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Abstract
Invasive cervical resorption (ICR) is a type of external
resorption that can involve the coronal, middle, and api-
cal parts of the root in its advanced stages. The diag-
nosis and treatment of ICR depend on the extent of
the resorption into the dentin. The treatment of
advanced ICR is challenging, and these teeth have
poor prognoses. This article describes 4 cases of class
4 ICR diagnosed by using cone-beam computed tomog-
raphy and treated with a minimally invasive internal
approach with sodium hypochlorite irrigation and cal-
cium hydroxide dressing. All cases were followed for
at least 3 years. (J Endod 2017;-:1–8)
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Invasive cervical resorp-
tion (ICR) is a resorptive

dental process originating
as an entry point on the
external root surface with
the possibility of progres-
sion in a coronal-apical
direction within the root.
Heithersay (1) developed
the adopted ICR classification system that divided the condition into 4 classes according
to the extent of the lesion. Class 1 ICR refers to a small invasive resorptive lesion near the
cervical area with shallow penetration into dentin.

Class 2 ICR is characterized by a well-defined invasive resorptive lesion that has
penetrated close to the coronal pulp chamber but shows little or no extension into
the radicular dentin.

Class 3 ICR is defined by a deeper invasion into the dentin by resorbing tissue,
not only involving the coronal dentin but also extending into at least the coronal third
of the root.

Finally, class 4 ICR is characterized by a large invasive resorptive process that has
extended beyond the coronal third of the root canal (1).

ICR expands first coronally and thereafter apically, encircling the root canal. The
pulp usually remains unperforated and healthy (uninflamed) because of the presence
of a non-mineralized predentin layer (2–4). However, in longstanding lesions, the root
canal may be perforated by the advancing resorptive lesion (2).

In the most advanced type of lesion (class 4 lesions), additional resorption chan-
nels are created. The channels burrow deep into the dentin and later interconnect more
apically with the periodontal ligament through communicating channels (1).

The radiographic features of such lesions vary from being well-defined to an irreg-
ularly bordered, mottled radiolucency, sometimes overlying the outline of the pulp
space, with the canal contours staying distinct (2).

Cone-beam computed tomography (CBCT) is a three-dimensional imaging tech-
nique that can be useful in the diagnosis and management of ICR. CBCT is a safe method
to investigate external root resorption, which was found to be superior to periapical
radiographs in the diagnosis of external root resorption (5, 6).

Different treatment approaches for ICR have been recommended in the literature
(7–11). Surgical approaches include a flap procedure to allow access to the defect, the
mechanical or chemical removal of the resorptive tissue, and the placement of dentin-
bonded or glass ionomer cement (8, 9). In longstanding advanced ICR lesions (class 3
or 4), it is very difficult to remove all the resorptive tissue because of the circumferential
and coronal-apical extension. In addition, a significant amount of bone must be sacri-
ficed, which endangers the periodontal prognosis.

Typically, nonsurgical approaches require the mechanical or chemical removal of
the resorptive tissue during root canal treatment (10).

The prognosis is related to the initial extent of the cervical invasive resorption.
Heithersay (10) reported a 100% success rate in the surgical treatment of classes 1
and 2 ICR lesions, whereas the success rate was 77.8% for class 3 lesions and only
12.5% for class 4 lesions. He concluded that classes 1–3 were treatable, whereas
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Significance
Invasive cervical root resorption should be diag-
nosed by using cone-beam computed tomogra-
phy. Invasive cervical root resorption may be
treated by using a minimally invasive internal
approach with sodium hypochlorite irrigation and
calcium hydroxide dressing.
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class 4 lesions were not amenable to treatment. He suggested that
class 4 cases would benefit from alternative treatment
options such as extraction and replacement with an implant-
retained crown restoration. Treatment approach without removing
the resorptive tissue was also described (11).

In this case series we present 4 cases of class 4 ICR treated by using
nonsurgical approaches through a minimally invasive internal
approach that uses the dissolution properties of sodium hypochlorite
irrigation and calcium hydroxide dressing.

Case Reports
This article describes 4 cases of invasive class 4 cervical resorption

diagnosed by CBCT and treated by minimally invasive nonsurgical treat-
ment with an internal approach by using sodium hypochlorite–activated
irrigation and a calcium hydroxide dressing. All cases were treated be-
tween November 2011 and January 2014.

