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fficacy of Revascularization to Induce
pexification/Apexogensis in Infected, Nonvital,

mmature Teeth: A Pilot Clinical Study
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bstract
ndodontic treatment options for immature, nonvital teeth
onventionally include surgical endodontics, apexification
ith calcium hydroxide, or single visit mineral trioxide
ggregate plug. A new treatment option of revasculariza-
ion has recently been introduced. It involves disinfecting
he root canal system, providing a matrix of blood clot into
hich cells could grow, and sealing of the coronal access.

he present pilot clinical study was undertaken to evaluate
he efficacy of revascularization in 14 cases of infected,
mmature teeth. Endodontic treatment was initiated, and
fter infection control, revascularization was performed.
he access cavity was sealed with glass ionomer cement.
he cases were followed up at regular intervals of 3
onths; the range in follow-up was 0.5–3.5 years. The
utcomes were as follows. Radiographic resolution of
eriradicular radiolucencies was judged to be good to
xcellent in 93% (13 of 14) of the cases. In the majority of
ases, a narrowing of the wide apical opening was evi-
ent. In 3 cases, thickening of apical dentinal walls and

ncreased root length were observed. The striking finding
as complete resolution of clinical signs and symptoms
nd appreciable healing of periapical lesions in 78% (11 of
4) of cases. Thickening of lateral dentinal walls was
vident in 57% (8/14) of cases, and increased root length
as observed in 71% (10/14) of cases. None of the cases
resented with pain, reinfection, or radiographic enlarge-
ent of preexisting apical pathology. This pilot study

ocumented a favorable outcome of revascularization pro-
edures conducted in immature nonvital, infected perma-
ent teeth. (J Endod 2008;34:919–925)
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rauma to the anterior teeth, commonly found among young children, accounts for
one third of all traumatic injuries in boys and one fourth of all injuries in girls (1).

ooth fracture constitutes 4%–5% and luxation injuries 30%– 44% of all dental trauma
njuries (2, 3). Because of their position, the anterior teeth tend to bear the brunt of

any impact injuries. The injuries vary from avulsion to intrusion, lateral displacement,
racture, or just a concussion. In many cases, the injury causes cessation of tooth
evelopment. Because the root development takes place for almost 2 years after the

ooth has erupted into the oral cavity, an incompletely formed apex is one of the most
ommon features seen in traumatized teeth. The patient commonly reports after many
ears when necrosis of the pulp has caused apical periodontitis or discoloration, caus-
ng either pain or compromised esthetics. Inadvertently, radiographs reveal an open
pex or blunderbuss apex.

Treatment of the immature nonvital anterior tooth with apical pathosis pre-
ents several treatment challenges. The mechanical cleaning and shaping of a tooth
ith blunderbuss canal are difficult, if not impossible. The thin, fragile lateral
entinal walls can fracture during mechanical filing, and the large volume of
ecrotic debris contained in a wide root canal is difficult to completely disinfect.
bturation of wide canal systems requires precise fabrication of a customized
utta-percha cone, and there is danger of splitting of the root during lateral con-
ensation. Many blunderbuss canals with flaring walls cannot be obturated and
ealed by orthograde methods and might require apical surgery and retrograde
ealing of the canal.

Endodontic management of such teeth includes surgery and retrograde sealing,
alcium hydroxide–induced apical closure (apexification), and, more recently, place-
ent of an apical plug of mineral trioxide aggregate (MTA) and gutta-percha obtura-

ion. A novel concept of revascularization of immature nonvital, infected teeth was
ecently introduced. The concept of revascularization, per se, is not new. It was intro-
uced by Ostby (4) in 1961, and in 1966, Rule and Winter (5) documented root
evelopment and apical barrier formation in cases of pulpal necrosis in children.
ccasional cases of regeneration of apical tissues after traumatic avulsion and replan-

ation led to the search for the possibility of regeneration of the whole pulp tissue in a
ecrotic, infected tooth. In 1972, Ham et al (6) demonstrated apical closure of imma-

