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I.
INTRAORAL RADIOGRAPHIC CONCEPTS


A.
Purpose of Dental Radiography

            The purpose of dental radiography is to obtain the most accurate images of dental structures possible



B.
Uses of Endodontic Dental Radiography




Uses of endodontic radiography include diagnosis, treatment and evaluation of success/failure



C.
Factors Affecting the Radiographic Image




1.
Density





Density is the degree of blackness in the processed film





 An increase in mA will increase the density





 An increase in kVp will increase the density





 An increase in exposure time will increase the density





 An increase in the source-to-film distance will decrease the density

 



Inverse Square Law of Light Propagation - The intensity of light falling on a flat surface from a point source is inversely proportional to the square of the distance from the point source





Other Factors Affecting Density 





 Subject thickness







 Development conditions





 Type of film





 Intensifying screens




2. Contrast




Contrast is the difference in densities between various parts of the radiograph and can be altered primarily by the kVp setting





Short-Scale Contrast (high contrast)





A radiograph made at low kVp will have high subject contrast, fewer shades of gray - more abrupt black-white difference  





Long-Scale Contrast (low contrast)





A radiograph made at high kVp will have low subject contrast, more shades of gray - less abrupt black-white difference





Other Factors Affecting Contrast





Film Contrast - Determined by the response of a film emulsion to an x-ray beam





 Characteristic curve of the film





 Film density





 Film processing  



Subject Contrast - Determined by properties inherent in the subject




    radiographed 





 Thickness of the subject





 Density of the subject





 Atomic number of the tissues





 Radiation quality





3.
Image Sharpness




The ability of the film to produce sharp outlines of the object being radiographed - increased by controlling several factors:





 Keep x-ray point source small





 Keep source-to-object distance large





 Keep object-to-film distance small





 Direct x-ray beam perpendicular to the object and the film





 Keep object and film parallel





 Keep object, film and point source motionless




4. Geometric Factors Affecting Radiographs




a. Magnification - Keep film-to-object distance small and source-to-film







  distance large





b. Distortion - Keep film-to-object distance small, object parallel to the film,







 and place object in center of x-ray beam





c. Penumbra - Edge gradient effect around umbra, or complete shadow.







 Minimize by keeping film-to-object distance small, x-ray







 point source small and source-to-film distance large





d. Motion Unsharpness - minimize by keeping film, object and point 








source motionless and by using short exposure








 times





e. Adumbration (absorption unsharpness) - Arises from variation in x-ray










    absorption at the edges of an










    object (cervical burn-out)




5.
Four Cardinal Rules of Accurate Image Formation




 The source of radiation should be as small as possible





 The distance from the source of radiation to the object should be as long





 as possible





 The film-to-object distance should be as short as possible





 The object and the film should be as parallel as possible

II.
INTRAORAL RADIOGRAPHIC TECHNIQUES



A.
Paralleling Technique - the ideal technique




1. Procedure




Film is placed parallel to the long axis of the tooth.  The central x-ray beam is perpendicular to the long axis of the tooth and the film




2. Equipment




 Rinn XCP Instrument





 Snapex (EZ-Grip II) with paralleling attachment





 Hemostat





 Crawford Film Holder





 EndoRay Film Holder



B.
Bisecting-Angle Technique




1. Procedure




The central beam of the x-ray is perpendicular to the bisector of the angle formed between the long axis of the tooth and the film




2. Equipment




 Hemostat





 Snapex (EZ-Grip I)



C.
Comparison of Techniques

              Paralleling

             

  Bisecting-Angle


- Less comfortable        

- More comfortable

              film placement            

film placement

           - Less distortion         

- More distortion

           - More difficult with     

- Easier with rubber dam                        

`
rubber dam in place       

in place

           - Easy to reproduce       

- Difficult to reproduce


- Film holder required    

- Film holder not required

            - Cone cuts are rare      

- Cone cuts more likely

            - Zygomatic arch is       

- Zygomatic arch is


usually above apices      

frequently superimposed



D.
Endodontic Working Radiographs




1. Film is placed under the rubber dam





 Hemostat





 Crawford Film Holder





 EndoRay Film Holder





 Snapex (EZ-Grip I or II)




2. Special Situations





 Pericoronitis or trauma - offset film in holder 





 Unusual occlusions or root tips - augment vertical dimension with cotton





 rolls

                  

     
 Apices obscured by zygomatic arch - try high or low distal angulation





 Locating calcified anterior canals - try lateral view

III. BUCCAL OBJECT RULE (BOR) 

     When two radiographs are made of two objects with a change in angulation, the image of the buccal object moves in the same direction that the x-ray beam is directed relative to the image of the lingual object.


