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ENDODONTICS

Managing Perforating Internal Root
Resorption Nonsurgically

A Report of Two Cases and Review of the Literature

Joseph C. Stern, D.D.S.

ABSTRACT

Aim: To describe the use of bioceramics in the non-
surgical treatment of perforating internal root re-
sorption.

Summary: Confusion over the subject of root resorp-
tion seems ubiquitous in the general dental commu-
nity. Because of the several subheadings, such as
internal, external cervical and apical, and because
of a variety of causes for each, such as trauma, pres-
sure, infection, inflammation and systemic, the
confusion can be understandable. It seems that this
confusion arises primarily from the nomenclature
describing the location and etiology of root resorp-
tion. This case report deals with perforating inter-
nal root resorption (IRR), its causes, diagnosis and
successful nonsurgical treatment, effectively us-
ing cone-beam computed tomography to visualize
the extent of the lesion and bioceramics to fill the
defect. The differential diagnosis between internal
and external root resorption is examined, as well as
areview of the literature.
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Root resorption is defined as the loss of dental hard tissues
as a result of clastic activities, which can occur as a patho-
logic or physiologic process depending on the location and
timing of the resorptive process. While most internal and
external resorption is pathologic in nature, the resorption
associated with the primary dentition is most often a nor-
mal physiologic process.?

The primary theory for what initiates internal root re-
sorption (IRR) is multinucleated giant cells located in the
granulation tissue that forms in response to infected coro-
nal pulp tissue. These odontoclasts are believed to be re-
sponsible for the resorption of the lining of the pulp space.
A second theory suggests that the granulation tissue arises
from the vascular system, outside of the pulp space. Dam-
age and/or loss of the predentin and odontoblastic layer
must occur prior to the resorptive process.’! Trauma is
suspected as an initiating cause, possibly supported by
continuous stimulation from infection. Iatrogenic causes
of continued inflammatory excitation of the coronal pulp
include overheating the tooth.®*!

IRR is insidious and often progresses without symp-
toms. Pain and/or swelling may not occur until the process
perforates the root, at which time the prognosis for a suc-
cessful outcome becomes more questionable. As long as
the apical portion of the pulp retains vital tissue, the resorp-
tive process continues. Another requirement for continued



resorption is bacterial infection, as a microbial stimulus is
required for the continuation of IRR.1”

When and/if the pulp tissue becomes necrotic, before per-
foration, the process can be self-limiting. Usually, internal root
resorption is first observed at a routine radiographic exam. Be-
cause it begins in the pulp space, the lesion is contiguous with
the space. It can be confirmed if two acute-angled radiographs,
taken from extreme mesial and distal positions show no sep-
aration between the lesion and the pulp space. Cone-beam
computed tomography (CBCT) can help make this differential
diagnosis between external and internal resorption.

One of the treatment options for large lesions associ-
ated with perforating IRR has been a surgical approach.
This is based on the literature that suggests that periapical
lesions of greater than 5 mm have a poor prognosis with
conventional, nonsurgical endodontic treatment.*” Given
advances in disinfecting and sealing the root canal space,
it is time to question the surgical approach as the primary
treatment based on the lesion size alone, whether the le-
sion is associated with the periapex or a perforating resorp-
tive defect.

There is nothing magical about a 5 mm lesion that
it should portend a negative future outcome. Rather, we
should look more closely during the diagnostic phase at oth-

er biologic factors that can influence future results. All-size
lesions can have successful outcomes when planned and
treated properly. Our treatment of IRR follows the standard
protocol for nonsurgical endodontics. The root canal space
is debrided and decontaminated to the apical constriction
and, subsequently, filled. Interrupting the vital tissue path-
way at the apex arrests the resorptive process. Extra care,
mechanically and chemically, may be in order to remove tis-
sue from the undercut areas that are created by the resorp-
tive process. Creating a straight-line access to the resorptive
defect is often not feasible, as this would require removal of
more dentin, further weakening the root structure.

Our technique in these two cases differs from the 17
cases reported previously in the literature (Table 1). We use
a calcium silicate sealer to both fill the perforating defect
and seal the gutta-percha simultaneously, thus saving the
time of an extra visit.

