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CHAPTER 20 

CHAPTER OUTLINE

A traumatic injury to the tooth results in damage to many 
dental and periradicular structures, making the management 
and consequences of these injuries multifactorial. Knowledge 
of the interrelating healing patterns of these tissues is essential. 
This chapter concentrates on the role of the dentinopulpal 
complex in the pathogenesis of disease subsequent to dentinal 
trauma and how treatment of this complex can contribute to 
favorable healing after an injury.

UNIQUE ASPECTS OF DENTAL TRAUMA
Most dental trauma occurs in the 7- to 12-year-old age group 
and is mainly due to falls and accidents near home or 
school.23,143 It occurs primarily in the anterior region of the 
mouth, affecting the maxillary more than the mandibular jaw.28 
Serious accidents, such as automobile crashes, can affect any 
tooth and can occur in all age ranges. In many cases, after a 
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pulp of a traumatized fully formed tooth. As circulation is 
restored, the responsiveness to pulp tests returns.73

The transition from a negative response to a positive 
response at a subsequent test may be considered a sign of a 
healing pulp. The repetitious finding of responses may be 
taken as a sign of a healthy pulp. The transition from a response 
to no response may be taken as an indication that the pulp  
is probably undergoing degeneration and therefore an inter-
vention in the form of endodontic treatment might be indi-
cated. The persistence of no response would suggest that the 
pulp has been irreversibly damaged, but even this is not 
absolute.32

Thermal and electrical pulp tests of all anterior teeth (canine 
to canine) of the maxillary and mandibular jaws should be 
performed at the time of the initial examination and carefully 
recorded to establish a baseline for comparison with subse-
quent repeated tests in later months. These tests should be 
repeated at 3 weeks; at 3, 6, and 12 months; and at yearly 
intervals after the trauma. The purpose of the tests is to estab-
lish a trend as to the physiologic status of the pulps of these 
teeth. Particularly in traumatized teeth, carbon dioxide snow 
(CO2, −78° C) or dichlorodifluoromethane (−40° C) placed on 
the incisal third of the facial surface gives more accurate 
responses than a water-ice pencil (Fig. 20-1).71,72 The intense 
cold seems to penetrate the tooth and covering splints or res-
torations and reach the deeper areas of the tooth. Neither the 
dry ice nor the dichlorodifluoromethane spray forms ice water, 
which could disperse over adjacent teeth or gingiva to give a 
false-positive response. In trauma evaluation, there is no ques-
tion that using water-ice pencils should be avoided because of 
this. Dichlorodifluoromethane spray is a very inexpensive 
alternative to CO2 snow; its coldness elicits much more reliable 
responses than water-ice. The electrical pulp test relies on 
electrical impulses directly stimulating the nerves of the pulp. 
These tests have limited value in young teeth but are useful 
when the dentinal tubules are closed and do not allow dentinal 
fluid to flow in them. This situation is typical of teeth in elderly 
patients or in traumatized teeth that are undergoing premature 
sclerosis. In these situations, the thermal tests that rely on fluid 
flow in the tubules cannot be used, and the electrical pulp test 
becomes important.

Laser Doppler flowmetry (LDF) was introduced in the early 
1970s for measurement of blood flow in the retina.88 The tech-
nique has also been used to assess blood flow in other tissue 
systems, such as the skin and renal cortex. It uses a beam of 

traumatic dental injury, endodontic treatment is provided to 
caries-free, single-rooted, young permanent teeth. If quick and 
correct treatment for these teeth is provided after injury, the 
potential for a successful endodontic outcome is very good.

MOST COMMON TYPES  
OF DENTAL TRAUMA

Crown Fractures
Most crown fractures occur in young, caries-free anterior 
teeth.95,107 This makes maintaining or regaining pulp vitality 
essential. Luckily, vital pulp therapy supports a good prognosis 
in these situations if correct treatment and follow-up proce-
dures are carefully followed.

Crown-Root Fractures
Crown-root fractures are first treated periodontally to ensure 
that there is a sufficient and good margin to allow restoration. 
If the tooth can be maintained from a periodontal point of view, 
then the pulp is treated as for a crown fracture.

Root Fractures
A surprisingly large number of pulps in root-fractured teeth 
will survive this rather dramatic injury. In almost every case, 
the apical segment stays vital, and in many cases, the coronal 
segment stays vital or regains vitality subsequent to the injury. 
If the coronal segment permanently loses vitality, it should be 
treated as an immature permanent tooth with nonvital pulp. 
The apical segment rarely needs treatment.

Luxation Injuries and Avulsion
Luxation injuries and avulsion often result in pulp necrosis 
and damage to the cemental protective layer of the root. The 
potential complication of pulp infection in a root that has lost 
its cemental protective layer makes these injuries potentially 
catastrophic. Correct emergency and follow-up evaluation, 
which may include timely endodontic treatment, is critical.

FOLLOW-UP AFTER DENTAL TRAUMA
The reader is referred to Chapter 1 for specific descriptions of 
pulp tests, but a few general statements about pulp tests on 
traumatized teeth may be helpful in trying to interpret the 
results.

For decades, controversy has surrounded the validity of 
thermal and electric tests on traumatized teeth. Only general-
ized impressions may be gained from these tests following a 
traumatic injury. They are in reality sensitivity tests for nerve 
function and do not indicate the presence or absence of blood 
circulation within the pulpal space. It is assumed that subse-
quent to traumatic injury, the conduction capability of the 
nerve endings and/or sensory receptors is sufficiently deranged 
to inhibit the nerve impulse from an electrical or thermal 
stimulus. This makes the traumatized tooth vulnerable to false-
negative readings from such tests.123

Teeth that give a response at the initial examination cannot 
be assumed to be healthy and to continue to give a response 
over time. Teeth that yield no response cannot be assumed to 
have necrotic pulps because they may give a response at later 
follow-up visits. It has been demonstrated that it may take as 
long as 9 months for normal blood flow to return to the coronal 

FIG. 20-1 Difluorodichloromethane (−40° F [−40° C]) gas is sprayed on a 
cotton pellet and then placed on the incisal edge of the maxillary incisor. 
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image can be confounded by a number of factors, including 
the regional anatomy and superimposition of both the teeth 
and surrounding dentoalveolar structures. As a result of super-
imposition, periapical radiographs reveal only limited aspects 
(i.e., a 2D view) of the true 3D anatomy.44,119 Additionally, there 
is often geometric distortion of the anatomic structures imaged 
with conventional radiographic methods.3 These problems can 
be overcome by using cone beam computed tomography 
(CBCT) imaging techniques, which produce accurate 3D 
images of the teeth and surrounding dentoalveolar structures 
and have shown promise in improving the clinician’s ability to 
properly diagnose luxation injuries, alveolar fractures, root 
fractures, and root resorption (Fig. 20-4).42,43

In instances of soft tissue laceration, it is advisable to radio-
graph the injured area before suturing to be sure that no foreign 
objects have been embedded. A soft tissue radiograph with a 
normal-sized film briefly exposed at reduced kilovoltage should 
reveal the presence of many foreign substances, including 
tooth fragments (Fig. 20-5).

Cone Beam Computed Tomography and 
Dentoalveolar Trauma
CBCT is accomplished by using a rotating gantry to which an 
x-ray source and detector are fixed (see Chapter 2). A divergent 
pyramidal or cone-shaped source of ionizing radiation is 
directed through the middle of the area of interest onto an area 
x-ray detector on the opposite side of the patient. The x-ray 
source and detector rotate around a fixed fulcrum within the 
region of interest. During the exposure sequence, hundreds of 
planar projection images are acquired of the field of view 
(FOV) in an arc of at least 180°. In this single rotation, CBCT 
provides precise, essentially immediate, and accurate 3D radio-
graphic images. Because CBCT exposure incorporates the 

infrared (780 to 820 nm) or near-infrared (632.8 nm) light 
that is directed into the tissue by optical fibers. As light enters 
the tissue, it is scattered by moving red blood cells and station-
ary tissue cells. Photons that interact with moving red blood 
cells are scattered, and the frequency shifts according to the 
Doppler principle. Photons that interact with stationary tissue 
cells are scattered but not Doppler shifted. A portion of the 
light is returned to a photodetector, and a signal is produced 
(Fig. 20-2).

Attempts have been made to use LDF technology for pulp 
vitality diagnosis in traumatized teeth because this would 
provide a more accurate reading of the vitality status of the 
pulp.113,175,176 Studies have shown promising results, indicating 
that laser Doppler can detect blood flow more consistently and 
earlier than the standard vitality tests would be expected to 
render a response. In a study on young dogs, laser Doppler was 
able to correctly detect blood flow as early as 2 to 3 weeks after 
avulsion of an immature tooth and at the same time indicate 
no flow in those that would remain necrotic.176

Presently the cost of a laser Doppler flowmetry machine 
limits its use in private dental offices; these are used primarily 
in hospitals and teaching institutions.

RADIOGRAPHIC EXAMINATIONS
Radiographic imaging is essential for thorough examination, 
diagnosis, and management of dentoalveolar trauma. Imaging 
may reveal root fractures, subgingival crown fractures, tooth 
displacements, bone fractures, root resorptions, and embedded 
foreign objects. A single radiograph, even a panoramic image, 
is insufficient to properly diagnose just about any dental 
trauma case. In its 2012 guidelines for the management of 
traumatic dental injuries, and in the current recommendations 
on its interactive website (www.dentaltraumaguide.org), the 
International Association of Dental Traumatology (IADT) has 
recommended taking at least four different radiographs for 
almost every injury65-67: a direct 90-degree on the axis of the 
tooth, two with different vertical angulations, and one occlusal 
film (Fig. 20-3).

Multiple radiographs increase the likelihood of diagnosing 
root fractures, tooth displacement, and other possible injuries. 
However, two-dimensional (2D) imaging methods have well-
known inherent limitations, and their lack of three-dimensional 
(3D) information may prevent proper diagnosis and adversely 
affect long-term treatment outcomes. The interpretation of an 

FIG. 20-2 Laser Doppler machine. (Courtesy Moor Instruments, Devon, 
United Kingdom.)

FIG. 20-3 An occlusal film of a luxation injury of central incisors. Both were 
diagnosed to be laterally luxated with apical translocation. Note that the  
left central is completely obliterated and has a history of being luxated some 
years prior. 
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entire FOV, only one rotational sequence of the gantry is neces-
sary to acquire enough data for image reconstruction.

CBCT has been suggested as an adjunct imaging tool  
when the true nature of the dentoalveolar root fracture and 
dental injuries cannot be confidently diagnosed from a con-
ventional examination and radiographs.43,111,120 However, it 
has been repeatedly demonstrated that the use of CBCT pro-
vides improved diagnostic images in cases of dentoalveolar 
injury.* Perhaps the use of CBCT imaging for dentoalveolar 
injuries will be considered “best practice” sometime in the near 
future.

Root Resorption
Because the development and progression of root resorption 
occur without clinical signs or symptoms, their early detection 
is challenging. The definitive diagnosis of root resorption, 

*References 30, 31, 42-44, 57, 61, 103, 111, 119, and 120.

therefore, depends on its radiographic demonstration, which 
in turn is limited by the diagnostic accuracy of the imaging 
device used to determine its presence (see Chapter 16).120 The 
radiodensity of the root requires that a significant amount of 
root substance be removed to cause enough contrast on the 
radiograph to allow it to be detected. Thus, only resorptive 
defects on the mesial or distal aspects of the root can be pre-
dictably detected after some time; the facial and palatal or 
lingual aspects are much harder to see. To overcome these dif-
ficulties, it is essential to take as many different horizontal-
angled radiographs as feasible in cases of suspected root 
resorption. Early detection of small resorption defects has been 
shown to be poor with conventional dental radiographs, and 
the extent of the resorptive defect is grossly underestimated 
compared to CBCT.31,57,61

The available literature supports the use of CBCT as a diag-
nostic tool to assess the true nature of teeth diagnosed with 
root resorption to improve diagnosis and aid management. 
This should ultimately improve the prognosis of teeth with 

FIG. 20-4 A, Panoramic radiograph taken on a patient with past history of dentoalveolar trauma. Tooth #9 
appeared to have arrested root development with a periapical radiolucency. B, Sagittal view of tooth #9 of same 
patient from CBCT imaging. This revealed that tooth #9 had arrested root development, a large PA radiolucency, 
and extensive root resorption along the palatal surface that was not evident on the panoramic image. C, Periapical 
radiograph of tooth #9 with extensive complicated crown fracture. The clinical examination revealed the crown 
fracture extended subgingivally on the palatal aspect. D, Sagittal view of tooth #9 of same patient from CBCT 
imaging. This revealed that the apical extent of the fractured palatal portion extended just apical to the crest of 
bone. The correct diagnosis of this injury was complicated crown-root fracture. E, Periapical radiograph of teeth 
#8, #9 revealed crown fractures. F, Sagittal view of tooth #9 of same patient from CBCT imaging. This revealed 
that tooth #9 suffered a lateral luxation displacement injury with extensive concomitant alveolar fracture. The 
necessary treatment of repositioning and splinting was apparent. Continued
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root resorption that require endodontic management (see  
Fig. 20-4, A, B).120

Horizontal (Transverse) Root Fractures
There is a significant risk of misdiagnosing the true location 
of a root fracture in anterior teeth when intraoral radiography 
is used because of the possibility of the oblique course of the 
fracture line in the sagittal plane. It has been shown that hori-
zontal root fracture can be detected sooner using CBCT than 
with periapical views, and the fracture can be assessed in 
coronal, axial and cross-sectional views (see Fig. 20-4, C, D).98 
Compared to conventional radiographs, CBCT increased the 

accuracy of diagnosing the actual nature of horizontal root 
fractures.30,111

Luxation Injuries
As previously mentioned, conventional intraoral radiography 
provides poor sensitivity in the detection of minimal tooth dis-
placements and root and alveolar fractures.103 CBCT has signifi-
cantly improved the ability to accurately diagnose traumatic 
injuries and has the potential to overcome most of the technical 
limitations of the plain-film projection (see Fig. 20-4, E-M).*

G, Periapical radiograph of tooth #9 following dentoalveolar trauma. 
Tooth #8 was avulsed and tooth #9 appeared to be severely intruded. H, Sagittal view of tooth 
#9 of same patient from CBCT imaging. This revealed the labial position of tooth #9. I, Periapical 
radiograph of tooth #8 revealed a lateral luxation injury. J, Sagittal view of tooth #8 from CBCT 
imaging. The extensive tooth displacement and concomitant alveolar are evident. K, Periapical 
radiograph of teeth #8-#10, that had recently been splinted in an emergency room. This image 
revealed that these teeth were not properly repositioned before splinting, evidenced by the 
spaces along each root. L, Axial view of maxillary anterior region of same patient from CBCT 
imaging. This revealed that teeth #8-#10 are labially displaced. M, Sagittal view of tooth #10 
of same patient revealed how severe the displacement was. Following consent and local 
anesthesia, the splint was removed and teeth #8-#10 were repositioned and re-splinted. 