Case 1
A 22-year-old man in general good health was referred because of

an unusual radiolucent lesion in the mid-root region of his upper left
central incisor (tooth #9), which had been found on routine radio-
graphic examination. The patient had no subjective dental complaints.

The patient reported trauma 8 years previously, but no treatment
was completed at that time.

Probing pocket depths were less than 3 mm.
A cold test was performed and had a negative response. The tooth

was not mobile or sensitive to palpation or percussion. A periapical
radiograph (Fig. 1A) revealed a diffuse radiolucent area from the cor-
onal third of root to the apical third of the root. The radiopaque outline
of the canal was clearly distinct through the radiolucent area. The peri-
apical appearance was normal.

The patient was referred for a CBCT examination to confirm a diag-
nosis of ICR and to estimate the precise location and extension of the
lesion for treatment planning purposes. Cross-sectional and sagittal
CBCT slices supported a diagnosis of ICR, with the radiolucent area sur-
rounding the canal. A narrow point of entry could be clearly seen on the
palatal aspect of the root 2 mm below the bony crest (Fig. 1B and C).
The calcification of the coronal part of the canal and the presence of a
normal periapical area were confirmed.

During the first appointment, tooth was anesthetized (4% articaine
hydrochloride containing 1:100,000 epinephrine) and isolated with a
rubber dam. Working length was determined, and biomechanical prep-
aration was performed. To perforate the thin predentin layer and
achieve direct access to the resorption tissue, additional canal prepara-
tion was accomplished by using instrumentation up to a size #80 K hand
file with a serial filing technique. Irrigation with 2 mL 3% sodium hypo-
chlorite was used between files. A K-file #10 (Dentsply-Maillefer, Bal-
laigues, Switzerland) was used for circumferential filing, and 3 lateral
bleeding points were achieved. Then, ultrasonic-activated irrigation
with sodium hypochlorite was completed, and a creamy aqueous cal-
cium hydroxide dressing was placed to necrotize and dissolve the
resorptive tissues. The tooth was temporarily sealed with Cavit (ESPE,
Seefeld, Germany). At the second appointment 4 weeks later, the canal
was irrigated with 15 mL 3% sodium hypochlorite with ultrasonic acti-
vation. Irrigation was used to enhance the ability of the sodium hypo-
chlorite to dissolve the organic tissue in the lateral regions. The canal
was dried and obturated by using a combined obturation technique,
with cold lateral compaction method in the apical third and a warm
gutta-percha method in the middle and coronal thirds. Gutta-percha
and AH Plus sealer (Dentsply International, York, PA) were used for

the obturation (Dentsply, York, PA). The access cavity was sealed
with Cavit (Fig. 1D), and the tooth was restored 1 week later.

Five years later, the tooth was clinically asymptomatic and had a
normal radiographic appearance, and no new resorptive areas were
visible (Fig. 1E).

Case 2
A 44-year-old man in general good health was referred because of

an unusual radiolucency in the root canal of his upper left central
incisor (tooth #9), which had been found on routine radiographic ex-
amination.

There was no history of orthodontic treatment or trauma.
The tooth responded positively to pulp vitality tests. There was no

pain or excessive mobility, and the tooth was not sensitive to palpation
or percussion. A periapical radiograph revealed a diffuse radiolucent
area from the coronal region to the apical region of the root, and the
outline of the canal was not visible.

The patient was referred for CBCT examination to confirm the diag-
nosis of ICR and to estimate the location and the extension of the lesion
for treatment planning. Cross-sectional, coronal, and sagittal CBCT slices
(Fig. 2A–C) supported a diagnosis of ICR, showing a radiolucent area
encircling the root canal surrounded by dentin along the root.

During the first appointment, tooth was anesthetized (4% articaine
hydrochloride containing 1:100,000 epinephrine) and isolated with a
rubber dam. An access cavity was prepared, and the working length
was determined. During biomechanical preparation, predentin was
perforated (as confirmed by lateral bleeding). In this case, ultrasonic
activation was combined with a self-adjusting file (SAF) system (ReDent
Nova, Ra’anana, Israel) and irrigation with 3% sodium hypochlorite by
using a special irrigation device (VATEA; ReDent Nova). A creamy
aqueous calcium hydroxide dressing was placed with the aim of necro-
tizing and dissolving the resorptive tissue. The tooth was temporarily
sealed with Cavit. At a second appointment 4 weeks later, the canal
was irrigated with 15 mL 3% sodium hypochlorite, and SAF was used
to enhance the ability of the sodium hypochlorite to dissolve the organic
tissue in the lateral regions. The canal was obturated by a combined
obturation technique in a similar manner to case 1. The access cavity
was sealed with Cavit (Fig. 2D), and the tooth was restored 10 days later.

