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Traumatic injuries to an immature permanent tooth may result in cessation of dentin 

deposition and root maturation. Novel revascularisation endodontic procedure 

(REP) has been considered as an option for treatment of immature teeth with 

damaged pulp tissue. The continuous development of the root and the root canal has 

been recognised as a major advantage of this technique over traditional apexification 

approach. Traditional apexification procedures may resolve pathology but have not 

been able to prove tooth survival due to absence of continued root development and 

risk of root fracture. A successful REP results in resolution of signs and symptoms of 

pathology, radiographic signs of healing, proof of continued root development as well 

as presence of pulp vitality due to the regeneration of pulp tissue in the root canal. 

Currently, repair rather than true regeneration of the ‘pulp-dentine complex’ is 

achieved and further root maturation is variable.  

According to Glossary of Endodontic terms published by American Association of 

Endodontists, REP’s are biologically based procedures designed to physiologically 

replace damaged tooth structures, including dentin and root structures, as well as 

cells of the pulp-dentin complex.1,2 Apexification treatment has been a routine 

procedure to treat and preserve such teeth for many decades.3 Apexification is the 

process by which a suitable environment is created within the root canal and 

periapical tissue to allow for the formation of a calcific barrier across the open apex. 

Calcium hydroxide [Ca(OH)2] has been the material of choice for apexification as 

Frank reported its capacity to induce physiological closure of immature pulpless 

teeth in 1966.4 

However, this technique has several disadvantages, including the 

unpredictability of apical barrier formation and the long duration of treatment, which 

often requires multiple visits.5 A retrospective study by Jeruphuaan et al.6 has shown 

a higher survival rate with regenerative endodontic treatment when compared to 

both mineral trioxide aggregate (MTA) and Ca(OH)2 apexification. The first evidence 

of regeneration of dental tissues was in 1932 by G.L. Feldman, who showed evidence 

of regeneration of dental pulp under certain optimal biological conditions.7 In 1971, 

a pioneer study in regenerative endodontics conducted by Nygaard-Ostby concluded 

that bleeding induced within a vital or necrotic canal led to resolution of signs and 

symptoms of necrotic cases and in certain cases, apical closure.8 According to 

Windley et al. (2005), the successful revascularisation of immature teeth with apical 

periodontitis is mainly dependent upon: 1. Canal disinfection 2. Scaffold placement in 

the canal for the growing tissues 3. Bacteria-tight sealing of the access opening.9 The 

purpose of this case report is to illustrate the outcome of a revascularisation 

endodontic procedure in a non-vital immature young permanent central incisor. 
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PRE SE NTA TI ON O F CA S E  

 

 

A 12-year-old female patient reported to a private practice at 

Mumbai, Maharashtra, India; with the chief complaint of 

discolouration in upper front tooth region and she gave a 

history of trauma at the age of 8 years. Pain was localised, non-

radiating and dull in nature. Her medical history was non-

contributory. Extra orally, a draining sinus was detected. 

Clinical examination revealed Ellie’s class IV fracture of tooth 

number 11. Cold test was done, and it showed negative 

response compared to the left central incisor and upper right 

lateral. There was no tenderness to percussion or palpation. 

Gingival tissues were healthy with normal texture, and 

periodontal probing was within normal limits. 

Radiographic examination revealed that tooth number 11 

had incomplete root formation (Figure 1). There was 

incomplete root development with parallel root walls. 

Periapical changes were also seen. 
 

 
 

 

FI NAL D IA GN O SI S  
 

 

Pulp necrosis in tooth number 11.  

 

 

DI SCU S SI ON O F MANA G E ME NT  

 

The treatment plan was to try revascularisation of the tooth in 

an attempt to promote root maturation in length and width. 

The treatment plan was discussed with the patient’s guardian. 

Potential risks, complications and benefits of the suggested 

treatment were explained, and consent was signed. 

