronally while creating a continuous tapering preparation-unlike the parallel preparation created by the Gates Glidden drill's aggressive cutting tip.

· The ProFile Orifice Shapers give you a continuous tapering preparation with proper coronal flaring for improved straight-line access to the apical portion of the canal. This allows a safer and more efficient preparation of the apical portion-either by hand using ProFile Series 29® Hand Instruments or GT FilesTM or with the ProFile Variable Taper® Rotary Instruments. 

· ProFile Orifice Shapers allow the same range of enlargement as Gates Glidden Drills, but produce a consistently tapered space. Simultaneously, Orifice Shapers load and pull out more debris coronally. The shorter working length also makes them easy to manipulate in the posterior portion of the mouth.

Suggested Technique Recommendations for using the ProFile® Variable Taper® Series 29® Rotary Instruments (1997)

Feel free to modify the following suggestions for basic techniques to fit your own comfort level. 
1. Explore the canal with a small hand file to insure patency. 

2. Begin with a .04 file approximately two sizes larger than the last hand file used, usually a #4. Take the file about two-thirds of the working length. Follow with a #5 to the same depth. This will provide a moderately flared coronal half of the canal space. Additional flaring and debridement are recommended using Gates Glidden burs, sonics, circumferential filing or ProFile Orifice Shapers. 

3. Determine accurate working length with a hand file, radiograph, or electronic apex locator. 

4. Advance apically with progressively smaller .04 files. Precede each rotary instrument used with a slightly smaller sized hand file or a ProFile Series 29 nickel titanium hand file. 

For example, use either a #15 ISO-sized hand file or a #2 ProFile nickel titanium hand file. Then use a #3 rotary file to three-quarters of the working length of the canal. Follow with a #10 ISO-sized hand file or a #1 ProFile hand file. Again, precede each rotary instrument used with a slightly smaller-sized hand file. Use sonics to remove debris.

5. Determine to what size you want to enlarge the apical canal terminus and proceed using progressively larger .04 files to the working length of the canal. The flutes of the instruments load up with debris, pulling the pulp tissue up toward the occlusal. It's important to recognize that these instruments are very effective in loading up with debris, and must be cleaned periodically. Sonics and ultrasonics are adjuncts that are also very helpful in thoroughly debriding the root canal system. 

An alternative approach is to use the .04 files to within two or three millimeters of the working length of the canal and prepare the apical terminus of your preparation with sharp hand instruments, such as the ProFile nickel titanium hand files, or TDP's new ProFile U-File Shapers.

Clinical Observations 

1. Don't be in a hurry. 

2. Use minimal apical pressure -- never force a file. 

3. Never "feather" a rheostat. 

4. Check files often for stress or deformation and track the number of uses. 

5. Knowledge of canal anatomy can help minimize procedural mishaps. Anticipate potential problems by visualizing difficult canal anatomy, or exploring with hand files. 

How many canals/teeth can a single rotary file normally be used in before it should be discarded?

Different root systems can put different stresses on the ProFile instruments. With that in mind, a general rule is about 9 canal preparations or approximately 3 molar type cases.  Always check the files for any signs of stress, or unwinding. If there is any hint of disfiguration, discard the file.

=================================================================================

QUANTEC

- developed by McSpadden

- Various tapers from .02 to .06

- Series of 10 instruments used sequentially

- 340 RPM

- Available in LX “non-cutting” and SC “safe cutting” tips

- Unique helical and cross-sectional design maximizes cutting efficiency and brings debris coronally

Quantec (Analytic TechnologyCompany):

[image: image3.png]


The Quantec system is the product of two previous Ni-Ti rotary systems (the NT system and the McXim system) developed by McSpadden.  Quantec files were introduced in 1996, and are now available from Analytic Technology, Inc.  These instruments have several unique design features.  First, the peripheral strengthening feature inherent in radial lands has been accentuated.  The lands are wider than those of the ProFile, and a double land has been incorporated to reduce friction(See Fig 2).

Second, the Quantec file has a slightly positive cutting angle, which allows the flutes to cut rather than scrape dentin.  Thirdly, the helical angle increases from 30° at the tip to 45° near the shank. This feature assists in the channeling of debris out of the canal.

The files of the series vary in taper and tip size, and are designed to be used in sequence from #1-#10.  When used in this fashion, the coronal portion of the canal is prepared first, then the apical, then middle. 