Three years later, the tooth was clinically asymptomatic, with a
normal radiographic appearance and no new resorption areas (Fig. 2E).

Case 3
A 37-year-old man in general good health was referred because of

an occasional and unusual sensation during chewing and an unusual
radiolucent lesion in the mid-root region of the upper left canine (tooth
#11).

There was no history of trauma or orthodontic treatment.
Periodontally, 3 mm of buccal recession was found. The pocket

depths were all less than 3 mm except for the mesiobuccal line angle,
where a 5-mm pocket was discovered.

The tooth responded negatively to cold testing, and there was no
pain or mobility. The tooth was not sensitive to palpation or percussion.
A periapical radiograph (Fig. 3A) revealed a diffuse radiolucent area in
the distal side of the crown extending to the coronal third of the root.
The outline of the canal at the middle and apical thirds of the root
was barely seen, and a 5-mm radiolucent area was noted surrounding
the apex of the root.

The patient was referred for a CBCT examination to confirm the
diagnosis of ICR and to estimate the location and extension of the lesion
for treatment planning. Cross-sectional and longitudinal slices by CBCT
supported the diagnosis of ICR, with a radiolucent area surrounding the
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canal. A narrow point of entry was discovered on the mesiobuccal
aspect of the root 2 mm below the bone crest (Fig. 3B and C).

At the first appointment, the tooth was anesthetized (4% articaine
hydrochloride containing 1:100,000 epinephrine) and isolated with a
rubber dam. An access cavity was prepared, and resorptive tissue
was observed. The resorptive tissue was removed chemomechanically
with aid of a microscope by using 3% sodium hypochlorite
ultrasonic-activated irrigation. The root canal was identified in the api-
cal half of the root. The working length was determined, and biome-
chanical preparation was performed by using the SAF system. A
creamy aqueous calcium hydroxide dressing was placed in the canal,
and the access cavity was temporarily sealed with Cavit.

At a second appointment 4 weeks later, the canal was irrigated with
sodium hypochlorite and ultrasonically activated. Irrigation was used to

enhance the ability of the sodium hypochlorite to dissolve the organic
tissue in the lateral regions. The canal was obturated by using the com-
bined obturation technique described for the previous cases. The ac-
cess cavity was sealed with Cavit (Fig. 3D), and the tooth was
restored 1 week later.

Three years later, the tooth was clinically asymptomatic. A periap-
ical radiograph showed a healing lesion and no new areas of resorption
(Fig. 3E).

Case 4
A 41-year-old woman in general good health was referred because

of a pink spot on the gingival third of upper left central incisor (tooth
#9). There was no history of orthodontic treatment or trauma.

Figure 1. Maxillary left incisor. (A) Preoperative periapical radiograph. (B) CBCT cross-sectional view. (C) CBCT sagittal view. (D) Postoperative radiograph.
(E) Sixty-month follow-up.
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The tooth was asymptomatic and responded negatively to pulp vi-
tality tests. A periapical radiograph (Fig. 4A) revealed a diffusely radio-
lucent area in the crown extending into themiddle third of the root and a
3-mm diameter radiolucent area surrounding root apex.

Cross-sectional and longitudinal slices by CBCT supported a diag-
nosis of ICR, with the radiolucent area surrounding the canal and ex-
tending into the buccal wall of the crown and the root (Fig. 4B and C).

At the first appointment, the tooth was anesthetized (4% articaine
hydrochloride containing 1:100,000 epinephrine) and isolated

with a rubber dam. An access cavity was created to perform the end-
odontic treatment. The resorptive tissue was identified and removed
chemomechanically with aid of a microscope by using sodium hypo-
chlorite irrigation and hand files.

After removing most of the resorptive tissue, the root canal was
identified. The working length was determined, and biomechanical
preparation was performed with the SAF system. A creamy aqueous cal-
cium hydroxide dressing was placed in the canal, and the access cavity
was temporarily sealed with Cavit.