ure pulpless teeth in monkeys. The development of normal, sterile granulation tissue
ithin the root canal is thought to aid in revascularization and stimulation of cemento-
lasts or the undifferentiated mesenchymal cells at the periapex, leading to the depo-
ition of a calcific material at the apex as well as on the lateral dentinal walls. In 2001
waya et al (7) and in 2004 Banchs and Trope (8) demonstrated the advantages of this
reatment modality, which resulted in a radiographically apparent normal maturation of
he entire root versus an outcome of only a calcific barrier formation at the apex after
onventional calcium hydroxide–induced apexification. So far, only isolated case re-
orts and small case series have been reported in the literature. We therefore planned
prospective pilot clinical study to evaluate the efficacy of revascularization procedures

or the management of traumatized immature, nonvital, infected permanent teeth, in-
luding regular follow-up appointments to assess the treatment response in terms of
linical and radiographic healing, root development, and thickening of lateral dentinal

alls.

Revascularization Procedures Conducted in Immature Nonvital, Infected Permanent Teeth 919
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Material and Methods
Fourteen cases of immature, nonvital maxillary anterior teeth pre-

enting with or without signs and/or symptoms of periapical pathology
ere included in the study. The cases presented with either fractured or
iscolored anterior teeth and were associated with symptoms of acute
r chronic apical infection, ie, diffuse facial swelling or intraoral si-
uses. Intraoral periapical radiographs revealed immature apices, ei-
her blunderbuss canals or wide canals with parallel walls and a slight
laring in the apical end, and in a few cases, moderately developed root
ut with open apex. The age of the patients ranged between 9 and 18
ears, with average age of 11.6 years. Patients and their parents were
nformed of the treatment alternatives and risks and consented to the
evascularization treatment.

After rubber dam isolation and gaining access to the root canal
ystem, the root canal systems were irrigated with 3% hydrogen perox-
de and 2.5% sodium hypochlorite solution, with minimal filing to pre-
ent further weakening of root canal walls. A light cotton pellet with
ormocresol as an interappointment dressing (squeezed dried) was
laced in the pulp chamber, and the coronal access was sealed with
ntermediate restorative material. In cases with frank purulent dis-
harge, the tooth was left open for drainage for 24 – 48 hours with a light
otton pellet in the pulp chamber and then closed at the next visit. At the
ext visit, chemical disinfection with copious irrigation was done, with
ery minimal filing. Revascularization was done if the tooth was symp-
om-free and the canal was found to be dry. In cases in which infection
ersisted and drainage from the canal was present, one more dressing
as applied, and revascularization was performed at a subsequent ap-
ointment.

The revascularization process was completed as follows. Teeth
ere anesthetized with a local anesthetic. A sterile 23-gauge needle was

aken, and a rubber stopper was placed at 2 mm beyond the working
ength. With sharp strokes, the needle was pushed past the confines of
he canal into the periapical tissue to intentionally induce bleeding into
he canal. When frank bleeding was evident at the cervical portion of the
oot canal system, a tight dry cotton pellet was inserted at a depth of 3– 4
m into the canal and the pulp chamber and held there for 7–10
inutes to allow formation of clot in the apical two thirds of the canal.

he access opening was sealed with glass ionomer cement extending 4
m into the coronal portion of the root canal system. An intraoral

adiograph was taken for a baseline record to be compared with fol-
ow-up radiographs to be taken at intervals of every 6 months. Both
linical and radiographic evaluation was done at each follow-up visit.

igure 1. (A) An immature, fractured maxillary lateral incisor with open apex
nd large periradicular radiolucency in a 16-year-old girl. (B) Six months after
evascularization, apical pathology is reduced significantly. (C) At 2-year fol-
ow-up, normal bony architecture around the entire root is seen. Note the

arrowing of the apical third of root canal lumen. e

20 Shah et al.
Results
The individual details of these cases and their radiographic pre-

entations are illustrated in Figs. 1–14 and summarized in Table 1. The
ollow-up of the cases ranged between 6 months to 3½ years. One case
ould be followed up for 3½ years, 3 for 2 years, 2 for 18 months, 5 for
2 months, and 3 for 6 months. The striking finding was complete
esolution of clinical signs and symptoms and appreciable healing of
eriapical lesions in 11 cases. Thickening of lateral dentinal walls could
e appreciated in 8 of the 14 cases, and increased root length was
bserved in 10 of the 14 cases. None of the cases presented with pain,
einfection, or radiographic enlargement of preexisting apical pathol-
gy. Overall, the response to revascularization procedure could be
ated as very satisfactory.

