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MANAGEMENT OF TRAUMATIC INJURIES TO THE DENTITION
LESSON OBJECTIVE:    Each learner should justify an optimal treatment plan for each traumatic injury that might occur to the permanent dentition

MAIN POINTS:  At the conclusion of the lesson, each learner should be able to:

     MP  #1 - recognize the importance of accurate diagnosis and correct treatment                                 of traumatic dental injuries.

     MP  #2 - classify traumatic injuries to the dentition.

     MP  #3 - indicate those clinical findings and information obtained from immediate and past dental histories that determine the best and most effective course of therapy.     

     MP  #4 - list the endodontic treatment modalities available for teeth that have been traumatized.

     MP  #5 - select a treatment plan for treating traumatic injuries to the hard and supporting tissues of the dentition; crown infractions, uncomplicated and complicated crown fractures, horizontal root fractures, concussions, subluxations, intrusions, extrusions and avulsions.

I.  INTRODUCTION - ETIOLOGY AND INCIDENCE


- Trauma to the dentition occurs with the greatest frequency in the first two decades of  life. Studies have shown that the periods between ages 2 through 5 years and ages 8 through 12 years are the most perilous. 


- Most dental injuries are from falling while playing or running (16% to 25%)

 
- Automobile accidents are a significant contributor to the problem as well.


- Athletic injuries, blows to the face from fists or thrown objects cause injuries to the dentition.     

- The central incisors are the most common teeth involved in traumatic                                             injuries, sustaining 80% of injuries.


- Boys tend to injure their teeth more often than girls (1.5:1 to 3:1).  


- Malocclusions can predispose a person to dental injuries.  Individuals with                                         Angle Class II, Division II malocclusions are more than three times as likely to obtain dental injuries. 


- Dental injuries may result from physical abuse.

II. DEFINITIONS


ankylosis - see replacement resorption 


apexification - a method of inducing  a calcified apical barrier or continued apical development of an incompletely formed root in which the pulp is necrotic        


apexogenesis - physiological development and formation of  the root-end.  This term is frequently used to describe vital pulp therapy performed to permit the continuation of this process.


avulsion - the complete separation of a tooth from its alveolus by traumatic injury; most commonly used in reference to dental injuries resulting from acute trauma.


calcific metamorphosis - (calcific degeneration) a pulpal response to trauma characterized by rapid deposition of hard tissue within the canal space.  Frequently the     deposition is so extensive that radiographically the entire space may appear obliterated even though some portion of the pulp space may remain in histological sections.


calcium hydroxide - (Ca(OH)2)  an odorless white powder frequently used as an intracanal medicament in nonsurgical endodontic procedures and also secondary to traumatic injuries.  Calcium hydroxide preparations appear to encourage calcification and are used in pulp capping, pulpotomy, apexogenesis and apexification procedures in the 

            
secondary dentition.  They also appear to inhibit inflammatory and resorptive responses and demonstrate antimicrobial activity.


callus - a meshwork of fibrous tissue, cartilage and bone that unites the fractured ends of bone.  A similar process may occur in horizontal root fractures, with dentin, osteodentin or cementum uniting the segments.


extrusion - movement  of a tooth in an incisal or occlusal direction.  Extrusion can be intentional, physiologic or traumatic.


fracture - a split or break in bone, cartilage or tooth structure.  Tooth fractures are classified according to extent, location and type and are listed in five WHO classifications as follows:  



enamel fracture - a fracture involving the enamel only; includes enamel chipping and incomplete fractures (cracks).



crown fracture without pulp involvement - an uncomplicated fracture involving enamel and dentin but not pulp exposure.



crown fracture with pulp involvement - a complicated fracture involving enamel, dentin and exposure of the pulp.



root fracture - limited to fractures involving roots only:  cementum, dentin and pulp.



crown-root fracture - includes uncomplicated and complicated types, the former without and the latter with pulp exposure.  In both cases, enamel, dentin, and cementum are involved. 


infraction, crown - an incomplete crack of the enamel without loss of tooth structure.


luxation - dislocation of a tooth from its alveolus resulting from acute trauma.


extrusive luxation - a partial axial displacement of  the tooth out of its socket.


intrusive luxation - an axial displacement of the tooth into the alveolus accompanied by fracture of the alveolar socket. 


lateral luxation - a displacement of the tooth in a direction other than axially, accompanied by fracture of the alveolar socket.


subluxation - injury to supporting tissues resulting in abnormal loosening of a tooth or teeth without displacement.


resorption - a condition associated with either a physiologic or a pathologic process resulting in a loss of dentin, cementum or bone.



external resorption - resorption initiated in the periodontium and initially affecting the external surfaces of a tooth; may be further classified as surface, inflammatory, or replacement, or by location as cervical, lateral or apical; may or  may not invade the dental pulp.



inflammatory resorption - a pathologic loss of cementum, dentin and bone resulting in a defect in the root and adjacent bony tissue.



internal resorption - a pathologic resorption initiated in the root canal.



replacement resorption - (ankylosis) loss of cementum, dentin, and periodontal ligament with the ingrowth and fusion of bone into the root defect.  



surface resorption - a physiologic process causing small superficial defects in the cementum and underlying dentin that undergo repair by deposition of new cementum.

