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INTRODUCTION
Traumatic dental injuries to the per-
manent dentition predominantly 
occur during the 10-year period of 6 
to 16 years of age, with a mean age 
of 11 years and overwhelmingly 
affect the maxillary incisor teeth (1-
8). Dental avulsion, the most severe 
type of dental traumatic injury, is 
the disarticulation of a tooth from 
its socket. The term extra-articula-
tion has also been used to describe 
this injury, to emphasize that the 

tooth completely came out of its alveolar socket (9). Tooth avulsion accounts for an average of 8% 
of all traumatic dental traumatic injuries sustained among different patient populations (1-8). In 
an extensive investigation of 10,166 traumatically injured permanent teeth in 4,754 patients, 8.8% 
were avulsions (10).

When the teeth are traumatically avulsed, two essential dental tissues immediately sustain serious 
injury. The vascular blood supply to the dental pulp is completely severed at the apical foramen, 
causing the pulpal tissue to undergo necrosis and the periodontal ligament attachment at the 
lamina dura of the alveolar bone socket is separated, causing the periodontal membrane on the 
root surface cementum to lose viability (11-13).

Replantation of avulsed teeth as soon as possible after avulsion is essential to maintain the viabil-
ity of the periodontal membrane for reattachment and prevention of replacement root resorption 
(11, 14, 15). For replanted mature teeth with fully developed root apices, it is also essential that the 
necrotic pulpal tissue be removed in a timely manner after replantation to prevent inflammatory 
root resorption (16, 17). However, for replanted immature teeth with incomplete root formation 
and wide open apices, the pulpal tissue should not be removed, as there is a potential for dental 
pulp revascularization (16, 17).

The authors report a case of successful pulp revascularization with continued root growth and 
apical development of an avulsed immature permanent maxillary central incisor replanted over 

An 8-year-old girl sustained an accidental traumatic avulsion of her right maxillary permanent central incisor. 
She arrived with her mother at a hospital dental clinic with the right maxillary central incisor tooth wrappe in 
a wet paper towel over 1 hour after the injury. Replantation was accomplished without root surface alteration 
or root canal intervention. Clinical and radiographic follow-up examinations for over 1 year revealed contin-
ued root growth and apical development of the replanted avulsed immature maxillary central incisor with 
no signs or symptoms of pulpal or periapical pathosis. Excellent outcomes were achieved for periodontal 
ligament reattachment without removal of the periodontal membrane and pulp revascularization without 
endodontic intervention.
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• Dental pulp revascularization can occur in re-
planted avulsed immature teeth.

• Root growth and development can continue for re-
planted avulsed immature teeth.

• Replanted avulsed immature teeth can be retained 
in a state of health without removal of the peri-
odontal membrane or endodontic intervention 
even under less that optimal conditions.

HIGHLIGHTS
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sion (Figure 4). Pulp vitality tests were negative for the max-
illary incisors, a usual finding for developing immature teeth. 
Radiograph examination revealed normal alveolar bone with 
no periapical or periradicular radiolucencies (Figure 5). Five 

1 hour after traumatic avulsion in an 8-year-old child and fol-
lowed for over 1 year.

CASE PRESENTATION

History
An 8-year-old girl and her mother arrived at a hospital den-
tal clinic with the child’s front tooth wrapped in a wet paper 
towel. The tooth had been completely “knocked-out of the 
mouth” in a sledding accident that occurred over 1 hour ago, 
as estimated by the mother. Medical history revealed that the 
child was in good general health with no known allergies, was 
not taking any medications and had an up-to-date tetanus im-
munization.

