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Abstract

Pulp revascularization is a promising procedure for the
treatment of adolescents’ immature permanent teeth
with necrotic pulp and/or apical periodontitis. Howev-
er, the ability to successfully perform pulp revascular-
ization in a middle-aged patient remains unclear. A
39-year-old woman was referred for treatment of
teeth #20 and #29 with necrotic pulp, extensive peri-
apical radiolucencies, and incomplete apices. Pulp
revascularization procedures were attempted,
including root canal debridement, triple antibiotic
paste medication, and platelet-rich plasma transplan-
tation to act as a scaffold. Periapical radiographic
and cone-beam computed tomographic examinations
were used to review the changes in the apical lesions
and root apex configuration. The patient remained
asymptomatic throughout the 30-month follow-up.
Periapical radiographic examination revealed no
change in the apical lesions of either tooth at 8
months. The periapical radiolucency disappeared on
tooth #20 and significantly decreased on tooth #29
by the 30-month follow-up, findings that were also
confirmed by cone-beam computed tomographic im-
aging. No evidence of root lengthening or thickening
was observed. Successful revascularization was
achieved in a middle-aged patient’s teeth. (J Endod
2015;41:1571–1575)
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Pulp revascularization is widely performed in the treatment of immature permanent
teeth with necrotic pulp and apical periodontitis. Successful cases exhibited thick-

ening of the canal walls, closure of root apices, continued root development, and re-
covery of a positive response to electric pulp testing in some cases (1, 2).
Regenerative endodontic procedures have routinely been recommended for
adolescent patients between 8 and 16 years old (3). Sparse reports are available on
pulp revascularization in the mature permanent dentition. Although some researchers
claim that the treatment outcome from regenerative endodontics does not vary accord-
ing to patient age (4), the upper limit of participant age was only 28 years in a systematic
review that included 51 clinical studies and case reports from January 1993 to
December 2013 (5). Therefore, it is still unknownwhether patient age is a critical factor
in the success of pulp revascularization. Studies on bone marrow mesenchymal stem
cells suggest that the total number and osteoprogenitor (CFU-F/ALP+) colonies of
mesenchymal stem cells decrease with age (6, 7). Bone marrow mesenchymal stem
cells and dental stem cells (including those of the dental pulp, periodontal ligament,
and apical papilla) share some similarities (8); the outcome of dental pulp revascular-
ization may also be affected by patient age.

The principles of revascularization include the use or recruitment of stem cells,
growth factors, and biologic scaffolding (9). Platelet-rich plasma (PRP) has been sug-
gested as an ideal biomaterial to improve treatment results because it releases many
growth factors and acts as a scaffold (10, 11). Successful revascularization of
infected immature teeth after autologous PRP transplantation has been reported
(12–14).

In the present case report, we describe a PRP-supplemented revascularization of 2
nonvital permanent teeth with periapical lesions and open apices in a 39-year-old
woman.

Case Report
A 39-year-old woman was referred to our department for treatment of her right

and left secondmandibular premolars (teeth #20 and #29). The patient visited her gen-
eral dentist 1 week earlier with sharp pain of 3 days’ duration in the left second pre-
molar. She received access opening, medication with camphor phenol, and
temporary seal. The dentist documented no caries but found fractured dens evaginatus
in both mandibular second premolars. Her medical status was noncontributory.

Upon clinical examination at our clinic, temporary fillings were found in the center
of occlusal surfaces of teeth #20 and #29, with slight tooth discoloration and no evi-
dence of sinus tract stomata (Fig. 1A–D). These 2 teeth were not sensitive to percussion
or palpation and did not respond to thermal or electric pulp testing (Vitality Scanner;
SybronEndo, Glendora, CA). Periapical radiographic examination revealed extensive
periapical radiolucencies and incomplete apices on both left and right second mandib-
ular premolars (Figs. 2A and 3A). Cone-beam computed tomographic (CBCT) images
(NewTom VG; Quantitative Radiology, Verona, Italy) further characterized the extent of
the bony defects and the large diameter of roots and apices (Figs. 2D–F and 3D–F). The
diagnosis of necrotic pulp and symptomatic apical periodontitis was made for both
second mandibular premolars.

The patient was informed that the goal of treatment was to initiate healing of the
bony defects and to stimulate further root lengthening and thickening and that the pro-
posed treatment might not be successful. The decision was made to perform an
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Figure 1. Preoperative photographs of teeth #20 and #29. (A and C) Buccal view photographs showed slight discoloration with no sign of sinus tracts or swelling.
(B and D) Occlusal view photographs showed temporary fillings.
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endodontic revascularization procedure with the aid of PRP. Written
informed consent was obtained from the patient.