III.  CLASSIFICATIONS OF TRAUMATIC INJURIES TO THE DENTITION


A.  Ellis Classification



1.  Enamel fracture



2.  Enamel and dentin fracture with no pulpal exposure



3.  Crown fracture with pulp exposure



4.  Root fracture



5.  Tooth luxation



6.  Tooth avulsion


B.  World Health Organization Classification 



1.  Injuries to Hard Dental Tissues (Tooth Fractures)




a.  Crown Infraction -  an incomplete crack of the enamel without a loss of tooth structure 




b.  Uncomplicated Crown Fracture -





a fracture confined to the enamel and dentin, but not exposing the pulp




c.  Complicated Crown Fracture -





a fracture involving enamel and dentin, and exposing the pulp




d.  Uncomplicated Crown-Root Fracture -





a fracture involving enamel, dentin and cementum, but not exposing the pulp     




e.  Complicated Crown-Root fracture -





a fracture involving enamel, dentin and cementum, and exposing the pulp




f.  Horizontal Root Fracture -





a fracture involving dentin, cementum and the pulp



2.  Luxation Injuries (Injuries to the Periodontal Tissues) 




a.  Concussion -





an injury to the tooth supporting structures without abnormal loosening or displacement of the tooth




b.  Subluxation - (Loosening)





an injury to the tooth supporting structures with abnormal loosening, but without displacement of the tooth




c.  Intrusive Luxation - (Central Dislocation)





displacement of the tooth into the alveolar socket

accompanied by comminution or fracture of the alveolar socket

                                    d.  Extrusive Luxation - (Partial Avulsion)





partial displacement of the tooth out of its alveolar socket




e.  Lateral Luxation -





displacement of the tooth in a direction other than axially accompanied by comminution or fracture of the alveolar socket




f.  Exarticulation - (Complete Avulsion)





complete displacement of the tooth out of its alveolar socket

IV.  HISTORY, EXAMINATION, DIAGNOSIS, AND DOCUMENTATION


A.  Examination



1.  Chief Complaint 




- Patient may mention several problems. List in order of importance to the patient.




- May provide clues to more severe, but less obvious injuries




- Include duration of each complaint



2.  Medical History




- Do not neglect the medical history in the heat of an emergency situation




- History of allergies to medications




- Diabetes, Bleeding disorders, Epilepsy, Heart murmurs,  

                      immunocompromised patients, other systemic conditions, etc.




- Current medications




- Status of tetanus immunization (clean wounds:  no booster required if less than 10 years since last dose; contaminated wounds:  booster if over 5 years   since last dose)



3.  History of Accident (History of Present Illness)




- When did the injury occur?




- Where did the injury occur?




- How did the injury occur?




- Did the patient receive any treatment prior to arriving at your facility?




- Has the patient had similar injuries before?




- Has the patient had any other symptoms since the injury?  (Headaches, 

                              blurred vision, amnesia, unconsciousness, vomiting, etc.) 




- What specific problems has the patient had with their mouth and teeth?



4.  Dental History




- Is there spontaneous pain from the teeth?




- Do the teeth react to hot, cold, or sweets?




- Are the teeth sore to touch or chewing?




- Do the teeth occlude normally?



5.  Extraoral Examination




a.  Neurological Examination





- Record vital signs





- Assess CNS involvement, C-spine injury





- Refer, if indicated




b.  External Examination





- Check for other injuries to the body (chest, abdomen,  

                                         lacerations, contusions, abrasions, etc.





- Check TMJ function, mandibular motions





- Check bony contours of the head and neck




c.  Intraoral Examination





(1) Soft tissue examination






- Check for lacerations






- Palpate intraoral bony contours

                                                - Palpate soft tissues for imbedded foreign object






- Check for swelling





(2) Hard tissue examination






- Check each tooth for alignment, mobility,        fracture






- Check for abnormal occlusion




                                                - Check gingival sulcus for hemorrhage






- Percuss each tooth






- Check alveolus for fractures





(3)  Pulpal vitality testing






- Remember that thermal and electric pulp testing may be unreliable for 6-12 months  






- It is important to obtain baseline readings






- Previous negative responses can return to positive






- Previously positive responses can become negative






- Immediately following trauma, more than 50% of teeth with luxation injuries do not respond to the EPT 






- Repeat vitality testing at close intervals for at least 1 year after the injury






- In the absence of periradicular radiolucencies, sinus tracts, or an obvious dento-alveolar abscess, traumatized teeth should be considered to have vital pulps even if they test                 "nonvital"  



6.  Radiographic Examination




a.  Examine the radiograph for luxation injuries, horizontal root fractures, periradicular radiolucencies, the stage of root development, and evidence of root resorption  




b.  Panograph, in addition to periapical films, are needed




c.  Occlusal films, plus periapical films at 0, +15, and -15 degrees from the 

                                         vertical axis of the tooth will help diagnosis and location of  horizontal 

                                         root fractures 





d.  Radiographs of soft tissue can aid in locating foreign bodies in soft tissue


B.  Documentation



Thorough documentation of the history, examination, diagnosis, and treatment is extremely important.  Not only will it facilitate treatment, but it will be invaluable for insurance and legal proceedings at a later date (often years later).