Examination
The child was alert and responsive but somewhat apprehen-
sive. The completely intact avulsed immature permanent 
maxillary central incisor with approximately two thirds of its 
normal root length formed was placed in physiologic saline 
and a radiograph of the tooth socket was taken. Clinical oral 
examination revealed that the maxillary left central incisor was 
missing due to traumatic avulsion. The child was in the mixed 
dentition stage of dental development with maxillary anterior 
over-jet protrusion and rotated eruption of the right central 
incisor. There was a 1-cm labial mucosal laceration and a con-
tusion of the upper lip. The mother gave informed consent for 
treatment and replantation of her child’s tooth. Radiographic 
examination revealed the missing avulsed maxillary left cen-
tral incisor, the empty alveolar socket with no fractures and 
the presence of the adjacent intact immature maxillary inci-
sors (Figure 1).

Treatment
Local anesthesia was administered by supra-periosteal labial 
infiltration of one cartridge lidocaine 2% 1:100,000 epineph-
rine. The alveolar socket was irrigated with physiologic saline, 
the blood clot removed and bleeding encountered. The 
avulsed incisor was replanted into its socket and splinted with 
0.032-gauge arch wire bonded to the adjacent incisors with 
composite resin. The mucosal lip laceration was sutured with 
three interrupted 04 silk sutures. Penicillin VK 500 mg q8h for 
5 days and Tylenol 325 mg q6h prn were prescribed and home 
care instructions given.

Follow-up
One week after replantation, the patient was asymptomatic. 
Clinical examination revealed that the maxillary incisors and 
splint were stable, the maxillary labial alveolar mucosa was 
normal and the gingival attachment around the maxillary left 
central incisor was well adapted (Figure 2). Radiographic exam-
ination revealed that the replanted and splinted maxillary left 
central incisor was in normal position in its socket (Figure 3).

The lip sutures were removed and the laceration was healing. 
Five weeks after replantation, the patient was asymptomatic 
and the splint was removed. Clinical examination revealed 
that the lip laceration had completely healed, the alveolar mu-
cosa was normal with no swelling or tenderness to palpation, 
and the maxillary incisors were stable with normal functional 
mobility, intact gingival attachments and no pain on percus-

Figure 1. Radiograph of avulsed maxillary left central incisor alveolar 
socket

Figure 2. Photograph of replanted and splinted maxillary left central in-
cisor 1 week after avulsion
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Fifteen months after replantation, while the patient was un-
dergoing orthodontic treatment for her Class II malocclusion, 
clinical examination revealed that the maxillary incisors were 
asymptomatic without pain on percussion or tenderness to 
palpation and had normal functional tooth mobility, intact 
gingival attachments and positive pulp vitality tests. Radio-
graphic examination of the replanted left central incisor re-
vealed continued root growth and apical development con-
sistent with that of the right central incisor, normal periapical 
and periradicular bone, slight narrowing of the root canal and 
mild partial pulp calcification (Figure 7).

DISCUSSION
Based on current guidelines for the management traumatic 
dental injuries, avulsed immature teeth should be replanted 
and monitored over time for pulp revascularization (16, 17). 
In a classic study of 110 avulsed human teeth stored in wet 
and dry environments for extra-alveolar time periods of up to 
2 hours, it was found that 57% of the immature teeth that were 
replanted after accidental avulsion clinically and radiographi-
cally showed a pulpal revascularization response and except 
for one, all showed no root resorption (18). It should be men-
tioned, however, that the revascularized pulps later exhibited 
partial pulp calcification (18, 19).

months after replantation, all clinical examination parameters 
for the mucogingival tissues and the maxillary incisors were 
normal; however, pulp vitality tests continued to be incon-
clusive. Radiograph examination revealed progressive root 
growth and apical development of the maxillary incisors with 
normal-appearing root surfaces and alveolar bone (Figure 6). 

Figure 3. Radiograph of replanted and splinted maxillary left central in-
cisor 1 week after avulsion

Figure 4. Photograph of replanted maxillary left central incisor 5 weeks
after avulsion

Figure 5. Radiograph of replanted maxillary left central incisor 5 weeks
after avulsion



Di Fiore and Hartwell. Dental pulp revascularizationEur Endod J (2017) 2:18 | Page 4 of 6

in 24%, and periodontal healing with no signs of progressive 
root resorption occurred in 36% (23). Additionally, the overall 
rate of periodontal healing was related to the stage of root 
development and was better for teeth with incomplete api-
cal closure (23).

