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ABSTRACT

INTRODUCTION: Revascularization has been commonly known to be limited to the immature teeth. Owing to its promising results, it was
suggested as another treatment option to conventional endodontics in mature teeth. Single visit revascularization is still an area of evaluation and
was developed to reduce the drawbacks of multiple visits.

OBJECTIVES: This report described the outcomes of single visit revascularization both clinically and radiographically in necrotic permanent
mature teeth with chronic apical periodontitis after irrigation activation using sonic disinfection protocol.

MATERIAL AND METHODS: Twelve cases of permanent mature teeth were recruited into the study. Canals were prepared till file X4 Protaper
next system. For disinfection protocol, sonic activation (Endoactivator) was used to agitate sodium hypochlorite (2.5%) for sixty seconds followed
by 20 ml of 17% EDTA. The bleeding was then induced and Biodentine was placed over blood clot. Glass ionomer was used as a base then
composite as final restoration. Treatment outcome was evaluated for 12 months period.

RESULTS: Clinical evaluation and radiographic assessment were performed to evaluate the change in periapical lesion size and vitality of treated
teeth to indicate treatment success. After 12 months of follow-up, all teeth showed the absence of clinical signs and/or symptoms and evidence of
periapical healing radiographically. Four teeth regained vitality by the end of 12 month period.

CONCLUSION: Favorable outcome for single visit revascularization procedure when activated with sonic irrigation in mature single-rooted

teeth with chronic apical periodontitis.
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INTRODUCTION

Regeneration is a biological procedure designed to replace
the pulp-dentin complex. This field has been more focused
on immature teeth treatment, as apical papilla’s stem cells
that show regenerative potential are located near their root
apices that would help in thickening and maturation of the
root to complete its closure (1).

Recently, revascularization was considered a treatment op-
tion to treat mature permanent teeth with apical periodontitis
in an attempt to regain tooth vitality, even though it faces
more challenges than in those found in immature teeth due to
the presence of a fewer number of stem cells and narrower
apical foramina to allow stem cell migration (2). The main
advantage of revascularization in mature teeth is to restore
natural Killer cells and lymphocytes and macrophages that
represent an innate immune system. This innate immunity is
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lost after conventional endodontic treatment may offer the
potential to combat reinfections (3). The regenerated tissues
may also provide more structural fracture resistance to the
tooth than endodontically treated teeth (4).

Single-visit revascularization protocols have been developed
to reduce intracanal medications' potential drawbacks, in-
cluding discoloration, difficulty of removal from the canal
and toxicity to stem cells of the apical papilla (5,6). Calcium
hydroxide dressing is one of intracanal medications used for
multiple visit revascularization, one of its drawback that it is
less effective than antibiotic paste formulations against some
intracanal bacteria (7). Triple antibiotic pastes and double an-
tibiotic pastes are also used as intracanl medications, however
at the paste-like concentrations typically used in regenerative
endodontic procedures are lethal in direct contact with stem
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cells and may trigger the destruction of stem cells of the api-
cal papilla placed in a scaffold within the root canal lumen (8,9).
Shin et al. (10) were the first to attempt a revascularization
case completed in one visit for an immature tooth. Sodium
hypochlorite irrigation (6%) was used to disinfect the canal,
followed by MTA to seal the canal orifices. It was stated that
the advantages of single visit revascularization are reduction
of the chance of additional bacterial contamination, over-
come the problem of poor patient follow-up visits compliance, and
it can help to combat potential injury of the tooth and avoid
unnecessary drawbacks from intracanal medications used (11).
The irrigation protocol is essential in improving the effective-
ness of disinfection and cleaning of the necrotic canals to
achieve an adequate environment to allow successful single
revascularization. EndoActivator (Dentsply Tulsa Dental
Specialties, Tulsa, OK) is an irrigation system that offers
forcefully streaming at a specific sonic frequency (190 Hz)
that enhances irrigation in lateral canals at the apical third as com-
pared with conventional needle irrigation and can remove bio-
film and smear layer inside curved canals of molar teeth (12,13).
Up to our knowledge, neither clinical trials nor case reports
investigated the effect of irrigation activation using Endoacti-
vator and its impact on the success of single visit revascular-
ization in mature teeth. The present case series aimed to eval-
uate the radiographic and clinical outcome of single visit re-
vascularization in mature permanent teeth aided with sonic
activation irrigation protocol.

