
SIGNIFICANCE

Cracked teeth with radicular
extensions may have higher
success rates than previously
thought. Using modern
endodontic techniques,
placing deep intraorifice
barriers, and following specific
postoperative protocols may
improve outcomes for these
cases.
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CASE REPORT/CLINICAL TECHNIQUES
Reparative Endodontic
Treatment of a Perforating
Internal Inflammatory Root
Resorption: A Case Report
ABSTRACT

The aim of this case report was to present a reparative treatment approach of an extensive
internal inflammatory resorption with a lateral perforation and apical and lateral inflammatory
lesions. Only the necrotic coronal part of the pulp was removed, and the vital pulp tissue
within the resorption cavity and the apical part of the root canal was left uninstrumented.
Bleeding was induced, and the blood clot was covered with mineral trioxide aggregate. Hard
tissue repair and healing of the apical lesion could be observed in the 3-year recall. (J Endod
2021;47:146–155.)
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Internal root resorption (IRR) is characterized as a pathologic process with the loss of dental hard tissue
caused by chronic pulpal inflammation1,2. In 1830, internal resorption in a mandibular permanent molar
was described for the first time3.

The resorption of dentin is mediated by odontoclasts, which are involved in the nonspecific cellular
immune response to pathologic and physiological stimuli. These cells are similar to osteoclasts in their
properties, structure, and mode of action. Osteoclasts develop from tartrate-resistant acid phosphatase–
positive monocytes. The progenitor cells of odontoclasts are located in the dental pulp and the
periodontal ligament and are able to express cathepsin D, tartrate-resistant acid phosphatase, andmatrix
metalloprotease 94–8. Their activity is mediated via receptor activator of nuclear factor kappa B/receptor
activator of nuclear factor kappa B ligand receptors9. Osteopontin can inhibit osteoclast activation10,
whereas natural inhibition occurs via osteoprotegerin11,12, estrogen13, calcitonin14, and androgen9.

After stimulation of cell differentiation and fusion of the progenitor cells to odontoclasts, they attach
to mineralized dentin and produce a highly acidic milieu at a pH of approximately 4.5 to initiate the
resorptive process5. However, osteoclasts cannot bind to demineralized tissue15. Odontoblasts and
predentin prevent them from attaching and resorbing dentin16. Mesenchymal pulp cells are also able to
prevent dentin resorption. It was demonstrated that pulp cells in combination with monocytes inhibit the
genesis of osteoclasts17.

Internal resorption can occur as a sequelae after acute traumatic injuries1,18,19, chronic tooth
trauma20,21, or autotransplantation22–24; as a result of crown preparation with insufficient cooling25, pulp
amputation26,27, revitalization28,29, or hyperthyreoidism30; or as a result of orthodontic treatment31. A
genetic predisposition was suspected in 1 case involving monozygotic twins32.

IRRs are relatively rarely observed in clinical practice because they are mostly asymptomatic and
are usually diagnosed just by chance during routine radiographic examination. The prevalence of patients
with extensive IRR is between 0.01%–1%8. However, this is likely to be an underestimation because IRR
can be easily overlooked. Internal resorptive destruction of dentin can be detected radiographically only in
the advanced stage. Gabor et al33 investigated 30 extracted teeth for the presence of internal resorptions.
No resorption could be proven histologically in 9 teeth with healthy pulp. In contrast, 4 of 8 teeth with
pulpitis and 10 of 13 teeth with pulp necrosis showed signs of internal resorption.