· The files are available with a “safe” cutting tip (SC) or a non-cutting tip (LX) in the following sizes:

Quantec File System

File #
Size
Taper
Color
Length

1
25
.06

17mm

2
15
.02

21, 25mm

3
20
.02

21, 25mm

4
25
.02

21, 25mm
Additional Quantec files

5
25
.03

21, 25mm
Size
Length

6
25
.04

21, 25mm
30
21, 25mm

7
25
.05

21, 25mm
35
21, 25mm

8
25
.06

21, 25mm
50
21, 25mm

9
40
.02

21, 25mm
55
21, 25mm

10
45
.02

21, 25mm
60
21, 25mm

Quantec Flare Series

Size
Taper
Length

25
.08
17, 21mm

25
.10
17, 21mm

25
.12
17, 21mm


Manufacturer’s Information

The attributes of the Quantec file and the Graduating Tapers Technique, together, create the complete canal shaping system. 
· Graduating Tapers- File tapers of .02 through .06 are incorporated to maximize the cutting efficiency and minimize the stress on the instrument. The increasing tapers change the point at which the file engages the canal wall. 

· Tip Geometry- Two geometries are available:

· Flute Design-The Quantec file has a slightly positive cutting angle which shaves, rather than scrapes, dentin.  The helical angle of the flute is ideally configured to quickly and efficiently channel debris out of the canal.  The cutting portion of the file is supported by increased mass which strengthens the file and decreases the risk of breakage.  By recessing the large radial lands behind the blade, the rotational friction is greatly reduced. 

· The Quantec Flare Series-Complementing the standard Quantec tapers, the Flare Series, with increased tapers of .08, .10 and .12, were designed to quickly and safely shape the coronal portion of the canal. Replacing Gates-Gliddens, the Flare Series produces a smoother, more consistent and highly predictable taper. And with an ISO tip size of 25, the Flare Series mates perfectly with the standard Quantec tapers. 

· The Axxess Line-The Axxess Line was designed for those difficult, hard-to-reach cases. The new Axxess Contra Angle, in combination with the new Axxess handle for our Quantec files, results in an overall height reduction of over 7 millimeters. 

The QUANTEC Modified Crown Down Technique 

· A modified crown down sequence is followed, starting with a larger tapered file first and progressing with files of lesser taper, until working length is achieved. 

· Quantec LX, non-cutting tip, files are recommended 

General Guidelines for Using Rotary NiTi Instruments

· Apply light apical pressure, the equivalent of writing with a lead pencil. 

· Never force the instrument apically. 

· When the apical progression becomes difficult, a change to the next larger tapered instrument may be required to eliminate coronal interference, which then will enable apical progression with smaller instruments. 

· The file should be continuously engaging and disengaging the canal walls. 

· Use a passive, light pecking motion. 

· Do not leave the file stationary in canal. 

· The instrument should be rotating when introduced into the canal. 

· No more than 1mm per second of advancement down the canal. 

· Use each instrument for a duration of about 3-5 seconds. 

· Use an electric hand piece for accurate speed and application of torque. 

· Use a constant rotational speed of 300 - 350 rpm. 

· A Glide Path should be established prior to entering the apical third with the rotary instruments. 

· A Glide Path is established by using standard 0.02 taper hand instruments (See below). 

THE TECHNIQUE

Negotiation: 

· Establish straight line access to canal orifices. 

· Irrigate chamber with sodium hypochlorite. 

· Identify canal orifices. 

· Explore canal orifices with #10 and #15 standard 0.02 taper hand files (irrigate w/ NaOCl). 

· Take a Quantec #25, 0.06 taper, 17mm length, to a depth just short of the apical one third. This depth must be achieved passively, without violating any of the above guidelines. 

· Determine canal terminus length with Analytic Diagnostics, Endo Analyzer 8005 or Apex Finder 7005, using a #10 file or #15 file. 

· Establish a GLIDE PATH for tip of rotary NiTi file. 

· Irrigate with EDTA. 

· #10 & #15 standard 0.02 taper hand files to working length. 

· #20 standard 0.02 taper hand file to working length. 

· #25 standard 0.02 taper hand file to working length. 

· Irrigate with sodium hypochlorite. 

This Glide Path should be easily established with minimal resistance. If working length is not easily achieved, begin the Shaping sequence below. Repeat Negotiation steps after proceeding through the 0.12, 0.10, and the .08 tapered instruments.

Shaping: Each file is passively carried into the canal as far as possible, without violating the General Guidelines above.