MATERIALS AND METHODS

The study's protocol was accepted by the research ethics
committee of the Faculty of Dentistry, Alexandria Univer-
sity, with institutional review board number 00010556-10RG
0008839. When a patient met the study's inclusion/exclusion
criteria, the objectives, benefits, and risks of the study were
discussed with the patient. Consent (Oral and written) was
obtained from all the study participants.

Eligibility Criteria

Twelve teeth consisted of eleven maxillary teeth (five central
incisors, two lateral incisors, and four canines) and one man-
dibular incisor tooth of adult female and / or male patients,
age range of 18-45 years and free from any medical condi-
tions (Table 1)

Table (1): Demographic and clinical data of the treated
patients.

No. %

Sex

Male 4 44.4

Female 5 55.6
Age (years)

Min. — Max. 21.0-41.0

Mean £ 5D. 28.58 = 6.68
Teeth

Maxillary 11 91.7

Mand 1 8.3
Etiology

Trauma 10 833

Caries 2 16.7
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Inclusion criteria

1- Mature single rooted teeth (single canal) with complete
apical closure.

2- Non vital permanent teeth.

3- Presence of periapical radiolucency.

4- Periodontally sound teeth.

Exclusion criteria

1- Teeth with root fractures.

2- Previous root canal treatment.

3- Teeth with root resorption (Internal or External).

4- Diabetic, hypertensive or immunocompromised patients.

Patient Examination

Patients meeting the eligibility criteria of the study were re-

cruited from the out-patient clinic of the Faculty of Dentistry,

Alexandria University starting from September 2018. Clini-

cal examinations were performed, including percussion, pal-

pation, periodontal pocket depth measurement, sensibility

tests, and presence of a sinus tract (No teeth selected pre-

sented with sinus tract). Cold test using ethyl chloride spray

(Walter Ritter, Hamburg, Germany) and electric pulp testing

(Parkell; Digitest Pulp Vitality Tester, Brentwood, NY) were

applied to confirm the diagnosis. Radiographic examination

including preoperative periapical radiographs (Apixia psp

scanner, Apixia Corp, Southern California, United States)

(Fig 1A) to confirm periapical lesion presence using parallel

device XCP- DS FIT universal holder (Dentsply Tulsa Dental

Specialties, Tulsa, USA) and preoperative CBCT scan (J

Morita Mfg corp., Kyoto, Japan) (Fig 1D & 1E).

Figure 1
A: Showing a carious lesion on the occlusal surface of tooth #46.
B: Removal of coronal pulpal tissues and hemostasis achieved.
C: PRF plug was placed over the remaining radicular pulp.

D: Biodentine was placed over the PRF plug.

E: RMGIC placed over the Biodentine.

F: Composite restoration as a final restoration.
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Figure 2

A: Showing a sterile artery forceps inserted into the test tube to re-
trieve the PRF clot.

B: PRF clot placed in the PRF box.

C: PRF clot was placed in one of the cylinders of the PRF box.

D: The piston was compressed gently to pack the PRF clot to form
PRF plug.

E: PRF plug at the base of the PRF box cylinder.

Figure 3

A: A pre-operative radiograph with a large carious lesion approach-
ing the pulp.

B: Immediate post-operative radiograph showing maintenance of
the pulp chamber space using PRF.

C: Three-month follow-up radiograph showed normal trabeculation
of bone around the tooth.

D: Six-month follow-up radiograph showed normal trabeculation of
bone around the tooth.

E: Twelve-month follow-up radiograph showed normal trabecula-
tion of bone around the tooth.
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Figure 4

A: A pre-operative radiograph with a large carious lesion approach-
ing the pulp with widening of the PDL space around both roots.

B: Immediate post-operative radiograph showing maintenance of
the pulp chamber space using PRF.

C: Three-month follow-up radiograph showed normal trabeculation
of bone around the tooth with normal PDL space around both roots.
D: Six-months follow-up radiograph showed normal trabeculation
of bone around the tooth with normal PDL space around both roots.
E: Twelve-months follow-up radiograph showed normal trabecula-
tion of bone around the tooth with normal PDL space around both
roots.

Figure 5

A: A pre-operative radiograph with a large carious lesion approach-
ing the pulp with widening of the PDL space around the mesial root.
B: Immediate post-operative radiograph showing maintenance of
the pulp chamber space using PRF.