C.  Post-traumatic Complications



1.  Discoloration

     

- Pulpal hemorrhage




- Extravasated red blood cells




- Hemolysis





Hemosiderin + Hydrogen sulfide > FeS



2.  Pulpal Necrosis




a.  Type of injury





- Intrusion  -  96%





- Extrusion  -  64-98%





- Subluxation-  26%




b.  Root development





- Incomplete  -  17%

                                                - Complete    -  68%



3.  Calcific Metamorphosis




a.  Luxation injuries -  20-25%




b.  Root fractures    -  69-86%




c.  More common with an open apex




d.  Less than 10% become necrotic




e.  Prophylactic endodontic treatment not indicated    



4.  Root Resorption (External)




a.  Surface resorption




b.  Replacement resorption




c.  Inflammatory resorption



5.  Root Resorption (Internal)




- 2% of luxated teeth

V.  TREATMENT OF TRAUMATIC INJURIES TO HARD DENTAL TISSUES              

      (FRACTURES)


A.  Crown Infraction - cracks, crazes, fracture lines confined to enamel without loss of tooth structure



1.  Treatment




- Baseline vitality tests




- Radiographs



2.  Recall




- 1, 3, 6, 12, and 24 months



3.  Prognosis

   


- Open versus closed apex

B.  Crown Fracture (Enamel only)



1.  Treatment




- Baseline vitality tests and radiographs




- Removal of sharp edges




- Restore with acid etch composite






2.  Recall



3.  Prognosis


C.  Uncomplicated Crown Fracture (Exposure of Dentinal Tubules, But No Pulpal Exposure)



1.  Treatment




- Baseline vitality tests and radiographs




- Protect the pulp




- Cover exposed dentin with Ca(OH)2




- Place acid etch composite




- Place permanent esthetic restoration in 6-8 weeks, if needed



2.  Recall



3.  Prognosis


D.  Complicated Crown Fracture (Pulp Exposure)



1.  Treatment - Treatment will depend on several factors including the following:  




- Open versus closed apex

                         
- Time since injury

                         
- Size of pulpal exposure







Treatment for pulp exposure with an open apex





(Goal is apexogenesis)

                                    - Pulp cap with Ca(OH)2, if exposure is small and treatment can be performed within 3-4 hours after the injury




- Shallow pulpotomy (Cvek pulpotomy) with larger exposure.  Remove 2 mm of coronal pulp tissue with high speed diamond bur, cover with Ca(OH)2, then with Zn(PO4), glass ionomer, acid etch composite.  Restore with minimal additional trauma to the tooth.  Perform the pulpotomy to maintain vitality and allow root               completion.  After root completion, perform root canal filling, if needed.  If pulp is necrotic, perform apexification procedure      (Ca(OH)2 powder) to induce apical closure.  After apical closure, fill the canal with gutta-percha. 




Cvek M. A clinical report on partial pulpectomy and capping with calcium hydroxide in permanent incisors with complicated crown fractures. J Endodon 1978; 4:232-7.






- Vital pulpotomy procedure






- 96% success rate






- Healing occurred regardless of 







- Time interval







- Size of exposure (4.0mm)

 







- Maturity of root




Cvek M, Cleaton-Jones PM, Austin JC, Andreasen JM. Pulp reactions to exposure after experimental crown fractures or grinding in adult monkeys. J Endodon 1982; 8:391-397.






- Pulp exposure by mechanical means in teeth free of inflammation usually results in inflammation extending no greater than 2mm from the exposure site 

             



-When superficial necrosis does occur, healthy  

 tissue is usually found several mm deeper                                                                                              within the pulp




Treatment of teeth with complicated crown fractures with closed apices may be treated the same way, but root canal filling with gutta-percha may be required later.




Obtain baseline vitality tests and radiographs



2.  Recall




- 6, 12, and 24 months




- Pulpectomy and apexification will be required, if pulp becomes necrotic and apex is not closed.    This would be followed by gutta-percha  obturation after apical closure.




- RCT, if pulp becomes necrotic and apex is closed


E.  Uncomplicated Crown-Root Fractures (Fractures Not Involving the Pulp) - 

                        involves enamel, dentin, and cementum



1.  Treatment




- Baseline vitality tests and radiographs

                                    - Pulpal protection




- Ca(OH)2 or glass ionomer to seal dentinal tubules




- acid etch composite




- tooth may require crown lengthening surgery and/or     extrusion




- Esthetic final restoration, if needed



2.  Recall


F.  Complicated Crown-Root Fractures (Fractures Involving the Pulp) - involves 

                        enamel, dentin, and cementum



1.  Treatment - Treatment depends on a variety of factors:  open versus closed apex, level of fracture, etc.  Treatment modalities may vary from extraction of one or both segments, apexogenesis, apexification, orthodontic extrusion, crown lengthening surgery, root canal therapy with gutta-percha obturation, along with appropriate 

                   restorative procedures.