Case One

A 41-year-old male presented for treatment with a chief
complaint of pain and swelling adjacent to tooth #10. The
patient reported a history of trauma when he was a teen-
ager. The area had not bothered him until this recent de-
velopment of pain and swelling. Clinical exam revealed
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tenderness on the buccal gingiva around tooth #10. The
tooth was sensitive to percussion and biting. A small, fluctu-
ant intraoral swelling was noted near the apex of tooth #10.
The tooth did not respond to vitality testing. Radiographic
examination revealed a large perforating internal resorp-
tive defect towards the apical third of the root (Figure 1A).

The CBCT (Veraviewepocs 3D R100; J. Morita) showed signifi-
cant alveolar bone loss adjacent to the resorptive defect,
enveloping the entire mesial side of the apical half of the
root of tooth #10 and extending to the root of tooth #9 (Fig-
ures 1B,C). A diagnosis of pulpal necrosis with acute apical
abscess was made. All options of treatment were discussed
with the patient, including extraction and replacement
with an implant or bridge. The patient was motivated to try
to retain this tooth with root canal therapy and repair of
internal resorptive defect, rather than have it extracted. In-
formed consent was obtained from the patient.

First Visit

The patient was anesthetized with 1.7 mL 4% articaine
1:100000 epinephrine (Septocaine; Septodont, New Castle, DE) via la-
bial infiltration. Rubber dam isolation was achieved, and
the tooth was accessed within a #2 surgical length carbide
round bur. A necrotic pulp was encountered. Working
length was established with a Root ZX apex locator (Mori-
ta, Tokyo, Japan). The canal was instrumented up to a size 35
.04 Vortex Blue rotary file (Dentsply Tulsa Dental, Johnson City, TN).
Care was taken that the files passed through the resorptive
defect and entered the apical portion of the canal.

The canal was irrigated with 5.25% sodium hypochlo-
rite. The EndoActivator (Dentsply, Tulsa, OK) Was used to soni-
cally agitate the irrigant in the canal to ensure thorough
disinfection of the resorptive defect. The canal was dried
with paper points, and calcium hydroxide (Ultracal XS, Ultra-
dent Products Inc, South Jordan, UT) was syringed into the canal and
the defect. The tooth was temporarily restored with Cavit
(3M ESPE, Neuss, Germany).

Second Visit
The patient returned after two weeks for completion of
endodontic treatment. He reported that all symptoms had
subsided. Clinical examination revealed that the swelling
had resolved. Calcium hydroxide was removed from the ca-
nal with instrumentation, irrigation and activation with the
EndoActivator. The canal was dried with paper points, and
excess irrigant was removed using surgical suction with a
micro-tip. A master gutta-percha cone was placed to length
and confirmed by radiographic exam (Figure 1D).

The canal was coated with EndoSequence BC (bioc-
eramic) sealer (Brasseler USA, Savannah, GA) to allow for suffi-

Figure 1.

A. Preoperative periapical radiograph of tooth #10 showing internal root resorption in apical third of root.
There is significant alveolar bone loss adjacent fo defect.

B. Sagittal CBCT image of footh #710 showing internal resorptive defect perforating on mesial aspect of
root. Note adjacent alveolar bone loss extending proximally to tooth #9.

C. Axial CBCT image of internal resorptive defect perforating on mesial aspect of root. There is thin layer of
circumferential dentin remaining and extensive alveolar bone loss adjacent to defect.

D. Periapical radiograph showing gutta-percha cone fit. Gutta-percha cone passes through resorptive defect
to contact apical portion of root canal.

E. Immediate posfoperative periapical radiograph of tooth #10 once root canal was completed and resorp-
tive defect was restored.

F. Two-year follow-up showing complete healing of radiolucency adjacent to defect and reestablishment

of PDL.

G. Two-year follow-up CBCT. Coronal slice showing complete healing of radiolucency adjacent to defect and
reesfablishment of PDL.

H. Five-year follow-up radiograph. Patient is completely asymptomatic.
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Figure 2.