The clinical procedure generally followed consideration of the
guidelines proposed by the American Association of Endodontists
(http://www.aae.org/regenerativeendo). At the initial appointment,
the temporary fillings and cotton pellets in the pulp chambers of teeth
#20 and #29 were removed under local anesthesia and rubber dam
isolation. Upon entry to the root canal system, no hemorrhage or
necrotic pulp was noted. Each canal was irrigated with approximately
20 mL 2.5% sodium hypochlorite followed by saline (20 mL/canal). Af-
ter drying with paper points, the root canals were medicated with triple
antibiotic paste (equal parts ciprofloxacin, metronidazole, and minocy-
cline to a final concentration of 0.1mg/mL) and sealed with Cavit (ESPE,
Chergy Pontoise, France).

At the 2-week recheck, the patient reported no symptoms. Both
teeth were asymptomatic to percussion and palpation. A 10-mL sample
of venous blood was obtained from the patient’s left arm in a plastic di-
potassium EDTA tube (Vacuette; Greiner Bio-One, Kremsm€unster,
Austria) for PRP preparation. The involved teeth were anesthetized, iso-
lated with a rubber dam, and reaccessed. The antibiotic paste was
flushed out with sterile saline irrigation. The canals were dried with pa-
per points. During root canal irrigation and drying, the patient’s blood
sample was first centrifuged at 2400 rpm for 10minutes to separate PRP
and platelet-poor plasma from the red blood cells and then at 3600 rpm
for 10 minutes to separate the PRP from the platelet-poor plasma. The
PRP was then injected into the canal space up to the level of the cemen-
toenamel junction, and several minutes were allowed for clot formation.
White mineral trioxide aggregate (Dentsply Tulsa Dental, Johnson City,
TN) was placed directly over the PRP clot. Moist cotton pellets were
placed over the mineral trioxide aggregate, and the teeth were restored
with Cavit. The patient returned to our department 48 hours later and
was asymptomatic. The temporary fillings and cotton pellets were then
replaced with composite (P60; 3M Dental Products, St Paul, MN).
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Results
At follow-up appointments at 8 and 30 months, the patient re-

mained asymptomatic. Percussion, palpation, thermal, and electric
pulp tests were all negative. Periapical radiographic examination re-
vealed no change in the apical lesions of either involved tooth at the
8-month follow-up (Figs. 2B and 3B). Thirty months after the initial
treatment, periapical radiographs showed disappearance of the
periapical radiolucency on tooth #20 and a significant shrinkage of
the periapical lesion on tooth #29 (Figs. 2C and 3C). CBCT imaging
at the 30-month follow-up further confirmed the findings on periapical
radiographs (Figs. 2G–I and 3G–I). Bone healing around the root apex
of tooth #20 was clearly observed (Fig. 2G–I). Although a defect re-
mained in the buccal alveolar bone adjacent to the root of tooth #29,
bone reconstruction and radiolucency reduction were apparent
compared with the earlier images (Fig. 3D–I). No evidence of root
lengthening or thickening was found on the CBCT scan.

Discussion
We performed pulp revascularization on teeth #20 and #29 in a

39-year-old woman with PRP as a scaffold. The periapical lesion of 1
tooth had healed; another one was healing after the 2.5-year follow-
up. In the current literature, pulp revascularization has primarily
been conducted on immature permanent teeth in teenagers (15).
The treatment protocol recommended by the American Association of
Endodontists is now routinely followed to maximally achieve continued
root development in immature permanent teeth. However, there is no
consensus on whether pulp revascularization is practical in themanage-
ment of teeth with apical periodontitis in adult patients. Clinically, in
teenagers, periapical radiolucency disappeared within 12 months after
successful pulp revascularization (12, 16–18). In the present report,
no sign of periapical healing was detected on radiographs at
8 months. After 2.5 years, tooth #29 displayed only partial bone
JOE — Volume 41, Number 9, September 2015
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Figure 2. Periapical radiographs and CBCT sections of tooth #20. (A) Preoperative periapical radiograph showing extensive periapical radiolucency and open
apex. (B) Radiograph taken at the 8-month recall. The periapical lesion has not changed in size. (C) Periapical radiolucency resolved 30 months after the initial
treatment as shown on this periapical radiograph. (D–F) Preoperative CBCT scan. Images from different angles showed the extent of bone defect. (G–I) Thirty-
month follow-up CBCT scan revealed bone healing around root apex. Root length and thickness remain unchanged compared with preoperative CBCT examination.
The yellow T indicates image thickness; the red T indicates top aspect. A, anterior aspect; B, bottom aspect; P, posterior aspect; R, right side.
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healing. The comparatively delayed bone healing in our patient is likely
related to her age. Two aspects of aging could affect tissue rehabilitation:
intrinsic changes in stem cells and changes in the local environment that
regulate the biological properties of stem cells (19). Adult progenitor
cells, existing essentially in all tissues, modulate tissue homeostasis
and regeneration. Depletion and/or senescence of these cells may result
in age-related tissue degeneration as well as decreased regenerative po-
tential (20, 21). Animal studies have shown significantly reduced bone
regeneration capacity with aging (22, 23). When compared with 4-
week-old mice, middle-aged (6 months) and old mice (18 months)
present less vascularized fracture callus and less bone regeneration
(22). Up-regulation of the inflammatory response results in a low-
level, long-lasting, systemic proinflammatory state, which underlies
most age-associated diseases (24). Therefore, a proinflammatory state
may also delay bone healing in older individuals. Aged mice have higher
levels of interleukin 6 and tumor necrosis factor alpha and 60% less
JOE — Volume 41, Number 9, September 2015
bone formation than young mice (25). In a recent published systematic
review of 51 relevant publications, most teeth treated with regenerative
endodontic procedures showed resolution of periapical radiolu-
cencies, increased root length and root wall thickness, and apical
closure during the follow-up period (5). Among these 51 publications,
only 3 articles included patients who were over 18 years old, and no
patient was older than 28 years. Our findings indicate that a longer
period is needed for healing of periapical radiolucencies in middle-
aged patients. Even the 2 teeth in this report exhibited different bone
healing progress. Tooth #29, which had both cortical bone and cancel-
lous bone loss, took longer to heal than tooth #20, which had only
cancellous bone loss. Further reviews are ongoing.