igure 2. (A) A 14-year-old boy presented with draining intraoral sinus in
elation to tooth #21. Intraoral radiograph revealed open apices of both central
ncisors and a 1 � 1.5 mm lesion associated with #21. On vitality testing, both
11 and 21 were nonvital. It was decided to treat #11 by conventional apexifi-
ation procedure and #21 by revascularization. (B) At 6-month follow-up, #21
reated by revascularization showed complete healing of periapical lesion and
ormal maturation of apical end. Tooth #11 with calcium hydroxide also shows
atisfactory healing. (C) At 1 year, further narrowing of canal space in apical 1/3
nd thickening of the lateral walls is quite evident.

igure 3. (A) An intraoral periapical radiograph of maxillary right central and
ateral incisors in a 9-year-old boy showing poorly formed lateral root walls of
ooth #12. Tooth #11 was obliquely fractured and was negative to electric pulp
est. It was planned to perform apexification in #11 and revascularization in
12. (B) At 1-year follow-up, complete development of root of #12 is evident,
lthough the canal seems to be obliterated in the middle third. Tooth #11 shows
alcium hydroxide dressing in the canal and composite build-up of the incisal

dge.
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Discussion
Apexogenesis is a natural physiologic process of root develop-

ent. However, the term is used more commonly to describe the
ndodontic procedure of preservation of pulp vitality in a trauma-
ized tooth with pulp involvement, so that the affected tooth could
evelop its full growth potential. Recently, it has been suggested that
aturogenesis is a more appropriate term than apexification, be-

ause not only the apex but the entire root is allowed to mature as in
nontraumatized tooth (9).

Regeneration of tissues rather than replacement with artificial sub-
titutes is an emerging and exciting field in the health sciences. Revas-
ularization of infected, nonvital, immature teeth has been documented
o stimulate regeneration of apical tissues and to induce apexogenesis
nd is emerging as a new treatment modality for such teeth. It was
arlier unthinkable that the tissue in the periapical region of a nonvital
nfected tooth could regenerate. Therefore, a classic treatment option
or such teeth was to perform surgical endodontic procedure to seal the
ide-open, often blunderbuss apical opening. Although success can

igure 4. (A) Intraoral radiograph of upper central incisors showing wide root
anals and open apices after trauma in a 14-year-old boy. On vitality testing,
ooth #11 was vital, and #21 was nonvital. Revascularization was done in #21.
B) At 6-month follow-up, maturation of root comparable to normal physio-
ogic root development in adjacent vital central incisor is evident. (C) At 1 year,
urther maturation and root lengthening can be appeciated.

igure 5. (A) A 12-year-old girl presented with bony hard swelling over maxilla
ncisor with blunderbuss canal, thin dentinal root walls associated with large p
sittings, revascularization was performed. (B) At 1-year follow-up, healing of p
aturation of root with thickening of lateral dentinal walls and root lengthening
oot length is seen.

OE — Volume 34, Number 8, August 2008 Revasculariza
ccur by using a surgical approach with retrograde seal, there are
isadvantages. It is an invasive procedure with its accompanying short-
omings, including possibility of surgical complications as well as in-
reased cost of treatment and possible psychological distress, especially
n children. Surgical treatment might also lead to a compromised
rown:root ratio in a tooth already weakened as a result of immature
oot development.