FIG. 20-4, cont’d

*References 30, 31, 42, 43, 57, 61, 98, 103, 111, and 120.
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FIG. 20-5 Patient sustained complicated 
crown fractures on the left lower incisors and later 
on the canine tooth. A, An emergency pulp 
capping; Band-Aid composite was placed on the 
teeth. Six days later the patient was referred to 
the clinic because of a poorly healed laceration 
on the lip. B, Radiograph of the lip revealed a 
portion of the lateral crown still in the lip. The 
patient was anesthetized and the crown removed. 
C, Healing was quick and uneventful. 

CROWN FRACTURES
As already mentioned, the primary aim from an endodontic 
point of view is to maintain pulp vitality after crown 
fractures.

Crown Infraction
Crown infraction can be defined as an incomplete fracture of or 
a crack in the enamel, without loss of tooth structure.16

Biologic Consequences
Crown infractions are injuries that carry little danger of result-
ing in pulp necrosis. Meticulous follow-up over a 5-year period 
is the most important endodontic preventive measure in these 
cases. If, at any follow-up examination, the reaction to sensitiv-
ity tests changes, or if, on radiographic assessment, signs of 
apical or periradicular periodontitis develop or the root appears 
to have stopped development or is obliterating, endodontic 
intervention should be considered.

Uncomplicated Crown Fracture
Uncomplicated crown fracture can be defined as fracture of 
the enamel only or the enamel and dentin without pulp 
exposure.16

Incidence
Uncomplicated crown fracture is likely to be the most  
commonly reported dental injury. It is estimated to account  
for at least one third to one half of all reported dental  
trauma.

Biologic Consequences
Uncomplicated crown fractures are also injuries that have little 
danger of resulting in pulp necrosis. In fact, the biggest danger 
to the health of the pulp is through iatrogenic causes during 
the aesthetic restoration of these teeth.

Treatment
There are two key issues in the treatment of crown fractures. 
First, all exposed dental tubules need to be closed as soon as 
reasonably possible. If the broken-off piece is not available or 
if it is not possible to reattach it and there is no time to do a 
full composite restoration at the time of the emergency appoint-
ment, a composite Band-Aid or temporary coverage should be 
placed on all exposed dentin. This prevents any ingress of 
bacteria into the tubules and reduces the patient’s discomfort. 
The second issue is the remaining dentin thickness. Several 
studies have confirmed that if the remaining dentin is more 
than 0.5 mm thick, the tooth can be restored with the restora-
tion of choice, including etching and bonding, and no special 
attention needs to be given to the pulp.3,46,60,115,151 However, if 
the remaining dentin is less than this thickness, a protective 
layer of hard-setting calcium hydroxide in the deepest part of 
the dentin exposure does reduce, if not completely prevent, 
reactive inflammation of the underlying pulp, which is a sig-
nificantly different reaction compared to the negative reaction 
to composite bonding systems.3,46,60,115,151

Complicated Crown Fracture
A complicated crown fracture involves enamel, dentin, and pulp 
(Fig. 20-6).1
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FIG. 20-6 Complicated crown fracture involving enamel, dentin, and pulp. 

FIG. 20-7 Histologic appearance of the pulp within 24 hours of a traumatic 
exposure. The pulp proliferated over the exposed dentinal tubules. There is 
approximately 1.5 mm of inflamed pulp below the surface of the fracture. 

Incidence
Complicated crown fractures occur in 0.9% to 13% of all dental 
injuries.40,130,153

Biologic Consequences
A crown fracture involving the pulp, if left untreated, always 
results in pulp necrosis.97 However, the manner and time 
sequence in which the pulp becomes necrotic allow a great deal 
of potential for successful intervention to maintain pulp vital-
ity. The first reaction after the injury is hemorrhage and local 
inflammation (Fig. 20-7).

Subsequent inflammatory changes are usually proliferative 
but can be destructive over time. A proliferative reaction is 
favored in traumatic injuries because the fractured surface  
is usually flat, allowing salivary rinsing with little chance of 
impaction of contaminated debris. Unless impaction of con-
taminated debris is obvious, it is expected that in the first 24 
hours after the injury, a proliferative response with inflamma-
tion extending not more than 2 mm into the pulp will be 
present (see Fig. 20-7).49,52,82 In time, the bacterial challenge 
results in local pulpal necrosis and a slow apical progression 
of the pulpal inflammation (Fig. 20-8).

Treatment
Treatment options for complicated crown fracture are (1) vital 
pulp therapy, comprising pulp capping, partial pulpotomy, or 
full pulpotomy; and (2) pulpectomy. The choice of treatment 
depends on the stage of development of the tooth, the time 
between trauma and treatment, concomitant periodontal 
injury, and the restorative treatment plan.

Stage of Development of the Tooth
Loss of vitality in an immature tooth can have catastrophic 
consequences. Root canal treatment on a tooth with a blunder-
buss canal is time consuming and difficult. It is probably more 
important that necrosis of an immature tooth leaves it with 
thin dentinal walls that are susceptible to fracture both during 
and after the apexification procedure.99 Every effort must be 
made to keep the tooth vital, at least until the apex and cervical 
root have completed their development.

Removal of the pulp in a mature tooth is not as significant 
as in an immature tooth because a pulpectomy in a mature 

FIG. 20-8 Histologic appearance of the pulp days after a traumatic expo-
sure. Superficial necrosis above a zone of inflamed pulp is seen. 

http://dentalebooks.com
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Vital Pulp Therapy: Requirements  
for Success
Vital pulp therapy has an extremely high success rate if the 
following requirements can be met (also see Chapter 23).

• Treatment of a noninflamed pulp. Treatment of a healthy 
pulp has been shown to be an important requirement for 
successful therapy.152,162 Vital pulp therapy of the inflamed 
pulp yields an inferior success rate,152,162 so the optimal 
time for treatment is in the first 24 hours when pulp 
inflammation is superficial. As time between the injury 
and therapy increases, pulp removal must be extended 
apically to ensure that noninflamed pulp has been 
reached.

• Bacteria-tight seal. In our opinion, this requirement is 
the most critical factor for successful treatment.152 
Challenge by bacteria during the healing phase causes 
failure (see also Chapter 14).45 If the exposed pulp is 
effectively sealed from bacterial leakage, successful 
healing of the pulp with a hard tissue barrier will occur 
independent of the dressing placed on the pulp and  
after more extended time periods between accident and 
treatment.46,80

• Pulp dressing. Calcium hydroxide has traditionally been 
used for vital pulp therapy. Its main advantage is that it 
is antibacterial39,141 and disinfects the superficial pulp. 
Pure calcium hydroxide causes necrosis of about 1.5 mm 
of pulp tissue, which removes superficial layers of 
inflamed pulp if present (Fig. 20-9).112 The high pH 
(12.5) of calcium hydroxide causes a liquefaction necro-
sis in the most superficial layers.134 The toxicity of 
calcium hydroxide appears to be neutralized as the 
deeper layers of pulp are affected, causing a coagulative 
necrosis at the junction of the necrotic and vital pulp, 
resulting in only mild irritation. This mild irritation initi-
ates an inflammatory response, and in the absence of 

tooth has an extremely high success rate.142 However, it 
has been shown that under optimal conditions, vital pulp 
therapy (rather than removal) can be carried out successfully 
on a mature tooth.110,172 Therefore, this form of therapy can 
be an option under certain circumstances, even though a 
pulpectomy is the treatment that affords the most predictable 
success.

In an immature tooth, vital pulp therapy should always be 
attempted if at all feasible because of the tremendous advan-
tages of maintaining the vital pulp.

Time Between Trauma and Treatment
For 48 hours after a traumatic injury, the initial reaction of the 
pulp is proliferative, with no more than a 2-mm depth of pulpal 
inflammation (see Fig. 20-8). After 48 hours, chances of direct 
bacterial contamination of the pulp increase, with the zone of 
inflammation progressing apically52; as time passes, the likeli-
hood of successfully maintaining a healthy pulp decreases.

Concomitant Attachment Damage
A periodontal injury compromises the nutritional supply of the 
pulp. This fact is particularly important in mature teeth, in 
which the chance of pulp survival is not as good as for imma-
ture teeth.13,59

Restorative Treatment Plan
Unlike in an immature tooth, in which the benefits of main-
taining vitality of the pulp are so great, pulpectomy is a viable 
treatment option in a mature tooth. As pointed out, if per-
formed under optimal conditions, vital pulp therapy after trau-
matic exposures can be successful. If the restorative treatment 
plan is simple and a composite resin restoration will suffice as 
the permanent restoration, this treatment option should be 
given serious consideration. If a more complex restoration is 
to be placed (e.g., a crown or bridge abutment), pulpectomy 
may be the more predictable treatment method.

FIG. 20-9 Pulp necrosis of 1.5 mm as a result of the high pH of calcium hydroxide. 

1.5 mm

http://dentalebooks.com
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probably three main reasons. The first is likely to be that 
because MTA needs a moist environment for at least 6 hours 
to set properly, the treatment becomes a two-step procedure, 
compared with a one-step procedure for other medicaments. 
Using MTA as a pulp capping agent thus necessitates that a wet 
cotton pellet be placed over it until it is set, and then the per-
manent restoration can be fabricated at a later time. The second 
likely reason is that originally, MTA was gray in color and 
reported to cause discoloration in the tooth crown when used 
as a capping agent in anterior teeth.37 To counter this discol-
oration problem, a new white version of MTA was marketed a 
few years ago. Initially there were some concerns that the pulp 
did not respond to the white version as favorably as it had to 
the gray one.121 Relatively few studies have been done compar-
ing the white MTA to the gray one, but most have indicated 
that the pulp seems to react as well to one as the other.91,116,131 
Unfortunately, the white MTA has been found to discolor in a 
similar fashion to the gray, presumably because of the bismuth 
oxide filler in the material.

The third likely reason is that recently, newer generation 
bioceramic materials have come to the market that have the 
same positive properties as MTA but not the disadvantages 
described previously. They set quickly enough for a one-visit 
procedure and do not discolor the tooth. These materials are 
now considered superior to calcium hydroxide as the capping 
agent for traumatic pulp exposures.

Treatment Methods
Pulp Capping
Pulp capping implies placing the dressing directly on the pulp 
exposure without any removal of the soft tissue.24

Indications
There are few indications for pulp capping when traumatic 
pulp exposures are treated. The success rate of this procedure 

bacteria,134 the pulp will heal with a hard tissue barrier 
(Fig. 20-10).133,134 Hard-setting calcium hydroxide does 
not cause necrosis of the superficial layers of pulp; it has 
also been shown to initiate healing with a hard tissue 
barrier.150,159

The major disadvantage of calcium hydroxide is that it does 
not seal the fractured surface. Therefore, an additional material 
must be used to ensure that bacteria do not challenge the pulp, 
particularly during the critical healing phase.

Many materials, such as zinc oxide eugenol,25,162 tricalcium 
phosphate,84 and composite resin,24 have been proposed as 
medicaments for vital pulp therapy. None to this date have 
afforded the predictability of calcium hydroxide used in con-
junction with a well-sealed coronal restoration.60,102,139,151 In a 
dog study, for example, pulps capped directly with various 
adhesive agents showed moderate to severe inflammatory reac-
tions, with progressive extension of tissue necrosis with time 
and total absence of continuous hard tissue bridge forma-
tion.102 Application of a calcium hydroxide–based material was 
characterized by inflammatory cell infiltration, limited tissue 
necrosis, and partial to complete hard tissue bridging.102 In a 
similar study on human teeth in vivo, it was found that Scotch-
bond Multi-Purpose Plus (3M, St. Paul, MN) caused inflam-
matory changes when applied directly to exposed pulp tissue; 
however, direct capping with Dycal followed by sealing with 
Scotchbond Multi-Purpose Plus showed favorable results in 
pulp tissue.151

Currently, bioceramic materials are considered the pulp 
capping agents of choice.4 Mineral trioxide aggregate (MTA), 
a first-generation bioceramic material, has been shown to be a 
good pulp capping agent.62,116,118,174 It has a high pH, similar to 
that of calcium hydroxide, when unset156 and after setting 
creates an excellent bacteria-tight seal.157 It is also hard enough 
to act as a base for a final restoration.156 Yet MTA does not enjoy 
the same popularity as calcium hydroxide as a pulp capping 
agent in the treatment of traumatic exposures. There are 

FIG. 20-10 Hard tissue barrier after calcium hydroxide partial pulpotomy. A, Histologic appearance of replace-
ment odontoblasts and a hard tissue barrier. B, Clinical appearance of the barrier on removal of the coronal 
restoration 3 months after placement of the calcium hydroxide. C, Radiographic appearance of the hard tissue 
barrier. 

A B C
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anesthetic solution to a thick mix and carefully placed on the 
pulp stump. If the pulp size does not permit additional loss of 
pulp tissue, a commercial hard-setting calcium hydroxide can 
be used.150 The prepared cavity is filled with a material with the 
best chance of a bacteria-tight seal (zinc oxide eugenol or glass 
ionomer cement) to a level flush with the fractured surface. The 
material in the pulpal cavity and all exposed dentinal tubules 
are etched and restored with bonded composite resin. Alterna-
tively, after hemostasis has been obtained, the pulp can be 
capped with MTA, a wet cotton pellet can be placed on top of 
it, and the access can be temporized for the appropriate time. 
The cotton pellet needs to be removed as early as possible and 
the tooth then restored with composite restoration.

Follow-Up
The follow-up is the same as for pulp capping. Emphasis is 
placed on evidence of maintenance of responses to sensitivity 
tests and radiographic evidence of continued root development 
(Fig. 20-12).

Prognosis
This method affords many advantages over pulp capping. 
Superficial inflamed pulp is removed during preparation of the 
pulpal cavity. Calcium hydroxide disinfects dentin and pulp 
and removes additional pulpal inflammation. Most important, 
space is provided for a material that can achieve a bacteria-tight 
seal to allow pulpal healing with hard tissue under optimal 
conditions. Additionally, coronal pulp remains, which allows 
sensitivity testing to be carried out at the follow-up visits. The 
prognosis is extremely good (94% to 96%).49,70

Full Pulpotomy
Full pulpotomy involves removal of the entire coronal pulp to 
a level of the root orifices. This level of pulp amputation is 
chosen arbitrarily because of its anatomic convenience. Because 
inflamed pulp sometimes extends past the canal orifices into 
the root pulp, many mistakes are made that result in treatment 
of an inflamed rather than a noninflamed pulp.