A. Preoperative periapical radiograph of tooth #19. Visualization of periapical radiolucency associated with
mesial root is possible. Root also appears to be calcified in middle and apical thirds.

B. Sagittal CBCT slice showing infernal resorption in apical portion of mesial root. Visualization of resorp-
tive defect perforating on distal aspect of mesial root and significant periapical pathology extending close
to furcation is possible. Defect and extent of pathology was not visualized on periapical radiograph.

C. Axial CBCT slice showing resorptive defect encapsulating both MB and ML canals and perforating on
distal aspect of mesial root. There is significant bone loss adjacent to perforating defect.

D. Coronal (BCT slice showing internal resorptive defect encapsulating both mesiobuccal and mesiolingual
canals.

E. Immediate postop radiograph after completion of endodontic treatment.

F,G. Coronal and axial CBCT slice at 16-month follow-up. Note resorptive defect filled with bioceramic
sealer and complete healing of adjacent bone and reestablishment of PDL. Patient returned at 16-month
point for endodontic treatment of tooth #19.

H. Three-year follow-up radiograph. Patient remained completely asymptomatic on tooth#19.
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cient amounts of sealer to fill the resorptive defect, and was
then obturated with gutta-percha and BC sealer using the
technique of warm vertical condensation (Figure 1E). The
lingual access opening was restored with TPH Spectra ST
composite (Dentsply Sirona, Charlotte, NC) and the patient was put
on a recall schedule to monitor healing.

At the one-year, two-year and five-year recall visits, the
patient was completely asymptomatic, and radiographi-
cally showed complete healing with full restoration of the
bone and lamina dura adjacent to the resorptive defect
(Figures 1F,H). The patient was very satisfied with the re-
sult, as he was able to get significant time out of a tooth that
was originally planned for extraction.

Case Two

A 56-year-old male presented with a chief complaint of
vague discomfort in the left mandible. The patient reported
that this discomfort had been present on and off for more
than six months, but recently the pain had worsened. Clini-
cal examination revealed pain to percussion on tooth #19.
No swelling was noted, and the tooth was not sensitive to
palpation or biting.

Radiographic and CBCT (Veraviewepocs 3D R100; J. Morita) €X-
amination revealed a crowned tooth #19 with perforating
internal root resorption near the apical end of the mesial
root with associated periapical pathology extending distally
to encompass the distal root and coronally toward the fur-
cation (Figures 2A-D). A diagnosis of pulpal necrosis with
symptomatic apical periodontitis was made. A discussion
was had regarding the prognosis for treating this tooth with
root canal therapy. Alternative options of extraction and
implant or bridge placement were discussed. As finances
were an issue, the patient opted to have the tooth endodon-
tically treated rather than extracted. Informed consent was
obtained from the patient.

First Visit
The patient was anesthetized with 1.7 mL 3% mepivicaine
(Carbocaine, Dentsply Pharmaceutical, York, PA) administered via
left inferior alveolar nerve block and 1.7 mL 4% articaine
1:100000 epinephrine (Septocaine; Septodont, New Castle, DE) via lo-
cal buccal infiltration. Rubber dam isolation was achieved,
and the tooth was accessed through the porcelain-fused-to-
metal (PFM) crown with a combination of a round diamond
bur and a #2 surgical length carbide round bur. A necrotic
pulp was encountered. Working length was established
with a Root ZX apex locator (Morita, Tokyo, Japan).

The canals were instrumented up to a size 35 .04 Vor-
tex Blue rotary file (Dentsply Tulsa Dental, Johnson City, TN) and irri-



gated with 5.25% sodium hypochlorite. The EndoActivator
(Dentsply, Tulsa, OK) was used to sonically agitate the irrigant
in the canal to ensure thorough disinfection of the resorp-
tive defect. The canals were dried with paper points, and
calcium hydroxide (Ultracal XS, Ultradent Products Inc, South Jordan,
UT) was syringed into the canals and the defect. The tooth
was temporarily restored with Cavit (3M ESPE, Neuss, Germany).

