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abstract

Background Inflammatory external root resorption 
is one of the possible complications of replantation 
of an avulsed tooth. Several studies have shown that 
limited FOV CBCT is an efficient diagnostic support 
and in treatment planning of these cases in paediatric 
patients because of its high resolution combined 
with low radiation doses. The recent literature has 
suggested that Biodentine is an effective material for 
resolution of inflammatory root resorption.  
Case report This article describes the successful 
therapy of a replanted tooth affected by inflammatory 
root resorption. In the present case, a CBCT exam was 
performed to detect the extent of the damage, and 
the canal was filled with Biodentine in the apical third.  
At present, the threated tooth is asymptomatic, and 
the twelve months follow-up examination showed 
healing of periradicular hard tissues. 
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Introduction

Dental avulsion entails the complete displacement of 
a tooth from its alveolar socket [Casaroto et al., 2010], 
which can affect the pulp and periodontal ligament 
(PDL), dental hard tissues, alveolar bone, and gingiva. 
The reported incidence of dental avulsion ranges from 1 
to 16% of all traumatic injuries to permanent dentition.

For this type of injury the recommended treatment 
is immediate replantation [Diangelis et al., 2012] of 
the tooth, followed by the use of splints, endodontic 
treatment, and both clinical and radiographic 
monitoring. One of the most serious complications in 
replanted permanent teeth is inflammatory external 
root resorption (IERR), a progressive condition that may 
irreversibly damage the root structure leading to tooth 
loss. IERR is triggered by pulp necrosis and infection of 
the root canal after a traumatic injury to the PDL and 
root surface [Bastos et al., 2015].

Clinical guidelines [Hinkfuss and Messer, 2009] 
for the management of avulsed teeth recommend 
pulp extirpation (PE), and it has been demonstrated 
that the likelihood of successful periodontal healing 
is improved by PE within 14 days of replantation 
because of decreased risk of developing inflammatory 
resorption; otherwise PE delayed beyond 14 days 
increases the risk of IERR. When resorption is already 
initiated, elimination of bacteria from the root canal 
and its three-dimensional sealing with endodontic 
therapy is mandatory to arrest the resorptive process. 
An interim root canal dressing of calcium hydroxide is 
recommended prior to canal restoration. Once effective 
canal disinfection and sealing is achieved, the defect 
[Martin et al., 2003] is repaired by cementum or bone, 
according to the type of vital tissue found next to the 
resorption site (periodontal ligament or bone tissue).

Some authors [Van Acker et al., 2015] recommended 
the use of CBCT (Cone Beam Computed Tomography) 
for diagnosis and treatment of very complex clinical 
cases in paediatric patients as well. Its use in paediatric 
dentistry is mainly suggested for evaluation of both 
impacted teeth and root resorptions [Hidalgo-Rivas at 
al., 2014].  

In this case report, the treatment and the follow-up 
of a replanted central incisor affected by IERR and not 
endodontically treated is presented. 

Case report

A 11-year-old male was referred to our office by 
his dentist with a buccal fistula above tooth 2.1. 
The parents reported he had suffered the traumatic 
avulsion of tooth 2.1 six months prior; the tooth had 
been replanted and splinted within 20 minutes, but the 
patient went back to observation only after an abscess 
that determined a buccal fistula. After a periapical x-ray 
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of the tooth that did not show clearly the extent of the 
lesion (Fig. 1), the dentist decided to refer the patient 
to an office provided with a Cone Beam Computed 
Tomography device for a more accurate radiological 
examination. 

When the patient was visited, the intraoral clinical 
examination showed a buccal fistula above tooth 2.1, 
and both teeth 2.1 and 1.1 did not respond to the 
vitality test. Parental informed consent was obtained, 
therefore the boy underwent CBCT examination with 
CS 9000 3D  (paediatric setting): x-ray images showed 
the deep external root resorption of tooth 2.1 and an 
initial apical root resorption of tooth 1.1 (Fig. 2). The 
endodontic treatment was planned and performed as 
followS: tooth 2.1 was isolated with rubber dam and 
the access cavity was prepared; the working length 
was determined with apex locator (Root Zx mini, J 
Morita, Tokio, Japan) and the root canal system was 

irrigated alternating EDTA solution (17%) and 5,25% 
sodium hypochlorite solution for at least 30 minutes. 
Subsequently a CaOH paste was placed in the root 
canal, which was temporarily obturated with Cavit (3M 
ESPE). A second session was scheduled within 30 days. 
At the second session, the fistula was no more present.  
The tooth was then isolated using a rubber dam and 
other cycles of detersion were performed with 5,25% 
sodium hypochlorite (NaOCl). The root canal was dried 
with absorbing paper points placed in the canal at 
working length. Biodentine (Septodont F) was placed 
in small increments at the apical third with a dedicated 
syringe and compacted using large paper points with 
calibrated lengths progressively smaller to have at least 
4-5 mm of seal at the apical third.  The material took 
15 minutes of setting, than the canal was obturated 
with canal sealer (Pulp Canal Sealer™ EWT) around 
the canal walls with a paper point. Injected warm 

Fig. 1 Initial periapical x-ray.