Indications
Full pulpotomy is indicated when it is anticipated that the pulp 
is inflamed to the deeper levels of the coronal pulp. Traumatic 
exposures after more than 72 hours and carious exposure of a 
young tooth with a partially developed apex are two examples 
of cases in which this treatment may be indicated. Because of 
the likelihood that the dressing will be placed on an inflamed 
pulp, full pulpotomy is contraindicated in mature teeth.  
In the immature tooth, benefits outweigh risks for this treat-
ment form only with incompletely formed apices and thin 
dentinal walls.

Technique
The procedure begins with administration of an anesthetic, 
rubber dam placement, and superficial disinfection, as for pulp 
capping and partial pulpotomy. The coronal pulp is removed 
as in partial pulpotomy, but to the level of the root orifices. A 
calcium hydroxide dressing, a bacteria-tight seal, and a coronal 
restoration are carried out as for partial pulpotomy.

Follow-Up
Follow-up is the same as for pulp capping and partial pul-
potomy. A major disadvantage of this treatment method is that 

(80%),69,125 compared to partial pulpotomy (95%),49 indicates 
that a superficial pulp cap should not be considered after trau-
matic pulp exposures. The lower success rate is not difficult to 
understand because superficial inflammation develops soon 
after the traumatic exposure. If the treatment is at the superfi-
cial level, a number of inflamed (rather than healthy) pulps 
will be treated, lowering the potential for success. In addition, 
a bacteria-tight coronal seal is much more difficult to attain  
in superficial pulp capping because there is no depth to the 
cavity to aid in creating the seal, as there is with a partial 
pulpotomy.

It must be acknowledged that the studies suggesting that an 
inflamed pulp is contraindicated for an attempt at pulp capping 
were performed in the 1970s with amalgam as the standard 
coronal restoration. If we consider that amalgam leaks and 
calcium hydroxide washes out in the presence of moisture as 
the reasons for the poor results, then it may be poor coronal 
seal, rather than the inflamed pulp, that leads to the failure in 
these cases. More recent studies suggest that with the bio-
ceramic as the pulp cap, the inflamed pulp is not the impedi-
ment as previously thought, but rather that the seal seems to 
be the major factor for success. Thus this material used as a 
base in these situations may give us more leeway for capping 
the inflamed pulp.

However in a situation of a traumatic pulp exposure of a 
tooth (injuries in which most patients are young [large 
pulps]), the patient typically presents for treatment within 48 
hours because of sensitivity and aesthetic concerns. There-
fore, the pulpal inflammation is usually only superficial. In 
these cases, we still feel it is prudent to remove the superficial 
layer of inflammation and place a bioceramic agent for pulp 
capping.

Partial Pulpotomy
Partial pulpotomy implies the removal of coronal pulp tissue 
to the level of healthy pulp. Knowledge of the reaction of the 
pulp after a traumatic injury makes it possible to accurately 
determine this level. This procedure is commonly called the 
Cvek pulpotomy.

Indications
As for pulp capping.

Technique
Administration of an anesthetic (possibly without a vasocon-
strictor), rubber dam placement, and superficial disinfection 
are performed. A 1- to 2-mm deep cavity is prepared into the 
pulp, using a high-speed handpiece with a sterile diamond bur 
of appropriate size and copious water coolant (Fig. 20-11).77 
A slow-speed bur or spoon excavator should be avoided. If 
bleeding is excessive, the pulp is amputated deeper until only 
moderate hemorrhage is seen. Excess blood is carefully 
removed by rinsing with sterile saline, and the area is dried 
with a sterile cotton pellet. Use of 5% sodium hypochlorite 
(NaOCl; bleach) has been recommended to rinse the pulpal 
wound.46 The bleach causes chemical amputation of the blood 
coagulum; removes damaged pulp cells, dentin chips, and 
other debris; and provides hemorrhage control with minimal 
damage to the “normal” pulp tissue underneath.

Care must be taken not to allow a blood clot to develop 
because this would compromise the prognosis.49,133 A thin layer 
of pure calcium hydroxide is mixed with sterile saline or 
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treatment of the inflamed pulp. Consequently the prognosis, 
which is in the range of 75%, is poorer than for partial pul-
potomy.74 Because of the inability to evaluate pulp status after 
full pulpotomy, some authors have recommended pulpectomy 
routinely after the roots have fully formed (Fig. 20-13). This 
philosophy is based on the pulpectomy procedure having a 
success rate in the range of 95%, whereas if apical periodontitis 
develops, the prognosis of root canal treatment drops signifi-
cantly to about 80%.136,142

sensitivity testing is not possible, owing to the loss of coronal 
pulp, so radiographic follow-up is extremely important to 
assess for signs of apical periodontitis and to ensure the con-
tinuation of root formation.

Prognosis
Because cervical pulpotomy is performed on pulps that are 
expected to have deep inflammation and the site of pulp ampu-
tation is arbitrary, many more mistakes are made that lead to 

FIG. 20-11 Cvek partial pulpotomy. A, The fractured teeth are cleaned and disinfected; a rubber dam is placed. 
B, Cavities are prepared at high speed with a round diamond bur 1 to 2 mm into the pulpal tissue. C, Calcium 
hydroxide on a plugger (D) is placed on the soft tissue of the pulp. E, Care is taken to avoid smearing the walls 
of the preparation with the calcium hydroxide. F, Cavity preparations are filled with glass ionomer cement. The 
exposed dentin is etched (G) and then covered with composite resin (H). I, Radiograph 6 months later shows 
formation of hard tissue barriers in both teeth. (Courtesy Dr. Alessandra Ritter, Chapel Hill, NC.)

A B

C D

E F

G H I

http://dentalebooks.com



 CHAPTER 20 The Role of Endodontics After Dental Traumatic Injuries 769

techniques cannot create an apical stop to facilitate effective 
root canal filling.

Biologic Consequences
A nonvital immature tooth presents a number of difficulties for 
adequate endodontic treatment. The canal is often wider api-
cally than coronally, necessitating the use of a filling technique 
with softened filling material to mold it to the shape of the 
apical part of the canal. Because the apex is extremely wide, 
no barrier exists to stop this softened material from moving 
into and traumatizing the apical periodontal tissues. Also, the 
lack of apical stop and extrusion of material through the canal 
might result in a canal that is underfilled and susceptible to 
leakage. An additional problem in immature teeth with thin 
dentinal walls is their susceptibility to fracture, both during 
and after treatment.50

Pulpectomy
Pulpectomy implies removal of the entire pulp to the level of 
the apical foramen.

Indications
Pulpectomy is indicated in a complicated crown fracture of 
mature teeth if conditions are not ideal for vital pulp therapy 
or if it is foreseeable that restoring the tooth would require 
placement of a post. This procedure is no different from root 
canal treatment of a vital nontraumatized tooth.

Treatment of the Nonvital Pulp
Immature Tooth: Apexification
Indications
Apexification should be performed in teeth with open apices 
and thin dentinal walls in which standard instrumentation 

FIG. 20-12 Continued root development after partial pulpotomy. A, Radiograph of immature tooth with a 
complicated crown fracture. B, At the time of placement of calcium hydroxide after partial pulpotomy. C, Follow-up 
radiograph confirming that the pulp maintained vitality and the root continued to develop. 

A B C

FIG. 20-13 Successful pulpotomy followed by a pulpectomy at 18 months. (Courtesy Dr. Leif Tronstad, Oslo, 
Norway.)

0 6 m 18 m 18 m
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calcium hydroxide is meticulously removed from the access 
cavity to the level of the root orifices, and a well-sealing, tem-
porary filling is placed in the access cavity. A radiograph is 
taken; the canal should appear to have become calcified, indi-
cating that the entire canal has been filled with the calcium 
hydroxide (Fig. 20-16). Because calcium hydroxide washout is 
evaluated by its relative radiodensity in the canal, it is prudent 
to use a calcium hydroxide mixture without the addition of a 
radiopaquer, such as barium sulfate. These additives do not 
wash out as readily as calcium hydroxide, so if they are present 
in the canal, evaluation of washout is impossible.

At 3-month intervals, a radiograph is exposed to evaluate 
whether a hard tissue barrier has formed and if the calcium 
hydroxide has washed out of the canal. This is assessed to have 
occurred if the canal can be seen again radiographically. If no 
washout is evident, the calcium hydroxide can be left intact 
for another 3 months. Excessive calcium hydroxide dressing 
changes should be avoided if at all possible because the initial 
toxicity of the material is thought to delay healing.104

When completion of a hard tissue barrier is suspected, the 
calcium hydroxide should be washed out of the canal with 
NaOCl. A file of a size that can easily reach the apex can be 
used to gently probe for a stop at the apex. When a hard tissue 
barrier is indicated radiographically and can be probed with 
an instrument, the canal is ready for filling.

Bioceramic Barrier
The creation of a physiologic hard tissue barrier, although 
quite predictable, takes anywhere from 3 to 18 months with 
calcium hydroxide. The disadvantages of this long time period 
are that the patient is required to present for treatment multiple 
times and the tooth may fracture during treatment before the 
thin, weak roots can be strengthened. In addition, one study 
has indicated that long-term treatment with calcium hydroxide 
may weaken the roots and make them even more susceptible 
to fracture.19

Bioceramic material has been used to create a hard tissue 
barrier quickly after disinfection of the canal (see earlier in the 
section Traditional Method) (Fig. 20-17). Calcium sulfate is 
pushed through the apex to provide a resorbable extraradicular 
barrier against which to pack the bioceramic material. The 
material is mixed and placed into the apical 3 to 4 mm of the 
canal in a manner similar to the placement of calcium hydrox-
ide. A wet cotton pellet should be placed against the bio-
ceramic material and left for at least 6 hours. After the material 

These problems are overcome by stimulating the formation 
of a hard tissue barrier to allow for optimal filling of the canal 
and by reinforcing the weakened root against fracture, both 
during and after apexification.101,154

Technique
Disinfection of the Canal
In most cases nonvital teeth are infected,29,138 so the first phase 
of treatment is to disinfect the root canal system to ensure 
periapical healing.39,53 The canal length is estimated with a 
parallel preoperative radiograph, and after access to the canals 
has been prepared, a file is placed to this estimated length. 
When the length has been confirmed radiographically, very 
light filing (because of the thin dentinal walls) is performed 
with copious irrigation with 0.5% NaOCl.54,147 A lower strength 
of NaOCl is used because of the increased danger of placing 
the agent through the apex in immature teeth. The increased 
volume of irrigant used compensates for this lower concentra-
tion of NaOCl. An irrigation needle that can passively reach 
close to the apical length is useful in disinfecting the canals of 
these immature teeth. The canal is dried with paper points and 
a creamy mix of calcium hydroxide (toothpaste thickness) 
spun into the canal with a Lentulo spiral instrument (Fig. 
20-14). Additional disinfecting action of calcium hydroxide is 
effective after its application for at least 1 week,141 so continu-
ation of treatment can take place any time after 1 week. Further 
treatment should not be delayed more than 1 month because 
the calcium hydroxide could be washed out by tissue fluids 
through the open apex, leaving the canal susceptible to 
reinfection.

Hard Tissue Apical Barrier
Traditional Method
Formation of the hard tissue barrier at the apex requires a 
similar environment to that required for hard tissue formation 
in vital pulp therapy: a mild inflammatory stimulus to initiate 
healing and a bacteria-free environment to ensure that inflam-
mation is not progressive.

As with vital pulp therapy, calcium hydroxide is used for 
this procedure.50,83,85 Pure calcium hydroxide powder is mixed 
with sterile saline (or anesthetic solution) to a thick (powdery) 
consistency (Fig. 20-15). The calcium hydroxide is packed 
against the apical soft tissue with a plugger or thick point to 
initiate hard tissue formation. This step is followed by backfill-
ing with calcium hydroxide to completely fill the canal. The 

FIG. 20-14 Creamy mix of calcium hydroxide on a Lentulo spiral instrument 
ready for placement into the canal. 

FIG. 20-15 Thick mix of calcium hydroxide. 
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FIG. 20-16 A and B, Root canal that “disappears” after placement of a thick mix of pure calcium hydroxide 
and then over time washes out again. (Courtesy Dr. Cecilia Bourguignon, Paris, France.)

BA

FIG. 20-17 Apexification with mineral trioxide aggregate (MTA). A, The canal is disinfected with light instru-
mentation, copious irrigation, and a creamy mix of calcium hydroxide for 1 month. B, Calcium sulfate is placed 
through the apex as a barrier against which the MTA is placed. C, A 4-mm MTA plug is placed at the apex. 
D, The body of the canal is filled with the Resilon obturation system. E, A bonded resin is placed below the 
cementoenamel junction (CEJ) to strengthen the root. (Courtesy Dr. Marga Ree. Purmerend, Netherlands)

A B D EC

has fully set, the entire canal is filled with a root-filling mate-
rial. The cervical canal is then reinforced with composite  
resin to below the marginal bone level (described later) (see 
Fig. 20-17).

A number of case reports have been published using this 
apical barrier technique,75,87,109 and it has steadily gained popu-
larity with clinicians. Presently, no prospective long-term 
outcome study is available comparing its success rate with that 
of the traditional calcium hydroxide technique.

Filling the Root Canal
Because the apical diameter is larger than the coronal diameter 
of most of these canals, a softened filling technique is indicated 
in these teeth (see Chapter 7). Care must be taken to avoid 
excessive lateral force during filling, owing to the thin walls of 

the root. If the hard tissue barrier was produced by long-term 
calcium hydroxide therapy, it consists of irregularly arranged 
layers of coagulated soft tissue, calcified tissue, and cementum-
like tissue (Fig. 20-18). Included also are islands of soft con-
nective tissue, giving the barrier a “Swiss cheese” consistency.33,48 
Because of the irregular nature of the barrier, it is not unusual 
for cement or softened filling material to be pushed through it 
into the apical tissues during filling (Fig. 20-19). Formation of 
the hard tissue barrier might be some distance short of the 
radiographic apex because the barrier forms wherever the 
calcium hydroxide contacts vital tissue. In teeth with wide, 
open apices, vital tissue can survive and proliferate from the 
periodontal ligament a few millimeters into the root canal. 
Filling should be completed to the level of the hard tissue 
barrier and not forced toward the radiographic apex.
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Reinforcement of Thin Dentinal Walls
The apexification procedure has become a predictably success-
ful procedure (see the section Prognosis),68 but thin dentinal 
walls still present a clinical problem. Should secondary injuries 
occur, teeth with thin dentinal walls are more susceptible to 
fractures that render them unrestorable.56,158 It has been 
reported that approximately 30% of these teeth will fracture 
during or after endodontic treatment.101 Consequently, some 
clinicians have questioned the advisability of the apexification 
procedure and have opted for more radical treatment proce-
dures, including extraction followed by extensive restorative 
procedures, such as dental implants. Studies have shown that 
intracoronal bonded restorations can internally strengthen 
endodontically treated teeth and increase their resistance to 
fracture.76,99 Thus, after root filling, the material should be 
removed to below the marginal bone level and a bonded resin 
filling placed (see Fig. 20-17).

