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Background: Replantation of avulsed teeth is an invasive treatment approach where 
patient cooperation is required after the risks are explained to the patient or family. 
Although replantation of an avulsed permanent teeth is an accepted treatment 
approach, the long‑term prognosis of the replanted teeth is still controversial. This 
report describes the survival of delayed replanted 15 incisors that was stored in 
unfavorable conditions after avulsion. Materials and Methods: Nine patients, aged 
8–12 years, were referred to the Inonu University, Pediatric Dentistry Department 
with traumatically avulsed incisors. The parents were informed about the possible 
complications of a delayed replantation. Results: Forty percent of the teeth were 
splinted with flexible orthodontic wire and composite. The follow‑up periods were 
varied from 24 to 48 months. The mean follow‑up periods were 33.3 ± 8 months. 
40% of the teeth were retained in the mouth for at least 3  years and contributed 
to alveolar bone development. In these cases, the most common complication  (9 
teeth, 60%) was replacement root resorption. Two of the 15 teeth which had 
wide open apices, continued to the root development. Conclusion: In this study, 
replanted teeth were retained in the mouth for at least 2 years and contributed to the 
patient’s development. Therefore, this study has shown that delayed replantation of 
an avulsed tooth for a child is still worthwhile, even in cases of poor prognosis 
where the tooth had extended extra‑alveolar dry storage. We believe that delayed 
replantation should be done because of its importance for the child’s jaw and facial 
development.
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depends on various factors, but the duration of extraoral 
storage and the storage medium have been identified 
as critical factors for functional healing.[1,6,7] The aim 
of replantation, even when delayed, is to give back an 
esthetic look and keep the tooth functionally in place for 
normal growth of the alveolar ridge.

The long‑term prognosis of a replanted tooth is still 
controversial. Prolonged extraoral time will promote 
damage to the periodontal ligament and there may 
be ankylosis‑related root resorption  (replacement 
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Introductıon

T raumatic dental injuries are commonly observed 
problems in young individuals. An avulsion is a 

type of serious injury that causes damage to dental and 
supportive tissues; it is defined as a total displacement 
of the tooth from its socket. An avulsion commonly 
involves the central maxillary teeth,[1,2] which make a 
major esthetic contribution to the smile. In children 
who are still growing, it also damages the alveolar 
bone volume. The most preferable treatment for an 
avulsed tooth is an immediate replantation. Avulsed 
teeth can be preserved for a short time in appropriate 
media such as milk, saline, saliva or Hank’s solution,[3‑5] 
however, this may not always be possible. Prognosis 
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resorption).[5,8] Ankylosis following replantation of 
avulsed permanent incisors may affect the growth of 
the alveolar ridge, which can cause facial asymmetry. 
Ankylosis may also affect the eruption and position of the 
adjacent teeth.[9‑11] However, there are more advantages 
in replanting an avulsed tooth than disadvantages 
and complications in young patients. Esthetic and 
masticatory functions, occlusal development, alveolar 
ridge preservation, and avoiding malocclusions are some 
of the advantages.[12,13]

To avoid the complications of ankylosis, removing 
the ankylosed tooth before the changes become so 
pronounced can be a safety precaution in young 
individuals.[14] Decoronation and esthetic space 
maintainers should be used until more definitive 
treatment is provided. Furthermore, if patients are 
treated before or during pubertal growth periods, they 
may have shown healing of vertical bone height and 
maintenance of the alveolar ridge in the buccopalatal 
direction.[15] In recent years, delayed replantation has 
been recommended because of the excellent long‑term 
results of decoronation, which has been shown to 
preserve bone volume.[5,11,14,16‑18] The purpose of this case 
serial study was to report the clinical and radiographic 
survival of 15 delayed replanted incisors that were 
stored in unfavorable conditions for at least 24 h before 
reimplantation.

