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Abstract
Traumatic injuries to permanent teeth include coronal and root fractures, subluxations,
luxations, and avulsions. The most common complications after avulsions are necrosis
of the pulp and root resorption. Treatment is often complex, time consuming, and expensive and requires multidisciplinary approaches such as endodontic and periodontal
treatments, surgery, orthodontic movements, as well as esthetic coronal restoration. This
review describes new clinical modalities for the treatment of avulsed teeth and discusses
the rationale for their use. (Pediatr Dent. 2004;26:251-255)
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he incidence of dental trauma due to automobile
accidents and violence has increased significantly
during the last decade causing the anterior teeth of
children and teenagers to be commonly affected.1 The incidence is even higher in children between 8 and 12 years
old due to bicycle, skateboard, and sports accidents. The
mean prevalence of dental and oral injuries reported in the
literature oscillated between 14% and 27%. Boys showed
a higher prevalence than girls, but this difference was only
significant for age groups 12 and 13.2-3 Certain predisposing factors like protruded maxillary incisors and insufficient
lip closure may affect the extent of the dental trauma. In
contrast, in adults the traumatic injuries are more likely
related to car accidents, fights, and sports.
Avulsed teeth statistically represent 1% to 16 % of all
traumatic injuries to permanent dentition.4 The traumatic
extraction of a tooth from its respective socket produces
breakdown of the periodontal ligaments and the blood supply to the pulp tissue. In consequence, the dental pulp
undergoes necrosis and periodontum is severely damaged.
Immediately after replantation, an inflammatory process in the periodontal tissues induces the reorganization
of the new attachment apparatus. The type of healing will
be directly related to the extension of the extraoral period
and conditions in which the tooth was maintained prior
to the replantation.5-6
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Understanding the basic principles and therapeutic protocols can help to provide the appropriate treatment, and
in some cases, prevent the development of root resorptions
following trauma.
Therapeutic protocols
Treatment of avulsed teeth is divided in 2 main stages:
1. emergency treatment that should be provided as soon
as possible; and
2. definitive treatment based on a clinical and radiographic follow-up examination.
The American Association of Endodontics (AAE) published therapeutic protocols7 to standardize the concept and
treatment of dental trauma cases. The recommendations
emphasized the importance of minimizing damage to the
root cementum and periodontal tissues to prevent infection of the root canal. During the last years, the
International Association of Dental Trauma (IADT) published new recommendations that established new concepts
and suggestions especially for avulsed teeth that were kept
outside of the mouth in nonbiological conditions for more
than 60 minutes.8
The new therapeutic protocol emphasizes preconditioning
the root as a prior stage to the replantation of the tooth. Treatment of teeth that have completed root development is different
from that involving an immature root. It is very important to
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take into consideration how long
and under which conditions the
tooth was kept out of the mouth
(Figure 1).
Treatment at the place of
accident
Avulsed teeth should be replanted
in the socket as soon as possible.
The long-term success depends
mainly on the extraoral period.9
Under the circumstances, best results will be achieved if the tooth
remains out of the socket for less
than 20 minutes.9-10
In case the tooth cannot be re- Figure 1. Therapeutic chart for avulsed teeth with closed apex.
implanted at the place of the
accident, it should be stored in special storage media like milk or in a biological medium like
0.005% for 5 minutes before replantation. It was found
Hank’s Balanced Salt Solution (HBSS) to maintain perithat pulp revascularization was significantly enhanced in
odontal tissue in as good a state as possible until the patient
up to 40% to 60% of the treated cases.15-16
receives appropriate treatment at a dental office. One of the
Teeth with more than 60 minutes extraoral dry time
best and most available mediums in which to store an
11-12
It can be assumed that, in cases of avulsed teeth stored in
Communities should be
avulsed tooth is HBSS.
dry conditions for more than 1 hour, the periodontal ligaprompted to include the HBSS in every first aid kit availment (PDL) will be necrotic and, consequently, replacement
able in schools, gyms, summer camps, playgrounds,
root resorption is expected to develop.17-18 To attenuate or
ambulances, and emergency rooms.