C: Three-month follow-up radiograph showed normal trabeculation
of bone around the tooth with normal PDL space around both roots
D: Six-month follow-up radiograph showed normal trabeculation of
bone around the tooth with normal PDL space around both roots.
E: Twelve-month follow-up radiograph showed normal trabecula-
tion of bone around the tooth with normal PDL space around both
roots.

Treatment Procedures

Single experienced endodontist performed all the clinical
procedures of the study. Scandonest 3% Mepivacaine without
vasoconstrictor (Septodont, Saint-Maur-des-Fosses, France)
was used as local infiltration for the involved tooth. Isolation
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using a rubber dam was applied, and an access cavity was
then performed. Working length was obtained using apex
locator (J Morita Mfg corp., Kyoto, Japan) and was con-
firmed with a radiograph. Glide path was achieved with a size
10,15 K-type file (Dentsply Maillefer, Ballaigues, Switzer-
land). The canal preparation was then completed using
ProTaper Next system (Dentsply Maillefer, Ballaigues, Swit-
zerland) by the sequence of X1, X2, X3, and X4 according to
the manufacturer’s recommendation (14).

A total amount of 20 ml of 2.5 % sodium hypochlorite were
used in a sequence of 5ml after each Protaper next file
(Dentsply Maillefer, Ballaigues, Switzerland). For the disin-
fection protocol, additional 2 ml of 2.5% sodium hypo-
chlorite was used to irrigate the canals and agitated using En-
doActivator (Dentsply Maillefer, Ballaigues, Switzerland)
Blue Tips size (35/04) for 60 seconds at 10,000 cycles per
minute (1 mm shorter than the working length) according to
manufacturing instruction (15). Saline (15ml) was then used
for flushing the canals, followed by 20 ml of 17% EDTA so-
lution (Dia-Prep Plus, Diadent Group International Inc.,
Chongju, Korea) for one minute. The apical foramen using
file size 40 and then file size 20 (Dentsply Maillefer, Bal-
laigues, Switzerland) was introduced 2 mm beyond working
length to invoke bleeding in the canal by irritating the apical
tissues. The bleeding was stopped 2 mm below the CEJ level
and left for 10 min to allow clotting (16). A mixture of Bio-
dentine (Septodont, Saint-Maur-des-Fosses, France) was
then applied according to the manufacturer’s instructions and
packed over the blood clot using endodontic pluggers. After
15 min, glass ionomer restoration (GC Fuji Il LC, GC Corp,
Tokyo, Japan) was placed and then covered by final compo-
site restoration (Nexcomp; Metabiomed, Chungcheongbuk-
do, South Korea).

Follow-ups

All patients were recalled to the clinic for clinical and radio-
graphic evaluation (Apixia psp scanner, Apixia Corp, South-
ern California, United States) till the twelve months follow-
up. The vitality of all teeth after 12 months were evaluated
using both cold test and electric pulp testing. Radiographic
assessment using Periapical index score (17) and CBCT scor-
ing index (18) was performed using digital X-ray (Fig 1B,
1C) and CBCT scan (Fig 2F & 2G) respectively to evaluate
the change of the size of periapical lesion. According to the
result of clinical and radiographic evaluation, the patients
were categorized into the following categories (19); a)
Healed (No pain, discomfort or altered sensation, vitality
tests and radiographically similar to contralateral control
teeth), b) Healing (No pain, discomfort or altered sensation,
no response to vitality tests and radiographically consistent
with contralateral tooth) and c) Persistent disease (Pain, dis-
comfort or altered sensation, no response to vitality tests and
radiographically is inconsistent with contralateral tooth).
Statistical analysis

Data were fed to the computer and analyzed using IBM SPSS
software package version 20.0. (Armonk, NY: IBM Corp).
The Kolmogorov-Smirnov test was used to verify the normal-
ity of the distribution. Quantitative data were described using
range (minimum and maximum), mean, standard deviation,
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median and interquartile range (IQR). Wilcoxon signed ranks
tests were used for abnormally distributed quantitative varia-
bles to compare between two periods. The significance of the
obtained results was judged at the 5% level.