Fig. 2 Preoperative CBCT.

Fig. 3 Postoperatove CBCT.

Fig. 1 

Fig. 2

Fig. 3
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guttapercha was used to perform the back-packing.  
Subsequently, the patient underwent a CBCT exam 

to check adequacy of the treatment (Fig. 3), and one 
week later the final restoration was performed with 
resin composite; afterwards the 1.1 was endodontically 
treated as well. 

The CBCT examination at 12 months (Fig. 4) showed 
complete healing of the periradicular hard tissues of 
both treated teeth.

Discussion

Inflammatory external root resorption is a possible 
complication of traumatic dental injuries [Finucane et 
Kinirons, 2003] when the tooth is luxated or avulsed 
and replanted. Resorption may, ultimately, result in loss 
of the tooth.

When pulp necrosis occurs following luxation and 
avulsion injuries, the necrotic tissue is susceptible to 
bacterial contamination. The combination of bacteria in 
the root canal and cemental damage on the external 
root surface can trigger the onset of IERR [Tronstad, 
1988; rope, 2002]. If the resorptive process exposes 
the dentine, toxins from bacteria present in the tubules 
and/or the infected root canal can be transmitted to 
the periodontal ligament. Promoters of hard tissue 
resorption (including macrophage chemotactic factor, 
osteoclast activating factor, prostaglandins) are released 
[Tronstad et al., 1988]. Inflammation in the periodontal 
ligament and osteoclastic activity may lead to resorption 
of the lamina dura and of the adjacent bone.

From a radiographic standpoint, external inflammatory 
resorption is characterised by a progressive loss of tooth 
substance associated with a persistent or progressive 
radiolucency in the adjacent alveolar bone [Cvek et al., 
1994]. 

Over the past decade, high-resolution cone beam 
computed tomography (CBCT) considerably improved 
radiographic diagnosis [Estrela et al., 2009] in accurately 
detecting root resorption and chronic apical lesions as 
well. 

According to the Sedentex report the benefits of 
a CBCT exam must outweigh the potential risks and 
CBCT should potentially add new information to aid the 
patient’s management at all times. No CBCT should be 
performed unless a history and clinical examination have 
been conducted. “Routine” or “screening” imaging is 
unacceptable [Sedentexct, 2012]. Recently, in order to 
balance the patient protection and technical progress 
in radiology, the European Society of Endodontology 
(ESE) introduced the guidelines for using CBCT in 
diagnosis and management of dental pulp diseases 
[Patel et al., 2014]. The ESE guidelines permit the use 
of Focused FOV in “assessment and/or management of 
root resorption which clinically appears to be potentially 
amenable to treatment”. Furthermore, in the update 
of AAE and AAOMR Joint Position Statement  recently 
published [2015], Recommendation 12 establish that 
“Limited CBCT is the imaging modality of choice in the 
localization and differentiation of external and internal 
resorptive defects and the determination of appropriate 
treatment and prognosis”.

According to Aps [2013], although the indicationS 
for the use of CBCT in paediatric dentistry have not as 
yet been properly addressed, the three basic principles 
of radiation protection should be sufficient for the use 
of CBCT in these patients. Its use must be justified, and 
benefits must clearly outweigh the potential risks. In 
any case, the effective radiation dose should not be 
underestimated, especially in children, who are more 
susceptible to stochastic biological effects. 

There are risks associated with any type of radiation 
coming from a CBCT device or from a traditional one. 

Fig. 4 CBCT at the 1 year 
follow up.
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Children under 10 years have a risk factor 3 times 
higher compared to 30 year-old patients, and patients 
between 10 and 20 years oF age have a risk factor 2 
times higher [Whaites et al., 2007]. Because of the 
higher risk related to young age, every CBCT exam has 
to be fully justified and performed following special 
warnings [Theodorakou et al., 2012]. For paediatric use, 
limited field of view (FOV) devices should be used for 
most clinical cases, as these allow optimisation of the 
dose delivered to the patients, facilitating the clinical 
evaluation of the scanning and reducing the number of 
incidental findings [Hidalgo Rivas et al., 2015].

Thereafter, the cone beam computed tomography 
with a limited FOV may be considered for diagnostic 
assessment and management of some clinical 
situations, such as IERR. The use of Limited CBCT in 
diagnosis of root resorption in paediatric patients has 
been suggested in a paper published by Hidalgo-Rivas 
et al. [2015].

