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Introduction
Tooth avulsion is defined as complete displacement of 
the tooth from its alveolar socket after traumatic injury 
and requires more attention and follow-up care. Although 
dentoalveolar injuries are most commonly observed in 
children and adolescents, particularly boys, they may affect 
individuals of any age (1–3).

The deal procedure in the case of avulsion is the immediate 
reimplantation of the tooth into its socket, which warrants 
the vitality of the structures adhered to the root surface. 
Periodontal ligament (PDL) healing by reattachment of 
its fibers to the root surface occurs only when cell viability 
is maintained (4). In most situations, the conditions are 
not so favorable and the avulsed teeth are exposed to a dry 
medium for long periods, PDL necrosis may ensue which 
may start an external root resorption process (2,5).

The contamination of delayed reimplanted teeth can be 
controlled by the treatment of root surface and administra-
tion of systemic antibiotics. Recently, the use of chemother-
apeutic agents has been advocated to manipulate external 
root resorption pharmacologically (6–9). In experimental 
animal studies (6,7), tetracycline has been shown to be ef-
fective in preventing or attenuating external root resorp-
tion when applied systemically and/or topically.

This case report presents the clinical and radiographic 
conditions of a reimplanted incisor after 12 years. The 
root surface was immersed in tetracycline HCl although 
the tooth was stored under dry conditions for 1 day after 
the avulsion injury.

Case Repont
An 18-year-old boy presented to the clinics for emergency 
treatment due to an avulsed tooth 1 day after a traffic acci-
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dent. The avulsed tooth was retrieved and kept in dry con-
ditions. The patient had already been seen by the medical 
staff of the emergency unit of a local hospital who had de-
tected no neurological damage or medical complications. 
Intraoral examination revealed that the dental socket of the 
upper left permanent central incisor (tooth #21) was full 
of blood clot. The periapical radiograph in Figure 1 shows 
that tooth #21 is completely avulsed. The oral hygiene of 
the patient was not favorable and intraoral soft tissues had 
pathological signs. The occlusion was normal with no miss-
ing teeth, and the patient had no caries. The adjacent teeth 
(#11 and #22) of the avulsed tooth were slightly tender 
to percussion and exhibited mobility within normal lim-
its. Electronic pulp testing and cold application (ice stick) 
yielded positive vitality for both teeth. Based on these find-
ings, the patient was diagnosed as having an avulsed tooth 
due to dental trauma. Afterwards, the patient was informed 
of the long-term prognosis of the tooth, and a decision was 
made to perform root canal treatment (RCT) extraorally 
and to place the tooth in its socket.

At the same appointment, RCT was initiated on tooth 
#21. Access cavity was prepared, necrotic pulp tissue was 

extirpated, and the root canal was instrumented with size 
15–40 K-files (Dentsply-Maillefer, Ballaigues, Switzer-
land) using a step-back technique. During the instrumen-
tation, the canal was irrigated with 2.5% NaOCl and nor-
mal saline solution using a 27-gauge endodontic needle 
after each file. The canal was dried with sterile paper points 
and filled with gutta-percha and a calcium hydroxide-
based sealer (Sealapex; Kerr, Romulus, MI, USA) using 
the cold lateral condensation technique. Later, the access 
cavity was filled with a composite (Clearfil; Kuraray, To-
kyo, Japan) restoration (Figure 1).

The necrotic and dried remnants of periodontal tissue on 
the root surface were carefully removed with a scaler (Fig-
ure 1). Then, tetracycline HCl was applied for 5 min on 
the root surface. Local anesthesia with 2% articaine con-
taining 1:20.000 epinephrine (Ultracain DS; Sanofi, Is-
tanbul, Turkey) was administered and the alveolar socket 
was gently curetted to remove any coagulum, granulation 
tissue, and pathologic tissue and irrigated with physiologic 
saline solution. The teeth were placed into the extraction 
sockets and splinted with composite resin (Clearfil; Kura-
ray, Tokyo, Japan) from the mesial and distal contact ar-
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Fig. 1. (a) Extraoral, intraoral, and radiographic views, (b) after root scaling, (c) after root canal treatment.

Fig. 2. (a) Three-month recall, (b) 6-month recall, (c) 22-month recall. Arrow: Early root resorption, (d) 12-year recall. Arrows: Advanced root resorption.

(a) (b) (c) (d)
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eas. Moreover, oral hygiene instructions and advice was 
given about a soft diet and the need to use a chlorhexidine 
(Klorhex; Drogsan, Ankara, Turkey) mouth rinse during 
the stabilization period. Doxycycline was prescribed for 
prophylactic antibiotic therapy and an analgesic was given 
to be administered for 5 days. The splint was removed at 
the 6th week.