The tooth was anesthetized with 2 % lidocaine and 

1:100,000 epinephrine. Under rubber dam isolation, an access 

cavity was prepared on tooth number 11 (Figure 2) and the 

coronal pulp tissue was removed. The canal was irrigated with 

sodium hypochlorite (NaOCl) (Prime Dental, India) and 

normal saline solution, and passively instrumented with 

manual K-files (Kerr, Romulus, MI, USA) up to the apparent 

length of the tooth subtracted by 2 mm, and irrigation was 

done with saline solution. Triple antibiotic paste of 

ciprofloxacin (Cifran 500 μg; Ranbaxy Laboratories Ltd., 

Mumbai, India), metronidazole (Metrogyl 400 μg; J.B. 

Chemicals, Mumbai, India), and minocycline (Minoz 50 μg; 

Ranbaxy Ltd., Mumbai, India) with equal proportions was 

prepared, mixed with distilled water (B.E Products), and 

placed into the canal to a depth of 2 mm short of the apex using 

an endodontic plugger (Mani, Japan), followed by temporary 

tooth restoration by Cavit (3M ESPE, Germany) for 21 days 

(Figure 3). 

 

 

 

 

 

 

 

Figure 1. 

Pre-Operative 
Radiograph Showing 
Incomplete Root 
Formation 

 

 

 

 

 

 

 

 

 

Figure 2. 

Isolation of 11 Under 
Rubber Dam 

 

 

 

 

 

 

 

Figure 3. 

Radiograph Showing 
Placement of Triple 
Antibiotic Paste 

 

 

 

 

 

 

 

 

Figure 4. 

Radiograph Showing MTA 
Placement Post 
Stabilisation of Blood Clot 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. 

6 Month Follow-Up 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 

14 Month  

Follow-Up 
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On the second visit, after 21 days, the tooth was re-entered 

& irrigated with 2.5 % sodium hypochlorite and rinsed with 

normal saline. The canal was then dried with paper points. A 

#40 K-file was used to irritate the apical tissues to induce 

bleeding into the root canal. The bleeding was allowed to reach 

the cervical part of the canal. Ten minutes later, after the 

formation of a blood clot, white MTA (Dentsply Tulsa Dental, 

Tulsa, OK, USA) was mixed and placed over the clot carefully. 

A moistened cotton pellet was placed over MTA and the tooth 

was restored temporarily with Cavit. (Figure 4)   

One day later, the treatment was completed with double 

seal of glass ionomer cement (GIC) (Ketac Molar Easymix 3M 

ESPE) restoration on MTA for permanent restoration of the 

tooth. A baseline radiograph was taken. Patient was recalled 

every 6 months for clinical and radiological evaluation. 

At 6th month, the patient reported with no signs and 

symptoms. On radiographic examination, there was slight 

thickening of the dentin walls and an increase in root length. 

There was a reduction in the periapical radiolucency. (Figure 

5) 

Patient next reported on the 14th month. At 14th month, 

radiograph showed appreciable thickening of dentinal walls. 

There was complete resolution of the peri-apical radiolucency. 

There was no appreciable evidence of root end closure. (Figure 

6) Patient did not report after that. 

 

 

DI SCU S SI ON  

 

Apexification treatment has been a routine procedure to treat 

and preserve immature permanent teeth for many decades. 

However, apexification technique has several disadvantages. It 

led to a modification of the traditional Ca (OH)2 based 

apexification procedure to achieve immediate obturation of 

the canal through the introduction of an artificial barrier of 

mineral trioxide aggregate (MTA).10 In spite of the advantages 

with MTA, the outcomes of MTA apexification do not vary 

greatly from those of Ca (OH)2 apexification. Thin dentinal 

walls still present a clinical problem, and the high costs 

associated with MTA and the difficulties in handling the 

material to the apical 3 – 4 mm may restrict its widespread 

use.11 The initial attempts to regenerate the pulp tissue were 

conducted by Nygaard Ostby.8, 12 

The clinical reports by Iwaya et al.13 and Banchs and 

Trope14 served as the initial attempts that gave a start to a 

variety of clinical cases leading to a considerable accumulation 

of evidence. The biological concept of REPs involves the triad 

of stem cells, scaffold and signalling molecules. These stem 

cells are introduced into root canals through the intentional 

laceration of periapical tissue after a thorough disinfection 

protocol. The growth factors and stem cells from the apical 

area populate the scaffold, inducing tissue regeneration.15, 16 

As follow-up healing progressed in the upper right central 

incisor, we used the outcome criteria set by Bukhari et al. 

