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Abstract
Traumatic dental injuries are particularly common in school-age children and often occur in the anterior region. Process
management of cases is possible with alternative treatments according to the root development levels. This case series is
aimed to present the treatment and 2-year follow-up of permanent anterior teeth with traumatic dental injuries.
Case 1: An 8-year-old patient, who had a bicycle accident 20 days earlier, was diagnosed with extrusion of #31. Due to
late admission to the clinic, no repositioning procedure was applied to the tooth. Regenerative endodontic treatment was
performed. During the radiological follow-up, the apex was closed in the 12th month; however, it was observed that
obliteration started in the root canal at the 24th month. The case is still being followed up at regular intervals.
Case 2: A 13-year-old patient, who had a traffic accident 3 days prior, was diagnosed with subluxation in #11, and a root
fracture was detected in the apical third of #21. In #21, root canal treatment was applied to the coronal part of the
fragments. After the diagnosis of pulp necrosis in #11 in the 2nd month of the follow-up period, root canal filling was
applied. During the follow-up period, no pathology was detected and no granulation tissue was formed between the
fragments in #21.
In traumatic dental injuries, long-term follow-up, well-timed endodontic treatments, and material selection play an
important role in success. With regenerative endodontic treatment, successful results can be obtained even in treatments
applied in late-admitted patients.
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Introduction

Traumatic dental injuries (TDI) are one of the public health
problems that affect primary and permanent teeth, especially
in children and adolescents. Although the prevalence of TDI
varies depending on gender, socioeconomic level and environ-
mental factors, 1 they tend to occur more often between the
ages of 7-122 and approximately 25% of school-age children
in permanent dentition experience TDI.3,4 The most frequently
affected teeth are the upper central incisors, followed by the
lateral incisors and lower incisors. 1,5

Traumatic dental injuries are classified as types of traumas
on
(i) hard tissue and pulp,
(ii) periodontal tissues,

(iii) supportive bone,
(iv) gingiva and oral mucosa.6

Subluxation has been defined as the loosening of the tooth
due to damage of periodontal ligament (PDL); but displace-
ment is not observed clinically and radiographically.7 Due to
the damage of the neuro-vascular supportive tissue of the
pulp, various undesirable consequences may occur after sub-
luxation. 1 The studies revealed that symptoms such as discol-
oration, canal obliteration or root resorption may be observed
over time.8,9 Pedrini et al. 10 reported that 69% of 68 teeth
with pulp necrosis were diagnosed within the first 3 months af-
ter subluxation injury. Extrusion is characterized by the partial
axial displacement of the tooth from the socket. The mobility
of the tooth increases with partial severance of PDL attachment
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Figure 1. a: Preoperative view of Case 1 b: Preoperative radiograph showing extruded tooth.

and the damage of the apical neurovascular bundle. The heal-
ing process is stimulated through the reorganization of PDL
and the regeneration of the vascular and nerve connections of
the pulp.7,11 Lee et al. 12 reported that pulp necrosis was expe-
rienced in 43% of extruded teeth. Endodontic treatments may
be required in cases where pulpal pathologies are observed.

Root fractures, which constitute 0.5-7% of injuries in per-
manent dentition, are defined as those that involve cemen-
tum, dentine, and pulp.7 The location of the fracture line can
be observed at coronal, middle or apical third. 13 It has been
shown that three healing modalities are considered for root
fractures: hard tissue healing, connective tissue healing, and
non-healing with granulation tissue.7

The primary goal of the treatment of TDI is to provide sta-
bilization by correct diagnosis in the early stage. Treatment
approaches vary depending on the vitality of the pulp, the po-
sition of the tooth, the age of the patient, and the stage of root
development. 14 When the root canal treatment is required, cal-
cium silicate-based root canal filling materials promise suc-
cessful results considering their advantages such as imperme-
ability, biocompatibility, and dimensional stability. 15 This case
series aimed to present treatment plans and 2-year follow-up
of upper and lower anterior teeth with different late-admitted
traumatic dental injuries.

Case Reports

Case 1

An 8-year-old male patient consulted with the Department of
Pediatric Dentistry with a complaint of mobility in teeth. It was
learned that the patient had a bicycle accident 20 days prior and
no treatment was applied in the meantime. Intraoral exami-
nation revealed mobility in tooth #31, gingival recession, and
negative response to cold sensitivity test (Chloraethyl, Wehr,
Germany) and a displacement of 2 mm along the axis (Figure
1a). Radiographic examination showed altered periodontal lig-
ament space and immature root with open apex. The tooth #31
was diagnosed as extrusion (Figure 1b).