Figure 2. Maxillary left incisor. (A) Preoperative CBCT. (B) CBCT cross-sectional view. (C) CBCT sagittal view. (D) Postoperative radiograph. (E) Thirty-six–
month follow-up.
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Four weeks later, the canal was irrigated with sodium hypochlo-
rite, and an ultrasonic-activated irrigation technique was used. The ca-
nal was obturated by a combined obturation technique in a similar
manner to previous cases (Fig. 4D and E). The tooth was restored 1
week later.

Three years later, the tooth was found to be clinically asymptom-
atic. Radiographic examination revealed a periradicular area with a

normal appearance and an intact lamina dura. No new areas of resorp-
tion were visible (Fig. 4F).

Discussion
The present case series describes 4 cases of class 4 invasive cer-

vical root resorption treated by using nonsurgical internal approaches.

Figure 3. Maxillary left canine. (A) Preoperative periapical radiograph. (B) CBCT cross-sectional view. (C) CBCT sagittal view. (D) Postoperative radiograph.
(E) Thirty-six–month follow-up.
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Heithersay (1) developed the adopted ICR classification system that
divided the condition into 4 classes according to the extent of the lesion.

The diagnosis of ICR is usually difficult because ICR is frequently
asymptomatic. At times the patient may aid the diagnosis by referring to a
sensitive area along the gingiva of the affected tooth corresponding to
the resorptive entry point.

Radiographically, class 1 and class 2 lesions may look like carious
lesions, whereas class 3 and class 4 lesions resemble internal resorp-
tion, although unlike internal resorption, the contour of the root canal
remains visible because of the integrity of the predentin layer (2).

Moreover, the true nature and extent of the defects located on
(or that have progressed into) the labial or palatal aspects of a
tooth cannot always be assessed on conventional radiographs.
Therefore, CBCT was suggested in the literature for the diagnosis
and management of ICR (5, 6). In the present case series, 4
cases of class 4 ICR were evaluated by using CBCT. CBCT scans

clarified the exact location of the entry point of granulation tissue
into the root, the dimension of the resorption, and the presence
of dentin surrounding the resorption tissue. These parameters
were crucial for the chosen treatment approach.

The treatment of invasive cervical root resorption presents a chal-
lenge for clinicians. Different approaches have been described in
several case reports for the treatment of invasive cervical root resorp-
tion. Meister et al (8) advocated a surgical approach, with the exposure
of the resorption defect and local ostectomy. Beertsen et al (7)
described a new treatment that consisted of mechanical debridement
supported by systemic antibiotics and dietary consultation. Nikolidakis
(9) chose a treatment that involved the removal of the pathological tis-
sue from the defect and the restoration of the resorption cavity. Heither-
say studied his recommended surgical approach for ICR treatment. His
technique included subgingival curettage and the chemical removal of
the resorptive tissue by using trichloroacetic acid (TCA) 90%. However,

Figure 4. Maxillary left incisor. (A) Preoperative CBCT. (B) CBCT cross-sectional view. (C) CBCT sagittal view. (D) Postoperative CBCT sagittal view. (E) Post-
operative periapical radiograph. (F) Thirty-six–month follow-up.
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this method has a low success rate because of recurrence (12). TCA is a
chemical agent that produces a defined zone of coagulation necrosis
when applied to soft tissues. This zone separates from the adjacent tis-
sue within a few days, with an absence of inflammation and unimpeded
healing (10).

TCA is a very aggressive acid, and unplanned contact with healthy
soft tissue during treatment causes severe chemical burns. When used
on the skin, 50% TCA was found to be a highly erratic and unpredictable
agent, producing hypertrophic scarring and full-thickness skin loss
(13). This treatment approach is very technique sensitive, requiring
high-quality isolation to prevent this complication.

In both surgical and nonsurgical approaches, endodontic treat-
ment is considered when the resorptive defect is in close proximity to
the pulp and there is a high risk of pulpal exposure during resorptive
tissue removal (14).

According to Heithersay (10), the success rate for his approach
was 12.5% for class 4 ICR cases. He concluded that class 4 lesions
were not amenable to treatment, and these cases would instead benefit
from alternative treatment options such as extraction and replacement
with an implant-retained crown restoration.