Methods
In this case‑control study, the population was comprised 
of 9  patients with 15 avulsed permanent teeth who 
referred to the Inonu University, Faculty of Dentistry, 
Department of Pediatric Dentistry, in Malatya, during 
the period from 2010 to 2014. Standard trauma 
registration forms were completed for all patients that 
included social, medical, and dental history. Informed 
consent was received from all parents. The ethics 
committee approval was obtained. Clinical data were 
taken from patient records containing details related to 
the traumatic dental injury  (i.e.  type and duration of 
extraoral storage, splinting duration, and use of systemic 
antibiotics). Radiographic evaluations were conducted 
for the diagnosis of concomitant injuries as well as 
complications such as pulp necrosis, infection‑related 
resorption, and ankylosis‑related resorption. Finally, 
a follow‑up period of 24–48  months was an inclusion 
criterion, unless early complications led to extraction 
before that time.

Demographic data were comprised age, gender, and 
apical closure of the root. With respect to etiological 
factors, the mechanism and cause of injury, the month 
in which the injury happened, and the injured tooth/

jaw were analyzed. For all replanted teeth, the total 
extra‑alveolar duration and the storage medium were 
examined [Table 1].

Immediately after the patient’s arrival at the clinic, the 
parents were informed of the possible complications of a 
delayed replantation and that it was a preferred option to 
do the replacement. First, the necrotic soft tissue around 
the teeth was cleaned with gauze and then the necrotic 
pulps were extracted. The root canal treatment was 
applied in 5  min extraorally prior to the replantation. 
These steps were applied to all teeth except two teeth. 
Two teeth with open apicals were reimplanted directly 
considering the possibility of pulp vitality.

The teeth were stored in a 2% sodium fluoride  (NaF) 
solution for 20  min after the root canal treatment in 
accordance with IADT guidelines. Concurrently, clinical 
and radiographical examinations were conducted and 
the patient’s history was taken including the patient’s 
general health condition, extraoral time for the tooth, 
and the storage medium of the avulsed tooth. After 
local anesthesia and before replantation, the socket was 
irrigated with physiologic saline. There were no fractures 
in any of the patients and the avulsed teeth were gently 
replanted. Only two teeth had a wide‑open apex and 
the patient came to our clinic 2 h after the avulsion so 
the pulp was not extracted and the teeth were directly 
replanted. All replanted teeth were splinted with flexible 
orthodontic wire and flowable composite. The splinting 
period was 4 weeks for all patients. Systemic antibiotic 
treatment was applied in all cases; the patients were 
prescribed chlorhexidine gluconate  (0.2%) mouth rinse 
and amoxicillin for 1  week. The patients referred to a 
physician for an evaluation of the need for a tetanus 
booster if the avulsed tooth had contacted soil or tetanus 
coverage was uncertain. Both patients and parents were 
advised regarding the care of the replanted tooth for 
optimal healing and prevention of further injury. A  soft 
diet for up to 2  weeks was suggested and they were 
advised to brush their teeth with a soft toothbrush after 
each meal.

Patients had weekly follow‑up appointments during the 
first 2  months; monthly during the next 6  months; and 
once every 3 months thereafter. Every 3 months during 
the first year, and every 6  months thereafter, periapical 
radiographs were taken. Clinical examinations were 
performed for the evaluation of postoperative outcomes.

Factors were analyzed in relation to postoperative 
outcomes; Chen’s classification[19] was modified and the 
teeth were divided into the following groups:

Complete success  (CS): Vital pulp, no root resorption, 
no tooth mobility, and no symptoms;
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Acceptable success  (AS): Necrotic pulp, root canal 
treatment was performed, mild root resorption without 
obvious mobility, and the replanted tooth will remain for 
a relatively long time;

Decoronation or extraction  (DC): Necrotic pulp, root 
canal treatment was performed, root resorption with 
obvious mobility, decoronation  (or extraction) and 
prosthetics were done.

Results
Patients referred to our clinic in as little as 2 h and 
up to 3  days  (meantime: 35.1  ±  29 h) after their 
tooth avulsion. The age of patients ranged from 8 to 
12  years  (mean age: 10.7  ±  1.64  years) and all of the 
patients were male. Thirteen teeth were stored in dry 

gauze after an avulsion, and two were brought in stored 
in tap water.