13
slow down the resorption process, it has been recommended
Milk, another recommended medium, is not as good
as the HBSS but it can be found almost everywhere. In
to follow a root preconditioning protocol.15,19-22
order of priority, sterile saline is the next medium to be
Treatment of the root surface
used, even though it cannot easily be found in public places.
14
1. Eliminate the necrotic tissue from the root surface.
The tooth can be also kept in the child’s mouth. HowThe procedure can be performed mechanically (curetever, there are 2 main reasons to avoid this procedure. The
tage)19 or chemically using EDTA 24%, citric acid,
first one is the dangerous possibility that the child will
or sodium hypochlorite.23-24
swallow the tooth. The second reason is that saliva is a septic
2. Hold the tooth by the crown and irrigate the root surmedium that increases the possibility of infecting the peface with sterile saline.
riodontal tissues that remain attached to the root surface.
3. Soak the tooth in a sodium fluoride 2.4% 5.5 pH
Tap water is not recommended, but it can be used if any
solution for 20 minutes21 or, if available, fill the socket
of the aforementioned mediums are not available.
with Emdogain.8
Teeth that are replanted at the place of the accident
In recent years, several treatment modalities were proposed to delay or prevent the associated root resorption and,
1. Clean the affected area with sterile saline or
thus, increase the long-term success rate of avulsed teeth.19chlorhexidine.
22
The International Association of Dental Traumatology
2. Suture the soft tissues when necessary.
(IADT) guideline for management of avulsed mature per3. Verify the correct reposition of the tooth radiographimanent teeth replanted after 60 minutes in dry extraoral
cally.
conditions endorses the use of Emdogain prior to replanTeeth with 60 minutes or less extraoral dry time and teeth
tation.8
stored in a biological medium
Emdogain consists of hydrophobic enamel matrix proFully developed teeth with an extraoral dry time of 1 hour
teins extracted from porcine-developing embryonic
or less or teeth stored in a biological medium should be
enamel. Earlier studies suggested that enamel matrix protreated carefully to avoid further damage to the root surteins from Hertwig’s epithelial root sheath initiated the
face and remaining periodontal ligament tissues. The tooth
formation of acellular cementum.25 These proteins are
should be held by the crown, irrigated with sterile saline,
synthesized by ameloblast cells and are secreted into the
and replanted with a gentle digital pressure.8
enamel extracellular matrix where they nucleate and reguIn cases of teeth with a partial development of the root,
late the growth of hydroxyapatite crystals to form the
it is recommended to soak the tooth in Doxycycline
mineralized enamel.26
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It has been suggested that Emdogain can be used for
treating avulsed teeth prior to replantation to prevent or
delay replacement root resorption by regenerating a healthy
periodontium.8,26-29 The mechanism of action of Emdogain
is based on its ability to produce new periodontal ligament
from the socket side cell population.
To date, clinical evidence regarding the success rate of
avulsed teeth treated with Emdogain prior to replantation
is lacking. In addition, the effect of 24% EDTA root preconditioning prior to the replantation on the long-term
success rate merits further investigation.
Treatment of the dental socket
Recently, new emphasis has been placed on the role of the
socket in cases of avulsed teeth. Damage to the socket during the replantation is directly related to the long-term
success of the treatment.30-31 The socket should be rinsed
with sterile saline. If the alveolar bone has collapsed, it
should be repositioned gently. In any case, the use of an
air syringe should be avoided to dry the socket. A flap elevation is indicated only in cases where the bone interferes
with the replantation of the tooth.
Repositioning of the tooth
After all the aforementioned treatment is performed, the
tooth should be repositioned very gently in the dental
socket with a light digital pressure.
Treatment of the supporting tissues
In cases of soft tissue lacerations, suturing should be done
to stop the bleeding, allow primary type regeneration, and
avoid the penetration of microorganisms into the periodontal tissues.
Tooth immobilization
It is recommended to immobilize the tooth with a semirigid splint during 7 to 10 days.1,32 The splint should not
interfere with the patient’s capability to perform correct
hygiene and should allow a physiological movement of the
tooth. In cases of bone fracture, the tooth should be
splinted for a longer period, (1 or 2 months), depending
on the clinical situation. Rigid immobilization is contraindicated, except in cases of root fracture. 8 After the
immobilization, a radiograph should be taken to verify the
correct position of the tooth.