When the osteogenic potential of calcium hydroxide was docu-
ented by Mitchell and Shankhwalkar (10) in 1958 by implantation of

central and lateral incisors. Intraoral periapical x-ray showed immature lateral
cal pathology measuring 3 � 2 cm. After complete disinfection of the canal in
al lesion and elongation of root are evident. (C) At 36-month follow-up, normal
-documented. (D) At 42 months, remarkable healing and attainment of normal

igure 6. (A) An 11-year-old girl presented with fractured and discolored up-
er central incisors. The overlying mucosa was slightly inflamed, and there was
n intraoral sinus in relation to tooth #21. She gave the history of root canal
pening from a private practitioner 1 week earlier. Intraoral x-ray showed
eriapical lesions in relation to both the incisors. Tooth #21 had an immature
pex with very thin dentinal walls. Tooth #11 was treated with Metapex (Meta
ental Corp, LTD, Elmhurst, NY) followed by gutta-percha obturation, and tooth
21 was treated by revascularization. (B) Follow-up radiograph at 6 months
hows complete healing of the periapical lesions in both teeth and narrowing of
he apex as well as thickening of the lateral dentinal walls.
ry left
eriapi
eriapic
is well
tion Procedures Conducted in Immature Nonvital, Infected Permanent Teeth 921



c
t
p
f
a
c
t
c
(
t
d
m
n

c
a
a
o
d
a
h
t

F
t
#
a
w
t
t
a

F
#
s
T
i
s
w

F
d
t
w
r
h
w
p
s
c

F
I
r
T
t

Clinical Research

9

alcium hydroxide in rat’s connective tissue, calcified material was seen
o be deposited, even in an area where no preexisting hard tissue was
resent. Taking advantage of this property of calcium hydroxide apexi-
ication in a nonvital incisor was documented by Kaiser (11) in 1962
nd later popularized by Frank (12). Since then, apexification has be-
ome the standard treatment protocol for treatment of nonvital imma-
ure teeth. Many other materials have been used for apexification in-
luding tricalcium phosphate (TCP) (13), collagen calcium phosphate
14), bone growth factors (15), osteogenic protein (16), but none has
ruly replaced calcium hydroxide. However, calcium hydroxide–in-
uced apexification has several limitations (17). It might require 6 –24
onths for barrier formation. The barrier formed is often porous and

ot continuous or compact and therefore requires obturation of the

igure 7. (A) An 8-year-old boy reported with pain and intraoral sinus in rela-
ion to teeth #21 and #22. Intraoral periapical x-ray showed wide-open apex of
21 but normal periradicular tissues. In #21, revascularization was induced,
nd in #22 after cleaning and shaping, Metapex dressing was given. The patient
as lost to follow-up for 2 years. When he reported for treatment, endodontic

reatment in #22 was completed by laterally condensed gutta-percha obtura-
ion. (B) The follow-up radiograph at 24 months shows closure of wide-open
pex and normal periradicular architecture.

igure 8. (A) A 12-year-old boy reported with fractured and discolored teeth
11 and #12 with diffuse apical swelling. Intraoral periapical radiograph
howed a well-defined radiolucency in relation to #11 and fully mature apex.
ooth #21 showed wide-open apex. The case was treated with calcium hydrox-
de in #11 and by inducing revascularization in #21. (B) Follow-up at 12 months
howed elongation of root and closure of apex with thickening of lateral dentinal

alls in #21. l

22 Shah et al.
anal after barrier formation, with all its inherent problems of achieving
fluid-tight seal without splitting the tooth. Even if successful, apexific-
iton can only induce a hard tissue barrier at the apex. Further devel-
pment of the root does not take place. Intracanal calcium hydroxide
ressing can also make the tooth brittle because of its hygroscopic (18)
nd proteolytic properties (19, 20). Cvek reported 4 years after calcium
ydroxide apexification, fractures ranged from 77% of the most imma-

ure teeth to 28% of the most fully developed teeth (21). Calcium hy-

igure 9. (A) A 17-year-old boy presented with diffuse swelling and frank pus
ischarge through labial sinus in relation to teeth #11 and #12. On examination,

he teeth exhibited grade II mobility. Intraoral periapical radiograph showed
ide-open apex of #11 with very thin lateral dentinal walls and a diffuse apical

adiolucency with hazy margins. After 2 dressings at 1-week interval, calcium
ydroxide was given in #12, and revascularization was induced in #11. Patient
as followed up at regular intervals. (B) At 12-month follow-up, he was com-
letely symptom-free. The teeth were stabilized, and x-ray showed reduction in
ize of periapical radiolucency and calcific barrier formation at the apex. The
ase is under follow-up.

igure 10. (A) A 14-year-old boy presented with fractured and discolored teeth.
ntraoral periapical radiograph of teeth #11 and #12 showed very well-defined
adiolucency involving the apices of #11 and #12 and wide-open apex of #11.
he case was treated by revascularization in #11 and conventional endodontic

reatment in #12. (B) At 1-year-follow-up, evidence of healing of periapical

esion and narrowing of apical opening could be appreciated.