Follow-Up
Routine recall evaluation should be performed to determine 
success in the prevention or treatment of apical periodontitis. 

FIG. 20-18 Histologic appearance of hard tissue barrier after calcium 
hydroxide apexification. The barrier is composed of cementum and bone with 
soft tissue inclusions. 

FIG. 20-19 Root filing with a soft technique after calcium hydroxide apexi-
fication. Sealer and softened filling material is expressed through the “Swiss 
cheese” holes in the barrier. 

Restorative procedures should be assessed to ensure that they 
in no way promote root fractures.

Prognosis
Periapical healing and the formation of a hard tissue barrier 
occur predictably with long-term calcium hydroxide treatment 
(79% to 96%).50,101 However, long-term survival is jeopardized 
by the fracture potential of the thin dentinal walls of these 
teeth. It is expected that the newer techniques of internally 
strengthening the teeth described earlier will increase their 
long-term survivability.

Pulp Revitalization
Revitalization of a necrotic pulp has been considered possible 
only after avulsion of an immature permanent tooth that was 
reimplanted within 40 minutes (discussed later). The advan-
tages of pulp revascularization lie in the possibility of further 
root development and reinforcement of dentinal walls by depo-
sition of hard tissue, thus strengthening the root against frac-
ture (see also Chapter 10). After reimplantation of an avulsed 
immature tooth, a unique set of circumstances exists that 
allows regeneration to take place. The young tooth has an open 
apex and is short, which allows new tissue to grow into the 
pulp space relatively quickly. The pulp is necrotic but usually 
neither degenerated nor infected, so it acts as a matrix into 
which the new tissue can grow. It has been experimentally 
shown that the apical part of a pulp may remain vital and after 
reimplantation proliferate coronally, replacing the necrotized 
portion of the pulp.26,117,145 Because in most cases the crown of 
the tooth is intact and caries free, bacterial penetration into the 
pulp space through cracks106 and defects will be a slow process. 
The race between new tissue growth and infection of the pulp 
space favors the new tissue.

Regeneration of pulp tissue in a necrotic infected tooth with 
apical periodontitis was thought to be impossible until about 
a decade ago.114 However, if it is possible to create an environ-
ment similar to that described for the avulsed tooth, regenera-
tion will probably occur. If the canal is effectively disinfected, 
a matrix into which new tissue can grow is provided, and 
coronal access is effectively sealed. Regeneration should occur 
as in an avulsed immature tooth.

Banchs and Trope25 wrote one of the first case reports that 
suggest it may be possible to replicate the unique circum-
stances of an avulsed tooth. The case (Fig. 20-20) described 
the treatment of an immature second mandibular premolar that 
had radiographic and clinical signs of apical periodontitis, 
along with a sinus tract. The canal was disinfected without 
mechanical instrumentation but with copious irrigation with 
5.25% NaOCl, followed by placement of an intracanal mixture 
of antibiotics consisting of equal amounts of ciprofloxacin, 
metronidazole, and minocycline for 3 weeks.89

The antibiotic mixture was rinsed out after 3 weeks, and a 
blood clot was produced to the level of the cementoenamel 
junction to provide a matrix for ingrowth of new tissue;  
this was followed by a deep coronal restoration to provide  
a bacteria-tight seal. Clinical and radiographic evidence of 
healing appeared as early as 22 days; the large radiolucency 
had disappeared within 2 months; and at the 24-month recall, 
it was obvious that the root walls were thick and development 
of the root below the restoration was similar to that of the 
adjacent and contralateral teeth. More recently, published cases 
and case series reports have further supported that it is possible 
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The procedure described here can be attempted in  
most cases, and if after 3 months there are no signs of  
regeneration, the more traditional treatment methods can be 
initiated.

Mature Tooth
Conventional endodontic therapy is recommended for mature 
teeth with closed apex.

CROWN-ROOT FRACTURE
Crown-root fracture is a periodontal rather than an endodontic 
challenge. The tooth must be treated periodontally to enable a 
well-sealed coronal restoration. This could be accomplished by 
simple gingivectomy if the extent of the root component of the 
fracture is large. Alternatively, the tooth could be orthodonti-
cally or surgically extruded such that the exposed surface of 
the root fracture is treatable. Once the feasibility of the coronal 

to have ingrowths of tissue followed by new apposition of 
dentin and continuation of root formation.96,155 Studies have 
also confirmed the potent antibacterial properties of the tri-
antibiotic paste used in these cases.

There has been an explosion of studies in the last few years 
aimed at making the procedure more predictable both in 
healing of apical periodontitis and in promoting pulp and not 
nonspecific connective tissue (see Chapter 10).

The minocycline in the triantibiotic paste causes unaccept-
able discoloration of the teeth; this has led to many studies on 
eliminating or replacing this antibiotic in the paste, or elimi-
nating the tripaste. Studies are underway to find a synthetic 
matrix that can act as a more predictable scaffold for new 
ingrowth of tissue than the blood clot that was used in these 
examples.155,173

Studies are also underway on stem cells and growth factors 
aimed at a more predictable production of odontoblasts and 
thus pulp cells.

FIG. 20-20 A, Preoperative radiograph showing an immature root with periradicular periodontitis and a traced 
sinus tract to the apex of the root. B, Radiographic checkup 7 months after treatment that included application 
of a mixture of ciprofloxacin, metronidazole, and minocycline. C, At 24-month checkup, showing continued root 
development both in length and width of the root. D, Histologic slide from Thibodeau et al.155 showing thickened 
root walls, apical development, and healing of apical periodontitis in a dog tooth where a periapical lesion had 
been created in an immature tooth. 
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way to accomplish reapproximation of the two segments is to 
release the coronal segment from the bone by gently pulling it 
slightly downward with finger pressure or extraction forceps 
and, once it is loose, rotating it back to its original position 
(Fig. 20-23). The traditionally recommended124 splinting pro-
tocol has been changed from 2 to 4 months with rigid splinting 
to a semirigid splint to adjacent teeth for 2 to 4 weeks.18 If a 
long time has elapsed between the injury and treatment, repo-
sitioning of the segments close to their original position prob-
ably will not be possible; this compromises the long-term 
prognosis for the tooth.

Healing Patterns
Investigators21 have described four types of responses to root 
fractures.

1. Healing with calcified tissue. Radiographically, the frac-
ture line is discernible, but the fragments are in close 
contact (Fig. 20-24, A).

2. Healing with interproximal connective tissue. Radiographi-
cally, the fragments appear separated by a narrow  
radiolucent line, and the fractured edges appear rounded 
(Fig. 20-24, B).

3. Healing with interproximal bone and connective tissue. 
Radiographically, the fragments are separated by a dis-
tinct bony ridge (Fig. 20-24, C).

4. Interproximal inflammatory tissue without healing. Radio-
graphically, a widening of the fracture line and/or a 
developing radiolucency corresponding to the fracture 
line becomes apparent (Fig. 20-24, D).

The first three healing patterns are considered successful. 
The teeth are usually asymptomatic and respond positively to 
sensitivity testing. Coronal yellowing is possible because  
calcific metamorphosis of the coronal segment is not unusual 
(see Fig. 20-29).94,177

The fourth type of root fracture response is typical when 
the coronal segment loses its vitality. The infective products in 
the coronal pulp cause an inflammatory response and typical 
radiolucencies at the fracture line (see Fig. 20-24, D).21

Treatment of Complications
Coronal Root Fractures
Historically it had been thought that fractures in the cervical 
segment had a poor prognosis, and extraction of the coronal 
segment was recommended. Research does not support this 
treatment; in fact, if these coronal segments are adequately 
splinted, chances of healing do not differ from those for 
midroot or apical fractures (Fig. 20-25).177 However, if the 
fracture occurs at the level of or coronal to the crest of the 
alveolar bone, the prognosis is extremely poor.

If reapproximation of the fractured segments is not possible, 
extraction of the coronal segment is indicated. The level of 
fracture and length of the remaining root are evaluated for 
restorability. If the apical root segment is long enough, gentle 
orthodontic eruption of this segment can be carried out to 
enable fabrication of a restoration.

Midroot and Apical Root Fractures
Permanent pulpal necrosis occurs in 25% of root fractures.48,93 
Initially it is likely that in many cases the pulp in the coronal 
segment will become necrotic after the injury; however, because 
of a very large apical opening in the coronal segment, revascu-
larization is possible if the segments are well reapproximated. 

restoration is assured, the particular crown fracture is treated 
as previously described.

ROOT FRACTURE
Root fracture implies fracture of the cementum, dentin, and 
pulp. These injuries are relatively infrequent, occurring in less 
than 3% of all dental injuries.177 Immature teeth with vital 
pulps rarely sustain horizontal root fractures.7 When a root 
fractures horizontally, the coronal segment is displaced to a 
varying degree, but generally the apical segment is not dis-
placed. Because the apical pulpal circulation is not disrupted, 
pulp necrosis in the apical segment is extremely rare. Perma-
nent pulpal necrosis of the coronal segment, requiring end-
odontic treatment, occurs in about 25% of cases.8,9,93

Diagnosis and Clinical Presentation
The clinical presentation of a root fracture is similar to that of 
luxation injuries. The extent of displacement of the coronal 
segment is usually indicative of the location of the fracture and 
can vary from none, simulating a concussion injury (apical 
fracture), to severe, simulating an extrusive luxation (cervical 
fracture).

Radiographic examination for root fractures is extremely 
important. Because root fractures are usually oblique (facial to 
palatal) (Fig. 20-21), one periapical radiograph may easily miss 
it. It is imperative to take at least three angled radiographs (45°, 
90°, and 110°) so that at least at one angulation, the x-ray beam 
passes directly through the fracture line to make it visible on 
the radiograph (Fig. 20-22).

Treatment
Emergency treatment involves repositioning the segments into 
close proximity as much as possible. In the case of severe dis-
placement of the coronal segment, its apical extension is fre-
quently lodged in (if not perforating through) the cortical bone 
facial to the tooth. Forcing the crown facially is not possible, 
and the two segments will not be properly aligned. The only 

FIG. 20-21 Extracted root after a root fracture. Note the oblique angle of 
the fracture. 
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FIG. 20-22 Radiographs showing the importance of dif-
ferent vertical angulations for diagnosis of root fracture. All 
three radiographs were taken within minutes of each other. 

FIG. 20-23 Figure of facial root fracture manipulated back into place. 

In most cases, permanent necrosis occurs in the coronal 
segment, with only the apical segment remaining vital. There-
fore, endodontic treatment is indicated in the coronal root 
segment unless periapical pathology is seen in the apical 
segment. In most cases the pulpal lumen is wide at the apical 
extent of the coronal segment, and long-term calcium hydrox-
ide treatment or an MTA apical plug is indicated (see the 
section Apexification). The coronal segment is filled after a 
hard tissue barrier has formed apically in the coronal segment 
and periradicular healing has taken place.

In rare cases in which both the coronal and apical pulp  
are necrotic, treatment is more complicated. Endodontic treat-
ment through the fracture is extremely difficult. Endodontic 
manipulations, medicaments, and filling materials all have a 
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FIG. 20-24 Healing patterns after horizontal root fractures. A, Healing with 
calcified tissue. B, Healing with interproximal connective tissue. C, Healing 
with bone and connective tissue. D, Interproximal connective tissue without 
healing. 
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FIG. 20-25 Internal root resorption in the root fracture area; tooth was diagnosed with compound midroot 
fracture. A, Coronal portion was repositioned and then splinted to the lateral incisor with a composite splint. 
B, At 6-month recall, the pulp responded normally to cold, but an internal root-resorptive defect was noted on 
radiograph. No treatment was indicated, because the pulp did respond normally to vitality tests. C, At 42-month 
recall, the tooth was still asymptomatic, and the pulp still responded to vitality tests. The resorptive defect had 
healed, and signs of dystrophic calcifications were evident in the apical and coronal segments. 

A B C
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the pulp might be unresponsive to vitality tests for several 
weeks if not months.144 When the pulp is unresponsive initially 
after the trauma, patients should be recalled on a regular basis 
and monitored for any additional signs of infection of the root 
canal (discussed later).

Teeth with lateral and extrusive luxation should be reposi-
tioned as soon as possible. In lateral luxation, the apex might 
be perforating the facial bone plate, and the tooth must be 
slightly and gently pulled down to loosen the hold before it is 
repositioned in its original position. Current IADT guidelines 
call for 2 weeks of physiologic splinting in cases of extrusion 
luxation and 4 weeks for lateral luxation. A decision on root 
canal therapy follows the guidelines for avulsion (discussed 
later). If the tooth has a fully formed apex and was diagnosed 
to have moved into (if not through) the cortical plate (apical 
translocation), there is a good likelihood of the pulp being 
devitalized; therefore, endodontic treatment should be initi-
ated as early as 2 weeks after the injury. If the apex is still not 
fully formed, waiting for signs of revascularization is strongly 
recommended.

Permanent teeth that are intruded are not likely to sponta-
neously re-erupt, especially if the apex is fully formed.100 Alter-
native treatment, such as orthodontic extrusion or immediate 
surgical repositioning, should be considered. If orthodontic 
extrusion is planned for an intruded tooth, it should be initi-
ated as soon as possible and should not be delayed longer than 
2 to 3 weeks after the trauma. Only a few studies have evalu-
ated the true efficacy of this approach. One study168 using a 
dog model indicated that severely intruded teeth showed signs 
of ankylosis as early as 11 to 13 days after the trauma, despite 
initiation of orthodontic movement 5 to 7 days after the injury.

For the surgical approach, one study47 (using a dog model) 
concluded that “a careful immediate surgical repositioning of 
a severely intruded permanent tooth with complete root forma-
tion has many advantages with few disadvantages.” Another 
investigation,58 a retrospective study of 58 intruded human 
teeth, indicated that surgical repositioning resulted in a pre-
dictable outcome, with only five of the teeth lost over the 
observation period. However, it was also observed that less 
surgical manipulation positively influenced the healing. If an 
intruded tooth is immediately reimplanted, it should be 
splinted for at least 4 weeks, but in most cases the splint needs 
to be left on the tooth longer.

Biologic Consequences
Luxation injuries result in damage to the attachment apparatus 
(periodontal ligament and cemental layer), the severity of 
which depends on the type of injury sustained (concussion 
least, intrusion most). The apical neurovascular supply to the 
pulp is also affected to varying degrees, resulting in an altered 
or nonvital tooth.