Second Visit
The patient returned after three weeks for completion of
endodontic treatment. He reported that all symptoms had
subsided. Calcium hydroxide was removed from the canals
with instrumentation, irrigation and activation with the En-
doActivator. The canals were dried with paper points, and
excess irrigant was removed using a surgical suction with a
micro-tip. The canals were coated with BC sealer to allow for
sufficient amounts of sealer to fill the resorptive defect and
were then obturated with gutta-percha and BC (bioceramic)
sealer using the technique of warm vertical condensation
(Figure 2E). The occlusal access opening was restored with
TPH Spectra ST composite (Dentsply Sirona, Charlotte, NC) and the
patient was put on a recall schedule to monitor healing.
The patient returned at the 16-month point for end-
odontic treatment of tooth #18. At a 16-month recall visit,
the patient was completely asymptomatic on tooth #19. and
radiographic/CBCT examination revealed complete heal-
ing of the lesion adjacent to the resorptive defect on tooth
#19 (Figures 2 F,G). At the three-year recall, the patient was
asymptomatic on both teeth #18 and #19.

Discussion
As this is an uncommon phenomenon, the exact cause
of IRR has not been fully determined. The literature sug-
gests trauma related to pulpitis, pulpotomy,*! cracked
tooth, tooth transplantation, restorative procedures, orth-
odontic treatment and herpes zoster virus,!? leading to
pulpal necrosis. Trauma can also be iatrogenically related
to heat when drilling without adequate coolant. The trau-
ma, regardless of its source, disrupts the predentin layer,
predisposing the denuded root surface to invasion by mul-
tinucleated giant cells.™

For IRR to progress, the pulp tissue apical to the resorp-
tive lesion must have vital tissue to provide nutrition to the
viable clastic cells, while the infected necrotic coronal pulp
tissue provides the irritant and stimulus for those clastic
cells to continue to resorb the adjacent dentin. (Figure 3).5
As the resorptive lesion progresses it can eventually perfo-
rate into the adjacent periodontal ligament causing an ex-
traradicular lesion (Figures 1, 2).

Damaged dentin

Note a partially vital
surface allowing for
multinucleated

(and inflamed) pulp
giant cells

tissue apical to the
resorptive defect
attach

(odontoclasts) to

Internal root
resorption (IRR)

Resorptive defect
consists of
multinucleated giant
cells (odontoclasts)
and granulation
tissue

Note a partially
necrotic and infected
pulp, coronal to the

defect. This provides
the stimulus for
continued root
resorption

Figure 3. Illustration showing different compartments of infernal resorptive defect.

If the pulp tissue becomes completely necrotic, the resorp-
tive process will halt, as there is no longer any vital tissue
to supply the clastic cells with the nutrients needed for
the resorptive process to continue. As the pulp continues
to degenerate, bacteria will usually infect the entire root
canal system, resulting in apical periodontitis, which can
become contiguous with the extraradicular lesion if the
IRR perforation has occurred. This lesion may also migrate
coronally through the periodontal ligament to the gingival
sulcus, forming a pseudo-periodontal pocket.

It is interesting to note that internal resorption can be
thought of as a misplaced periapical lesion found inside
the root canal rather than at the apex. Both are caused
by the presence of bacteria and the triggering of resorp-
tive cells. Both form in a symmetrical manner. However,
the periapical lesion has surrounding vital tissue, which
allows these lesions to grow in size, unlike IRR, which is
self-limiting. Because active IRR requires a pulp space
that is partially vital and partially necrotic, vitality testing
is unreliable. One cannot be sure whether the pulp tissue
at the time of diagnosis is necrotic and, therefore, the re-
sorptive process is arrested, or vital tissue remains, and
the IRR is ongoing (Figure 3). Regardless, if perforation
has occurred, the external lesion has a life of its own and
treatment is essential.

One of our challenges with teeth that develop IRR is the
compromised remaining root structure that predisposes
the tooth to future fracture. We must also deal with the per-
forating defect into the periodontal ligament that creates
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significant bone destruction. Control of infection is much
more difficult when there is a perforation. If the tooth is
deemed restorable and has a reasonable prognosis, non-
surgical root canal treatment is the treatment of choice.