The observation periods varied from 24 to 
48  months  (meantime: 33.3  ±  8  months). Four of 
the 15 teeth had wide‑open apices, but only two of 
these apices had continued to the root development. 
The most common complication  (9 teeth, 60%) was 
replacement root resorption. Resorption was found 
to occur at the latest, 4  years after replantation, 
but was most frequently observed at the end of 
3  years  (meantime: 36  ±  10  months). All of the root 
resorptions related to replacement; infection‑related 
resorption was not seen in any teeth. The coronal 
discoloration was another complication that was 
observed in three teeth (20%).

Figure 1: Radiographic and clinical records of case 2

Table 1: Factors that were analyzed
Patient Age Tooth Cause Month Extraoral time (hours) Extraoral storage Apical closure Follow‑up (months) Results

1 12 11,21,22 Bicycle April 72 Dry Close 18 AS1

2 8 11, 21 Collision December 2 Dry Open 30 CS2

3 11 21 Fall June 2 Dry Close 24 AS1

4 11 11 Fall January 72 Tap water Close 36 RR3, AS1

5 12 11 Bicycle July 24 Tap water Close 42 RR3, AS1

6 12 21 Fall July 36 Dry Close 48 RR3, DC4

7 8 11, 21 Bicycle September 24 Dry Open 36 RR3, DC4

8 11 11 Fall October 24 Dry Close 36 RR3, DC4

9 12 11,21,22 Fall August 24 Dry Close 18 RR3, DC4

1AS: Asymptomatic; 2CS: Complete success; 3RR: Replacement Resorption; 4DC: Decoronation
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Figure 2: Radiographic and clinical records of case 5

Figure 3: Radiographic and clinical records of case 6

Eight teeth  (53.3%) were still in the mouth functionally 
and their follow‑up continued for 24 to 42 months (mean: 

31.2  ±  6.9  months). Moreover, two of these  (13.3%) 
were included in the CS group, which indicates they 
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had a vital pulp and their root development continued 
for 30 months  (Records of case 2 is given in Figure 1). 
The remaining six teeth  (40%) were included in the 
AS group. Replacement resorption was seen 36 months 
and 42  months after replantation, but teeth were still 
clinically asymptomatic and being followed  (Records 
of case 5 is given in Figure 2). In the D group, seven 
teeth  (46.6%) had been decoronated after extreme 
mobility, which occurred as a result of the replacement 
root resorption. These teeth maintained functionality for 
24–48  months  (mean: 36  ±  8.4  months).  (Records of 
case 6 is given in Figure 3). Follow‑up procedures were 
still ongoing every 6 months.

Discussion
The high prevalence of dental injuries and the negative 
impact on the function and esthetics of affected young 
patients make dental injuries a severe public health 
problem.[20‑22] An avulsion is a serious injury that 
causes damage to the dental pulp and the periodontal 
ligament,[23] and the prognosis of the replanted tooth is 
dependent on the vitality of the periodontal ligament 
cells.[24,25] It has been a matter of debate whether an 
avulsed tooth should be replanted if the extraoral 
storage conditions of the avulsed tooth were not 
optimal.[26] In the absence of the periodontal ligament, 
and if contamination is under control, the best‑predicted 
outcome would be ankylosis and replacement resorption. 
This process will progress and lead to a future failure 
of the replantation. When the periodontal ligament is 
lost or damaged, the barrier between the root and bone 
is eliminated, so osteoclasts from the surrounding bone 
can invade and resorb the root surface.[27,28] Consistent 
with other studies, our study also found that delayed 
replantation causes ankylosis and replacement of the 
root by the bone.[5] Tsukiboshi analyzed bone volume 
with cone‑beam computed tomography  (CBCT) and 
reported that the palatal bone volume and shape did 
not change, even after the root resorption had occurred. 
Buccal bone is reduced over time, but palatal bone is not 
reduced to the same extent,[5] therefore, the replantation 
has achieved the goal and maintained the alveolar bone 
volume. In the future, long‑term follow‑up studies with 
CBCT should be performed to better understand the 
alveolar bone morphology and physiology.