Healing can be favorable or unfavorable. Favorable healing 
after a luxation injury occurs if the initial physical damage to 
the root surface and the resultant inflammatory response to the 
damaged external root surface are again covered with cemen-
tum. An unfavorable response occurs when there is direct 
attachment of bone to the root, with the root ultimately being 
replaced by bone.

There are two resorption responses in which the pulp plays 
an essential role:

1. In external inflammatory root resorption, the necrotic 
infected pulp provides the stimulus for periodontal 

detrimental effect on healing of the fracture site. If healing of 
the fracture has been completed and is followed by necrosis of 
the apical segment, the prognosis is much improved.

In more apical root fractures, necrotic apical segments can 
be surgically removed. This is a viable treatment if the remain-
ing coronal root segment is long enough to provide adequate 
periodontal support. Removal of the apical segment in midroot 
fractures leaves the coronal segment with a compromised 
attachment; endodontic implants have been used to provide 
additional support to the tooth.

Follow-Up
After the splinting period is completed, follow-up is as for all 
dental traumatic injuries: at 3, 6, and 12 months and yearly 
thereafter.

Prognosis
The following factors influence repair:

1. The degree of dislocation and mobility of the coronal 
fragment are extremely important in determining 
outcome.7,17,94,148,177 Increased dislocation and coronal 
fragment mobility result in a poorer prognosis.

2. Immature teeth are seldom involved in root fractures, 
but in the unlikely event they are, the prognosis is 
good.17,92

3. The quality of treatment is vital to successful repair. The 
prognosis improves with quick treatment, close reduc-
tion of the root segments, and semirigid splinting for 2 
to 4 weeks.18

Complications include pulp necrosis and root canal  
obliteration. Pulp necrosis can be treated successfully48,93 
by treating the coronal segment with calcium hydroxide  
to stimulate hard tissue barrier formation. Root canal obliter-
ation is common if the root segment (coronal or apical) remains 
vital.

LUXATION INJURIES

Definitions
The types of luxation injury can be defined as follows:

1. Concussion implies no displacement, normal mobility, 
and sensitivity to percussion.

2. Subluxation implies sensitivity to percussion, increased 
mobility, and no displacement.

3. Lateral luxation implies displacement labially, lingually, 
distally, or incisally.

4. Extrusive luxation implies displacement in a coronal 
direction.

5. Intrusive luxation implies displacement in an apical direc-
tion into the alveolus.

Definitions 1 through 5 describe injuries of increasing mag-
nitude in terms of intensity of the injury and subsequent 
sequelae.

Incidence
Luxation injuries as a group are the most common of all dental 
injuries, with a reported incidence ranging from 30% to 44%.55

Treatment
Teeth that are concussed or subluxated do not need any imme-
diate treatment. Responses to vitality tests should be investi-
gated and noted. Even after mild injury, such as subluxation, 
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radiograph is taken at a specific angle. It is important to avoid 
misinterpreting these cases as progressive. The pulp is not 
involved. If the pulp responds to sensitivity tests, this is a clue 
that no treatment should be performed. A wait-and-see attitude 
can allow spontaneous healing to take place. It is important to 
realize that in the initial stages, radiolucency could be followed 
by spontaneous repair, and endodontic treatment should not 
be initiated.

Diffuse Injury: Healing by Osseous Replacement
When the traumatic injury is severe (e.g., intrusive luxation or 
avulsion with extended dry time), involving diffuse damage on 
more than 20% of the root surface, an abnormal attachment 
can occur after healing takes place.105 The initial reaction, as 
always, is inflammation in response to the severe mechanical 
damage to the root surface. After the initial inflammatory 
response, a diffuse area of root surface devoid of cementum 
results. Cells in the vicinity of the denuded root now compete 
to repopulate it. Often cells that are precursors of bone, rather 
than the slower-moving periodontal ligament cells, move 
across from the socket wall and populate the damaged root. 
Bone comes into contact with the root without an intermediate 
attachment apparatus. This phenomenon is termed dentoalveo-
lar ankylosis.105 However, the ankylosis and osseous replace-
ment that follows cannot be reversed and can be considered a 
physiologic process because bone resorbs and reforms through-
out life. Thus root is resorbed by osteoclasts, but in the  
reforming stage, bone is laid down instead of dentin, slowly 
replacing the root with bone. This process is termed osseous 
replacement (Fig. 20-27).164 The initial inflammation to remove 
the mechanical debris of the traumatic injury is a pathologic 
response that in the authors’ opinion may be reversed. In these 
traumatic cases, however, the resorptive phase includes the 
root (Fig. 20-28).

inflammation in the ligament space. If the cementum has 
been damaged, the inflammatory stimulators in the pulp 
space are able to diffuse through the dentinal tubules and 
stimulate an inflammatory response over large areas of 
the periodontal ligament. Because of the lack of cemental 
protection, the periodontal inflammation includes root 
resorption in addition to the expected bone resorption.

2. With internal inflammatory root resorption, the inflamed 
pulp is the tissue involved in resorbing the root struc-
ture. The pathogenesis of internal root resorption is not 
completely understood. Here it is thought that coronal 
necrotic infected pulp provides a stimulus for a pulpal 
inflammation in the more apical parts of the remaining 
vital pulp.7 If the internal root surface has lost its prece-
mental protection during an injury, internal root resorp-
tion occurs in the area adjacent to the inflamed pulp. 
Thus, both the necrotic infected pulp and the inflamed 
pulp contribute to this type of root resorption.

External Root Resorption
Caused by an Injury (Alone) to the External  
Root Surface
If an injury harms the attachment, the by-products of this 
mechanical damage stimulate an inflammatory response. The 
healing response depends on the extent of the initial damage.

Localized Injury: Healing with Cementum
When the injury is localized (e.g., after concussion or sublux-
ation injury), mechanical damage to the cementum occurs, 
resulting in a local inflammatory response and a localized area 
of root resorption. If no further inflammatory stimulus is 
present, periodontal healing and root surface repair occur 
within 14 days (Fig. 20-26).78 The resorption is localized to 
the area of mechanical damage, and treatment is not required 
because it is free of symptoms and not even visualized radio-
graphically in most cases. In a minority of cases, however, 
small radiolucencies can be seen on the root surface if the 

FIG. 20-26 Histologic section showing previous root resorptive defect 
healed with new cementum and periodontal ligament. 

FIG. 20-27 Histologic appearance of osseous replacement. There is direct 
contact between bone and root structure. Resorptive defects are seen in the 
bone and root tissue, which is the normal physiologic process of bone turn-
over. The resorptive defects are filled by new bone and additional areas 
resorbed. In this way the entire root is replaced by bone at a rate dependent 
on the metabolic rate of the patient. 
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FIG. 20-28 Radiographic appearance of osseous replacement. The root 
acquires the radiographic appearance of the surrounding bone (without a 
lamina dura). Note that radiolucencies typical of active inflammation are not 
present. 

Treatment
Treatment strategies for limiting the effect of the traumatic 
injury to the periodontal structures are outside the scope of 
this chapter. However, in general they involve minimizing the 
initial inflammatory response to the injury. The initial inflam-
mation is destructive in nature and increases the surface area 
of root to be covered in the healing phase.20 The smaller the 
surface area to be covered by new cementum, the higher the 
chances of favorable repair.

A study has indicated that if Ledermix, a drug combining 
corticosteroid and tetracycline, is placed in the root canal 
immediately after a severe trauma in which osseous replace-
ment is expected, favorable healing occurs at a very high rate.38 
In a more recent study, it was shown that triamcinolone (the 
corticosteroid portion of the Ledermix paste) was as effective 
as Ledermix at inhibiting external root resorption.41 Both of 
these studies were done on young dogs and need to be repli-
cated in human studies.

Caused by an Injury to the External Root Surface and 
Inflammatory Stimulus in the Root Canal
Recognized inflammatory stimuli that cause root resorption are 
pressure, pulp space infection, and sulcular infection. This 
chapter focuses on pulp space infection.

Consequences of Apical Neurovascular  
Supply Damage
Pulp Canal Obliteration (Calcification)
Pulp canal obliteration is common after luxation injuries 
(Fig. 20-29). The frequency of pulp canal obliteration appears 
inversely proportional to pulp necrosis. The exact mechanism 
of pulp canal obliteration is unknown. It has been theorized 
that the sympathetic/parasympathetic control of blood flow to 
the odontoblasts is altered, resulting in uncontrolled reparative 
dentin.7,15 Another theory is that hemorrhage and blood clot 
formation in the pulp after injury form a nidus for subsequent 
calcification if the pulp remains vital.7,15 One study11 found that 
pulp canal obliteration could usually be diagnosed within the 
first year after injury and was more frequent in teeth with open 

FIG. 20-29 A, Pulp canal calcification after a luxation injury. Radiographic 
appearance of a calcified maxillary lateral incisor; note that despite calcifica-
tion, it has now become necrotic and infected, evident by the periapical lesion. 
B, The typical yellow appearance of the tooth caused by thickened dentin in 
the pulp chamber. 

A

B

apices (>0.7 mm radiographically), those with extrusive and 
lateral luxation injuries, and those that had been rigidly 
splinted.11

Pulp Necrosis
The factors most important for the development of pulp necro-
sis are the type of injury (concussion least, intrusion most) and 
the stage of root development (mature apex more than an 
immature apex).10 Pulp necrosis is most likely to lead to infec-
tion of the root canal system, with problematic consequences.

Pulp Space Infection
Pulp space infection in conjunction with damage to the exter-
nal root surface results in periradicular root and bone resorp-
tion and continues in its active state as long as the pulpal 
stimulus (infection) remains. When the root loses its cemental 
protection, lateral periodontitis with root resorption can result 
(Fig. 20-30).

To have pulp space infection, the pulp must first become 
necrotic. Necrosis occurs after a fairly serious injury in which 
displacement of the tooth results in severing of the apical blood 
vessels. In mature teeth, pulp regeneration cannot occur, and 
usually by 3 weeks, the necrotic pulp becomes infected. (For 
details of the typical bacterial contents of a traumatized necrotic 
pulp, the reader is referred to Chapter 14 or to Bergenholtz.29) 
Because a serious injury is required for pulp necrosis, areas  
of cemental covering of the root usually are also affected, 
resulting in loss of its protective (insulating) quality. Now 
bacterial toxins can pass through the dentinal tubules and 
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stimulate an inflammatory response in the periodontal liga-
ment. The result is resorption of the root and bone. The  
periodontal infiltrate consists of granulation tissue with lym-
phocytes, plasma cells, and polymorphonuclear leukocytes. 
Multinucleated giant cells resorb the denuded root surface, and 
this continues until the stimulus (pulp space bacteria) is 
removed (Fig. 20-31).160 Radiographically the resorption is 
observed as progressive radiolucent areas of the root and adja-
cent bone (see Fig. 20-30).

Treatment
Assessing attachment damage caused by the traumatic injury 
and minimizing the subsequent inflammation should be the 
focus of the emergency visit. The clinician’s attention to  
pulp space infection should ideally be 7 to 10 days after the 
injury.166,167 Root canal disinfection removes the stimulus to the 
periradicular inflammation, thus the resorption will stop.78,166,167 
In most cases a new attachment will form, but if a large area 
of root is affected, osseous replacement can result by the mech-
anism already described. Again, treatment principles include 
prevention of pulp space infection or elimination of the bacte-
ria if they are present in the pulp space.
1. Prevention of pulp space infection

a. Reestablish the vitality of the pulp. If the pulp stays vital, 
the canal will be free of bacteria, and external inflamma-
tory root resorption will not occur. In severe injuries  

FIG. 20-30 Inflammatory root resorption caused by a pulp space infection. 
Note the radiolucencies in the root and surrounding bone. (Courtesy Dr. Fred 
Barnett.)

FIG. 20-31 Histologic appearance of multinucleated osteoclasts (dentino-
clasts) resorbing the dentin of the root. 

in which vitality has been lost, it is possible under  
some circumstances to promote revascularization of the 
pulp. Revascularization is possible in young teeth with 
incompletely formed apices if the teeth are replaced in 
their original position within 60 minutes of the injury 
(Fig. 20-32).51 If the tooth has been avulsed, soaking it 
in doxycycline for 5 minutes or covering the root with 
minocycline powder before replantation has been shown 
to double or triple the revascularization rate.51,127 Even 
under the best conditions, however, revascularization 
fails to occur on many occasions, and a diagnostic 
dilemma results. If the pulp revascularizes, external root 
resorption will not occur, and the root will continue to 
develop and strengthen. If the pulp becomes necrotic 
and infected, the subsequent external inflammatory root 
resorption that develops could result in loss of the tooth 
in a very short time. At present, the diagnostic tools 
available cannot detect a vital pulp in this situation 
before approximately 6 months after successful revascu-
larization. This period of time is obviously unacceptable 
because by that time the teeth that have not revascular-
ized could be lost to the resorption process. Recently the 
laser Doppler flowmeter or the pulse oximeter have been 
shown to have diagnostic potential for the detection of 
revascularization in immature teeth (Fig. 20-33). These 
devices appear to detect the presence of vital tissue in 
the pulp space by 4 weeks after the traumatic injury.176

b. Prevent root canal infection by initiating root canal 
treatment at 7 to 10 days. In teeth with closed apices, 
revascularization cannot occur. These teeth should  
be endodontically treated within 7 to 10 days of the 
injury, before the ischemically necrosed pulp becomes 
infected.166,167 Theoretically, treating teeth within this 
time period can be considered equivalent to treating a 
tooth with a vital pulp, and the endodontic treatment 
could be completed in one visit if possible. However, 
efficient treatment is extremely difficult so soon after a 
serious traumatic injury, and in the authors’ opinion, it 
is beneficial to start the endodontic treatment with che-
momechanical preparation, after which an intracanal 

FIG. 20-32 Revascularization of immature root. A tooth with an open apex 
was replanted soon after the avulsion. The checkup radiograph 12 years later 
confirms that regrowth has taken place into the pulp chamber. It appears  
that a bone plug has grown in, and new periodontal ligament has formed, 
with a lamina dura within the pulp canal. (Courtesy Dr. Cecilia Bourguignon, 
Paris, France.)
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FIG. 20-33 Angled radiographs to show internal resorption. Radiographs from two different horizontal projec-
tions depict (A) the lesion within the confines of the root canal on both views and (B) the adjacent bone intact 
on both views. 
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dressing with a creamy mix of calcium hydroxide is 
placed (see Fig. 20-14).166 Then, the clinician can fill the 
canal at his or her convenience after periodontal healing 
of the injury is complete, approximately 1 month after 
the instrumentation visit. There appears to be no neces-
sity for long-term calcium hydroxide treatment in cases 
in which the endodontic treatment is started within 10 
days of the injury.166

2. Eliminate pulp space infection. When root canal treatment is 
initiated later than 10 days after the accident or if active 
external inflammatory resorption is observed, the preferred 
antibacterial protocol consists of microbial control followed 
by long-term dressing with densely packed calcium hydrox-
ide.167 Calcium hydroxide can effect an alkaline pH in the 
surrounding dentinal tubules (Fig. 20-34), kill bacteria, and 
neutralize endotoxin, a potent inflammatory stimulator.
The first visit consists of the microbial control phase, with 

cleaning and shaping of the canal and the placement of a 
creamy mix of calcium hydroxide using a Lentulo spiral. The 
patient is seen in approximately 1 month, at which time the 
canal is filled with a dense mix of calcium hydroxide. Once 
filled, the canal should appear radiographically to be calcified 
because the radiodensity of calcium hydroxide in the canal is 
usually similar to that of the surrounding dentin (see Fig. 
20-16). A radiograph is then exposed at 3-month intervals. At 
each visit the tooth is tested for symptoms of periodontitis. In 
addition to stopping the resorptive process, calcium hydroxide 
washout is assessed. Because the root surface is so radiodense 
as to make assessment of healing difficult, the adjacent bone 
healing is assessed. If adjacent bone has healed, it is assumed 
that the resorptive process has stopped in the root as well; then 
the canal can be obturated with the permanent root filling 
material (Fig. 20-35).