2.  Recall


G.  Horizontal Root Fractures



- 7% or less of all injuries to permanent teeth



- Rare in deciduous and immature permanent teeth



- 20-40% undergo pulpal necrosis



- collateral circulation at site of fracture



1.  Clinical Examination




- Tenderness to percussion




- Bleeding from gingival sulcus




- Mobility/displacement of coronal segment




- no response to vitality testing



2.  Radiographic Examination




- Fracture line may or may not be present at initial exam




- Fracture line may be apparent on follow-up radiograph




- Radiographic examination should include an occlusal film and 3 periapical films (one at 0 degrees, then one each at + and - 15 degrees from the vertical axis of the tooth




- Andreasen states that occlusal films are best for diagnosing fractures in the apical 1/3, and periapical films using a bisecting angle technique is 

                             best for detecting cervical 1/3 fractures



3.  Types of Healing (4 Types)




- Calcified Tissue (Callus union)







- Callus formation on root surface and root canal wall





- Connective Tissue





- PDL-like fibrous tissue





- Bone and Connective Tissue





- Bone between segments with PDL and cementum over     both segments




- Granulation Tissue (Nonunion)





- Non-healing





- Coronal segment - nonvital pulp





- Apical segment - often retains vitality




Zachrisson BU, Jacobsen I. Long term prognosis of 66 permanent anterior teeth with root fractures. Scan J Dent Res 1975;83: 345-54.





- Repair of fractured area occurred in 51 teeth (77%)





- Pulp necrosis occurred in 13 teeth (20%)


            

- When optimally treated by repositioning, 

     


            fixation, and relief of occlusion, anterior teeth with   orizontal 

                                                   root fracture have a favorable prognosis 







Andreasen FM, Andreasen JO, Bayer T. Prognosis of root-fractured permanent incisors - prediction of healing modalities.  Endod Dent Traumatol 1989;5: 11-22.





- Hard Tissue healing increased likelihood with






- Minimal luxation

                                 

- More open apex





- Connective Tissue healing increased likelihood with






- the presence of periodontal disease






- the presence of restorations





- Granulation Tissue healing occurred more often with






- the presence of increased mobility of the coronal segment






- closed apices



4.  Treatment (General)




- Reduce fracture




- Immobilize




- Rigid splint for 6-12 weeks depending on location of the fracture and mobility 




- Monitor for changes in pulpal vitality - EPT, tooth color, symptoms, periradicular radiolucency developing



5.  Healing / Vitality of the Pulp




- Communication between oral cavity and fracture site




- Displacement of coronal segment




- No correlation between location of fracture (apical / middle /coronal) and failure of  pulp to remain vital



6.  Treatment of Root Fractures with Evidence of Pulpal Necrosis




- Remember, if the pulp remains vital, no treatment is required




a.  Signs of Pulpal Necrosis





- Radiographic evidence of bone destruction





  at fracture site





- Pain to percussion / palpation





- Discoloration of tooth





- Spontaneous pain





- Vitality tests may be questionable




b.  Indications for Obturation of Coronal Segment with Gutta-percha





- No evidence of periradicular radiolucency at apical segment





- Apical portion of coronal canal is sufficiently constricted to develop a stop   - No evidence of radiolucency at site of fracture      

                   c.  Indications for Obturation of Coronal Segment with                 Ca(OH)2





- No evidence of periradicular radiolucency at apical    segment





- A radiolucency is evident at site of fracture





- Apical portion of coronal canal is too wide to develop a stop





- There is evidence of internal or external resorption




d.  Root Fractures Communicating with the Oral Cavity





-Orthodontic extrusion




e.  Apical Segment Develops a Radiolucency





- RCT of coronal segment





- Surgical removal of apical segment

VI.  TREATMENT OF CONCUSSION AND LUXATION INJURIES


A.  Concussion



- Injury to the tooth-supporting structures without abnormal loosening or displacement, but with marked reaction to percussion 



1.  Treatment




- Baseline vitality tests and radiographs




- Relieve occlusion



2.  Recall




- 1, 3, 6, and 12 months 


B.  Subluxation



- Injury to the tooth-supporting structures with abnormal loosening, but without clinically or radiographically demonstrable displacement of the tooth



1.  Treatment




- Baseline vitality tests and radiographs




- Relieve occlusion




- Stabilization, if needed for 7-14 days



2.  Recall




- 1,3,6, and 12 months


C.  Intrusive Luxation



- Displacement of the tooth deeper into the alveolar bone



- May be associated with alveolar fractures



- Pulpal necrosis occurs in 96% of cases



- Inflammatory resorption occurs, if necrotic pulp tissue is not removed within 14-21 days



1.  Treatment




- Spontaneous eruption - If very immature apex, allow tooth to re-erupt; observe for replacement resorption




- Surgical reposition and splint or orthodontic repositioning




- Stabilization

            

- Physiologic splint for 6 weeks 

                                    - 6 lb test nylon line and acid etch composite

· flexible ortho wire (0.015 to 0.030) and acid etch 

· composite




- Root canal therapy  within 14-21 days of injury




- Ca(OH)2 for one year (empirical)




- After 6-12 months, fill canal with gutta-percha



2.  Recall



Tronstad, et al.