RESULTS

Clinical assessment of the treatment outcome showed no clin-
ical signs and symptoms, no history of pain, discomfort, or
altered sensation at the end of 12 months follow-up period for
all treated teeth. Also, all treated teeth showed no discolora-
tion throughout the follow-up period. Four teeth (33.3%)
were considered “Healed" since they responded positively
for both vitality tests (cold and electric pulp tests), eight teeth
were considered “Healing” (66.6%) since they showed no
signs of vitality; however, healing of the periapical lesion was
noted and none considered with “Persistence disease”. There
was a statistically significant reduction in the size of the per-
iapical lesion evaluated by both Periapical index score
(P<0.001) and CBCT scoring index (P<0.002) between base-
line and 12 months follow up periods for all teeth (Table 2).
All these results indicate the success of the treatment protocol
in the treated teeth.

Table(2)

Taede i 21 Talble whorming poriagical insden secs |41 amd € BCT svrmmes msing {81 onsing imdey firvagloni |} moib folles g prrids
[

Vit 1| Witk 3| Wissslh. 3 | Tl 4 Wisshlh 5| Wosslt & | Towih 7 Wimsilh 8 | Viosth 0| Wowili 10 Vot 1) | otk 13

DISCUSSION

Non-vital permanent mature teeth with chronic apical perio-
dontitis are usually treated with non-surgical root canal treat-
ment (NSRCT) because of the predictability of treatment out-
come (20). However, revascularization has been suggested as
an additional successful treatment option for permanent ne-
crotic teeth with apical periodontitis. This treatment resulted
in the resolution of clinical signs/symptoms and apical perio-
dontitis (2,21).

The increase of age causes physiological changes as the api-
cal cementum's thickening and change in the apical foramina
position, which may affect mesenchymal stem cell's migra-
tion into the canal (22). However, in the current case series,
the patient's age ranged from 21 to 41 years, and the results
showed a successful outcome at this wide age range.

The study's treated teeth were mechanically prepared to the
radiographic apex to clean the canal from necrotic tissues and
bacteria. Lin et al. (23) stated that the main cause of failure in
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regenerative endodontic therapy was the biofilm that remains
attached to the canal walls due to the lack of mechanical prep-
aration. ProTaper Next system was selected in the present
study because its design gives a snake-like motion inside the
canal, leading to irrigation activation, and showed less extru-
sion of debris than manual and other rotary systems (24). In
the current case series, apical size enlargement to size 0.40
mm was performed using a size 40 file to ensure apical wid-
ening beyond the apical seat formed by X4 file preparation to
facilitate bleeding flow in the canal. This apical diameter was
considered adequate for both stem cell migration and tissue
ingrowth inside the canal meanwhile preserve sufficient api-
cal dentin for the creation of apical stop in case of failure of
regenerative endodontic therapy (25). Fang et al. (26) showed
that teeth with pulp necrosis having an apical size less than
0.5 mm reached 90% clinical success. On the other hand,
Abou-Samra et al. (27) and Saoud et al. (2) showed success-
ful treatment outcomes for permanent maxillary incisor teeth
with apical sizes of 35 and 30, respectively.

To achieve efficient irrigation and disinfection needed for the
canal in a single visit treatment, sodium hypochlorite (2.5%)
have been recommended in the present case series to avoid
cytotoxic effect on stem cells and denaturation of growth fac-
tors. This was in accordance with Zehnder (28), who recom-
mended the use of 2.5% sodium hypochlorite and stated that
it offered the best compromise between efficiency and lack
of toxicity. In addition, Fouad (29) stated that high concen-
trations of sodium hypochlorite, such as 5.25%, cause the de-
naturation of the growth factors embedded in the dentin,
which is essential in revascularization. This was inconsistent
with Shin et al. (8), who used 6% sodium hypochlorite for
disinfection of an immature tooth's canal in a single-visit re-
vascularization protocol and obtained a successful outcome.
EDTA solution (17%) was used for the final flush of the ca-
nals. This was in accordance with Galler et al. (30), who
stated that 17% EDTA solution aids in the release of growth
factors due to its chelating action. In addition, Trevino et al.
(31) stated that EDTA promoted SCAP survival and removed
the first layer of dentin, which is rich in NaOCI that shows
undesirable effects on the stem cells.