which include: complete healing, incomplete healing and 

failure.17 

Complete healing was defined as the absence of clinical 

signs and symptoms, complete resolution of periradicular 

radiolucency, an increase in the root dentin thickness / length 

and apical closure. Incomplete healing was defined as the 

absence of clinical signs and symptoms, the periapical lesion 

either reduced in size or unchanged with / without 

radiographic signs of increasing root dentin thickness / length, 

or apical closure. Finally, ‘‘failure’’ was defined as persistent 

clinical signs and symptoms and / or increased size of the 

periradicular lesion. 

Based on this set criteria, the outcome for this conducted 

REP procedure can be classified as a “incomplete healing”. A 

longer follow up period was required to conclude the final 

outcome. The basic shift in treatment approach towards REP 

from traditional endodontic therapies, requires a shift in 

assessment of clinical outcomes.1, 18 The success of these 

procedures must be evaluated by 3 parameters: patients and 

their legal guardians, clinicians, and researchers. Patient-

based outcomes: The preset criteria of success laid out by 

clinicians and researchers might not always align with the 

needs and desires of patients.19 An ideal treatment, from the 

patient’s perspective would be the one that leads to resolution 

of pain or the one that prolongs the functional life of an 

asymptomatic tooth. However, for most clinicians, success also 

means healing of a periapical lesion.20 

Clinician-based outcomes: Clinicians evaluate for 

continued root development and also look for radiographic 

signs of healing. Various degrees of radiographic root 

development have been observed in most published studies. 

The factors that modulate this varied response are largely 

unknown because correlation with factors such as tooth type, 

aetiology, sex or age has not been established.21 Although 

these dependent measures add valuable information that can 

be used to determine whether further interventions are 

needed, their meaning to patients and their guardians is not 

entirely clear because their expectation is that the tooth is pain 

free and functional. Although REPs predictably promote 

healing of apical periodontitis in more than 90 % of the 

cases,6,16,21,22,23 radiographic root development is far less 

predictable. 

Scientist-based outcomes: Outcomes that are not related 

directly to the clinical manifestation of the treated tooth but 

that address a specific question that requires scientific 

methodology in its evaluation should be categorised as 

scientist-based outcomes. Histologic evaluation of teeth that 

were treated previously with REPs but later extracted because 

of recurring trauma and fractures suggests that the newly 

formed tissue does not resemble the lost dental pulp. This is 

the best example of a scientist-based outcome because it has 

strong scientific merit, but it does not necessarily interfere 

with consideration of the rate of healing and continued root 

development seen in cases treated with REPs.24,25,26 The 

current protocol of REP that lacks mechanical debridement of 

biofilm on the canal walls is able to effectively eliminate most 

intracanal bacteria. But in a case report by Lin et al.,27 it was 

seen that most of the bacteria were eliminated in the coronal 

area but not in the apical area of the infected root canal. 

Therefore, effectiveness of current protocol for REP must be 

determined to improve the success of revascularisation / 

revitalisation therapy. 

 

 
 

 

CONC LU S ION S  
 

 

Substantial advances in regenerative endodontics are allowing 

for a better understanding of a multitude of factors that govern 

stem cell–mediated regeneration and repair of the damaged 

pulp-dentin complex. Translational research is crucial in 
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making these procedures more predictable while pushing the 

boundaries of future procedures that are likely to involve the 

direct clinical manipulation of scaffolds, growth factors and 

stem cells. The success rate of revascularisation / 

revitalisation therapy should be evaluated in long-term 

clinical outcome studies. 
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