In this case, there was no evidence of apical closure, root length-
ening, root wall thickening, or pulp vitality. Similar results have been
reported in some teenaged patients after revascularization procedures
(26–28). Unsatisfactory treatment outcomes are often associated with
Revascularization in Middle-aged Patient 1573



Figure 3. Periapical radiographs and CBCT sections of tooth #29. (A) Preoperative periapical radiograph showing extensive periapical radiolucency and open
apex. (B) Radiograph taken at 8-month recall. The periapical lesion has not changed in size. (C) Periapical radiolucency reduced in size after 30 months. (D–F)
Preoperative CBCT image. Images from different angles showed the extent of bone defect, especially cortical bone loss on the buccal aspect. (G–I) Thirty-month
follow-up CBCT image revealed bone reconstruction and reduction of radiolucency. Root length and thickness remain unchanged compared with the preoperative
CBCT scan. The yellow T indicates image thickness; the red T indicates top aspect. A, anterior aspect; B, bottom aspect; P, posterior aspect; R, right side.
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long-standing periapical infection. Chronic periapical infections can
compromise the vitality of the Hertwig epithelial root sheath, which is
associated with root development (26–28). In another aspect, fewer
stem/progenitor cells exist in mature teeth than in immature teeth
(29). In the present report, immature apices implied that root develop-
ment became arrested when the patient was approximately 12 years old.
It is highly likely that necrosis and infection were present for over
20 years. In these cases in which Hertwig epithelial root sheath
(HERS) vitality has been lost, root development ceases (30).

To enhance revascularization efficacy, PRP was used instead of a
blood clot in our procedure. PRP contains several growth factors and
forms a 3-dimensional fibrin matrix that acts as a scaffold (10, 11).
PRP is extensively applied in regenerative dentistry and reported to
be a suitable scaffold for revascularization of infected immature teeth
(12–14). However, some studies have found that the effects of PRP
1574 Wang et al.
were minimal in enhancing dental pulp revascularization and bone
regeneration (10, 31).

In the present case, we irrigated the canals with 2.5% sodium hy-
pochlorite and medicated the root canals with triple antibiotic paste.
Chlorhexidine, as an effective irrigant against microorganisms, is
frequently used in nonsurgical root canal disinfection (32). However,
we did not use it because chlorhexidine irrigant was reported to be
detrimental to the survival of stem cells (33). When we conducted
the revascularization procedures for this case in 2011, we did not
use a final irrigation with 17% EDTA, which is highly recommended
by the American Association of Endodontists in recent years (http://
www.aae.org/regenerativeendo). It was reported that 17% EDTA irriga-
tion could enhance the release of dentin-derived growth factors, which
subsequently facilitated stem cell survival and function (33, 34). Triple
antibiotic paste is a well-known and extensively used disinfectant for
JOE — Volume 41, Number 9, September 2015
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pulp revascularization. It has been thought that triple antibiotic paste is
more effective in killing bacterial than calcium hydroxide (35). In
contrast, recent publications showed that high concentrations of triple
antibiotics are detrimental to dental stem cell survival, whereas lower
concentrations as well as Ca(OH)2 at all tested concentrations favor
stem cell survival and proliferation (36, 37). Therefore, intracanal
medication with appropriate concentrations with an adequate
bactericidal effect and minimal side effects on stem cell viability is a
critical step for pulp revascularization. Furthermore, calcium
hydroxide could be more effectively removed from root canals than
triple antibiotic paste (38).

In conclusion, the pulp revascularization procedures performed
on this individual middle-aged patient achieved healing of the periapical
radiolucency by bone deposition.
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