JOE — Volume 34, Number 8, August 2008
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roxide with its high pH is known to be toxic to vital cells (22) and
ence might damage the cells in its contact at the apex, which have
egenerative capacity to heal periapical tissues. By filling the canal with
alcium hydroxide, a physical barrier is created that prevents migration
f multipotent undifferentiated mesenchymal cells into the canal (23)
nd regeneration of tissues at the lateral dentinal walls.

The placement of an apical plug of MTA and gutta-percha filling
as several advantages over calcium hydroxide–induced apexification
24 –26). MTA is a biocompatible material, has osteoinductive proper-
ies, and sets in the presence of moisture, and the treatment can be

igure 11. (A) A 10-year-old boy presented with diffuse facial swelling and
roclined and discolored upper central incisors. Periapical radiograph showed
large radiolucency involving tooth #21 and extending up to the medial aspect
f #11. Revascularization was induced in #21, and conventional endodontics
ith calcium hydroxide was performed in #21. (B) Follow-up x-ray at 12
onths showed a small residual periapical lesion. Elongation of the root and

hickening of lateral dentinal walls could be seen.

igure 12. (A) A 12-year-old boy reported for treatment of fractured and dis-
olored tooth #11. He had no symptoms. However, intraoral periapical radio-
raph showed diffuse periapical lesion. On vitality testing, #21 was vital, and #11
as nonvital. After 1 initial dressing, revascularization was induced. (B) Fol-

ow-up radiograph at 12 months showed elongation of root and narrowing of

he canal space along with thickening of the lateral dentinal walls. c

OE — Volume 34, Number 8, August 2008 Revasculariza
ompleted in a single sitting. However, it does not strengthen the re-
aining tooth structure.

Revascularization is the procedure to reestablish the vitality in a
onvital tooth to allow repair and regeneration of tissues. The rationale
f revascularization is that if a sterile tissue matrix is provided in which
ew cells can grow, pulp vitality can be reestablished. Revascularization
rotocols are derived from the observations of reimplanted and auto-

ransplanted teeth in experimental animals in which necrotic pulp, if
ree of infection, provided a matrix into which the cells from the peri-
pical tissues could grow and reestablish pulp vascularity, slowly re-
lacing the necrotic tissue (27, 28). In immature, infected, nonvital
eeth, infection control is achieved with minimal instrumentation,
epending more on aggressive, copious irrigation with sodium hy-

igure 13. (A) A 12-year-old girl presented with draining intraoral sinus in
elation to tooth #11. After 2 dressings when her symptoms subsided, revascu-
arization was performed. (B) At 6-month follow-up, patient was completely
symptomatic, and the x-ray showed narrowing of the apical foramen and thick-
ning of the lateral root walls.

igure 14. (A) A 9-year-old girl presented with diffuse facial swelling and frac-
ured tooth #21. Intraoral periapical radiograph showed a large diffuse peria-
ical lesion involving #11 and #12. Tooth #21 had normal periapical tissues.
owever, on vitality testing, #12 was found to be vital, and #21 was nonvital.
ndodontic treatment was started in both #11 and #21. When her symptoms
ubsided at the third visit, revascularization was induced in #11. (B) Follow-up
adiograph at 6 months shows complete resolution of the periapical lesion,

losure of the apex, and thickening of the lateral dentinal walls.

tion Procedures Conducted in Immature Nonvital, Infected Permanent Teeth 923
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ochlorite, chlorhexidine, or povidone-iodine. Some authors have
uggested the use of ciprofloxacin and metronidazole paste (7, 8) or
a(OH)2paste (29) to control the infection.