Due to late clinical admission, the tooth #31 could not be
repositioned because the socket was not appropriate. A semi-
rigid splint was applied between teeth #33 and #43 for 14 days
and regenerative endodontic treatment was performed to #31.
The protocol of the American Association of Endodontists was
used as described below 16, the tooth was isolated with a rub-
ber dam and the access cavity was prepared. The root canal

was irrigated with 20 mL 1.5% sodium hypochlorite (NaOCl)
solution followed by 20 mL sterile saline and dried with pa-
per points. Equal proportions of ciprofloxacin (Cipro Biofarma,
Istanbul, Turkey) and metronidazole (Flagyl Eczacibasi, Istan-
bul, Turkey) were ground and mixed with sterile saline. This
antibiotic paste was placed in the root canal below the cemento-
enamel junction using dental syringe. The access cavity was
temporarily sealed with a sterile cotton pellet and restorative
glass ionomer cement (Ionofil, Voco, Cuxhaven, Germany). Af-
ter 3 weeks, the patient was asymptomatic. After applying a
rubber dam, the access cavity was reopened, the antibiotic mix-
ture was removed by irrigation with 20 mL sterile saline, 20
mL 17% EDTA and the root canal was dried with paper points.
Bleeding into root canal was created by over-instrumentation
at 2 mm past the apical foramen. Coronal third of the root
canal was sealed with Biodentine (Septodont, Saint Maur des
Faussés, France) over the blood clot, the tooth was permanently
restored with reinforced glass ionomer cement (Ketac ™ Mo-
lar Easymix, 3M ESPE, Seefeld, Germany) and composite resin
(Clearfil Majesty, Kuraray, Osaka, Japan).

In order to correct the anterior crossbite and to eliminate
the occlusal trauma that may occur, vertical dimension of oc-
clusion was increased by using inclined composite resin. When
the upper anterior teeth reached a sufficient crown length, a re-
movable appliance with the bite plane and labiolingual springs
were used. The patient was recalled at 3-week intervals and the
spring was activated. At the end of three months of treatment,
the anterior crossbite was successfully corrected and gingival
recession in tooth #31 was eliminated (Figure 2).

In the clinical and radiological follow-ups, no symptoms
were observed, the periodontium was radiographically normal
(Figure 3a-b), and apical closure was observed at the 12th
month (Figure 3c). However, at the periapical radiograph taken
at the 24th month, there was evidence of pulp canal obliteration
at tooth #31 (Figure 3d). The patient is scheduled for further
follow-up.

Case 2

A 13-year-old male patient was referred to the Department of
Pediatric Dentistry with the complaint of loosening of tooth
#21. It was learned that the patient had a traffic accident 3
days earlier. Clinical examination revealed damage to the nose,
lips and mouth mucosa and mobility in teeth #11 and #21 (Fig-
ure 4a). In periapical radiography, presence of slight radiolu-
cency was observed in the periapical region of tooth #11 and
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Figure 2. a: Pretreatment view of anterior crossbite. b: Intraoral photograph at the 24th month.

Figure 3. a:3-month follow-up radiograph. b: 6-months follow-up radiograph. c: At the 12-months follow-up, apical closure was evident. d: At the 24th month,
pulp canal obliteration at #31 was observed.

diagnosed as subluxation; meanwhile horizontal root fracture
was detected in the apical third of tooth #21 (Figure 4b).

A semi-rigid splint was applied between teeth #13 and #23
for 4 weeks. Following a negative response to the cold sensi-
tivity test on tooth #21 in the second week, coronal part of the
fracture line was considered as an immature tooth and root
canal treatment was performed. The access cavity was pre-
pared and the coronal pulp was removed. Root canal was in-
strumented and irrigated with 2.5% NaOCl, sterile salin. CaOH
based root canal sealer (Kalsin, Aktu Tic, İzmir, Turkey) were
placed into canals. After 3 weeks, permanent root filling was
applied using Biodentine and the tooth was permanently re-
stored with reinforced glass ionomer cement (Ketac ™ Mo-
lar Easymix, 3M ESPE, Seefeld, Germany) and composite resin
(Clearfil Majesty, Kuraray, Osaka, Japan). At the 2th month of
the follow-up, after the diagnosis of pulp necrosis in tooth #11,
root canal treatment was initiated. Neo-MTA (Avalon Biomed
Inc., Bradenton, FL, USA), which is a calcium silicate-based
material, was used as permanent root filling material. In the
clinical and radiographic controls at the 3rd, 6th, 12th, 18th, and
24th month, no symptoms were observed in the teeth, the frag-
ments were healthy and no granulation tissue was formed in
the tooth #21 (Figure 5, Figure 6). The patient is scheduled for
further follow-up.

Discussion

Parameters such as correct diagnosis, appropriate treatment
timing and long-term follow-up in traumatized teeth are all
known factors affecting the success of the treatment. 17 Trau-
matic dental injuries are defined as an emergency that requires
early intervention. 18 Therefore, it is important that patients
apply to the clinic at the appropriate time in order to increase

the chances of success of the treatment.
In severe extrusion cases, early repositioning is a very im-

portant stage in the course of the treatment, whereas in Case 1,
the late admission of the patient prevented the extruded tooth
#31 from being repositioned. It is thought that regeneration
capacity will decrease as the probability of starting the process
leading to pulp necrosis increases the possibility of damage to
living tissues as a result of the severity of the trauma. 19–21
However, successful results can be achieved by applying regen-
erative endodontic treatment in cases with traumatized teeth
with open apex in late-admitted patients.22 For this reason, in
the present case, regenerative endodontic treatment was pre-
ferred to the extruded tooth and it was observed that the apical
closure was completed in the 12th month.