Four further clinical investigations on the frequency of pul-
pal revascularization and periodontal reattachment of re-
planted immature permanent anterior teeth in the devel-
oping dentition of children have demonstrated that these 
teeth had a reasonable prognosis for the retention (25-28). 
In an assessment of 154 replanted avulsed permanent in-
cisors that correlated pulp revascularization with respect to 
the width of the apical foramen, the rate of revasculariza-
tion in the entire sample studied was 8% with a difference 
between immature teeth (which was 18%) and mature teeth 
(which was 0%). However, the rate of revascularization was 
highest at 25% among the group of immature teeth with an 
apical foramen width of 2 to 3 mm (25). A clinical and radio-
graphic retrospective study of 33 teeth with fully formed root 
lengths but with open apices at Moorrees (24) stages 5 and 6, 
replanted within 1 to 3 hours or more after avulsion and fol-
lowed for up to 5 years, found that only 24% were diagnosed 
with pulp necrosis and endodontically treated. For those 

In a comprehensive four-part clinical study on the prognosis 
of 400 replanted avulsed incisor teeth in 322 patients, whose 
ages ranged from 5 to 52 years with a mean age of 14 years 
and a median age of 11 years, and who were prospectively 
followed for pulpal and periodontal healing over a 23-year 
period with a mean observation period of 5 years, it was 
found that 70% of the teeth were retained (20-23). Pulpal 
healing among all 400 teeth was 8%, whereas pulpal healing 
among 94 of 110 immature teeth, in which pulpal revascular-
ization was deemed to be possible, was 34% and increased 
with decreased root development for teeth in the very early 
stages of root formation with wide open apices (21). It was 
determined, according to the root formation stages (1, root 
length ¼; 2, root length ½; 3, root length ¾; 4, root length 
complete; 5, apex ½ closed and 6, apex completely closed) 
as described by Moorrees (24), that the rate of pulp revascu-
larization was: 16% at stage 5, 35% at stage 4, 40% at stage 
3 and 60% at stage 2 (21). It was also found that among 28 
avulsed immature teeth replanted at stages of incomplete 
root development, 25% showed complete root development, 
29% showed partial root development and 46% showed ar-
rested root development (22). With respect to periodontal 
reattachment among all teeth studied, it was found that pe-
riodontal healing with no signs of root resorption occurred 

Figure 6. Radiograph of replanted maxillary left central incisor 5 months
after avulsion

Figure 7. Radiograph of replanted maxillary left central incisor 15 months
after avulsion
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At the time of a traumatic event, the out-of-mouth time is often 
difficult to exactly determine and is usually an approximate es-
timation. In the case presented, the extra-alveolar period from 
the time of the accident to the time that the patient arrived 
for treatment was approximately estimated at over 1 hour. 
The tooth was kept wrapped in a moist environment during 
that period and then placed in physiological saline until it was 
replanted. Treatment guidelines are extremely important in 
providing the clinician with the most current evidence- based 
information for the management of traumatic dental injuries 
and form the basis for treatment decisions (45). The treatment 
guidelines for the replantation of avulsed immature teeth with 
an extra oral time of less than 1 hour recommend immediate 
replantation, whereas the guidelines for teeth with an extra 
-oral time of more than 1 hour recommend one or more of the 
following procedures: removal of the periodontal ligament, 
soaking in 2% sodium fluoride and possibly performing root 
canal treatment prior to replantation (16, 17). Under the cir-
cumstances of this particular case, it was determined that the 
guidelines for the replantation of immature teeth with an extra 
oral period of less than 1 hour were appropriate. Therefore, the 
tooth was replanted without disrupting the periodontal mem-
brane or disturbing the dental pulp, with excellent outcomes 
for periodontal ligament reattachment and pulpal revascular-
ization. A systemic antibiotic was prescribed, consistent with 
the recommended treatment guidelines (16, 17) and based on 
evidence that the presence of microorganisms hindered pulp 
revascularization (46) and that systemic antibiotics admin-
istrated at the time of replantation prevented inflammatory 
root resorption (47).

