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REVASCULARIZATION: A REVIEW OF THE PREVIOUS LITERATURE AND 
CLINICAL USE OF TWO DIFFERENT TYPES OF INTRACANAL
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ABSTRACT

 It is important that dentists recognize the potential of regenerative endodontics in the treatment 
of necrotic, immature teeth. Revascularization is a paradigm shift in the treatment of immature, 
necrotic teeth has occurred with biologically-based principles and regenerative endodontic protocols 
replacing traditional ‘apexification’ procedures. Preliminary research suggests that stem and progenitor 
cells from the pulp and/or periodontium contribute to continued root development when regenerative 
procedures are followed. Two case reports are included, in which different types of intra canal me-
dicaments were used in immature permanent teeth disinfection. Both cases equally lead to successful 
results. Continued root development, apical closure and elimination of periapical radiolucency were 
evident.
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INTRODUCTION

 Pulp revascularization can be broadly defined as 
the restoration of vascularity to a tissue or organ.1 It 
may be considered a reliable treatment option for the 
treatment of immature permanent teeth with necrotic 
pulps.24 The main objective of this treatment is usually 
achieved in the form of continuing root development, 
dentinal wall thickness, and apical closure along with 
resolution of periapical periodontitis.25

 The first goal to be achieved in this treatment pro-
tocol is canal disinfection. Tipple antibiotic paste 1:1:1 
ratio of ciprofloxacin, metronidazole and minocycline 
is the intra canal medicament of choice. This combi-
nation of medicaments has the ability to eradicate the 
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intracanal microbials. Few drawbacks related to triple 
antibiotic paste such as tooth discoloration, allergic 
reactions and manipulation of thin consistency paste 
which makes its intracanal delivery difficult, made the 
clinicians to emphasize on an alternative disinfecting 
material. Sato et al studied the antibacterial efficacy 
of a variety of antibiotic combinations and found that 
amoxycillin, used as the third antibiotic, was also as 
effective as minocycline when used in combination 
with ciprofloxacin and metronidazole in eliminating 
bacteria.2 Some clinicians found satisfactory results by 
replacing minocycline and used amoxicillin instead in 
triple antibiotic paste.3 The inherent risk of sensitization 
and allergy to penicillin would be a contraindication 
in some patients.4 It is also documented that some 
clinicians achieved satisfactory intracanal disinfection 
with double antibiotic paste including only 1:1 ratio 
of ciprofloxacin and metronidazole excluding minocy-
cline.26,27

 Calcium hydroxide being a remarkable antimicro-
bial, good aqueous vehicle and easily packing creamy 
consistency won the heart of many clinicians.25 It does 
not cause tooth discoloration and its availability is 
convenient. It causes the possible release of growth 
factor and biomolecules from dentine.22 Unlike tripple 
antibiotic paste calcium hydroxide does not cause any 
allergic reaction Calcium hydroxide alone or in com-
bination with other disinfectant such as 2% chlorhex-
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idine25, formocresol and iodine is documented. Some 
critics mark it a desiccating material for weakening 
dentine.21 Further research is required before any final 
conclusion can be drawn.

Examples of a Revascularization Protocol5

 Informed contest must be obtained. Informed 
consent issues should include the number of appoint-
ments (at least two). Possible adverse effects (primar-
ily potential minocycline staining of the crown). The 
potential lack of response to treatment and alternative 
treatment (MTA apexification, no treatment or ex-
traction). Possible post treatment symptoms should be 
explained to the patient. At the first appointment the 
tooth is anesthetized, isolated and accessed. Minimal 
instrumentation should be accomplished.

 The use of small file to “scout” the root canal sys-
tem. Determine working length. After copious and slow 
irrigation of 20 ml NaOCl followed by 20 ml of 0.12% 
to 2% chlorhexidine the root canal system is then dried 
with sterile paper points. Antimicrobial medicament is 
delivered into the root canal space. The tooth is then 
sealed with sterile sponge temporary flling (cavit) 
should be done. The patient is evaluated for swelling, 
sinus tract, pain etc. The antimicrobial treatment is 
repeated if resolution has not occurred.6 If signs and 
symptoms have resolved, revascularization induced 
bleeding will be induced at this appointment. Tooth 
will be anaesthetized by local anaesthesia without 
vasoconstrictor (e.g. 3% Mepivacaine).Vasoconstrictor 
may prevent bleeding to occur which is essential for clot 
formation. Tooth will be irrigated with 20 ml NaOCL 
and antimicrobial medicament is removed with small 
hand file. Tooth will be dried with sterile paper points. 
A file is placed few mm beyond the apical foramen and 
the apical tissue is lacerated with bleeding up to 3mm 
from the cemento-enamel junction. A small piece of colla 
plug (absorbable collagen wound dressing by Zimmer 
dental) may be inserted into the root canal system to 
serve as a resorbable matrix to restrict the positioning 
of MTA. About 3mm of MTA is then placed, followed 
by a restoration. A 12 to 18 month follow up will be 
conducted for clinical examination and radiographic 
evaluation to access complete root development.