Damage to odontoblasts and the predentin layer resulting from dental trauma or microbial infection
seems to be a precondition for the occurrence of internal resorptions34. A primary internal resorption can
perforate the root dentin and also induce external resorption35,36. If the internal resorption perforates the
JOE � Volume 47, Number 1, January 2021

mailto:info@rootcanal.de
https://doi.org/10.1016/j.joen.2020.09.022
https://doi.org/10.1016/j.joen.2020.09.022
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joen.2020.09.022&domain=pdf


dentin and the root cementum, the microbial
infection can expand to the periodontal tissue,
and inflammation of the lateral periodontal
tissue and lateral bone with formation of a
sinus tract can occur37–39. In cases with
extensive coronal resorption, there is a high
risk of a horizontal root fracture40,41.
Ebeleseder and Kqiku42 presented a new
biological method to repair resorptive dentinal
defects. After removal of the infected tissue
and disinfection, the healthy pulp tissue apical
of the resorption was used for the induction of
hard tissue repair. As a result, hard tissue filled
the resorptive defect without further
progression of the resorption. This therapeutic
approach has also been confirmed by other
case reports39,43,44.
CASE PRESENTATION

A 28-year-old male patient in good general
health presented with a painful maxillary lateral
left incisor associated with a draining sinus
tract. The patient reported a trauma on tooth
11 and 12 three years ago. The traumatic injury
to the incisors did not cause any permanent
pain, so the patient did not seek dental advice.
There was no history of orthodontic treatment.
He had been wearing a splint at night for
bruxism for 4 years.
Intraoral Findings
Tooth 22 was asymptomatic. Clinical
examination revealed slight vestibular swelling
and an actively draining sinus tract. As a result
of bruxism, the dentin was incisally exposed.
The clinical crown was free of dental caries and
had been restored using composite (Fig. 1A
FIGURE 1 – Clinical findings of the maxillary left lateral inci
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and B). The tooth responded negatively to
thermal and electric pulp testing and
percussion. Periodontal probing depths and
tooth mobility were within normal limits.
Radiographic Findings
The periapical radiograph (Kodak 6000;
Carestream Dental LLC, Atlanta, GA)
demonstrated an extensive internal resorption
and associated periapical and lateral
radiolucencies on tooth #22. A gutta-percha
cone inserted into the sinus tract pointed at the
lateral inflammatory lesion, suggesting
resorptive perforation of the root. A second
resorptive defect is visible in the middle of the
root (Fig. 2A). Cone-beam computed
tomographic (CBCT) imaging (Veraview 3D F
80; Morita, Kyoto, Japan) was performed to
obtain more information about the dimensions
and locations of the resorptive lesions in
relation to the periodontal tissue using
standard settings (exposure time of 9.4
seconds, 70 kV, and 8 mA). CBCT imaging
revealed 2 large radiolucencies within the root,
and a mesial perforation of the root was
suspected in the coronal third of the root. The
root canal and the apical foramen were wide,
which was atypical given the age of the patient
(Fig. 2B and C).

Based on these findings, the diagnosis
was made of pulp necrosis with chronic apical
abscess, a draining sinus tract, and a
perforating internal inflammatory resorption.
Given the advanced stage of the resorption
and the reduced amount of root dentin, the
root appeared to be at risk of fracture, and
tooth retention seemed questionable.
sor. (A ) Swelling and a fistula are present. (B ) Incisally dentin

A Perfora
Because the available findings did not
allow a final assessment of the condition of the
pulp, intracoronal and intracanal diagnoses
were performed to assess the vitality of the
pulp and to evaluate the chances of tooth
retention45.

Intracoronal Findings and
Diagnosis
Using a dental microscope (ProErgo; Zeiss,
Oberkochen, Germany) at 16! magnification,
the pulp chamber was accessed after rubber
dam isolation, and the necrotic pulp was
removed using a sterile microprobe
(MicroOpener 10.04; Dentsply Maillefer,
Ballaigues, Switzerland). The tissue located
within the resorption lacuna appeared
homogeneous with its blood supply still intact
(Fig. 3A). Careful probing provoked only slight
light-red bleeding; therefore, reversible pulpitis
with reparative capacity was assumed. The
goals of further treatment were to save as
much of immunocompetent tissue as possible
and to disinfect the coronal portion of the root
canal in order to stop the inflammatory process
and induce reparative hard tissue repair. The
patient was informed on the unknown and
unclear chances of tooth retention.