Single visit treatment is a controversial line of treatment, es-
pecially in revascularization protocol. The control of the level
of bacteria inside the canal is an essential factor impacting its
success. However, the ability to mechanically instrument the
canals in mature teeth aided with sonic irrigation activation
helps control bacterial levels. It improves the success rates of
the treatment outcome. Gu et al. (32) stated that single visit
treatment reduces the chance of bacterial contamination in
the canal space in-between visits, overcome the problem of
poor compliance with follow-ups, and helping avoiding po-
tential injury of the tooth from multiple visits. The present
study results was in consistence with Banchs and Trope (33),
Shin et al. (8), and Aldakak et al. (34), who performed suc-
cessful single visit revascularization in immature teeth, un-
like our study, which was done on mature teeth.
EndoActivator was used in an attempt to enhance the success
rate of single-visit treatment. It initiates cavitation effect and
acoustic streaming that increases the irrigant's penetration
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into areas of the root canals system that are less accessible,
helping more in eradicating bacteria, thus better disinfection
achieved (9,35). Biodentine was used as a coronal plug in the
present cases because it has similar biocompatibility as MTA
but without causing tooth discoloration (36).

The successful outcome both clinically and radiographically
for the treated teeth is encouraging since, to our knowledge,
this might be the first case series for single visit revasculari-
zation on mature teeth. In the present study, four teeth
showed positive results for both cold and electric pulp tests,
indicating signs of revascularization and possible reorganiza-
tion of nerve endings inside the canal. This was in accordance
with Paryani and Kim (1) and Nageh et al. (37), who showed
that sixty percent of their treated teeth established tooth vital-
ity after twelve months follow up, which indicated revitaliza-
tion of the teeth. Moreover, Arslan et al. (38) stated that a
positive result to electric pulp testing in fifty percent of the
treated cases with revascularization was noted. Furthermore,
El-Kateb et al. (39) treated eighteen mature teeth with apical
periodontitis using double visit revascularization protocol.
They showed 83% and 77% of the treated cases positively
responded to cold and electric pulp tests, respectively, at the
12 months follow up period. It was also confirmed the reor-
ganization of vital tissue inside the canals of the treated teeth
using MRI. However, the present case series results were
against Saoud et al. (2,40,41) and Nagas et al. (42), who re-
ported negative responses to vitality tests in mature teeth after
the twenty-six and sixty months follow-up period, respectively.
Radiographic assessment using both the Periapical index
score and CBCT scoring index was essential for evaluating
lesion size, which was an important indicator of treatment
success. The Periapical index score was selected following
@rstavik et al. (17). Evaluation of periapical tissues ranging
from normal tissue (score 1) to severe apical periodontitis
(score 5). However, the Periapical index score uses 2-dimen-
sional radiographic images for evaluation, subsequently of-
fering a less accurate interpretation of the periapical lesions.
Therefore, the CBCT scoring index (18) was selected for the
3-dimensional interpretation of the periapical lesions to in-
crease the measurement accuracy and allow more in-depth
evaluation. This was in accordance with Saoud et al. (21) and
El-Kateb et al. (39), where both methods (CBCT and periap-
ical radiograph) were used to evaluate the change in the size
of the periapical lesion after the regenerative procedure. On
the other hand, Paryani K, Kim SG (1), Abou-Samra et al.
(27), and Nageh et al. (37) depended only on the periapical
radiograph for the evaluation of periapical lesion healing.
Teeth in the present case series presented an evident reduc-
tion in periapical lesion size after twelve months. It may be
attributed to the fact that revascularization treatment pro-
moted the host wound healing process by enhancing the re-
generated tissues' immune defense response (2). It could be
debated that the periapical healing resulted from the canal's
disinfection and tight coronal seal only. However, positive
vitality results obtained in four treated teeth indicates revas-
cularization success. These results were in agreement with
Paryani K, Kim SG (1), Abou-Samra et al. (27), and Nageh
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et al. (37), who reported healing of periapical lesions in re-
vascularization treatment of mature non-vital teeth with api-
cal periodontitis, indicating the success of the treatment.

To sum up, several studies had obtained successful single
visit revascularization for immature teeth. However, more in-
depth studies with larger sample sizes and other irrigation ac-
tivation protocols in the field of mature single visit revascu-
larization teeth should be encouraged to obtain both ad-
vantages of revascularization of mature teeth with its afore-
mentioned advantages along with rapid and less costly single
visit treatment (10,27).

CONCLUSION

Within the limitation of this case series and based on the pos-
itive outcome of the treated cases, it was concluded that re-
vascularization and healing of chronic apical periodontitis in
mature permanent teeth could be achieved from single-visit
treatment with sonic disinfection protocol in mature perma-
nent teeth. More extended follow-up periods are needed to
confirm its results and compare its efficacy with different ir-
rigation activation techniques.
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