CASE REPORT 1

 A nine years old boy reported to the Operative 
Dentistry Department of Armed Forces Institute of 
Dentistry, Rawalpindi with fractured maxillary central 
incisors due to fall 3 months back in his class room 
being pushed by a class mate. The medical history 
was non-contributory. There was no history of pain 
or discomfort with the tooth while his mother was 
concerned about his unaesthetic appearance due to 
discolored, fractured front teeth. An intra-oral exam-
ination revealed the tooth to be intact with no signs of 

swelling, pain or tenderness. Sensibility testing was 
non-responsive to both cold and electric pulp sensibility 
testing. Periodontal probing confirmed normal attach-
ment levels with no probing depths greater than 3 mm. 
Mobility of the tooth was in the physiologic range. 
Marked discoloration was present in maxillary both 
central incisors (Fig 1) radiographically incomplete 
root formation in both maxillary central incisors and 
a diffuse periapical radiolucency (Fig 3). No carious 
lesion was evident. A diagnosis of pulpal necrosis, an 
infected root canal system and open apices was made.

 Pulpal regeneration was regarded as the optimal 
treatment choice considering the stage of root develop-
ment, the thin dentinal wall maturation and the wide 
open apex. A comprehensive discussion of the risks, 
complications and alternative treatment options was 
undertaken and parental consent obtained. Revascu-
larizaton procedure was planned to be completed in 
two sessions.

 During the first session tooth was anaesthetized, 
isolated with rubber dam. Access cavity was opened. 
There was no bleeding from the canal. Irrigation was 
done by chlorhexidine followed by saline. Canals were 
debrided with #35 k file with caution not to go deep 
into the apical area. Working length was determined 
radiographically by inserting #35 k file. Copious irri-
gation was done to clear necrotic pulp debris from the 
coronal and middle third of the canals. The canals were 
then irrigated with 10 mL of 2.5% sodium hypochlorite 
2 mm from the working length prior to drying the canal 
with paper points. The tri-antibiotic paste consisted of 
a powder of 20 mg each of metronidazole, ciprofloxacin 
and amoxicillin mixed with 1 mL of sterile water. The 
paste was carefully introduced into the canal with 
lentulo spiral root canal filler attempting to minimize 
placement in the coronal portion of the tooth and filled 
to the level of just below the cemento-enamel junction. 
The access cavity was sealed with Cavit. The patient 
was reviewed three weeks later, reporting that the 
teeth had been asymptomatic for that entire time. A 
periapical radiograph was taken.

 During the second session after removal of cavit, 
the canals were dried with paper points; a #35 k file 
was used to irritate the apical tissue until bleeding 
occurred apically in the root canal space so as to create 
a biological scaffold for the regenerative process. Over 
a 15-minute time period, the blood was allowed to clot 
to a level 3 mm below the cemento-enamel junction. 
Colla plug (Zimmer dental) was used over the blood clot 
so that the MTA could be properly condensed at level. 
Then 3 mm of ProRoot white MTA (Dentsply Tulsa 
Dental, TN, USA) was placed. The access cavity was 
sealed with Glassionomer cement (3M ESPE, USA) 
and tooth restored with acid etched composite resin 
(3M ESPE, USA) after 1 week. (Fig 5)
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Fig 1: Pre op view of fractured upper central incisors

Fig 2: Periapical Radiograph illustrating upper central incisors

Fig 3: Periapicalradiograph illustrating 3 months follow up

Fig 4:  Six months follow up

Fig 5: Post op view after revascularization Maxillary cen-
tral incisors and composite build up

Fig 6: Pre op view

Fig 7: Pre op view

Fig 8: Periapical radiograph illustrating fractured upper 
central incisors
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 The teeth were followed at 3, 6 months interval 
both radiographically (Fig 3, 4) and clinically. There 
was marked apical closure, dentine wall thickness. 
No tenderness to percussion or palpation could be dis-
cerned. The teeth were non responsive to sensibility 
testing throughout the follow up period.