Internal Root Resorption
Internal root resorption is rare in permanent teeth. Internal 
resorption is characterized by an oval-shaped enlargement of 

FIG. 20-34 High pH of calcium hydroxide. The root was filled with calcium 
hydroxide and then cut in cross section. A pH indication shows the high  
pH in the canal and surrounding root, whereas the surrounding tissue is a 
neutral pH. 

the root canal space.16 External resorption, which is much 
more common, is often misdiagnosed as internal resorption.

Etiology
Internal root resorption is characterized by resorption of the 
internal aspect of the root by multinucleated giant cells adja-
cent to the granulation tissue in the pulp (Fig. 20-36). Chronic 
inflammatory tissue is common in the pulp, but only rarely 
does it result in resorption. There are different theories on the 
origin of the pulpal granulation tissue involved in internal 
resorption. The most logical explanation is that it is inflamed 
pulp tissue caused by an infected coronal pulp space. Com-
munication between the coronal necrotic tissue and the vital 
pulp is through appropriately oriented dentinal tubules (see 
Fig. 20-36).170 One investigator170 reports that resorption of the 
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Clinical Manifestations
Internal root resorption is usually asymptomatic and is first 
recognized clinically through routine radiographs. For internal 
resorption to be active, at least part of the pulp must be vital. 
The coronal portion of the pulp is often necrotic, whereas the 
apical pulp that includes the internal resorptive defect can 
remain vital. Therefore, a negative sensitivity test result does 
not rule out active internal resorption. It is also possible that 
the pulp becomes nonvital after a period of active resorption, 
giving a negative sensitivity test, radiographic signs of internal 
resorption, and radiographic signs of apical inflammation. Tra-
ditionally, the pink tooth has been thought pathognomonic of 
internal root resorption. The pink color is due to the granula-
tion tissue in the coronal dentin undermining the crown 
enamel. The pink tooth can also be a feature of subepithelial 
external inflammatory root resorption, which must be ruled 
out before a diagnosis of internal root resorption is made.

Radiographic Appearance
The usual radiographic presentation of internal root resorption 
is a fairly uniform radiolucent enlargement of the pulp canal 
(Fig. 20-37). Because the resorption is initiated in the root 
canal, the resorptive defect includes some part of the root canal 
space, so the original outline of the root canal is distorted.

Histologic Appearance
Like that of other inflammatory resorptive defects, the histo-
logic picture of internal resorption is granulation tissue with 
multinucleated giant cells (see Fig. 20-35). An area of necrotic 
pulp is found coronal to the granulation tissue. Dentinal 
tubules containing microorganisms and communicating 
between the necrotic zone and the granulation tissue can 
sometimes be seen (see Fig. 20-36).140,160,167,170 Unlike external 
root resorption, the adjacent bone is not affected with internal 
root resorption.

Treatment
Treatment of internal root resorption is conceptually very easy. 
Because the resorptive defect is the result of the inflamed pulp 
and the blood supply to the tissue is through the apical 

FIG. 20-36 Histologic appearance of internal root resorption. A, Section 
stained with Brown and Brenn. Bacteria are seen (in the dentinal tubules) 
communicating between the necrotic coronal segment and the apical granu-
lomatous tissue and resorbing cells. B, An area of active internal root resorp-
tion. (Courtesy Dr. Leif Tronstad, Oslo, Norway.)
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dentin is frequently associated with deposition of hard tissue 
resembling bone or cementum and not dentin. He postulates 
that the resorbing tissue is not of pulpal origin but is “meta-
plastic” tissue derived from the pulpal invasion of macrophage-
like cells. Others149 concluded that the pulp tissue was replaced 
by periodontium-like connective tissue when internal resorp-
tion was present. In addition to the requirement of the pres-
ence of granulation tissue, root resorption takes place only if 
the odontoblastic layer and predentin are lost or altered.160

Reasons for the loss of predentin adjacent to the granulation 
tissue are not obvious. Trauma frequently has been suggested 
as a cause.135,171 Another reason for the loss of predentin might 
be extreme heat produced when cutting on dentin without an 
adequate water spray. The heat presumably would destroy the 
predentin layer, and if later the coronal aspect of the pulp 
becomes infected, the bacterial products could initiate the 
typical inflammation in conjunction with resorbing giant cells 
in the vital pulp adjacent to the denuded root surface. Internal 
root resorption has been produced experimentally by the appli-
cation of diathermy.170

FIG. 20-37 A maxillary incisor with internal root resorption. Uniform 
enlargement of the pulp space is apparent. Outline of the canal cannot be 
seen in the resorptive defect. 

FIG. 20-35 Healing of external inflammatory root resorption after calcium 
hydroxide treatment. The radiolucencies seen before treatment have disap-
peared with the reestablishment of the lamina dura. (Courtesy Dr. Fred 
Barnett.)
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FIG. 20-38 A, Internal root resorption in a maxillary premolar with a history of trauma 7 years before the 
diagnosis (patient’s head slammed against side window during an automobile accident). B, Three-year follow-up 
radiograph after endodontic treatment. 
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FIG. 20-39 External root resorption. Radiographs from two different hori-
zontal projections depict movement of the lesion to outside the confines of 
the root canal. 

A B

foramina, endodontic treatment that effectively removes the 
blood supply to the resorbing cells is the treatment approach. 
After adequate anesthesia has been obtained, the canal apical 
to the internal defect is explored, and a working length short 
of the radiographic apex is used. The apical canal is thoroughly 
cleaned and shaped to ensure that the blood supply to the 
tissue resorbing the root is cut off.

By completion of the root canal instrumentation, it should 
be possible to obtain a blood-free and dry canal with paper 
points. Calcium hydroxide is spun into the canal to facilitate 
the removal of the tissue in the irregular defect at the next visit. 
At the second visit, the tooth and defect are filled with a warm 
gutta-percha technique (Fig. 20-38).

Diagnostic Features of External Versus Internal 
Root Resorption
It is often very difficult to distinguish external from internal 
root resorption, so misdiagnosis and incorrect treatment may 
result. The following sections present a list of typical diagnos-
tic features of each resorptive type.

Radiographic Features
A change of angulation of x-rays should give a fairly good 
indication of whether a resorptive defect is internal or external. 
A lesion of internal origin appears close to the canal, whatever 
the angle of the x-ray (see Fig. 20-37). A defect on the external 
aspect of the root moves away from the canal as the angulation 
changes (Fig. 20-39). By using the buccal object rule, it is 
usually possible to distinguish whether the external root defect 
is buccal or lingual-palatal.

With internal resorption, the outline of the root canal is 
usually distorted, and the root canal and radiolucent resorptive 
defect appear contiguous (see Fig. 20-37). When the defect is 
external, the root canal outline appears normal and can usually 
be seen “running through” the radiolucent defect (Fig. 20-40).

External inflammatory root resorption is always accompa-
nied by resorption of the bone in addition to the root (Fig. 
20-41); radiolucencies will be apparent in the root and the 
adjacent bone. Internal root resorption does not involve the 
bone, and as a rule the radiolucency is confined to the root 
(see Fig. 20-37). On rare occasions, if the internal defect per-
forates the root, the bone adjacent to it is resorbed and appears 
radiolucent on the radiograph.

FIG. 20-40 External root resorption on a mandibular premolar 6 years after 
completing orthodontic treatment. Note the mottled appearance of the resorp-
tive defect and the outline of the root canal within the defect. 
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Summary of Possible Diagnostic Features
 External inflammatory root resorption due to pulp 

infection.
• Apical: No response of the pulp to thermal or electric 

stimuli, with or without a history of trauma.
• Lateral: History of trauma, no response of the pulp to 

thermal or electric stimuli, lesion moves on angled 
x-rays, root canal visualized radiographically overlying 
the defect, bony radiolucency also apparent.

 Subepithelial external inflammatory root resorption due to 
sulcular infection. History of trauma (often forgotten, or its 
long-term risks not appreciated by the patient); positive 
pulp sensitivity test; lesion located at the attachment level 
of the tooth; lesion moves on angled x-rays; root canal 
outline is undistorted and can be visualized radiographi-
cally; crestal bony defect associated with the lesion; pink 
spot possible.

 Internal root resorption. History of trauma, crown prepara-
tion, or pulpotomy; responsive pulp to thermal or electric 
stimuli likely, may occur at any location along the root canal 
(not only attachment level); lesion stays associated with the 
root canal on angled x-rays, radiolucency contained in the 
root without an adjacent bony defect; pink spot possible.
Most misdiagnoses of resorptive defects are made between 

subepithelial external and internal root resorptions. The diag-
nosis should always be confirmed as treatment proceeds. If root 
canal therapy is the treatment of choice for an apparent inter-
nal root resorption, the bleeding within the canal should cease 
quickly after pulp extirpation because the blood supply of the 
granulation tissue is the apical blood vessels. If bleeding con-
tinues during treatment, and particularly if it is still present at 
the second visit, the source of the blood supply is external, and 
treatment for perforating external resorption should be carried 
out. On obturation, it should be possible to fill the entire canal 
from within in internal resorption. Failure to achieve this 
should make the clinician suspicious of an external lesion that 
perforates the root. Finally, if the blood supply of an internal 
resorption defect is removed on pulp extirpation, any continu-
ation of the resorptive process on recall radiographs should 
alert the clinician to the possibility that an external resorptive 
defect was misdiagnosed.

CLINICAL MANAGEMENT  
OF THE AVULSED TOOTH
Favorable healing after an avulsion injury requires quick emer-
gency intervention followed by evaluation and possible treat-
ment at decisive times during the healing phase. The urgency 
of the emergency visit and the multidisciplinary nature of 
follow-up evaluations require that both the public and clini-
cians from many dental disciplines be knowledgeable about the 
treatment strategies involved.

Consequences of Tooth Avulsion
Tooth avulsion results in attachment damage and pulp necro-
sis. The tooth is “separated” from the socket due mainly to 
tearing of the periodontal ligament that leaves viable periodon-
tal ligament cells on most of the root surface. In addition, small 
and localized cemental damage occurs from the crushing of the 
tooth against the socket.

If the periodontal ligament left attached to the root surface 
does not dry out, the consequences of tooth avulsion are 

Vitality Testing
External inflammatory resorption in the apical and lateral 
aspects of the root involves an infected pulp space, so no 
response to sensitivity tests supports the diagnosis. However, 
because subepithelial external root resorption does not involve 
the pulp (the bacteria are thought to originate in the sulcus of 
the tooth), a normal response to sensitivity testing is usually 
associated with this type of resorption. Internal root resorption 
usually occurs in teeth with vital pulps and responses to sensi-
tivity testing. In teeth that exhibit internal root resorption, it is 
common to register a no-response to sensitivity testing because 
often the coronal pulp has been removed or is necrotic, and the 
active resorbing cells are more apical in the canal. Also, the pulp 
might have become necrotic after active resorption took place.

Pink Spot
With apical and lateral external root resorption, the pulp is 
nonvital, so the granulation tissue that produces the pink spot 
is not present in these cases. For subepithelial external (Fig. 
20-42) and internal root resorption, the pink spot due to the 
granulation tissue undermining the enamel is a possible sign.

FIG. 20-41 Mandibular molar with subepithelial external inflammatory 
resorption on its mesial aspect. Note the small opening into the root and the 
extensive resorption in the dentin; however, the pulp is not exposed. Also note 
that a resorptive defect is present in the adjacent bone, appearing on the 
radiograph as similar to an infrabony pocket. 

FIG. 20-42 Pink spot of subepithelial external inflammatory root resorption. 
A, Radiographic appearance. B, Clinical appearance. 

A B
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during the initial injury is unavoidable but usually minimal. 
However, all efforts must be made to minimize necrosis of the 
remaining periodontal ligament while the tooth is out of the 
mouth. Pulpal sequelae are not a concern initially and are dealt 
with at a later stage of treatment.

The single most important factor to assure a favorable 
outcome after replantation is the speed with which the tooth 
is replanted.16,22 Of utmost importance is the prevention of 
drying, which causes loss of normal physiologic metabolism 
and morphology of the periodontal ligament cells.22,146 Every 
effort should be made to replant the tooth within the first 15 
to 20 minutes.27 This usually requires emergency personnel at 
the site of the injury with some knowledge of treatment pro-
tocol. The clinician should communicate clearly with the 
person at the site of the accident. Ideally this information 
should have been given at an earlier time; for example, as an 
educational offering to school nurses or athletic trainers. 
Failing this, the information can be given over the phone. The 
aim is to replant a clean tooth with an undamaged root surface 
as gently as possible, after which the patient should be brought 
to the office immediately. If doubt exists that the tooth can be 
replanted adequately, the tooth should quickly be stored in an 
appropriate medium until the patient can get to the dental 
office for replantation. Suggested storage media, in order of 
preference, are milk, saliva (either in the vestibule of the mouth 
or in a container into which the patient expectorates), physi-
ologic saline, and water.86 Water is the least desirable storage 
medium because the hypotonic environment causes rapid cell 
lysis and increased inflammation on replantation.35,36

Cell culture media in specialized transport containers, 
such as Hank’s Balanced Salt Solution (HBSS), have shown 
superior ability to maintain the viability of the periodontal 
ligament fibers for extended periods.165 Presently they are 
considered impractical because they need to be present at the 
accident site before the injury occurs. However, if we con-
sider that more than 60% of avulsion injuries occur close to 
home or school,81 it seems reasonable to assume that it would 
be beneficial to have these media available in emergency kits 
at these sites. It would also be advantageous to have them in 
ambulances and in the kits of emergency response personnel 
who are likely to treat the more serious injuries in which 
teeth might otherwise be sacrificed to a more serious life-
threatening situation.