Root Canal Treatment
The infected coronal part of the root canal
was disinfected up to the perfused vital
tissue using 3% sodium hypochlorite and an
ultrasonic device for activation of the irrigant.
No mechanical enlargement of the root canal
was performed. Calcium hydroxide freshly
mixed with sterile saline was applied
coronally to the resorptive tissue. The tooth
is exposed as a sequelae of bruxism.
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FIGURE 2 – (A ) The gutta-percha point tracing the sinus tract points at the lateral perforation of the internal resorption. (B ) The CBCT image in the frontal projection demonstrates the
dimensions of the internal resorption and the apical and lateral radiolucencies. (C ) In the axial reconstruction of CBCT images, the perforation is clearly visible.
was assessed radiographically after 2
weeks. At this time, the sinus tract had
closed, and the patient presented
asymptomatic. Calcium hydroxide was
replaced under a rubber dam, and the cavity
was temporarily sealed again using
composite. Six weeks after the initial
treatment, the medication was removed
using ultrasonically activated 3% sodium
hypochorite. It was noticed that under direct
contact with calcium hydroxide, the tissue
inside the resorption cavity was reduced by
half (Fig. 3B). Before further treatment, the
root canal was rinsed for 1 minute with 17%
EDTA and dried using sterile paper points.
Bleeding was provoked inside the resorption
cavity using the MicroOpener (Fig. 4A). After
10 minutes, bleeding had stopped, and
ProRoot mineral trioxide aggregate (MTA)
FIGURE 3 – (A ) The perfused tissue visible in the resorptio
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(Dentsply Maillefer) was placed on top of the
blood clot, dried using sterile paper points,
and carefully compacted. After insertion of a
cotton pellet soaked in sterile saline, the
cavity was adhesively sealed with composite
(Fig. 4B). In order to avoid discoloration of
the tooth because of the infiltration of the
MTA with blood, the MTA was reduced after
1 week to 1 mm below the cementoenamel
junction using a long shaft bur, and the
residual area was filled with composite in a
layering technique.
RECALLS

At the first recall after 3 months, the apical and
lateral radiolucencies appeared to have
reduced in size, and the patient was free of
symptoms. The sinus tract had healed
n cavity. (B ) The perfused tissue in contact with calcium hyd
completely (Fig. 5A and B). Further
examinations were performed 1, 2, and 3 years
later. At all recalls, electric and cold sensitivity
tests were negative. The continuous formation
of a hard tissue structure within the resorptive
cavities and within the root canal could be
followed over time on intraoral radiographs.
Even after 3 years, the contour of the root
surface was not entirely reestablished in the
area of the perforation (Fig. 6A–C). Three-
dimensional CBCT control confirmed that the
apical and lateral lesions had completely
healed. The root canal continuously had
reduced in diameter but still was completely
visible. In the 3-year control, there was a
change in the defect boundaries in the area of
the perforation; they appeared rounded
compared with the initial condition. Probably,
bone had partially grown into the defect zone
roxide has been reduced by half.
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FIGURE 4 – (A ) Induced bleeding fills the resorptive cavity with a blood clot. (B ) Eight weeks after disinfection with calcium hydroxide and application of the MTA plug, the apical and
lateral lesions already had decreased in size.

F

r

without direct contact to the root dentin;
therefore, ankylosis can be ruled out (Fig. 7A
and B).
DISCUSSION

So far, there have been only a few case reports
on regenerative/reparative approaches in teeth
with internal resorption42,44,46,47, but only the
latter 2 also were associated with lateral
IGURE 5 – (A ) Three months after regenerative endodontic
adiolucency.
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perforation. Teeth in these case reports
presented at different stages of root
development, and different protocols were
followed for disinfection and the initiation of
repair or regeneration, therefore not allowing
conclusions on a most promising treatment
regimen (Table 1). Also, the outcome of
treatment has been termed repair42 or
regeneration44, respectively. Differing from the
present treatment protocol, Saoud et al47
treatment, the gingiva looks healthy. (B ) Radiographic exam