Endod Dent Traumatol 1986



Surgical access for endodontic treatment of intruded teeth




- Spontaneous eruption for 10 days




- On day 10, surgery to gain access for RCT





- Buccal flap





- Palatal gingivectomy





- RCT with Ca(OH)2




- At 8 weeks post surgery, eruption was nearly complete


D.  Extrusive Luxation



- Partial displacement of the tooth in an axial direction



- Pulpal necrosis occurs in 64-98% of the cases



- Can be associated with inflammatory and replacement resorption



1.  Treatment




- Radiographs




- Reposition tooth




- Physiologic splint for 7-14 days




- Immature apex, observe for revascularization of  the pulp




- Root canal treatment





- Immature versus mature root apex





- Ca(OH)2 versus gutta-percha



2.  Recall


E.  Lateral Luxation



- Displacement of the tooth in a direction other than axially



- May be accompanied by comminution or fracture of the alveolar socket



- Necrosis of pulp tissue related to degree of displacement of the tooth



1.  Treatment




- Reposition tooth




- Stabilization





- Physiologic splint for 7-14 days




- Root canal therapy, if displacement is more than 5mm (empirical)




- Ca(OH)2 for 1 year



2.  Recall



3.  Prognosis



Andreasen FM, Vestergaard-Pedersen B.  Prognosis of luxated permanent teeth - the development of pulp necrosis.  Endod Dent Traumatol 1985;1:207-20.



- Incidence of pulpal necrosis




- Intrusion - 85%




- Lateral luxation - 58%




- Extrusion - 26%




- Subluxation - 6%




- Concussion - 3%



- Factors associated with poor prognosis for pulp vitality




- Increased age of patient




- Complete root formation




- Pain of occlusion at injury



- Factors associated with favorable prognosis for pulp vitality           




- Positive EPT at time of injury




- Immature root formation



Andreasen FM, Zhijie Y, Thomsen BL. Relationship between pulp dimensions and development of pulp necrosis after luxation injuries in the permanent dentition. Endod Dent Traumatol 1986;2:90-8.



- Pulpal necrosis significantly related to the diameter of the apical foramen



- Intrusions had an increased pulpal survival rate with an apical diameter of 1.2 mm or greater



- Extrusion and lateral luxation injuries had an increased pulpal survival rate with an apical diameter of 1.5 mm or greater. 





F.  Minor Fractures of the Alveolar Process Associated with Traumatized Teeth



1.  Bony fragments repositioned



2.  Soft tissues sutured as necessary



3.  Teeth splinted with acid etch composite, left in place 7-14 days



4.  More extensive fractures of bone require longer splinting period

VII.  TREATMENT OF AVULSION (EXARTICULATION) INJURIES


- 1-16% of traumatic injuries to the permanent dentition


- 7-13% of traumatic injuries to the deciduous dentition


- 7-11 years of age is the most common age group


A.  Types of healing responses 



1.  Normal periodontal ligament and cementum repair



2.  Surface resorption  (Transient root resorption)




- Occurs frequently on traumatized roots




- Transient in nature, repaired with cementum like tissue (lasting only 2-3 weeks)




- Usually too small to be detected radiographically



3.  Inflammatory resorption 




- Radiographically present within 2 weeks of injury




- Depends on certain conditions





- Injury to the periodontal ligament





- Exposure of dentinal tubules by surface resorption (loss of  precementum)





- Communication of the exposed tubules with necrotic pulp, pulpal bacteria, and bacterial toxins





- Inflammatory response in the PDL





- Inflammatory resorption of root surface



4.  Replacement resorption (Ankylosis)




- Occurs after extensive PDL necrosis with bone formation onto the denuded root surface




- Most often seen as a complication to avulsed teeth with long extra-alveolar times




- If < 20% of the root surface is involved, reversal of ankylosis may occur                                                           -The resorbing cells are the osteoclasts normally involved in bone remodeling




- Clinical signs:  lack of physiologic mobility, metallic percussion sound, possibly infra-occlusion




- Radiographic signs:  absence of a PDL space, moth-eaten appearance of the root




- May take years or decades for total replacement of the tooth




- There is currently no treatment for this condition


B.  Treatment



- The prognosis is significantly related to the health of the PDL cells on the root surface of the avulsed tooth.  The number one priority is preserving the viability of the periodontal ligament.  The prognosis is significantly related to the extra-alveolar period.


****
Treatment of the avulsed tooth is based on the 1995 Recommended Guidelines of the American Association of Endodontists.  (See Handout) ****


Research leading to Guidelines

Management at Site of Injury
    

- Replant immediately, if possible.  If contaminated rinse with water    before replant                                                                            - When immediate replantation is not possible, place tooth in the best transport medium available. 