· 0.12 Taper (#25 tip) 
(Quantec Flare series)

· 0.10 Taper (#25 tip) 
(Quantec Flare series)

· 0.08 Taper (#25 tip) 
(Quantec Flare series)

· 0.06 Taper (#25 tip) 
(#8)

· 0.05 Taper (#25 tip) 
(#7)

· 0.04 Taper (#25 tip) 
(#6)

· 0.03 Taper (#25 tip) 
(#5)

Repeat sequence from the 0.10 tapered instrument until an 0.06 or 0.05 taper reaches working length.

Apical Preparation:

· Recheck working length with Analytic Diagnostics, 8005 or 7005, when preparing resistance form. 

· Gauge foramen or working length diameter by establishing the first standard 0.02 taper hand file that binds at the length required. 

· If a larger apical resistance form is desired, complete preparation using QUANTEC standard 0.02 taper #40 or #45 rotary instruments. 

· Irrigate with EDTA 

· Irrigate with sodium hypochlorite. 

Advantages of the QUANTEC Modified Crown Down Technique

1. Consistent Application: Light Pressure and Constant Duration of Use

A Modified Crown Down approach allows the same light apical pressure to be applied to each instrument in the sequence for the same duration. This enables the clinician to subjectively accept the depth reached with each instrument. A Step Back approach requires the clinician to carry each instrument to predetermined lengths. During this technique, apical pressure is typically increased and/or the working time for a given instrument is increased. The Modified Crown Down Technique alleviates these tendencies and minimizes the opportunity for instrument fracture.

2. Decreased Debris Packing

Debris packing is a major cause of file fracture. While the QUANTEC flute design has been specifically designed to facilitate the removal of debris, the larger tapered files, in a Crown Down approach, create additional space for each successive file, which further reduces the chance of debris packing.

3. Decreased Resistance and Increased Cutting Efficiency

The use of the QUANTEC varying tapered instruments prevents the instrument from being fully engaged with the canal wall. This not only decreases resistance on the instrument, but increases cutting efficiency. Both of these features decrease the likelihood of instrument failure.

==================================================================

LIGHTSPEED

Lightspeed (Lightspeed Technology, Inc.):

Lightspeed instruments resemble Gates Glidden drills since they have a long shaft and a short cutting tip.  This design was originally developed by Senia and Wildey as the Canal Master series.  Lightspeed is a Ni-Ti version of the Canal Master instruments.  The files have a non-cutting pilot and a cutting segment of 1-2mm.  Theoretically, the non-fluted shaft reduces canal transportation.  The instruments are available in ISO sizes 20-100, with ½ sizes between 20 and 65.


Manufacturer’s Information

What is LightSpeed?

Lightspeed Technology Inc. combined science, engineering, and research in developing LIGHTSPEED, the endodontic instrument for the new millennium 

LIGHTSPEED's very short cutting blade provides more accurate tactile feedback which helps determine when the canal has been properly cleaned. Tapered instruments leave you guessing.
LIGHTSPEED's design allows you to safely enlarge the apical part of the canal to larger sizes as dictated by the original canal diameter. This reduces the possibility of leaving necrotic or vital tissue in the canal and makes for easier obturation.
LIGHTSPEED's taperless shaft gives it more flexibility than others. This flexibility keeps it centered, virtually eliminating ledging, zipping and perforating the canal. 

LIGHTSPEED instrumentation is conservative. It removes sufficient dentin to clean and shape without over-enlarging the canal and weakening the root. This approach reduces the risk of future root fracture.
When used correctly, the risk of instrument separation is quite low. If a LIGHTSPEED does separate, it is designed to separate 18mm from the tip, making retrieval fast and easy. Also, its thin shaft and short cutting blade give you a very good chance of removing or bypassing the fragment should separation occur closer to the tip.
LIGHTSPEED's short cutting blade and noncutting shaft minimize torque and stress on the instrument. This allows the instrument to be used many times, making it quite cost effective.

Battery Operated Handpiece- Our most popular handpiece. A lightweight, portable (no cords, no footpedal) battery operated handpiece that comes with one latch head and a convenient charger/stand. It is quiet, smooth and fits nicely in hand. Operates continuously for approximately 2 hours. Charges in about 1 hour.
DO:

Read and follow the Reference Guide Use only a very light apical pressure at all times.  Use an RPM between 750 and 2000.  Keep the selected RPM constant.  Enter the canal with the LIGHTSPEED rotating clockwise.  Use an advance and withdraw "pecking" motion when LIGHTSPEED is cutting the canal walls.  Irrigate and flood the canal and chamber after every third instrument (more often if desired).  During instrumentation the liquid form of EDTA is recommended

DON’T:

Do not skip sizes. Do not force the LIGHTSPEED - always use a very light touch at all times.  Do not continuously advance the LIGHTSPEED apically when resistance is felt - instead use a "pecking" motion.  Do not instrument in a dry or semi-dry canal.  Do not exceed 2000 RPM or use less than 750 RPM.  Do not overuse the instruments.