A Perfora
removed the tissue down to the apical border
of the lesion; finally, they achieved arrest of the
resorption and healing of the lateral and apical
lesions, but no calcification occurred. No
preparation was performed in the present case
in contrast to the protocol of Kaval et al44;
nevertheless, the treatment outcome was
similar in both cases. Despite all the differences
in treatment protocols and outcome, it may be
concluded that vital tissue apical to a
ination shows further reduction of the size of the apical
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FIGURE 6 – The periapical radiographs after (A ) 1, (B ) 2, and (C ) 3 years reveal that the healing process has progressed with reparative hard tissue formation inside the resorptive
cavity.
resorption area can be preserved and may be
helpful in apical healing.

The exact etiology of the internal
resorption in the present case could not be
FIGURE 7 – CBCT images (A ) before and (B ) 3 years after
resorption cavity is filled with mineralized tissue without pro
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determined retrospectively. Possible causes
are the traumatic injury or a previous deep
carious lesion. Because an internal resorption
usually remains asymptomatic, these are often
treatment in the frontal, sagittal, and axial reconstruction plane
gression of the resorption.
only noticed coincidentally during radiologic
examination8,48. The symptoms in this patient
were caused by a partially microbially infected
pulp, with apical and lateral inflammatory
s. The radiolucencies are healed radiographically, and the
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TABLE 1 - A Comparative Survey of Publications on Regenerative/Reparative Treatment of Internal Resorptions

Criteria Ebeleseder & Kqiku (2015)42 Saoud et al. 201647 Priya et al. 201646 Kaval et al. 201844 Present case

Tooth 22 21 11 21 22 22
Age of patient 38 y 28 y 16 y 11 y 14 y 28 y
Root development Completed Completed Completed Incomplete Completed Wide apex,

wide rc
Clinical symptoms None None Swelling tender

to percussion
Traumatic avulsion Moderate pain,

tender to
percussion

Swelling,
no pain

Sensibility testing Negative Negative Negative Positive Negative Negative
Apical lesion No No Yes Yes No Yes
Perforation Yes No Yes Probably Yes Yes
Lateral lesion No No Yes Yes Yes
Sinus tract No No No No No Yes
Irrigant NaOCl 3.5%,

CHX 0.1%
NaOCl 3.5%,
CHX 0.1%

2.5% NaOCl No debridement NaOCl 1%, EDTA NaOCl 3%,
EDTA

Medication Ca(OH)2 1 0.1% CHX,
every 3–6 mo
exchange over 4 y

Ca(OH)2 1 0.1% CHX,
every 6 mo
exchange
over 2 y

Ca(OH)2 & triple
antibiotic paste

Ca(OH)2 &
double antibiotic
paste

Ca(OH)2 Ca(OH)2

Capping material MTA MTA MTA Platelet-rich
plasma & GIZ

MTA MTA

Recall 6 y 1 and 2 y 8 and 15 mo 9 mo, 1 y 6 mo, 2 y 3 y
Results Hard tissue barrier,

resorption arrested
Resorption arrested,
continuing
calcification,
hard tissue barrier

Resorption arrested
healing of lesions,
no calcification

No resorption,
arrested
PDL intact

Hard tissue
formation
remodeling of
root surface,
increased
thickness of
rc walls

Closure of
sinus tract,
resorption
arrested,
healing of l
esions,
hard tissue
formation
narrowing
of rc

Ca(OH)2, calcium hydroxide; CHX, chlorhexidine; GIZ, glass ionomer cement; MTA, mineral trioxide aggregate; NaOCl, sodium hypochlorite; PDL, periodontal ligament; rc, root canal.
lesions as immune reactions. As a result of the
infected resorptive perforation, a sinus tract
had developed.