- Transport media



- Hank's Balanced Salt Solution (HBSS)




- Milk




- Saline




- Saliva 




- If none of the above is readily available, use water  



Andreasen JO. Effect of extra-alveolar period and storage media upon periodontal and pulpal healing after replantation of mature permanent incisors in monkeys. Int J Oral Surg 1981;10:43-7.




- Storage medium is more important than extraoral time




- Short periods of dry storage result in resorption




- Storage in physiologic saline or saliva prevents resorption




- Tap water does not prevent resorption



Blomlof L, Lindskog S, Hammarstrom L. Periodontal healing of exarticulated monkey teeth stored in milk or saliva. Scan J Dent Res 1981;89:251-9.




- Milk is superior to saliva for storage of  avulsed teeth





- Physiologic osmolality and pH





- Few bacteria




- Teeth stored for up to 6 hours in milk demonstrated same low index of resorption as teeth immediately replanted



Blomlof L, Lindskog S, Anderson L, Hedstrom K-G, Hammarstrom L. Storage of experimentally avulsed teeth in milk prior to replantation. J Dent Res 1983;62:912.




- Teeth stored in milk for 2-6 hours or saliva for 2 hours showed healing as good as immediately replanted teeth




- Teeth in saliva for 6 hours or bench dried for 1 hour showed extensive replacement resorption



Andreasen JO, Schwartz O. The effect of saline storage before replantation upon dry damage of the periodontal ligament. Endod Dent Traumatol 1986;2:67.




- Saline storage for 30 minutes after dry storage for 30  minutes showed no difference in amount of  replacement resorption




- Delay in replantation does not affect periodontal and pulpal healing, if tooth is kept in saline




- Replantation can then be performed by the dentist



Oikarinen K, Seppa. Effect of preservation media on proliferation and collagen biosynthesis of PDL fibroblast. Endod Dent Traumatol 1987;3:95-9.




- No difference between saliva or milk after 1 hour




- Long term incubation (8 hours) is best with milk  



Hiltz J, Trope M. Vitality of human lip fibroblast in milk, Hank's balanced salt solution and Viaspan storage media. Endod Dent Traumatol 1991;7(2):69-72.

                             - Milk   -      77% @ 2 hr, 68% @ 6 hr, 20% @ 24 hr




- HBSS   -   81% @ 2 hr, 71% @ 24 hr, 38% @ 48 hr 




- Viaspan  - 86% @ 2 hr, 77% @ 24 hr. 61% @ 48 hr






   38% @ 68 hr




- Milk is as good as Viaspan and HBSS at 2-6 hours, it is not as good for longer periods

Management in the Dental Office

 - Replantation of tooth as soon as possible, if extraoral time is less than 1 hour
                 
- Keep the PDL on the tooth moist



- If tooth has been in any physiologic storage media (HBSS, milk, or saline, replant immediately



- Do not handle the root surface



- Rinse any debris off of the root surface with HBSS or saline



Andreasen JO, Hjorting-Hansen E. Replantation of teeth. Part I. Radiographic and clinical study of 110 teeth replanted after accidental loss.  Acta Odontol Scand 1966;24:263-286.




- 2 year recall




- 90% of teeth replanted in less than 30 minutes exhibited minimal resorption 

· 95% of teeth replanted after 2 hours exhibited marked resorption 

· Andreasen JO. Periodontal healing after replantation and autotransplantation of incisors in monkeys. Int J Oral Surg 1981;10;54-57.




- Presence of an intact and viable PDL on the root surface is the most important factor in assessing healing without root resorption  

- If extraoral time is greater than 1 hour, soak in a topical fluoride (1% SnF2) for 20 minutes, rinse with saline and replant 



Bjorvatn K, Selvig KA, Klinge B. Effect of tetracycline and SnF2 on root resorption in replanted incisors in dogs. Scan J Dent Res 1989;97:477.

                                    - Application of 1% SnF2 to the root surface prior to replantation effectively reduces resorptive processes during the first post-op weeks



Lindskog S, Pierce A, Blomlof L, Hammarstrom L. The role of the necrotic periodontal membrane in cementum resorption and ankylosis. Endod Dent Traumatol 1985;1:96-101.




- 5%  - surface resorption




- 0%  - inflammatory resorption




- 1%  - ankylosis in resorption lacunae




- 93% - PDL replacement with bone





   "no resorption"




- Chemical removal of PDL prior to replantation may be indicated in cases where PDL vitality is doubtful

- Management of the socket



- Do not curette or vent the socket




- If a clot is present, aspirate gently without entering the socket and irrigate with saline




- After replantation, gently compress the bony plates together

- Management of the soft tissue



- Suture any soft tissue lacerations

- Stabilization (Splinting - indicated in most cases)




- Physiologic splint 7-10 days, longer if there is excessive mobility after this time period   




- Soft diet




- Maintain good oral hygiene



Andreasen JO. The effect of splinting upon periodontal healing after replantation of incisors in monkeys. Acta Odontol Scand 1975;33:313-23.




- Rigid fixation produces a greater degree of  replacement resorption 




- Minimal splinting that also allows physiologic movement results in low incidence of replacement resorption



Nasjleti CE, Castelli WA, Caffesse RG. The effects of different splinting times on replantation of teeth in monkeys. Oral Surg 1982;53:557-66.