In contrast to the surgical approach, case reports and case series
detailing nonsurgical approaches are also available (15–18).
Nonsurgical approaches are based on the removal of the resorption
tissue during root canal treatment, followed by obturation of the
canal with gutta-percha and filling the resorption area with mineral
trioxide aggregate (16–19). Another approach is based on filling the
entire canal space and perforation by using calcium-enriched mixture
cement without mechanically removing the resorptive lacuna (11).

In the present case series, 4 cases of class 4 ICR were treated with a
minimally invasive nonsurgical approach. In all our cases, CBCT exam-
ination revealed a localized and narrow portal of entry of the resorptive
tissue into the root. Moreover, the resorption tissue was in proximity to
the pulp canal tissue or had already invaded the canal space.

Surgical approaches in these cases would be ineffective and would
also worsen the periodontal prognosis, because they would remove sig-
nificant bone and dentin to expose all the resorptive tissue (7–9).

Moreover, the TCA approach would not have been a good choice
in these cases. TCA is a very aggressive acid that can cause chemical
burns. In these cases the isolation of the tissue in such a large resorption
area is very difficult, making it challenging to prevent burns (13).

A minimally invasive internal approach was used in this case se-
ries, with the aim of necrotizing and dissolving the resorptive tissue
in an attempt to stop the progress of ICR.

In cases 1 and 2, the resorptive tissue did not invade into the root
canal. The purpose of the instrumentation was to enlarge the root canals
to remove the predentin layer and to gain access to the resorptive tissue.
The predentin is a thin layer of organic fibrillar matrix of dentin that
separates the pulp in the canal from the resorptive tissue. The bleeding
that appeared on the canal wall after pulp removal was an indication of
perforation of the predentin.

In cases 3 and 4, the resorptive tissue penetrated the root canal.
Therefore, direct contact with the resorptive tissue was gained after ac-
cess cavity preparation. Removing the resorptive tissue was crucial for
finding the root canal in the apical part of the root.

In all presented cases, the treatment approach was based on the
dissolution effects of sodium hypochlorite and calcium hydroxide.
The tissue-dissolving properties of sodium hypochlorite depend mainly
on the volume of the solution, refreshing the solution, and activation
(19–21).

The additional essential step in this treatment was medication by
using creamy aqueous calcium hydroxide. Various biological proper-
ties have been attributed to this substance such as tissue-dissolving abil-

ity (22, 23), inhibition of tooth resorption (24, 25), and necrotizing
effects (26–29). Calcium hydroxide also enhances the tissue-
dissolving capability of sodium hypochlorite (22,29–31).

In the presented cases, the purpose of the 4 weeks of medication
was to necrotize and dissolve the resorbing tissue and to enhance the
dissolving properties of the sodium hypochlorite during the next
appointment to best inhibit the tooth resorption. The abundant sodium
hypochlorite dynamic irrigation has been shown to maximize the disso-
lution of resorptive tissue during the additional appointments (30).

Obturation of irregular root canals is also challenging. The
standard lateral compaction technique is not ideal for irregular root
canals (31).

In the presented cases, a combination technique of obturation was
used. This method includes lateral compaction in the apical part of the
root canal and a warm component in the coronal part of the root canal.
This method is ideal for obturating the irregular form of a canal with
resorption areas.

The clinician usually does not have the possibility to approve that
the resorptive tissue was dissolved. The final periapical radiographs re-
vealed that during the warm gutta-percha fill, the obturation materials
entered beyond the borders of the root canal space and filled previously
resorbed areas. These areas presumably were free from resorptive tis-
sues because of the combined dissolution effect of the sodium hypo-
chlorite and calcium hydroxide because obturation materials cannot
fill areas with tissue (32).

Today, additional instruments can be considered for the treatment
of this irregular form of the canal space, including the XP-endo Finisher,
the XP-endo Shaper (FKG Dentaire SA, La Chaux-de-Fonds,
Switzerland), and the TRUShape (Dentsply, Tulsa Dental Specialties,
Tulsa, OK) (33, 34).

For the obturation of areas that enter the periodontium, bio-
ceramic sealers can also be considered (35).

Conclusion
This case series introduces a minimally invasive internal approach

for the treatment of class 4 invasive cervical root resorption cases. The
treatment is based on the necrotizing and dissolution effects of sodium
hypochlorite–activated irrigation and calcium hydroxide dressing and
obturation with a combination technique.
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