In the present case, there was active
internal resorption, as indicated by the
presence of vital tissue inside the resorptive
area. Without treatment, resorption results in
progressive loss of tooth structure as long as
vital tissue is present, and complications such
as perforations or horizontal root fractures can
occur49,50. When the cause of resorption can
be eliminated, the remaining pulp tissue
seems to be able to produce dentinlike hard
tissue42–44,51. Nevertheless, the prerequisites
and best treatment modalities for such
reparative treatment still have to be elucidated.

So far, it has not been examined
whether the surviving vital pulp tissue in or
below a resorption lacuna can be used for
regenerative or reparative procedures, and it
still is not possible to determine exactly the
degree of tissue inflammation (reversible or
irreversible). Rather, it was assumed that
JOE � Volume 47, Number 1, January 2021
complete removal of the resorptive tissue
was the only option to prevent further
resorption, if such a tooth was savable at
all34,48. On the other hand, it is known that
resorption progresses only when
microorganisms and their metabolites are
not removed to a certain degree. In an
animal experiment, it was demonstrated that
internal resorption only occurs in cases with
a microbially infected pulp. If damage of
predentin and odontoblasts occurred alone
without microbial infection, only transient
surface resorption was observed, and the
progression of resorption started only after
additional microbial infection16.

Conversely, if microbial infection can be
eliminated, the remaining pulp tissue is able to
repair dentin defects by deposition of
mineralized tissue52,53. Whether the pulp
tissue still has sufficient regenerative potential
currently cannot be reliably assessed under
clinical conditions; clinical and radiologic
examinations are necessary for assessment of
A Perfora
the healing process54. The presence of an
apical inflammatory lesion alone presents no
evidence that pulp necrosis is present in the
entire root canal55,56. In case of a cariously
accessed pulp with apical radiolucency, the
inflammation was inhibited after pulpotomy,
and the remaining pulp could be saved57,58.
Treatment aims at stimulation of adult dental
pulp stem cells to differentiate using growth
factors released from the dentin. Blood clots
are mostly used as scaffolds for the growth
and differentiation of stem cells. As a result,
further root growth, apical closure, and
increased root thickness can be
observed47,54,59–61.

In this case, contact with calcium
hydroxide resulted in superficial necrosis of the
granulation tissue so that the resorption lacuna
was no longer completely filled with the tissue.
At the same time, repeated calcium hydroxide
applications were used to improve disinfection
and inactivate the osteoclasts62–64. Starting
with the creation of the blood clot, the
ting Internal Inflammatory Root Resorption 151



resorption cavity continuously was filled with
mineralized dental hard tissue. However,
whether the final results are due to revitalization
or repair is controversial. Caliskan and
T€urk€un40,65 suspected that regenerated pulp
tissue and odontoblasts are responsible for the
production of hard tissue, but no evidence of
the presence of odontoblasts and dentin was
found in histologic studies. Rather, fibroblasts
appear to produce a nonhomogeneous
dentinlike hard tissue, which is speculated to
act as a defensive barrier against the entry of
new microorganisms66,67.

Revitalization procedures require
frequent follow-up investigations so that
152 Arnold
pathologic findings can be diagnosed early.
Clinical investigations and intraoral
radiography have proven successful for
monitoring the success of antimicrobial
therapy. CBCT examination can provide a
detailed view of the dental structures and
improve periapical diagnosis68–71. Three
years after treatment, a decrease of the
apical radiolucency from a periapical index of
4 to a periapical index of 1 was observed
using CBCT imaging. A small defect on the
lateral surface of the root in the area of the
perforation has persisted even 3 years after
obturation; therefore, further follow-up
investigations are indicated.
CONCLUSION

Reparative endodontic treatment can stop the
IRR process and induce the production of
dental hard tissue even in the presence of a
perforation, inflammatory periapical and lateral
lesions, and a sinus tract. The exact
mechanism of the repair and the reproducibility
of the method require further investigation.
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