echanism of Revascularization
It is possible that a few vital pulp cells remain at the apical end of

he root canal (8, 30). These cells might proliferate into the newly
ormed matrix and differentiate into odontoblasts under the organizing
nfluence of cells of Hertwig’s epithelial root sheath, which are quite
esistant to destruction, even in the presence of inflammation (31). The
ewly formed odontoblasts can lay down atubular dentin at the apical
nd, causing apexogenesis (elongation of root), as well as on lateral
spects of dentinal walls of the root canal, reinforcing and strengthening
he root.

Another possible mechanism of continued root development
ould be due to multipotent dental pulp stem cells, which are present in
ermanent teeth (32) and might be present in abundance in immature

eeth. These cells from the apical end might be seeded onto the existing
entinal walls and might differentiate into odontoblasts and deposit
ertiary or atubular dentin.

The third possible mechanism could be attributed to the presence
f stem cells in the periodontal ligament (33, 34), which can prolifer-
te, grow into the apical end and within the root canal, and deposit hard
issue both at the apical end and on the lateral root walls. The evidence
n support of this hypothesis is presented by documentation of cemen-
um and Sharpey’s fibers in the newly formed tissues.

The fourth possible mechanism of root development could be
ttributed to stem cells from the apical papilla or the bone marrow.
nstrumentation beyond the confines of the root canal to induce bleed-
ng can also transplant mesenchymal stem cells from the bone into the
anal lumen. These cells have extensive proliferating capacity. Trans-
lantation studies have shown that human stem cells from bone narrow
an form bone or dentin in vivo (35, 36).

Another possible mechanism could be that the blood clot itself,
eing a rich source of growth factors, could play an important role in
egeneration. These include platelet-derived growth factor, vascular
ndothelial growth factor (VEGF), platelet-derived epithelial growth
actor, and tissue growth factor and could stimulate differentiation,
rowth, and maturation of fibroblasts, odontoblasts, cementoblasts, etc
rom the immature, undifferentiated mesenchymal cells in the newly
ormed tissue matrix. Expression of VEGF in immature and mature
ermanent teeth has been documented (37).

There are several advantages of revascularization as observed

ABLE 1. Summary of the 14 Revascularization Cases

Case No. Age (y)/sex Tooth # Follow-up Period
Periap

1. 16/F 21 2 y
2. 14/M 11 1 ½ y
3. 9/M 12 2 y
4. 14/M 11 1 ½ y
5. 11/F 11 6 mo
6. 16/F 22 3 ½ y
7. 8/M 21 2 y
8. 12/M 11 1 y
9. 17/M 11 1 y

10. 14/M 21 1 y
11. 10/M 11 1 y
12. 12/M 21 1 y
13. 12/F 21 6 mo
14. 9/F 21 6 mo

, Satisfactory; ��, good; ���, excellent.
rom this study as well as from the past studies. It requires a shorter

24 Shah et al.
reatment time; after control of infection, it can be completed in a single
isit. It is also very cost-effective, because the number of visits is re-
uced, and no additional material (such as TCP, MTA) is required.
bturation of the canal is not required unlike in calcium hydroxide–

nduced apexification, with its inherent danger of splitting the root dur-
ng lateral condensation. However, the biggest advantage is that of
chieving continued root development (root lengthening) and strength-
ning of the root as a result of reinforcement of lateral dentinal walls
ith deposition of new dentin/hard tissue.

There are only a few limitations of revascularization. Long-term
linical results are as yet not available. It is possible that the entire canal
ight be calcified, compromising esthetics and potentially increasing

he difficulty in future endodontic procedures if required. In case post
nd core are the final restorative treatment plan, revascularization is not
he right treatment option because the vital tissue in apical two thirds of
he canal cannot be violated for post placement.

Conclusion
The present pilot clinical study offers several advantages over other

stablished treatment protocols for the management of immature, in-
ected nonvital teeth. However, longer case series with longer follow-up
eriod is required to establish it as the standard protocol for manage-
ent of such teeth.
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