Management in the Dental Office
Emergency Visit
Prepare socket, prepare root, replant, construct a functional splint, 
and administer local and systemic antibiotics.

Recognizing that a dental injury might be secondary to a 
more serious injury is essential. The attending dental clinician 
is likely to be the first health care provider the patient sees after 
a head injury, so ruling out any injuries to the brain (e.g., 
concussion) and/or central nervous system (CNS) in general 
is paramount. If on examination a CNS injury is suspected, 
immediate referral to the appropriate expert is the first priority, 
above and beyond the dental injury. Once a CNS injury has 
been ruled out, the focus of the emergency visit is the attach-
ment apparatus. The aim is to replant the tooth with a minimum 
of irreversibly damaged cells (that will cause inflammation) 
and the maximal number of periodontal ligament cells that 
have the potential to regenerate and repair the damaged root 
surface.

usually minimal.14,146 The hydrated periodontal ligament cells 
will maintain their viability and repair after replantation, with 
minimal destructive inflammation as a by-product. Because  
the areas of the crushing injury are localized, inflammation 
stimulated by the damaged tissues will be correspondingly 
limited, and favorable healing with new replacement cemen-
tum is likely to occur after the initial inflammation subsides 
(see Fig. 20-26).

If excessive drying occurs before replantation, the damaged 
periodontal ligament cells elicit a severe inflammatory response 
over a diffuse area on the root surface. Unlike the situation 
described earlier, in which the area to be repaired after the 
initial inflammatory response is small, here a large area of root 
surface is affected that must be repaired by new tissue. The 
slower moving cementoblasts cannot cover the entire root 
surface in time, and it is likely that in certain areas, bone will 
attach directly onto the root surface. In time, through physio-
logic bone recontouring, the entire root will be replaced by 
bone. As earlier noted, this has been termed osseous replacement 
or replacement resorption (see Figs. 20-27 and 20-28).20,163

Pulpal necrosis always occurs after an avulsion injury. 
Although a necrotic pulp itself is not of consequence, the 
necrotic tissue is extremely susceptible to bacterial contamina-
tion. If revascularization does not occur or effective endodontic 
therapy is not carried out, the pulp space inevitably becomes 
infected. The combination of bacteria in the root canal and 
cemental damage on the external surface of the root results in 
an external inflammatory resorption that can be very serious 
and can lead to rapid loss of the tooth (see Fig. 20-30).160

The consequences after tooth avulsion appear to be directly 
related to the severity and surface area of the inflammation on 
the root surface and resultant damaged root surface that must 
be repaired. Treatment strategies should always be considered 
in the context of limiting the extent of the periradicular inflam-
mation, thus tipping the balance toward favorable responses 
(cemental) rather than unfavorable ones (osseous replacement 
or inflammatory resorption).

Treatment Objectives
Treatment is directed at avoiding or minimizing resultant 
inflammation due to the two main consequences of the avulsed 
tooth: attachment damage and pulpal infection.

Attachment damage as a direct result of the avulsion injury 
cannot be avoided. However, considerable additional damage 
can occur to the periodontal ligament in the time that the tooth 
is out of the mouth (primarily because of drying). Treatment 
is directed at minimizing this damage (and the resultant 
inflammation) so that the fewest possible complications result. 
When severe additional damage cannot be avoided and osseous 
replacement of the root is considered certain, steps are taken 
to slow the replacement of the root by bone to maintain the 
tooth in the mouth for as long as possible.

In the open apex tooth, all efforts are made to promote revas-
cularization of the pulp, thus avoiding pulp space infection. 
When revascularization fails (in the open apex tooth) or is not 
possible (in the closed apex tooth), all treatment efforts are made 
to prevent or eliminate toxins from the root canal space.

Clinical Management
Emergency Treatment at the Accident Site
Replant if possible or place in an appropriate storage medium. As 
mentioned, damage to the attachment apparatus that occurred 
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saline) for 5 minutes before replantation significantly enhanced 
complete revascularization. This result was confirmed later in 
dogs by other investigators.127,176 A study found that covering 
the root with minocycline (Arestin, OraPharma, Warminster, 
Pennsylvania), which attaches to the root for approximately 15 
days, further increased the revascularization rate in dogs.127 
Although animal studies do not provide us with a prediction 
of the rate of revascularization in humans, it is reasonable to 
expect that the same enhancement of revascularization that 
occurred in two animal species also will occur in humans. As 
for a closed apex tooth, the open apex tooth is gently rinsed 
and replanted.

Extraoral Dry Time More Than 60 Minutes
Closed Apex
Remove the periodontal ligament by placing in acid for 5 minutes, 
soak in fluoride, replant.

When the root has been dry for 60 minutes or more, sur-
vival of the periodontal ligament cells is not expected.22,146 In 
such cases the root should be prepared to be as resistant to 
resorption as possible (attempting to slow the osseous replace-
ment process). These teeth should be soaked in acid for 5 
minutes to remove all remaining periodontal ligament and thus 
remove the tissue that would initiate the inflammatory response 
on replantation. The tooth should then be soaked in 2% stan-
nous fluoride for 5 minutes and replanted.34,137 A few years ago, 
studies were published that indicated that an enamel matrix 
protein, Emdogain (Straumann USA, Andover, Massachusetts), 
could be beneficial in teeth with extended extraoral dry times, 
not only to make the root more resistant to resorption, but also, 
possibly, to stimulate the formation of new periodontal liga-
ment from the socket (see Fig. 20-8).64,90 Unfortunately, more 
recent studies have shown that the positive effect of Emdogain 
is only temporary, and most of these teeth start to resorb after 
a few years.132

If the tooth has been dry for more than 60 minutes and no 
consideration is given to preserving the periodontal ligament, 
the endodontics may be performed extraorally. In the case of 
a tooth with a closed apex, no advantage exists to this addi-
tional step at the emergency visit. However, in a tooth with 
an open apex, endodontic treatment performed after replanta-
tion involves a long-term apexification procedure. In these 
cases, completing the root canal treatment extraorally, in 
which a seal in the blunderbuss apex is easier to achieve,  
may be advantageous. When endodontic treatment is per-
formed extraorally, it must be performed aseptically with the 
utmost care to achieve a root canal system that is thoroughly 
disinfected.

Open Apex
Replant? If yes, treat as with closed apex tooth. Endodontic treat-
ment may be performed out of the mouth.

Because these teeth are in young patients in whom facial 
development is usually incomplete, many pediatric clinicians 
consider the prognosis to be so poor and the potential compli-
cations of an ankylosed tooth so severe, they recommend  
that these teeth not be replanted. Considerable debate exists 
as to whether it would be beneficial to replant the root even 
though it will inevitably be lost due to osseous replacement.  
If the patients are followed carefully and the root submerged 
by decoronation procedure at the appropriate time,6,63,67 the 
height, and more important, the width of the alveolar bone will 

Diagnosis and Treatment Planning
If the tooth was replanted at the site of injury, a complete 
history is taken to assess the likelihood of a favorable outcome. 
The position of the replanted tooth is assessed and adjusted if 
necessary. On rare occasions, the tooth may be gently removed 
to prepare the root to increase the chances of a favorable 
outcome (discussed later).

If the patient presents with the tooth out of the mouth, the 
storage medium should be evaluated and the tooth placed in 
a more appropriate medium if required. HBSS is presently 
considered the best medium for this purpose. Milk or physi-
ologic saline is also appropriate for storage purposes.

The medical and accident histories are taken, and a clinical 
exam is carried out, with emphasis on questions about when, 
how, and where the injury occurred.

The clinical examination should include an examination of 
the socket to ascertain whether it is intact and suitable for 
replantation. The socket is gently rinsed with saline, and when 
it has been cleared of the clot and debris, its walls are examined 
directly for the presence, absence, or collapse of the socket 
wall. The socket and surrounding areas, including the soft 
tissues, should be radiographed. Three vertical angulations are 
required for diagnosis of the presence of a horizontal root 
fracture in adjacent teeth.16 The remaining teeth in both the 
upper and lower jaws should be examined for injuries, such as 
crown fractures. Any soft tissue lacerations should be noted 
and, if tooth fragments are missing, explored.

PREPARATION OF THE ROOT
Preparation of the root depends on the maturity of the tooth 
(open versus closed apex) and on the dry time of the tooth 
before it was placed in a storage medium. A dry time of 60 
minutes is considered the point where survival of root peri-
odontal ligament cells is unlikely.

Extraoral Dry Time Less Than 60 Minutes
Closed Apex
The root should be rinsed of debris with water or saline and 
replanted in as gentle a fashion as possible.

If the tooth has a closed apex, revascularization is not  
possible,51 but because the tooth was dry for less than 
60 minutes (replanted or placed in appropriate medium), the 
chance for periodontal healing exists. Most important, the 
chance of a severe inflammatory response at the time of 
replantation is lessened. A dry time of less than 15 to 20 
minutes is considered optimal, and periodontal healing would 
be expected.14,27,146

A continuing challenge is the treatment of the tooth that 
has been dry for more than 20 minutes (periodontal cell sur-
vival is assured) but less than 60 minutes (periodontal cell 
survival unlikely). In these cases, logic suggests that the root 
surface consists of some cells with the potential to regenerate 
and some that will act as inflammatory stimulators.

Open Apex
Gently rinse off debris, soak in doxycycline for 5 minutes or cover 
with minocycline, replant.

In an open apex tooth, revascularization of the pulp and 
continued root development are possible (see Fig. 20-32). 
Investigators51 found in monkeys that soaking the tooth in 
doxycycline (1 mg in approximately 20 mL of physiologic 
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If these lacerations are sutured, care must be taken to clean the 
wound thoroughly beforehand because dirt or even minute 
tooth fragments left in the wound affect healing and the aes-
thetic result.

ADJUNCTIVE THERAPY
Systemic antibiotics given at the time of replantation and 
before endodontic treatment are effective in preventing bacte-
rial invasion of the necrotic pulp and therefore subsequent 
inflammatory resorption.79 Tetracycline has the additional 
benefit of decreasing root resorption by affecting the motility 
of the osteoclasts and reducing the effectiveness of collage-
nase.128 The administration of systemic antibiotics is recom-
mended, beginning at the emergency visit and continuing until 
the splint is removed.79 For patients not susceptible to tetracy-
cline staining, the antibiotic of choice is doxycycline twice 
daily for 7 days at the appropriate dosage for patient age and 
weight.128,129 Penicillin V 1000 mg as a loading dose, followed 
by 500 mg 4 times daily for 7 days, has also been shown to be 
beneficial. The bacterial content of the sulcus also should be 
controlled during the healing phase. In addition to stressing to 
the patient the need for adequate oral hygiene, the use of 
chlorhexidine rinses for 7 to 10 days is helpful.

As stated previously, a recent series of studies by our research 
group found great benefit in removal of the pulp contents at 
the emergency visit and placing Ledermix or corticosteroid 
into the root canal.38,41 Apparently the use of the medicament 
was able to shut down the inflammatory response after replan-
tation to allow for more favorable healing compared to those 
teeth that did not have the medicament.

The need for analgesics should be assessed on an individual 
case basis. The use of pain medication stronger than non-
prescription nonsteroidal antiinflammatory drugs (NSAIDs)  
is unusual. The patient should be sent to a physician for con-
sultation regarding a tetanus booster within 48 hours of the 
initial visit.

Second Visit
The second visit should take place 1 to 2 weeks after the 
trauma. At the emergency visit, emphasis was placed on  
the preservation and healing of the attachment apparatus. The 
focus of the second visit is the prevention or elimination of 
potential irritants from the root canal space. These irritants, if 
present, provide the stimulus for the progression of the inflam-
matory response, bone and root resorption. Also at this visit, 
the course of systemic antibiotics is completed; the chlorhexi-
dine rinses can be stopped. At this appointment the splint is 
removed; the tooth might still have class I or class II mobility 
after splint removal, but all indications are that it will continue 
to heal better without the splint.3

ENDODONTIC TREATMENT

Extraoral Time Less Than 60 Minutes
Closed Apex
Initiate endodontic treatment after 1 to 2 weeks. When endodontic 
treatment is delayed or signs of resorption are present, provide 
long-term calcium hydroxide treatment before obturation.

No chance exists for revascularization of teeth with closed 
apices; therefore, endodontic treatment should be initiated at 

be maintained, allowing for easier permanent restoration at  
the appropriate time when the child’s facial development is 
complete.

PREPARATION OF THE SOCKET
The socket should be left undisturbed before replantation.16 
Emphasis is placed on removal of obstacles in the socket to 
facilitate replacement of the tooth into the socket.78 It should 
be lightly aspirated if a blood clot is present. If the alveolar 
bone has collapsed or may interfere with replantation, a blunt 
instrument should be inserted carefully into the socket in an 
attempt to reposition the wall.

SPLINTING
A splint that allows for physiologic movement of the tooth 
during healing and that is in place for a minimal period results 
in a decreased incidence of ankylosis.3,12,78 Semirigid (physio-
logic) fixation for 1 to 2 weeks is recommended.3,5,67 The splint 
should allow movement of the tooth, should have no memory 
(so the tooth is not moved during healing), and should not 
impinge on the gingiva and/or prevent maintenance of oral 
hygiene in the area. Many splints satisfy the requirements of 
an acceptable device. A new titanium trauma splint (TTS) has 
recently been shown to be particularly effective and easy to use 
(Fig. 20-43).169 After the splint is in place, a radiograph should 
be exposed to verify the positioning of the tooth and as a pre-
operative reference for further treatment and follow-up. When 
the tooth is in the best possible position, adjusting the bite to 
ensure that it has not been splinted in a position causing trau-
matic occlusion is important. One week is sufficient to create 
periodontal support to maintain the avulsed tooth in posi-
tion.164 Therefore, the splint should be removed after 1 to 2 
weeks. The only exception is with avulsion in conjunction 
with alveolar fractures, for which 4 to 8 weeks is the suggested 
time of splinting.164

MANAGEMENT OF THE SOFT TISSUES
Soft tissue lacerations of the socket gingiva should be tightly 
sutured. Lacerations of the lip are fairly common with these 
types of injuries. The clinician should approach lip lacerations 
with some caution; a plastic surgery consult might be prudent. 