CONCLUSION
This clinical case demonstrated that an immature maxillary 
permanent central incisor, replanted under less than optimal 
conditions, underwent pulp revascularization and periodon-
tal reattachment and was retained in a state of health. In the 
treatment of children with traumatic avulsions of immature 
permanent anterior teeth, when extra-alveolar time periods 
and storage media conditions are not optimal, consideration 
should be given to replantation without root surface alter-
ation or root canal intervention. Treatment decisions should 
be patient-centered and made in consideration of accepted 
evidence-based treatment guidelines, the clinical circum-
stances presented at the time of the injury, the clinical judge-
ment of the attending dentist and the dental and oral health 
needs of the patient.
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teeth replanted within 1 hour after avulsion, the periodontal 
healing rate was 67%, whereas for teeth replanted three or 
more hours after avulsion, 83% had root resorption (26). In 
an investigation of 103 replanted permanent incisors in dif-
ferent age groups that were examined after being followed 
for an average of 2.5 years, it was found that pulp revascu-
larization occurred in 41% of the teeth of children, 9% of the 
teeth of adolescents and 0% of the teeth of adults (27). Also, 
in a follow-up treatment assessment of 45 replanted avulsed 
permanent anterior teeth, periodontal healing was found to 
occur in 63% of teeth with open apices compared to 55% of 
teeth with closed apices (28).

In light of these clinical studies (25-28), it is clear that pulp 
revascularization and periodontal reattachment can be con-
sidered viable outcomes with favourable prognoses for re-
planted avulsed immature permanent teeth among children, 
within the parameters of current guidelines for the manage-
ment of tooth avulsions (16, 17).

In the clinical case presented, this 8-year-old child, in the 
mixed dentition stage of dental development, had anterior 
maxillary over-jet protrusion. This type of malocclusion is 
considered to be a predisposing factor for traumatic dental 
injuries (29, 30). Because of the short root lengths of the re-
planted and adjacent incisors, a standard, functionally flexible 
composite bonded wire splint was applied and left in place for 
an extended time period of 5 weeks to ensure adequate sta-
bilization during the healing process (31). In vitro and in vivo 
investigations that measured the lateral tooth movement of 
teeth with this type of splint have demonstrated that its im-
mobilization effect did not exceed normal tooth firmness dur-
ing use and that it provided a degree of tooth mobility similar 
to non-splinted teeth (32-35). Therefore, the extended splint-
ing time for this immature tooth with a short root and a wide, 
open apex was reasonable.

Although vital pulpal responses were elicited for all of the 
maxillary incisors at the last recall examination, the pulpal vi-
tality responses at examinations during the earlier follow-up 
periods were inconclusive. Findings of this type for pulp vital-
ity testing are not uncommon for traumatized teeth, as there 
can be a temporary loss of sensory nerve function which can 
return later even in replanted avulsed immature teeth (36-40). 
Also, pulp vitality test results with immature teeth can be mis-
leading because full development of the Plexus of Raschkow 
and full pulpal innervation with A-delta nerve fibers takes 
place after root formation has been completed (41-43). Radio-
graphic examination at the last recall assessment 1 year after 
avulsion revealed that root growth and apical development 
of the replanted maxillary left central incisor had progressed 
and was comparable to that of the adjacent maxillary central 
incisor (Fig. 7). It was also observed that there was a slight nar-
rowing of the root canal and a mild degree of partial pulp cal-
cification of the replanted left central incisor. However, pulp 
calcification of this type is not an unusual finding following 
replantation of avulsed immature permanent teeth and is not 
considered to be an adverse sequela for long-term periapical 
health (18, 19, 25, 44).
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