Specifically for a delayed replantation, a 2% NaF 
solution is advised to slow down osseous replacement 
of the tooth rather than the use of doxycycline.[23,29] 
Based on this information, we preferred a 2% NaF 
solution as described in the IADT guidelines.[19] This 
treatment protocol may have contributed to ensuring that 
replacement resorption did not occur for a long time.

Endodontic treatment was carried out extraorally 
prior to the replantation in most of the teeth in which 
revascularization of the pulp could not be expected. 
Replanted teeth that underwent extended calcium 
hydroxide treatments had more complications than teeth 
that had undergone complete root canal treatments. 
Several studies have reported that delayed endodontic 
treatment in replanted teeth increases infection‑related 
resorption.[8,30,31] In the current study, none of the teeth 
received prolonged calcium hydroxide therapy, thus, this 
could be related to the finding that all of the teeth were 
lacking infection‑related resorption.

In the IADT guidelines, Andersson et  al. reported 
that periodontal and pulpal healing is supported if the 
replanted tooth is given a chance for slight motion and 
the splinting time is not too long.[23] Prolonged use of 
the splint causes ankylosis. In our study, splints were 
used for an optimal duration as recommended in the 
IADT guidelines, therefore, we believe that the IADT 
directives help to reduce the incidence of ankylosis.

Many types of splinting techniques have been 
described in the literature, but wirecomposite splints 
and titanium trauma splints are the most recommended 
types for splinting of traumatized teeth.[32‑34] Filippi 
et  al. reported that the titanium trauma splint is more 
favorable to handling, applying, and removing, with less 
damage to dental hard tissue than the wire‑composite 
splint.[33] On the other hand, according to Ebeleseder 
and Berthold, wire‑composite splints are advantageous 
because the required materials are inexpensive and 
usually available in dental offices. Wire‑composite 
splints also fulfill most of the properties of the titanium 
trauma splints for splinting after dental trauma; these 
properties include flexibility and allowing for dental 
hygiene and endodontic treatments.[32,34] In light of these 
requirements, and according to the IADT guidelines, we 
prefer the wire‑composite splints for splinting avulsed 
teeth.[23]

Andreasen et al. reported that ankylosis‑related resorption 
is the most frequent complication and predominant 
resorption type with rates of 71% in teeth with a closed 
apex. Petrovic et  al. also found that 84% of delayed 
replanted teeth had root resorption. Complications 
are frequent after the replantation of avulsed teeth, 
with a reported prevalence of 57–84%.[8,30,31,35,36] In the 
present study, the complication rate was 60%, which is 
compatible with previous studies.

The primary goal in the replantation of permanent 
incisors is to keep the tooth in the alveolar bone until 
the patient’s development is completed and permanent 
prosthodontic treatment can be made. In this study, 
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all of the replanted teeth, even the decoronated teeth, 
were functional for 2–4  years. Tooth survival 2  years 
following replantation was 80%, and 40% of the 
teeth were retained for at least 3  years. Therefore, 
it is important to remember that the replanted teeth 
help esthetic and masticatory functions, occlusal 
development, alveolar ridge preservation, and avoiding 
malocclusions in young individuals.[12] Considering these 
advantages, reimplantation seems to be more profitable 
than other treatment options, even if it is late. Because 
implant treatment is not suitable for children, we can 
only keep the area functional with child prostheses 
and space maintainers. However, these options will 
only contribute to function and phonation, and will not 
prevent the reduction of bone volume in that area. When 
we take into account the fact that children have difficulty 
in using removable or semi‑fixed prostheses, it is more 
advantageous to perform reimplantation even if it is late.

To conclude;

1. Within the limits of this study, the findings support 
that delayed replantation after unphysiological 
storage is inevitably followed by high resorption 
rates. Replacement resorption was observed in 60% 
of our cases.

2. In the present study, the tooth survival rate 2  years 
following replantation was 80%.

3. Following 3  years, 40% of the teeth were still 
retained, thus, avoiding alveolar bone resorption.

We believe that delayed replantation of a permanent 
incisor is important for the child’s jaw and facial 
development.
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