- Replanted teeth splinted for 7 days recovered uneventfully, whereas replanted teeth splinted for 30 days showed increased root resorption and ankylosis

- Adjunctive Drug Therapy Considerations



- Systemic antibiotics




- Referral to physician for tetanus consultation within 48 hours




- Chlorhexidine rinses




- Analgesics



Hammarstrom L, Blomlof L, Leiglin B, Anderson L, Lindskog S. 

                        Replantation of teeth and antibiotic treatment. Endodon Dent Traumatol

                        1986;2:51-7.               





- Systemic antibiotics at time of replantation





- no inflammatory resorption seen




- Systemic antibiotics 3 weeks after replantation





- no effect on inflammatory resorption




- Intracanal antibiotics 3 weeks after replantation





- completely arrested inflammatory resorption




- No effect on replacement resorption



Pierce A, Lindskog S. The effect of an antibiotic/corticosteroid paste on inflammatory root resorption in vivo. Oral Surg 1987;64:216.




- Most of the root surface of the control teeth that had been replanted after 1 hour of drying showed inflammatory resorption




- Teeth treated with intracanal corticosteroid paste (Ledermix) 3 weeks after replantation, showed no inflammatory resorption (Ledermix= Triamcinolone + Tetracycline)

Endodontic Treatment

- Tooth with open apex and less than 1 hour extraoral dry time:




- Replant in an attempt to revitalize the pulp                

                                       - Recall patient every 3-4 weeks for evidence of pathosis





- If pathosis is noted, clean and fill the canal with Ca(OH)2 (Apexification) 

- Tooth with open apex and greater than 1 hour extraoral time:




- Replant after soak in SnF2 for 5-20 minutes





- Clean and fill the canal with Ca(OH)2





- Recall the patient in 6-8 weeks

- Tooth with closed apex and less than 1 hour extraoral dry time:




- Remove the pulp in 7-14 days





- Medicate the canal with Ca(OH)2 for as long as practical, usually 6-12 months





- Then obturate canal with gutta-percha and sealer unless complications are apparent  

- Tooth with closed apex and greater than 1 hour extraoral dry time:




- Perform root canal therapy either intraorally or extraorally





- Prior to replantation, remove tissue tags from the root surface and soak the tooth in an accepted dental fluoride solution



Andreasen JO, Kristerson L. The effect of extra-alveolar root filling with CaOH on periodontal healing after replantation of permanent incisors in monkeys.    J Endodon 1981.




- Teeth with canals filled with CaOH showed more replacement resorption than teeth filled with gutta-percha or extirpated pulps 




- CaOH may diffuse through the apical foramen injuring the PDL




- CaOH should be used after PDL healing has occurred



Skoglund A, Tronstad L. Pulpal changes in replanted and autotransplanted immature teeth of dogs. J Endodon 1981;7:309.




- Pulp tissue is replaced in 30-180 days by an ingrowth of connective tissue 




- If revascularization occurs early (< 4 days), normal pulp tissue should 

                                       survive



Kling M, Cvek M, Mejare I. Rate and predictability of pulp revascularization in therapeutically reimplanted permanent incisors. Endodon Dent Traumatol 1986;2:83-9.

                                    - 18% revascularization in teeth with foramen >1mm                  




- extra-alveolar time of < 45 minutes showed significantly greater chance of revascularization




- 2 types of hard tissue formation 





- continued root formation





- arrested root development with hard tissue formation in canal which was separate from dentinal walls and continuous with periapical bone



Lengheden A, Blomlof L, Lindskog S. Effect of immediate CaOH treatment and permanent root filling on periodontal healing in contaminated replanted teeth. Scand J Dent Res 1991;99:139.




- CaOH resulted in significantly more ankylosis




- CaOH causes necrosis of PDL cells




- CaOH may be indicated initially for teeth with a    healthy PDL




- Prolonged treatment of teeth with compromised PDL with CaOH may result in ankylosis



Lengheden A, Blomlof L, Lindskog S. Effect of delayed CaOH treatment on periodontal healing in contaminated replanted teeth. Scand J Dent Res 1991;99:147.




- Ankylosis preceded by root resorption (replacement resorption) increased 




- Ankylosis not associated with resorption decreased




- Intracanal CaOH treatment of teeth with compromised PDL may cause unnecessary replacement resorption, if left in the root canal a long time.



Trope M, Yesilsoy C, Korem L, Moshonov J, Friedman S. Effect of different endodontic treatment protocols on periodontal repair and root resorption of replanted dog teeth.  J Endodon 1992;18(10):492-6.




- Short (1 week) and long-term (8 weeks) CaOH treatment resulted in similar healing when endodontic treatment was initiated 14 days after replantation of teeth




- Thorough canal preparation and medication with intracanal CaOH for 1 week disinfects the root canal and eliminates the etiology for inflammatory resorption (bacteria)




- Is long-term CaOH treatment needed when the pulpal infection is already present and radiographic evidence of resorption is evident; when treatment is initiated at least 3 weeks after replantation?  