In cases of root fractures, the success of the treatment de-
pends on factors such as the severity of the trauma, the location
of the fracture, the placement of the coronal part and the de-
gree of root formation. Calcified tissue healing, which is the
most ideal result, is possible by splinting the teeth as soon as
possible and in a way that the broken parts match each other.23
However, if the fractured parts are separated from each other
and the integrity of the pulp is disrupted as a result of the pre-
intervention delay, the periodontal ligament cells initiate the
healing process and hence, the fracture line joins with the con-
nective tissue. 11,16,24 Accordingly, in Case 2, who applied to
the clinic 3 days after the trauma, it is thought that healing
occurred with fibrous connective tissue in the fracture line in
tooth #21. It is reported that the apical fragment maintains vi-
tality due to revascularization capability.25 In the present case,
root canal treatment was applied only to the coronal part of
tooth #21, and no pathology was found in the apical part at the
end of the 24-months follow-up period.

In addition to the correct diagnosis, appropriate treatment
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Figure 4. a:Preoperative view of Case 2. b: Preoperative radiograph showing horizontal fracture in the apical-third of the root of the tooth #21.

Figure 5. a:3-months follow-up radiograph after endodontic treatment. b:6-months follow-up radiograph. c:12-months follow-up radiograph.

Figure 6. a:Intraoral photograph at the 24th month. b: 24-months follow-up radiograph.
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timing, clinical and radiological follow-up of the teeth is also
necessary for early detection and treatment of complications
that may occur after traumatic injuries. In the guideline pub-
lished by the International Dental Traumatology Association,
follow-up for at least 5 years is recommended for extrusion,
intrusion and lateral luxation injuries in permanent teeth, also
for crown/root fracture, root fracture, and alveolar fracture.
The main complications that can be observed after trauma are
defined as pulp necrosis and infection, pulp cavity obliteration
and root resorption. 17 Even if the symptoms are resolved in the
short term, it is important that follow-ups take a long time,
as complications may occur in the long term. As a matter of
fact, it was found that root canal obliteration started in the
24th month follow-up in Case 1, which was followed up de-
spite apical closure observation at 12th month. Andreasen23
reported that root canal obliteration is more common in teeth
with incomplete root development than in teeth with complete
root development, and in extrusion, lateral luxation, and in-
trusion injuries. In addition, it is thought that the stimula-
tion of osteogenic cell formation24 as a result of Ca ion release
from Biodentine, a calcium silicate-containing material, may
be one of the reasons for root canal obliteration. The primary
goal of regenerative endodontic treatments has been identified
as symptom relief and bone healing, while the secondary goal
is the thickening of the dentin walls, lengthening of the root
length and apex closure. 16 In addition to achieving these goals,
it was decided that clinical and radiographic follow-up should
continue due to the tooth being clinically asymptomatic and
because of the absence of symptoms of a progressive infection
in periapical tissues and. Aesthetic concerns should also be
considered in anterior teeth. Since the components of MTA
have been reported to cause discoloration of dental tissue,26
a number of clinical techniques are recommended prior to the
use of this material.27 In recent years, materials containing
calcium silicate such as Neo-MTA containing tantalum oxide
and Biodentine with zirconium oxide have been developed as
an alternative to the aforementioned components and studies
have shown that these materials do not lead to discoloration
of tooth.28 Biodentine and Neo-MTA, which have proven suc-
cessful in this respect, were used in Case 1 and in both teeth in
Case 2. In Case 2, the possible effects of the materials on suc-
cess could thus be followed. Similarly, in both cases presented
in this study, no clinical discoloration was observed at the end
of the 24-months follow-up.

Conclusion

In this case series, treatment options of late-admitted trauma-
tized permanent anterior teeth and prognosis in long term are
presented. The prognosis of the tooth is affected by the type of
the injury, treatment delay and the root development of tooth.
In trauma cases, properly-timed endodontic treatments play a
very important role in success. It should be kept in mind that
satisfactory results can be obtained with regenerative endodon-
tic treatment, which has many advantages over apexification or
de-vital canal treatment options, even in late-admitted cases.
Another factor that will affect the success is that the materials
planned to be used in endodontic treatments can serve biolog-
ical purposes, have appropriate clinical results due to their use
in aesthetic areas and have easy-to-apply features. In order to
provide the patient with satisfactory results in terms of aesthet-
ics, phonation and function, correct treatment plan and regular
follow-ups are of vital importance.
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