The goal should be to preserve tooth structure dur-
ing treatment to avoid further weakening an already com-
promised tooth.®!Most of these defects are located in the
middle or apical thirds of the root and the perforation is
thus incased within the alveolar bone. It is important to use
a biocompatible material to seal the defect, as well as to
contribute to the regeneration of the bone and periodon-
tal ligament. If, however, the defect is located in the cervi-
cal region of the tooth, and the tooth is deemed restorable,
it might be better to restore it with a resin composite or
glass ionomer restoration, given that these materials might
strengthen an already weakened tooth structure, prevent-
ing potential snap-off of the coronal tooth structure. This
is not an issue when the resorption is located more apically
in the root.

Both cases presented here are examples of perforating
internal resorption located in the apical third of the root,
which were treated exclusively with an internal approach
and sealed with the same biocompatible bioceramic ma-
terial that was simultaneously sealing the gutta-percha in
place. In all the previous nonsurgical treated cases in the
literature, the MTA was used first, as an additional step to
seal the defect prior to filling the canal. These 17 previously
reported cases fall into one of the four classical treatment
categories:

+ Long-term calcium hydroxide treatment to trigger
hard-tissue formation.

«  Surgical repair with MTA.

« Nonsurgical internal repair with MTA.

+ Regenerative endodontic procedure using an MTA
plug.

Treatment for IRR includes removal of the infected and
inflamed pulp tissue throughout the pulp space. The canal,
both apical and coronal to the resorptive defect, must be
thoroughly disinfected, using irrigant activation, which al-
lows for vigorous agitation of irrigant solutions to reach the
often undercut, untouched and hard-to-reach resorptive
areas of the root canal.’®!% The irrigants of choice for this
disinfection are sodium hypochlorite and Ethylenediami-
netetraacetic acid (EDTA).2! If the perforation is large, it
might be advisable to use lower concentrations of sodium
hypochlorite or an alternative irrigant, such as chlorhexi-
dine. If the resorption is active, there can be excessive
bleeding upon access, making visualization difficult. Thor-
ough disinfection and packing of the root canal space with
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calcium hydroxide is the best way to achieve hemostasis
between visits.[?*%!

One of the treatment modalities discussed in the lit-
erature used long-term calcium hydroxide in the canal for
extended periods of time until healing of the periodontium
was achieved. This was then followed by either conventional
obturation of the root canal with gutta-percha and sealer®”!
or an MTA (mineral trioxide aggregate) plug with®® or with-
out gutta-percha.?”

The most common treatment for IRR discussed in the
literature was the use of MTA to seal perforating resorp-
tive defects with the use of calcium hydroxide as a short-
term inter-visit medicament.®**” The primary reason for
the use of MTA is its biocompatibility. Not only does MTA
react favorably when it contacts vital tissue, it also can
provide an impervious seal. One study utilized Biodentine
(Septodont, Saint-Maur-des-Fosses, France) as an alternative calcium
silicate cement as the material of choice to seal the perfo-
rating lesion.®

Two reported cases used a surgical approach, in which
the lesion is accessed and restored surgically with a bio-
ceramic material such as MTA.P*0 If conventional non-
surgical methods fail, there is always an option to then
surgically treat the resorption.

A novel approach of utilizing regenerative endodontic
treatment to treat these cases has also been reported.[*+!
These cases are unique in that the canals are not filled by
conventional techniques but, rather, an MTA plug is placed
on top of a blood clot in the canal. Historically, it was not
advised to use standard gutta-percha and cement with
perforating internal resorption, as this did not provide an
adequate seal.”! With the advent of bioceramic (calcium
silicate) sealers, a more standard nonsurgical, internal ap-
proach can be used to restore these defects,*! as our two
cases have shown. A standard two-visit approach can be
utilized with calcium hydroxide used as a short-term me-
dicament only.

Bioceramics such as BC sealer have qualities which
make it an ideal sealer for repairing a perforating inter-
nal root resorption. As a bioactive material, BC sealer has
the ability to create a hydroxyapatite layer when in contact
with tissue fluid. This allows the material to be highly bio-
compatible, osteoinductive and osteoconductive.