CASE REPORT 2

 A nine years old boy reported to the Operative 
Dentistry Department of Armed Forces Institute of 
Dentistry, Rawalpindi with history of fall on a slippery 
floor at home three weeks back. He was fit and healthy 
with no complaint of pain but sensitivity in front teeth. 
His father accompanied him to the hospital and was 
very much conscious about his son's front broken teeth. 
The medical history was non-contributory. An intra-oral 
exam revealed fractured maxillary central incisors with 

pulpal exposure (Fig 6, 7). The periapical radiograph 
revealed open apices (Fig 8). Due to exposed pulps, 
pulpectomy was done the same day and non-setting 
calcium hydroxide paste was placed as intra canal 
dressing and teeth were sealed with Cavit .The patient 
was reviewed after 2 weeks. Due to immature teeth 
with open apices it was decided to do revascularization 
procedure in two sessions. A comprehensive discussion 
of the risks, complications and alternative treatment 
options was undertaken and parental consent obtained.

 During the first session of treatment protocol the 
teeth were isolated with rubber dam. Canals were irri-
gated by 2.5% Naocl followed by normal saline. Sterile 
paper points were used for drying. Working length 
was radiogrsaphically taken. A #35 k file was used for 
debridement without too much rubbing of dentinal 
walls and avoided not to go deep into the apical area. 
Canals were irrigated with normal saline and dried with 
paper points. Non setting Calcium hydroxide powder 
was mixed with 2% chlorhexidine gel and packed as 
intracanal medicament with lentulo spiral followed by 
cotton pellet and cavit. The patient was reviewed after 
3 weeks.

 During the second session plain anaesthesia was 
administered. Vasoconstrictor in anaesthetic solution 
can cause local vasoconstriction and may prevent bleed-
ing to occur which is essential for blood clot formation. 
Teeth were isolated by rubber dam. Cavit was removed. 
Canals were irrigated with normal saline. 17% EDTA 
was used followed by careful debridement of canals 
with #35 k file. Again irrigation with normal saline 
and dried by paper points. A #25 k file was used to 
initiate intra canal bleeding, waited 15 minutes Colla 
plug was used to stabilize the clot and provide a firm 
base for ProRoot white MTA (Dentsply Tulsa Dental, 
TN, USA) condensation. Wet cotton pellet and cavit 
was used to seal the teeth. After 1 week the teeth were 
permanently restored with composite resin. These teeth 
showed no discoloration and could be build up with 
composite with good aesthetic outcome and complete 
patient satisfaction (Fig 11).

 The patient was followed radiographically for 3,6 
months (Fig 9, 10). The treatment was successful due 
to apical closure and continuing root development, 
reduction in apical radiolucency. The teeth were asymp-
tomatic during the follow up period and non-responsive 
to sensibility testing.

Methods to avoid tooth discoloration

 Tooth discoloration can be minimized by using a 
delivery system that restricts the drug below the ce-
ment enaml junction CEJ. When it occurs it can always 
be eliminated by a walking bleech method by sodium 
berborate.5,23 The use of calcium hydroxide instead of tri 
antibiotic paste. A successful regenerative endodontic 

Fig 9: Three months follow up

Fig 10: Six months follow up

Fig 11: Post op view after revascularization & composite 
build up
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procedure utilizing a slight variation of the tri-antibi-
otic pasted developed by Hoshino and colleagues7 as 
amoxicillin was used instead of minocycline. However, 
amoxicillin use would not be indicated in patients with 
known allergy to penicillin. An alternative approach to 
discolouration was taken by Reynolds et al8 where the 
dentinal tubules of the crown were first etched with 
35% phosphoric acid (Ultra-Etch, Ultradent, South 
Jordan, UT, USA) and then sealed with Single Bond 
(3M, Minneapolis, MN, USA) and flowable composite 
(PermaFlo DC, Ultradent, South Jordan, UT, USA) 
before placement of the tri-antibiotic paste. These au-
thors also recommended backfilling of the tri-antibiotic 
paste with a 20G needle to reduce the risk of coronal 
placement and potential discolouration.8,23

Clinical Measures of Treatment Outcome

 The measures of success of Revascularization are 
not only radiographic evidence of periradicular health 
but in addition clinical evidence of functioning pulp (or 
pulplike) tissue would include continued root growth, 
but in length and wall thickness.5 Other measures of 
the presence of vital, functioning tissue in the canal 
space include laser Doppler blood flowmetry8, pulp 
testing involving heat cold and electricity, and lack of 
signs and symptoms. The ideal clinical outcome is an 
asymptomatic tooth that does not require any retreat-
ment.5