LIGHTSPEED TECHNIQUE

I. Coronal Access Preparation

1. Make Access and Preflare Coronally- Coronal preflaring is highly recommended. Preflare with the instrument of your choice.

2. Determine Working Length

3. Ensure Canal Patency- Confirm canal patency to working length. Instrument with at least a No. 15 K-Type file until it fits loosely. 

II. Apical Preparation

1. Size Canal-Time can be saved by "sizing" the canal instead of always starting with a size 20 LIGHTSPEED.  Size the apical portion of the canal with LIGHTSPEED (by hand). Begin the Sizing process with the instrument size specified in the Master Apical Rotary (MAR) chart below.  The Sizing process is described in “Sizing the Canal” below.

2. Instrument Apically-When the actual First LIGHTSPEED Size to Bind (FLSB) instrument size has been determined, place it into the handpiece, and begin mechanical instrumentation.  Instrument with sequentially larger sizes until reaching the MAR size.  The MAR is the smallest LIGHTSPEED size that requires a minimum of 12 pecks to reach working length. The MAR prepares the apical part of the canal. See MAR Chart, below to see suggested MAR sizes.

3. Complete Apical Instrumentation- After reaching the MAR size, step back 1 mm at a time with the next 4 larger LIGHTSPEED instruments.
III. Midroot Preparation

1. Instrument Mid-Root-With the 5th (and then sequentially) larger size LIGHTSPEED’s, continue the step-back "by feel" instead of in 1mm increments. "By feel" means: slowly advancing LIGHTSPEED until it binds, then using 4 light pecks to advance it apically. Step back "by feel" to a size that is 25 larger than the MAR to complete cleaning and shaping

2. Recapitulate-Recapitulate to working length with the MAR to confirm canal patency. Irrigate and dry the canal
3. Obturate

Sizing the Canal

Time may be saved by "sizing" the canal instead of always starting with a size 20 LIGHTSPEED. Begin "sizing" the canal with the First LIGHTSPEED Size to Bind (FLSB), as suggested in the MAR chart below. With this size try to reach working length (WL) (by hand, not in the handpiece) using moderate pressure. One of two things will happen: 

1. The FLSB binds before working length. Try advancing it by hand to working length with moderate pressure using a "watch-winding" motion. If it will not advance easily to working length, try sequentially SMALLER instruments until finding the first size that will go to working length. Begin using the next LARGER size in the handpiece. 

2. The FLSB does not bind before reaching working length. Continue by hand with sequentially LARGER sizes until reaching the first size that will not go to WL. "Watch wind" this instrument and if it does not go easily to WL, begin using it in the handpiece

MAR Chart

Suggested First LIGHTSPEED Size to Bind (FLSB) and Estimated Master Apical Rotary (MAR) Sizes

Maxillary

Central
FLSB # 45
MAR # 70

Lateral
FLSB # 35
MAR # 60 

Cuspid
FLSB # 35
MAR # 60

2nd Premolar
FLSB # 30
MAR # 50

1st Premolar
FLSB #35
MAR # 60

1st Molar
Buccals FLSB #25, MAR # 40
Palatal FLSB # 30, MAR #50

2nd Molar
Buccals FLSB #25, MAR #40
Palatal FLSB #30, MAR #50

Mandibular

Incisors
FLSB # 30
MAR # 60

Cuspid
FLSB # 30
MAR # 55

1st Premolar
FLSB # 30
MAR # 55

2nd Premolar
FLSB # 30
MAR # 55

1st Molar
Mesials FLSB # 25, MAR # 40
Distal FLSB # 30, MAR # 50

2nd Molar
Mesials FLSB #25, MAR # 45
Distal FLSB # 30, MAR # 50
Fig 2: Note the double land.  The higher manginal land (wide bar) performs the machining; the lower reduced peripheral surface (double bars) adds strength.  Note sharp tip.
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SC Safe-Cutting – The Quantec SC features a negotiating tip that cuts as it moves apically, following canal pathways and minimizing stress. Ideal for: 


Small, tight canals 


Calcified canals 


Constricted canals 








LX Non-Cutting – The LX pilot tip maintains a central axis and deflects around severe curvatures. Ideal for: 


Routine cases 


Severe curvatures 


Delicate apical regions 