BC sealer, a newer generation hydraulic cement, uses
nanotechnology to reduce the particle size to a mixture of
nano and microparticles and, hence, gives it the ability to
flow much better in filling the irregular sizes and shapes
of the internal resorptive defect. Unlike MTA, BC sealer
cement can set in the presence of tissue fluids, where no



additional setting time is needed.*“! These sealers can
be utilized with either warm vertical condensation or with
a single-cone technique and hydraulic condensation.* " Bio-
ceramic sealers further help fill these spaces by expand-
ing slightly while setting and once set, will not resorb
easily.[5%

While external root resorption comes in many forms,
such as transient surface resorption, pressure resorption,
external inflammatory root resorption, invasive cervical
root resorption and replacement resorption (ankylosis), in-
ternal root resorption is uniquely different. The differential
diagnosis is made by taking multiple radiographs at differ-
ent angles.%%" Utilizing the buccal object rule, a lesion of
internal origin will remain close to the canal regardless of
the angle, while a lesion of external origin will move away
from the canal depending on the angle of the radiograph
(Figures 4 A,B).

Figure 4.A,B: Two periapical radiographs of tooth #24 taken at different angles. Resorptive defect
changes position relative to root canal, which according to buccal object rule means defect is separate from
canal and, hence, external to canal.

Figure 5.

Additionally, with IRR, the outline of the root canal is usu-
ally distorted and appears contiguous with the resorp-
tive defect, while with external resorption, the root canal
outline appears normal and can usually be seen running
through the radiolucent resorptive defect, as there remains
a thin layer of dentin separating the canal from the resorp-
tive areal" (Figures 5 A-D). The radiographic appearance
of IRR is a fairly uniform radiolucent enlargement of the
root canal. There would only be alveolar bone loss adjacent
to the resorption if the resorption perforates into the PDL.

The best and most accurate tool we have for diagnosing
IRR and determining the path of the perforating lesion is
cone-beam computed tomography (CBCT). It is best to use
a limited field of view (FOV), as opposed to the larger FOV
used with other disciplines in dentistry. A smaller FOV in-
creases image resolution, while at the same time providing
a lower effective radiation dose to the patient. It is worth
noting that in Case Two, one cannot visualize the resorptive
defect from just looking at the periapical radiograph. It has
been shown in countless studies that CBCT gives a more ac-
curate diagnosis and better visualization of periapical pa-
thology. %

It is worth noting that despite the sizeable perforations
and concomitant bone resorptions that rendered the canal
architecture most challenging from a mechanical perspec-
tive, successful outcomes were achieved in both cases.
Given these structural hazards created by the IRR, one can
safely assume that the disinfection and subsequent filling
of the canals were less than ideal.

Why, then, the success? The key is probably due to a
thorough and detailed diagnostic workup utilizing CBCT
that confirmed IRR. If the lesions were from a necrotic
pulp, with external root biofilm, or if the multinucleated
giant cells that were resorbing hard tissue had their origin

A: Periapical radiograph of tooth #21. Large resorptive defect is noted in external cervical region. Blue arrows pointing to thin layer of predentin that appears to be running through defect. Outline is what remains of root
canal wall. Tooth tested vital and diagnosis of invasive cervical root resorption was made. Due to minimal remaining tooth structure, extraction was advised. B,C,D: Sagittal, coronal, axial slices show resorptive defect

external to root canal.
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in the periodontal ligament and not the pulp space, success
would probably not have been attainable nonsurgically.
A larger sample size and longer-term follow-ups of 10 or
more years would help to better assess the treatment out-
comes for perforating IRR.

Conclusion

Two cases of extensive perforating internal root resorption,
treated nonsurgically, are presented. A discussion of the biolog-
ic process of IRR, along with the need for an accurate diagnosis,
shows that a nonsurgical approach in these situations should
be the primary treatment plan. With the advent of bioceramic
sealers, we now have the opportunity to treat perforating inter-
nal resorption with a more standard endodontic approach. The
use of CBCT in the diagnostic planning phase is of critical im-
portance in visualizing the full extent of the lesion.

Queries about this article can be sent to Dr. Stern at jstern5819@gmail.com.
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