DISCUSSION

 Regenerative endodontics is a viable treatment 
option which has been described as a ‘paradigm shift’ 
that allows for continued root development, a return 
of vitality and health in formerly necrotic immature 
teeth.14,21 Hargreaves et al outline a number of common 
factors that are consistent findings and important ob-
servations in the reports.15 Firstly, the presence of a 
wide, open apex is most likely a physical requirement for 
tissue ingrowth. Secondly, because of the young age of 
the patients there may be a high stem cell regenerative 
potential. Thirdly, care is required not to instrument 
the canal walls and sodium hypochlorite has proved to 
be an effective irrigant. Fourthly, the use of intracanal 
medicaments as controversy exist about the use of 
calcium hydroxide.15 There is a concern that calcium 
hydroxide may kill viable pulp cells, including stem and 
progenitor cells in the apical papilla, considered crucial 
for further root maturation.16 In a study where calcium 
hydroxide was used, thickening of the dental wall only 
occurred apically to the level of where the medicament 
was placed.3 Fifthly, the use of a tri-antibiotic paste con-
sisting of ciprofloxacin, metronidazole and minocycline 
is effective for eliminating bacteria from the infected root 
canal system, dentinal wall thickness may be more as 
compared to with calcium hydroxide Finally, initiation 
of a blood clot may act as a protein scaffold that allows 

tissue regeneration.15 Not listed by Hargreaves et al., 
but another consistent observation of these reports, 
is the use of MTA to complete the coronal seal which 
has known biological conductive properties to ensure 
an adequate coronal seal.17,21 While these case reports 
have been labeled as either pulpal revascularization 
and/or regenerative endodontics with continued root 
development and apical closure, it is unknown what 
tissue has indeed been regenerated. Some authors have 
suggested that there may be remaining viable pulpal 
tissue in necrotic teeth that initiates the regenerative 
process.18,16 Indeed, the resilience of pulpal tissue sur-
vival in necrotic and/or pulpless teeth has long been 
known.19,20 There have been only a few published reports 
that address success and failure of the regenerative 
procedure. Jung et al. examined the outcomes of nine 
teeth, five of which had some residual vital tissue so 
treatment consisted of irrigation with sodium hypochlo-
rite and tri-antibiotic paste was placed as a medicament 
but no irritation to induce bleeding of the periapical 
tissues was performed.9 In the remaining four teeth, as 
no vital tissue could be discerned the protocol was the 
same except a blood clot was evoked. In all nine teeth, 
patients were asymptomatic with resolution of apical 
periodontis and draining sinuses when present over a 
1-5 year follow-up period. However, in one of the teeth 
with no vital pulp remnants, there was no observable 
narrowing of the root canal space despite resolution 
of the apical periodontitis. Ding et al. examined 12 
teeth that commenced regenerative endodontics that 
included irrigation with 5.25% sodium hypochlorite 
and medication with tri-antibiotic paste.10 Six patients 
dropped out of the study as a consequence of pain or 
failure to induce bleeding after canal disinfection and 
were treated with an apexification procedure with a 
MTA barrier technique. A further three patients failed 
to attend recall appointments. The remaining three 
patients exhibited complete root development with the 
teeth responsive to pulp sensibility testing. Cheuh et 
al. irrigated four teeth with 2.5% sodium hypochlorite 
but used calcium hydroxide placed over an induced 
blood clot without medication with tri-antibiotic paste.11 
Whilst all four teeth demonstrated further root mat-
uration and apical closure, these authors noted that 
this phenomenon only occurred apically to the calcium 
hydroxide and concluded that the use of calcium hy-
droxide was contraindicated as potential progenitor 
cells may be eliminated. Shah et al attempted regener-
ative endodontics with a different protocol.12 Fourteen 
teeth were irrigated with 2.5% sodium hypochlorite 
and 3% hydrogen peroxide and formocresol was used 
as an inter-appointment medicament rather than 
tri-antibiotic paste. Over a follow-up period of 0.5 to 
3.5 years, radiographic resolution was considered good 
to excellent in 93% (13/14) of teeth. Thickening of the 
dentinal walls was evident in 57% (8/14) of cases and 
increased root length was observed in 71% (10/14) of 
cases. There is an obvious need for randomized clinical 
trials and further studies to evaluate clinical outcomes 
and suggest a standardized approach. The American 
Association of Endodontists has commenced a database 
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so that clinicians can supply details of their regenerative 
endodontic cases, evaluate the different approaches and 
determine guidelines that have optimal outcomes.13

CONCLUSION

 To allow successful revascularization, it would be 
necessary to first remove the bacterial challenge from 
the coronal pulp, leave the pulp space empty and finally 
provide a sufficient coronal seal to prevent additional 
bacteria from entering the space provided. The coro-
nal seal consisted of a glass-ionomer base followed by 
composite, which apparently provided a bacteria tight 
seal.
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