Pharmacologic treatment
It is recommended to prescribe antibiotic therapy to avoid
the onset of infection during the first week after replantation.33 The administration of systemic antibiotic prevents
the development of external root resorption.33-34 The antibiotic of choice is Amoxicillin 500 mg × 3/day for 7 days
(children=50 mg/kg/day in divided doses every 8 hours),33
although many studies showed the advantage of the use of
Doxycycline 100 mg × 1/day for 7 days (children=2 mg/
kg/day) in cases of avulsion.35-36
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Chlorhexidine rinses must be prescribed and strict hygiene instructions given, during the entire splinting period.
In case of pain, analgesics can be prescribed. Soft diet
should be recommended during the days following the replantation. It is suggested to consult with a physician about
the need for a tetanus booster during the first 48 hours after
the accident.8
In cases of incomplete root development and extraoral
dry time greater than 60 minutes, tooth replantation is not
recommended.8 The rationale to support this recommendation is based on the lack of a possible regeneration of the
pulp and periodontal tissues. In such cases, the tooth remains immature with a very short root and thin dentinal
walls. In most cases, considering the type of trauma,
extraoral time, and age of the child, replacement root resorption is expected to progress very quickly.
Endodontic treatment
Timing of the endodontic treatment is directly linked to
the stage of root development.
Tooth with a completely developed root
If the extraoral time was less than 1 hour or if the tooth
was soaked immediately in a biological medium, it is recommended to extirpate the pulp tissue 10 to 14 days after
replantation and fill the root canal with a medication based
on calcium hydroxide for a period ranging between 2 weeks
to 6 months. It has been shown that calcium hydroxide
promotes disinfection of the root canal and prevents inflammatory root resorption.37-38 Recent studies reported
success in the use of Ledermix Paste (Lederle Pharmaceuticals, Wolfrantshausen, Germany), an endodontic
medication based on steroids and antibiotics, in preventing root resorption.39-40 A short follow-up period occurs,
depending on the resorption progression, if diagnosed.
Immediately after this stage, the root canal should be filled
with a conventional filling.
If the tooth has been out of the socket and kept dry for
more than 1 hour, it is recommended to leave the calcium
hydroxide filling for a long follow-up period to evaluate
the rate of the replacement root resorption before the permanent root filling is completed. Depending on the age
of the patient and root resorption rate, surgical
decoronation should be considered to preserve the width
and height of the alveolar ridge.41 During the procedure,
the crown and root filling material are removed, allowing
the decoronated root to be gradually fully resorbed.
Tooth with an incomplete developed root
If the extraoral time was less than 1 hour or if the tooth
was stored in a biological medium, it should be replanted
immediately to allow revascularization. It is contraindicated to perform endodontic treatment as a first treatment
of choice. There is a great deal of evidence to support the
possibility of pulp revascularization based on the development of young tissue rich in blood vessels. 15,42-44
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Periodical examination is mandatory at least once
a month. In case pulp necrosis is diagnosed, long-term
apexification with calcium hydroxide alone or short-term
apexification with calcium hydroxide followed by apical
seal with Mineral Trioxide Aggregate (MTA) should be
performed to avoid inflammatory root resorption, and
create an apical barrier. At the end of the treatment, a conventional endodontic filling should be placed. If the
extraoral dry time was greater than 1 hour, it is not recommended to replant the tooth.8
Crown restoration
Crown restoration and sealing the endodontic access cavity
should be performed as soon as possible to prevent infection of the root canal filling and strengthen the cervical area
of the tooth. It has been demonstrated that coronal leakage
and penetration of microorganisms through the crown may
be one of the main reasons for endodontic failure.45-46
Follow-up period
Most of the surrounding and antagonist teeth and surrounding tissues are affected during a traumatic injury to
the face. It is recommended to perform a clinical followup examination 1 week, 2 to 3 weeks, 3 to 4 weeks, 6 to 8
weeks, and then every 6 months over a period of 5 years.1,8
During this period, complications can be early diagnosed
and treated. The pulp vitality of the affected teeth must
be re-evaluated periodically. Some complications like pulp
necrosis or root resorption may occur long after the incident, requiring immediate treatment.
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