Radiographs were taken at 3-, 6-, 22-months, and 12-year 
after replantation for the control of the tooth and healing 
(Figure 2). During the 22-month recall, there was radio-
graphic evidence of slight surface root resorption (Figure 
2); however, the tooth was still functioning. There was 
also no periodontal pocket with pathological signs. After 
12 years, the resorption was detected to increase and an-
kyloses was evident. On the other hand, the tooth was 
clinically asymptomatic.

The patient did not attend any further follow-ups. Never-
theless, the tooth was preserved successfully for 12 years.

Discussion
Avulsion causes rupture of the neurovascular bundle, lead-
ing to pulp necrosis, which facilitates bacterial contami-
nation in mature teeth. RCT is thus required in case of 
avulsed teeth (10). In this case, we performed RCT extra-
orally and filled the canal with gutta-percha and a calcium 
hydroxide-based sealer using the cold lateral condensa-
tion. The avulsed tooth was replanted 24 h after the ac-
cident. When the extra-oral time in avulsion cases is >60 
min, PDL cells do not survive, and dentoalveolar ankylosis 
and osseous replacement of the tooth can be observed (9). 
It has been shown that chemical or mechanical removal 
or treatment of the necrotic cemental PDL leads to the 
occurrence of more areas of ankylosis rather than replace-
ment resorption (11–13). In this case, the root surface 
was scaled from the necrotic PDL tissue and tetracycline 
HCl was applied for 5 min. on the root surfaces. It is sug-
gested that that roots should be chemically treated with 
2.4% acidulated sodium fluoride solution (pH 5.5) for 20 
min or immersed in tetracycline for 5 min before replanta-
tion after the removal of necrotic PDL (14). The action 
of tetracycline on microorganisms on the contaminated 
root surface during the extra-alveolar period has been 
previously investigated. Although it had no effect on the 
microorganisms present in the necrotic pulp tissue, tetra-
cycline was shown to reduce the occurrence of ankylosis 
and inflammatory resorption (14). Tetracycline studies 
(15,16) demonstrate multiple beneficial properties toward 
regeneration, good anti-collagenase activity, high substan-
tivity, induced bone resorption, and anti-inflammatory ac-
tion. In addition, it has been indicated that tetracycline is 
absorbed and subsequently desorbed from dentin, main-

taining its antimicrobial activity (17–19). It was recently 
shown that tetracycline HCl which acts in an acidic pH 
(1.8) was used as the root biomodification agent. Surface 
demineralization with tetracycline HCl enhances binding 
of matrix proteins to dentinal collagen matrix and stimu-
lates fibroblast attachment and growth (20).

Furthermore, several substances have been used for the 
treatment of the root surface of replanted teeth to increase 
their retention rate, namely, formol, acid solutions (such 
as citric acid, hydrochloric acid, acidulated fluoride, and 
neutral fluoride), alkaline substances (such as calcium 
hydroxide and NaOCl), antibiotics (such as tetracycline 
and rifocin), antibiotic/corticosteroid combination, cor-
ticosteroid, alendronate, Vitamin C, carbonic anhydrase 
inhibitor (acetazolamide), Cathepsin K, propolis, and Em-
dogain (21,22).

After these procedures, the tooth was replanted and 
splinted. To achieve replacement root resorption, the 
avulsed incisor was splinted to adjacent teeth for 6 weeks 
to facilitate rapid, solid ankylosis (23).

Replacement resorption is the substitution of dental tissue 
by bone tissue. Loss of PDL and bone tissue incorporation 
onto the root surface ends up including the mineralized 
dental tissue into the resorbed area as part of the bone 
remodeling process. Dentoalveolar ankylosis may occur 
after PDL loss and its replacement by bone tissue, thus 
leaving the root surface in direct contact with the alveolar 
bone (2,24).

After intraoral procedures were completed, semisynthet-
ic doxycycline, analgesics, and chlorhexidine gluconate 
mouthwash were prescribed for 5 days. The goal of antibi-
otic therapy is to avoid bacterial proliferation in the area of 
the ongoing repair process and contributes to the preven-
tion of inflammatory resorption. Ideally, a broad-spectrum 
antibiotic should be administered for 7 days (7). Gomes et 
al. (25) showed that when using antibiotics orally (amoxi-
cillin and tetracycline), the acute inflammatory infiltrate 
was less intense regardless of the duration of use, and root 
resorption presented smaller extent and depth.

Conclusions
There are many treatment protocols for the delayed re-
plantation of the tooth, but the best choice is yet un-
clear. Although complications such as ankylosis or root 
resorption may be unavoidable, delayed reimplantation 
of avulsed tooth may be a good alternative to prosthesis 
(implant or fixed partial denture) due to the preservation 
of the alveolar bone and other benefits. Further research 
and reports on the influence of tetracycline in avulsion are 
warranted to better highlight the topic.
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