This young patient arrived to our office with a 
very low-quality conventional x-ray. It was very hard 
to obtain information about the extension of both 
resorption and the periradicular lesion. Because of the 
requirement of a new and more detailed x-ray exam, 
we decided to perform a 3D exam using a Limited FOV 
CBCT device for several reasons.
1) CS 9000 3D CBCT device was used, selecting 

the “child option” for the lower irradiation to the 
patient. According to Ludlow [2009], this device 
has a very limited FOV (50x38 mm) and, in the 
upper frontal area, the adult patient is given an 
effective dose of only 5.3 microseavert, very closed 
to a conventional x-ray exposition. Using a specific 
phantom, Theodorakou et al. [2012] showed that 
children receive a higher equivalent dose (16-24 
microseavert), because of the increased risk factor.

2) This device shows high-resolution images (voxel 
0,076 mm). In the mentioned paper of Theodorakou 
et al., CS 9000 3D showed the lowest radiation 
to patient. The second was Promax 3D (Planmeca 
Oy, Helsinki, Finland), with an effective dose of 
18-24 microseaverts, but using a 0,32 mm Voxel. 
According to Von Acker et al. [2015], this resolution 
is too low for its use in endodontics and dento-
alveolar traumatology.

3) According to the AAE and AAOMR Joint Position 
Statement  [2015], “limited FOV CBCT may provide 
a dose saving over multiple traditional images in 
complex cases”.

The first exposure was clearly insufficient for a proper 
assessment of the extension of the resorption and for 
the formulation of a correct treatment plan; therefore, 
the analysis of the cost/benefit ratio of a second 
exposure of the young patient, made us consider 
that a CBCT conducted with a very low exposure 
similar to a traditional intraoral x-ray, would provide 
all the necessary information avoiding additional and 

unnecessary intraoral radiographs.
The same considerations made to justify the 

preoperative x-ray with limited FOV CBCT, guided us 
in choosing the same exam for the post-operative 
and 1-year follow-up x-ray. After that, the patient was 
regularly subjected just to clinical observations.

According to the current guidelines, the recommended 
treatment for management of IERR is repositioning of 
the tooth as soon as possible, use of splints, endodontic 
treatment, and clinical and radiographic control 
[Diangelis et al., 2012]. 

Elimination of bacteria from the root canal and/
or dentinal tubules by endodontic therapy will arrest 
the resorptive process. An interim root canal dressing 
of calcium hydroxide is recommended prior to canal 
restoration. The mechanism by which calcium hydroxide 
participates in the reparative process is unclear, but 
success rates up to 97% have been reported using this 
method [Cvek et al., 1994; Foreman and Barnes, 1990].

If root canal treatment is delayed beyond 20 days   
[Hinkfuss et al., 2009], the cemental damage of 
external root surface allows bacteria in the root canal 
to determine inflammatory root resorption, and the 
percentage of success decreases significantly.

In the present case report the treatment of a replanted 
central incisor with IERR that was not endodontically 
treated after replantation is described. After a CBCT 
examination, which allowed a correct evaluation of the 
position and dimension of the lesion, the treatment 
consisted of sealing the resorption site with a bioceramic 
material, treating the tooth endodontically and making 
the final restoration of the tooth. 

Recently MTA have opened up the horizon for root 
canal sealers; it has been reported to be biocompatible, 
to stimulate mineralisation and to encourage apatite-
like crystalline deposits along the apical and middle 
thirds of canal walls [Gomes-Filho et al., 2009; Tyagi 
et al., 2013].

More recently, biodentine and other bioceramic 
materials have been introduced to the market; 
biodentine combines the biocompatibility of MTA 
with more efficient characteristics, such as significantly 
shorter setting time, good handling characteristics, and 
no tooth staining. The cement is able to induce hard 
tissue formation, has antibacterial effect, and forms 
an effective seal against entrance of microorganisms. 
Bioceramics has demonstrated similar results to MTA 
when used for management of internal and external 
root resorption [Utneja et al., 2015].

The 12-month follow-up clinical examination revealed 
healthy soft tissues, normal tooth mobility with no 
signs of ankylosis and normal function of the tooth 
with minimal discolouration. Radiographic evaluation 
performed with CBCT showed the arrest of the severe 
external root resorption, repair of the resorbed tissues 
in the mid-root level and dentine wall thickening of 
the apical third of the root; it means that the desired 
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healing outcome was achieved.
This case report underlines the valuable contribution 

of CBCT examination for correct diagnosis, and the 
reliability of bioactive materials to manage cases of 
severe IERR efficiently.

Conclusions

In the case of IERR, CBCT proved to be more reliable 
than conventional radiography due to the additional 
information such as differential diagnosis, true 
location, shape and size of hard tissues defect. The use 
of CBCT with limited FOV and low-dose radiation may 
be particularly suitable in diagnosis, treatment planning 
and follow-up of these clinical situations in paediatric 
patients.  

Because of its tissue conductive and inductive 
properties, Biodentine can be considered an effective 
material for cases of severe inflammatory external root 
resorption like the one reported in the present study.
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