 The same principle is used in the SLOB Rule (same-lingual, opposite-buccal) and the M-B-D Rule (mesial-buccal-distal).  The difference in these is that the independent variable is the direction in which the tube head is moved, rather than the direction in which the x-ray beam is directed.


 A. Information that Can be Obtained from the BOR 



1. Position of landmarks prior to surgery



2. Position of hidden apices



3. Number, location, shape, size and direction of root canals



4. Distinguish between normal landmarks and pathoses



5. Determine the position of root fractures, perforations and resorptive defects



6. Distinguish between external and internal root resorption



7. Location of foreign bodies after trauma


 B. Buccal Object Rule Principles


 Richards AG. The buccal object rule. Den Rad & Photo 1980;53:37-56

 Richards listed several principles of the buccal object rule which help in interpretation of endodontic radiographs

Change in the Horizontal Angulation (HA)

Principle #1



Changing the HA causes the images of the roots to tilt in the same direction in which the x-ray beam is directed.

Principle #2



Changing the HA causes the images of the buccal cusps to move horizontally in the same direction in which the x-ray beam is directed relative to the lingual cusps.

Principle #3



Changing the HA causes the images of the buccal root apices to move horizontally in the same direction in which the x-ray beam is directed relative to the lingual root apices.

Principle #4



Changing the HA causes the U-shaped image of the zygomatic process of the maxilla to move horizontally in the same direction in which the x-ray beam is directed relative to the maxillary molar roots.

Principle #5



Changing the HA causes the image of the anterior border of the ramus to move horizontally in the same direction in which the x-ray beam is directed relative to the mandibular molars.

Change in the Vertical Angulation (VA)
Principle #6



The VA of the x-ray beam determines the length of a tooth's image when angular film positioning is used.

Principle #7



Changing the VA causes the images of the buccal cusps to move vertically in the same direction in which the x-ray beam is directed relative to the lingual cusps.

Principle #8


Changing the VA causes the images of the buccal root apices to move vertically in the same direction in which the x-ray beam is directed relative to the lingual apices.

Principle #9



Changing the VA causes the U-shaped image of the zygomatic process of the maxilla to move vertically in the same direction in which the x-ray beam is directed relative to the image of the maxillary molar roots.

Principle #10



Changing the VA causes the image of the anterior border of the ramus to move vertically in the direction in which the x-ray beam is directed relative to the image of the mandibular molars.
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I.
 RADIOGRAPHIC INTERPRETATION

 A.  Methods of Viewing



  Viewbox



  Magnifier Viewer



  Slide Projector


 Antrim DD. Reading the radiograph: A comparison of viewing techniques. J Endodon 1983;9:502-5.

 Six examiners viewed 260 cases using the view box, the Productor magnifier viewer, and the slide projector.   Highest interexaminer agreement (52%) was found when using          the viewbox.  Lowest agreement (44%) was found when using the slide projector.  Examiners had predicted that the slide projector would be the best.


 B.  Principles of Interpretation


 Brynolf I. Roentgenologic periapical diagnosis. IV. When is  one roentgenogram not sufficient.  Swed Dent J  1970;63:415-23.

 Determined that correct endodontic diagnosis was obtained 74% of the time with one radiograph and 90% of the time with  3  radiographs including an angled view.


 Skidmore AE. The importance of preoperative radiographs and  the determination of root canal configuration. Quintess  Inter  1979;10:55-61.

 A good, parallel preoperative radiograph can provide information regarding canal length, canal width, orifice position, root curvature, foramen position, periodontal defects, number of canals, and canal curvature.


 Bender IB, Seltzer S. Roentgenographic and direct observation of experimental lesions in bone. Parts I and II.   J  Am Dent Assoc 1961;62:152-60, 708-16.

 Endodontic lesions must encroach on the junction of the cancellous bone and cortical bone for radiographic detection.  Lesions are larger than they appear radiographically.


 Bender IB. Factors influencing the radiographic appearance of   bony lesions.  J Endodon  1982;8:161-70.

 The cortical plate must have 12.5% volume of bone loss or 7.1% of mineral bone loss to be detected radiographically.


 Slowey RR. Radiographic aids in the detection of extra root  canals. Oral Surg 1974;37:762-72.

 Described several tips to aid in locating extra root canals.  Some situations described were abrupt changes in canal space density, non-centered canals, and unexplained dark shadows              near established canals.  Also discussed prevalence of commonly found extra root canals in molars.