Sjogren M, Figdor D, Spangberg L, Sundqvist G. The antimicrobial effect of calcium hydroxide as a short-term intracanal dressing. Int Endodon J  1991;24:119-25.




- Calasept (CaOH) removes bacteria from the root canal after 7 days 




- Continues to be effective after removal for up to 5 weeks  

Restoration of the Avulsed Tooth

                                     Temporary restoration

                                       - Reinforced zinc oxide-eugenol

                                     Permanent restoration

                                       - Dentin bonding agent

                                       - Acid etch/composite resin  

Additional Considerations

                                      Avulsed primary teeth should not be replanted

Avulsed permanent teeth require follow-up evaluations for a minimum of 5 years 

Inflammatory resorption, replacement resorption, ankylosis and tooth submergence are potential complications when avulsed teeth are replanted

VIII.  NEW THOUGHTS ON TREATMENT OF AVULSED TEETH



Krasner P, Rankow HJ. New philosophy for the treatment of avulsed teeth. Oral Surg 1995;79(5):616-23.


A.  Treatment Categories of Avulsed Teeth



Category 1   Mature apex, less than 15 minutes extraoral time 

· Rinse tooth with HBSS 

· Replant with gentle apical pressure

                                    -    Physiologic splint



Category 2   Mature apex, 15 min to 24 hours extraoral time in 

                                              reconstituting storage media (HBSS)      

                      -  Patient presents with tooth stored in OSE (Optimal Storage                             Environment - HBSS)

                       - Replant immediately, as above

                       - Splint



Category 3   Mature apex, 15 to 360 min. extraoral time, in a 

                        nonreconstituting but wet storage media  

   - Patient presents for treatment with tooth stored in water, saliva, or milk

   - Soak tooth in pH-balanced, cell preserving solution (HBSS) for 30 min   

                       - Replant and splint as above



Category 4   Mature apex, 120 min or less extraoral time, dry storage

                        - PDL may not be necrotic, but is definitely compromised

                        - Soak tooth in HBSS for 30 minutes

                        - Replant and splint as above

                        Category 5   Mature apex, 120 min or more extraoral time, dry storage 

   - PDL is probably completely necrotic, but there is still potential for success

                       - Scrape off PDL with a curette or soak in NaOCl for 30 minutes

                       - Clean and shape root canal in hand

                       - Soak in saturated citric acid solution for 3 minutes

                       - Rinse with physiologic solution (HBBS)

                       - Soak in 1% SnF2 solution for 5 minutes

                       - Soak in 1 mg/20 ml doxycycline solution for 5 minutes

                       - Dry canal, obturate with gutta-percha, and restore access opening

                       - Replant and splint as above



Category 6   Immature apex, less than 15 minutes extraoral time

                       - PDL is probably viable, but contaminated by bacteria 

    - For greatest chance of revascularization, do not replant immediately

    - It is not necessary to soak tooth in physiologic solution unless clinician thinks there is a need to reconstitute the PDL cells

                       - Soak in 1 mg/20ml doxycycline solution for 5 minutes

                       - Replant and splint as above

                       - Monitor clinically and radiographically weekly

    - If signs of pulpal degeneration or resorption are noted, extirpate the pulp and begin apexification procedure



Category 7   Immature apex, 15 min. to 24 hours extraoral time, in a reconstituting storage media (HBSS)

    - PDL is in optimum condition, but pulp is probably infected at the apex    

                       - Soak in 1 mg/20mg doxycycline solution for 5 minutes

                       - Replant and splint as above

                       - Monitor clinically and radiographically weekly

    - If signs of pulpal degeneration or resorption are noted, extirpate the pulp and begin apexification procedure                                                



Category 8   Immature apex, 15 to 360 minutes extraoral time, nonreconstituting but wet storage media   

                       - Soak tooth in HBSS for 30 minutes

                       - Soak in 1 mg/20ml doxycycline solution for 5 minutes

                       - Monitor clinically and radiographically weekly

    - If signs of pulpal degeneration or resorption are noted, extirpate the pulp and begin apexification procedure



Category 9   Immature apex, 120 minutes or less extraoral time, dry storage

                       - PDL may not be necrotic, but is definitely compromised 

                       - Soak tooth in HBSS for 30 minutes

                       - Soak in 1 mg/20ml doxycycline solution for 5 minutes 

                       - Monitor clinically and radiographically weekly

    - If signs of pulpal degeneration or resorption are noted, extirpate the pulp and begin apexification procedure  



Category 10  Immature apex, 120 minutes or more extraoral time, dry storage

                       - PDL is probably completely necrotic, and there is little chance for 

                         revascularization

                       - Scrape off PDL with a curette or soak in NaOCl for 30 minutes

                       - Clean and shape the root canal in hand

                       - Soak in saturated citric acid solution for 3 minutes 

                       - Rinse with HBSS

                       - Soak in 1% SnF2 solution for 5 minutes

                       - Soak in 1 mg/20ml doxycycline solution for 5 minutes

    - Dry canal, obturate with gutta-percha (thermoplastisized, if possible), restore 

                          access opening

                       - Replant and splint as above