FIG. 20-43 Titanium trauma splint (TTS) in place. 
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flowmeter in the diagnosis of revascularization of traumatized 
immature teeth176; however, the cost of such an instrument 
precludes its use in the average dental office. Radiographic 
signs (apical breakdown and/or signs of lateral root resorption) 
and clinical signs (pain on percussion and palpation) of pulp 
pathosis are carefully assessed. At the first sign of pathosis, 
endodontic treatment should be initiated, and after disinfec-
tion of the root canal space, an apexification procedure should 
be carried out.

Extraoral Time More Than 60 Minutes
Closed Apex
Teeth with closed apices are treated endodontically in the same 
way as teeth that had an extraoral time of less than 60 minutes.

Open Apex (if Replanted)
If endodontic treatment was not performed out of the mouth, initi-
ate apexification procedure.

The chance of revascularization in these teeth is extremely 
poor,163,167 so no attempt is made to revitalize them. An apexi-
fication procedure is initiated at the second visit if root canal 
treatment was not performed at the emergency visit. If end-
odontic treatment was performed at the emergency visit, the 
second visit is a recall visit to assess initial healing only.

the second visit 7 to 10 days later.13,51 If therapy is initiated 
at this optimum time, the pulp should be necrotic without  
(or with minimal) infection.108,166 Endodontic therapy with an 
effective interappointment antibacterial agent166 over a rela-
tively short period (1 to 2 weeks) is sufficient to ensure effec-
tive disinfection of the canal.141 Long-term calcium hydroxide 
treatment should always be considered if the injury occurred 
more than 2 weeks before initiation of the endodontic treat-
ment or especially if radiographic evidence of resorption is 
present.166

The root canal is thoroughly cleaned and shaped, irrigated, 
and then filled with a thick (powdery) mix of calcium hydrox-
ide and sterile saline (anesthetic solution is also an acceptable 
vehicle) (see Fig. 20-15). The canal is obturated when a radio-
graphically intact periodontal membrane can be demonstrated 
around the root (see Fig. 20-35). Calcium hydroxide is an 
effective antibacterial agent39,141 and favorably influences the 
local environment at the resorption site, theoretically promot-
ing healing.161 It also changes the environment in the dentin 
to a more alkaline pH, which may slow the action of the resorp-
tive cells and promote hard tissue formation.161 However, 
changing of the calcium hydroxide should be kept to a 
minimum (not more than every 3 months) because it has a 
necrotizing effect on the cells attempting to repopulate the 
damaged root surface.104

Calcium hydroxide is considered the drug of choice in the 
prevention and treatment of inflammatory root resorption, but 
it is not the only medicament recommended in these cases. 
Some attempts have been made not only to remove the stimu-
lus for the resorbing cells, but also to affect them directly. The 
antibiotic-corticosteroid paste Ledermix is effective in treating 
inflammatory root resorption by inhibiting the spread of  
dentinoclasts122 without damaging the periodontal ligament; 
however, its ability to diffuse through the human tooth root 
has been demonstrated,1 and its release and diffusion are 
enhanced when it is used in combination with calcium hydrox-
ide paste.2

Open Apex
Avoid endodontic treatment and look for signs of revasculariza-
tion. At the first sign of an infected pulp, initiate apexification 
procedure.

Teeth with open apices have the potential to revascularize 
and continue root development; initial treatment is directed 
toward reestablishing the blood supply (Fig. 20-44).51,127,175 
The initiation of endodontic treatment is avoided if at all pos-
sible, unless definite signs of pulp necrosis are present (e.g., 
periradicular inflammation). An accurate diagnosis of pulp 
vitality is extremely challenging in these cases. After trauma, 
a diagnosis of necrotic pulp is particularly undesirable because 
infection in these teeth is potentially more harmful due to 
cemental damage accompanying the traumatic injury. External 
inflammatory root resorption can be extremely rapid in these 
young teeth because the tubules are wide and allow irritants 
to move freely to the external surface of the root.51,175

Patients are recalled every 3 to 4 weeks for pulp vitality 
testing. Studies indicate that thermal tests with carbon dioxide 
snow (−78° C) or dichlorodifluoromethane (−40° C) placed at 
the incisal edge or pulp horn are the best methods of sensitivity 
testing, particularly in young permanent teeth.71,72,117 One of 
these two tests must be included in the pulp vitality testing. 
Recent reports confirm the superiority of the laser Doppler 

FIG. 20-44 A, Avulsed tooth soaking in doxycycline. B, Minocycline powder 
placed on the root surface before replantation. 

A

B
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TEMPORARY RESTORATION
Effectively sealing the coronal access is essential to prevent 
infection of the canal between visits. Recommended temporary 
restorations are reinforced zinc oxide eugenol cement, acid 
etch composite resin, or glass ionomer cement. The depth of 
the temporary restoration is critical to its sealability. A depth 
of at least 4 mm is recommended, so a cotton pellet should not 
be placed; the temporary restoration is placed directly onto the 
calcium hydroxide in the access cavity. Calcium hydroxide 
should be removed from the walls of the access cavity before 
the temporary restoration is placed because calcium hydroxide 
is soluble and washes out when it comes into contact with 
saliva, leaving a defective temporary restoration.

After initiation of the root canal treatment, the splint is 
removed. If time does not permit complete removal of the 
splint at this visit, the resin tacks are smoothed so as not to 
irritate the soft tissues; the remaining resin is removed at a later 
appointment.

At this appointment, healing is usually sufficient to allow a 
detailed clinical examination of the teeth surrounding the 
avulsed tooth. Pulp vitality tests, reaction to percussion and 
palpation, and periodontal probing measurements should be 
carefully recorded for reference at follow-up visits.

Root Filling Visit
This visit should take place at the clinician’s convenience or after 
long-term calcium hydroxide therapy, when an intact lamina dura 
is traced.

If the endodontic treatment was initiated 1 to 2 weeks after 
the avulsion and a thorough examination confirms normality, 
filling of the root canal at this visit is acceptable. Long-term 
use of calcium hydroxide is also a proven option for these 
cases. If endodontic treatment was initiated more than 2 weeks 
after the avulsion or active resorption is visible, the pulp space 

must first be disinfected before root filling. Traditionally, the 
reestablishment of a lamina dura (see Fig. 20-35) is a radio-
graphic sign that the canal bacteria have been controlled. 
When an intact lamina dura can be traced throughout, root 
filling can take place.

The canal is cleaned, shaped, and irrigated under strict 
asepsis (i.e., a rubber dam). After completion of cleaning and 
shaping, the canal can be filled.

PERMANENT RESTORATION
Much evidence exists that coronal leakage caused by defective 
temporary and permanent restorations results in a clinically 
relevant amount of bacterial contamination of the root canal 
after root filling.126 Therefore, the tooth should receive a per-
manent restoration as soon as possible. The depth of restora-
tion is important for a tight seal, so the deepest restoration 
possible should be made. A post should be avoided if possible. 
Because most avulsions occur in the anterior region of the 
mouth where aesthetics is important, composite resins com-
bined with dentin bonding agents are recommended in these 
cases.

Follow-Up Care
Follow-up evaluations should take place at 3 months, 6 
months, and yearly for at least 5 years. If osseous replacement 
is identified (see Fig. 20-28), a more closely monitored 
follow-up schedule is indicated. In the case of inflammatory 
root resorption (see Fig. 20-30), a new attempt at disinfection 
of the root canal space by standard retreatment might reverse 
the process. Teeth adjacent to and surrounding the avulsed 
tooth or teeth may show pathologic changes long after the 
initial accident, so these teeth, too, should be tested at follow-up 
visits and the results compared to those collected soon after 
the accident.
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anesthetic solution to a thick mix and carefully placed on the 
pulp stump. If the pulp size does not permit additional loss of 
pulp tissue, a commercial hard-setting calcium hydroxide can 
be used.150 The prepared cavity is filled with a material with the 
best chance of a bacteria-tight seal (zinc oxide eugenol or glass 
ionomer cement) to a level flush with the fractured surface. The 
material in the pulpal cavity and all exposed dentinal tubules 
are etched and restored with bonded composite resin. Alterna-
tively, after hemostasis has been obtained, the pulp can be 
capped with MTA, a wet cotton pellet can be placed on top of 
it, and the access can be temporized for the appropriate time. 
The cotton pellet needs to be removed as early as possible and 
the tooth then restored with composite restoration.

Follow-Up
The follow-up is the same as for pulp capping. Emphasis is 
placed on evidence of maintenance of responses to sensitivity 
tests and radiographic evidence of continued root development 
(Fig. 20-12).

Prognosis
This method affords many advantages over pulp capping. 
Superficial inflamed pulp is removed during preparation of the 
pulpal cavity. Calcium hydroxide disinfects dentin and pulp 
and removes additional pulpal inflammation. Most important, 
space is provided for a material that can achieve a bacteria-tight 
seal to allow pulpal healing with hard tissue under optimal 
conditions. Additionally, coronal pulp remains, which allows 
sensitivity testing to be carried out at the follow-up visits. The 
prognosis is extremely good (94% to 96%).49,70

Full Pulpotomy
Full pulpotomy involves removal of the entire coronal pulp to 
a level of the root orifices. This level of pulp amputation is 
chosen arbitrarily because of its anatomic convenience. Because 
inflamed pulp sometimes extends past the canal orifices into 
the root pulp, many mistakes are made that result in treatment 
of an inflamed rather than a noninflamed pulp.

Indications
Full pulpotomy is indicated when it is anticipated that the pulp 
is inflamed to the deeper levels of the coronal pulp. Traumatic 
exposures after more than 72 hours and carious exposure of a 
young tooth with a partially developed apex are two examples 
of cases in which this treatment may be indicated. Because of 
the likelihood that the dressing will be placed on an inflamed 
pulp, full pulpotomy is contraindicated in mature teeth.  
In the immature tooth, benefits outweigh risks for this treat-
ment form only with incompletely formed apices and thin 
dentinal walls.

Technique
The procedure begins with administration of an anesthetic, 
rubber dam placement, and superficial disinfection, as for pulp 
capping and partial pulpotomy. The coronal pulp is removed 
as in partial pulpotomy, but to the level of the root orifices. A 
calcium hydroxide dressing, a bacteria-tight seal, and a coronal 
restoration are carried out as for partial pulpotomy.

Follow-Up
Follow-up is the same as for pulp capping and partial pul-
potomy. A major disadvantage of this treatment method is that 

(80%),69,125 compared to partial pulpotomy (95%),49 indicates 
that a superficial pulp cap should not be considered after trau-
matic pulp exposures. The lower success rate is not difficult to 
understand because superficial inflammation develops soon 
after the traumatic exposure. If the treatment is at the superfi-
cial level, a number of inflamed (rather than healthy) pulps 
will be treated, lowering the potential for success. In addition, 
a bacteria-tight coronal seal is much more difficult to attain  
in superficial pulp capping because there is no depth to the 
cavity to aid in creating the seal, as there is with a partial 
pulpotomy.

It must be acknowledged that the studies suggesting that an 
inflamed pulp is contraindicated for an attempt at pulp capping 
were performed in the 1970s with amalgam as the standard 
coronal restoration. If we consider that amalgam leaks and 
calcium hydroxide washes out in the presence of moisture as 
the reasons for the poor results, then it may be poor coronal 
seal, rather than the inflamed pulp, that leads to the failure in 
these cases. More recent studies suggest that with the bio-
ceramic as the pulp cap, the inflamed pulp is not the impedi-
ment as previously thought, but rather that the seal seems to 
be the major factor for success. Thus this material used as a 
base in these situations may give us more leeway for capping 
the inflamed pulp.

However in a situation of a traumatic pulp exposure of a 
tooth (injuries in which most patients are young [large 
pulps]), the patient typically presents for treatment within 48 
hours because of sensitivity and aesthetic concerns. There-
fore, the pulpal inflammation is usually only superficial. In 
these cases, we still feel it is prudent to remove the superficial 
layer of inflammation and place a bioceramic agent for pulp 
capping.

Partial Pulpotomy
Partial pulpotomy implies the removal of coronal pulp tissue 
to the level of healthy pulp. Knowledge of the reaction of the 
pulp after a traumatic injury makes it possible to accurately 
determine this level. This procedure is commonly called the 
Cvek pulpotomy.

Indications
As for pulp capping.

Technique
Administration of an anesthetic (possibly without a vasocon-
strictor), rubber dam placement, and superficial disinfection 
are performed. A 1- to 2-mm deep cavity is prepared into the 
pulp, using a high-speed handpiece with a sterile diamond bur 
of appropriate size and copious water coolant (Fig. 20-11).77 
A slow-speed bur or spoon excavator should be avoided. If 
bleeding is excessive, the pulp is amputated deeper until only 
moderate hemorrhage is seen. Excess blood is carefully 
removed by rinsing with sterile saline, and the area is dried 
with a sterile cotton pellet. Use of 5% sodium hypochlorite 
(NaOCl; bleach) has been recommended to rinse the pulpal 
wound.46 The bleach causes chemical amputation of the blood 
coagulum; removes damaged pulp cells, dentin chips, and 
other debris; and provides hemorrhage control with minimal 
damage to the “normal” pulp tissue underneath.

Care must be taken not to allow a blood clot to develop 
because this would compromise the prognosis.49,133 A thin layer 
of pure calcium hydroxide is mixed with sterile saline or 
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treatment of the inflamed pulp. Consequently the prognosis, 
which is in the range of 75%, is poorer than for partial pul-
potomy.74 Because of the inability to evaluate pulp status after 
full pulpotomy, some authors have recommended pulpectomy 
routinely after the roots have fully formed (Fig. 20-13). This 
philosophy is based on the pulpectomy procedure having a 
success rate in the range of 95%, whereas if apical periodontitis 
develops, the prognosis of root canal treatment drops signifi-
cantly to about 80%.136,142

sensitivity testing is not possible, owing to the loss of coronal 
pulp, so radiographic follow-up is extremely important to 
assess for signs of apical periodontitis and to ensure the con-
tinuation of root formation.

Prognosis
Because cervical pulpotomy is performed on pulps that are 
expected to have deep inflammation and the site of pulp ampu-
tation is arbitrary, many more mistakes are made that lead to 

FIG. 20-11 Cvek partial pulpotomy. A, The fractured teeth are cleaned and disinfected; a rubber dam is placed. 
B, Cavities are prepared at high speed with a round diamond bur 1 to 2 mm into the pulpal tissue. C, Calcium 
hydroxide on a plugger (D) is placed on the soft tissue of the pulp. E, Care is taken to avoid smearing the walls 
of the preparation with the calcium hydroxide. F, Cavity preparations are filled with glass ionomer cement. The 
exposed dentin is etched (G) and then covered with composite resin (H). I, Radiograph 6 months later shows 
formation of hard tissue barriers in both teeth. (Courtesy Dr. Alessandra Ritter, Chapel Hill, NC.)
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