 Kaffe I, Gratt BM. Variations in the radiographic interpretation of the periapical dental region. J Endodon 1988;14:330-5.

 The most consistent radiographic features aiding diagnosis of periapical lesions were the continuity and shape of the lamina dura and the width and shape of the PDL.


 C.  Reliability of Interpretation


 Goldman M, Pearson AH, Darzenta N. Endodontic success - who's reading the radiograph. Oral Surg 1972;33:432-7.

 In determining success or failure of endodontic treatment in 253 cases, 6 examiners agreed amongst themselves (interexaminer) only 47% of the time.


 Goldman M, Pearson AH, Darzenta N. Reliability of radiographic interpretation.  Oral Surg 1974;38:287-93.

 In determining success or failure of the same 253 cases six to eight months later, these same 6 examiners agreed with themselves (intraexaminer) only 75 to 83% of the time.


 Forsberg J. Radiographic production of endodontic "working length" comparing the paralleling and the bisecting-angle techniques. Oral Surg 1987;64:353-60.

 Found that there was no significant difference in the accuracy of working length determinations between the paralleling technique and using a 10 increased vertical            angulation bisecting-angle technique.

II.  SINUS TRACT TRACING

  All sinus tracts must be traced without exception.

III. HORIZONTAL ROOT FRACTURES

  Vertical angulation of the x-ray beam must be varied plus and minus 15 degrees to visualize the fracture lines.


  A single oblique root fracture may give the radiographic appearance of two fracture lines.

IV.
 INTERNAL AND EXTERNAL RESORPTION
     Radiographic features which are important for differential diagnosis.


 A. Internal Resorption



 Sharp, smooth and defined borders



 Usually symmetrical with uniform density within



 Usually canal cannot be followed through the lesion



 Lesion usually remains centered with changes in horizontal angulation


 B. External Resorption



 Less defined, irregular borders 



 Usually asymmetrical with no uniform density



 Usually canal can be followed through the lesion



 Lesion usually shifts with change in horizontal angulation

V.
 NORMAL OSSEOUS LANDMARKS 


 A.  Normal Radiolucent Landmarks



 1.  
Mental Foramen



 2.
Lingual Foramen



 3.
Submandibular Fossa



 4.
Nutrient Canals



 5.
Median Palatal Suture



 6.
Incisive Canal Foramen



 7.
Nasal Cavity



 8.
Greater Palatine Foramen



 9.
Pneumatized Sinus



 10. 
Marrow Spaces



 11. 
Mandibular Canal



 12. 
Double Mental Foramina


 B.  Normal Radiopaque Landmarks



 1.  
Junction of Nasal Cavity and Maxillary Sinus



 2.
Anterior Nasal Spine



 3.  
Maxillary Tuberosity


 
 4.
Hamulus



 5.
Mylohyoid Ridge



 6.
Internal and External Oblique Ridges



 7.
Mental Ridge



 8.
Genial Tubercle



 9.
Floor of Nasal Cavity



 10. 
Zygomatic Process



 11. 
Anterior Border of Ramus



 12. 
Mandibular and Maxillary Tori

VI.  LESIONS OF NON-ENDODONTIC ORIGIN

 These lesions must be considered in the differential diagnosis.


  Odontogenic Keratocyst


  Fibrous Dysplasia


  Botryoid Odontogenic Cyst


  Focal Sclerosing Osteomyelitis


  Lateral Periodontal Cyst


  Cemental and Osseous Dysplasia


  Periodontal Lesions


  Various Anomalies (Cleft Palate, etc.)

VII. RADIOGRAPHIC ARTIFACTS AND TECHNIQUE AND PROCESSING ERRORS


Appearance

 


Cause

Blurred image




 Patient or film movement



Foreshortening




 Too high VA



Elongation





 Too low VA


Cone cuts





 Improper film/tube head position


Black lines on corners



 Bending of film corners


White lines on film



 Writing on film packet




Missed root apices



 Improper film/tube head placement


Dark gray spots on film



 Moisture contamination


Double image on film



 Double exposure


Grainy films





 Developer too hot


Fogged films





 Light leak


Herringbone appearance



 Film in mouth backwards


Film too dark





 Overexposure/overdevelopment 


Film too light





 Underexposure/underdevelopment



Brown/yellow stains



 Inadequate fixer/rinsing


Black spots on film



 Developer spots


White spots on film



 Fixer stains


Scratches on film




 Dirty rollers or poor handling


Dark at necks of teeth



 Adumbration


Image fading with time



 Inadequate fixing/rinsing
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