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ABSTRACT
In three patients with unintentional extrusion of cold ceramic beyond the root apex, favorable clinical and radiographic outcomes 
were observed over 2–4 years. These descriptive observations do not establish the safety or biological effects of extruded material, 
but support careful clinical and radiographic follow-up when patients remain asymptomatic.

1   |   Introduction

Successful root canal treatment depends on effective chemo-
mechanical debridement of the root canal system, followed by 
three-dimensional obturation that seals the prepared canal 
space and limits reinfection [1]. Ideally, obturation materials 
should remain confined within the root canal system; however, 
inadvertent extrusion beyond the apical foramen may occur, 
particularly in teeth with apical root resorption, immature api-
ces, perforations, or extensive periapical destruction [2, 3]. The 
biological response to extruded filling materials depends largely 
on their physicochemical properties, tissue compatibility, and 
the extent and location of extrusion [4].

Conventional root canal obturation has traditionally relied on 
gutta-percha used in conjunction with an endodontic sealer [5]. 
Although gutta-percha remains widely used because of its favor-
able handling characteristics and long-term clinical success, it is 
biologically inert, lacks adhesive properties, and does not stim-
ulate hard tissue formation [6]. Extrusion of gutta-percha and 
certain conventional filling materials beyond the apical fora-
men has been associated with persistent inflammation, foreign 
body reactions, delayed healing, and occasional postoperative 

discomfort [7]. Consequently, preservation of the apical con-
striction and accurate control of working length remain funda-
mental principles of endodontic treatment.

Calcium silicate-based biomaterials are used for apical bar-
rier formation, perforation repair, root-end filling, regenera-
tive procedures, and orthograde obturation because of their 
sealing ability, dimensional stability, biocompatibility, and 
bioactivity [8–10].

The cold ceramic (CC) was first introduced in 2000 as a cal-
cium silicate-based, mineral trioxide aggregate (MTA)-like 
cement for endodontic applications. The principal compo-
nent of CC is calcium hydroxide, and the material sets in the 
presence of moisture with an initial setting time of approxi-
mately 15 min and complete setting within 24 h [11]. Previous 
studies have reported sealing ability and biocompatibility of 
CC under selected experimental conditions [12, 13]. Clinical 
use of CC has also been described in challenging endodontic 
situations, including obturation of partially calcified root ca-
nals, although the available evidence remains limited to case-
based observations [14]. However, these findings cannot be 
directly extrapolated to the clinical behavior of the material 
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unintentionally extruded beyond the root apex, and evidence 
regarding long-term clinical outcomes in this setting remains 
limited.

This case series presents the clinical and radiographic out-
comes of three patients in whom CC was unintentionally ex-
truded into the periapical tissues during orthograde root canal 
treatment or retreatment with 2–4 years of follow-up. The ob-
servations are presented descriptively without attributing the 
outcomes to the safety or biological effects of the extruded 
material.

2   |   Case History/Examination

Three patients, two females and one male aged 20–54 years, 
were included in this case series.

2.1   |   Case 1

A 20-year-old female presented with a previously treated 
mandibular left central incisor (#24), which had undergone 
nonsurgical root canal treatment 6 years earlier and had sub-
sequently been restored with composite resin. Clinical ex-
amination revealed localized buccal swelling, tenderness to 
percussion, Grade I mobility, and periodontal indices, includ-
ing probing depths, within normal limits. The medical history 
was non-contributory.

2.2   |   Case 2

A 20-year-old male presented with pain and localized swelling 
involving the left mandibular anterior region associated with the 
mandibular left lateral incisor (#23) and mandibular left central in-
cisor (#24). Clinical examination revealed fluctuant labial swelling 
adjacent to the mandibular incisors and tenderness to percussion. 
Periodontal indices, including probing depths, were within nor-
mal limits. The medical history was non-contributory.

2.3   |   Case 3

A 54-year-old female presented with a previously treated max-
illary right lateral incisor (#7), which had undergone root canal 
treatment 4 years earlier. She reported pain, tenderness to per-
cussion, and recurrent drainage through a buccal sinus tract. 
Clinical examination revealed Grade I mobility, while periodon-
tal indices, including probing depths, were within normal limits.

3   |   Methods: Differential Diagnosis, Investigations 
and Treatment

3.1   |   Case 1

Radiographic examination showed inadequate previous root canal 
treatment characterized by poor-quality obturation with multiple 
voids and a large periapical radiolucency exceeding 1 cm in diam-
eter. The lesion extended from the distal aspect of tooth #23 to the 
mesial aspect of tooth #26 (Figure 1A). Adjacent teeth responded 
normally to both cold testing and electrical pulp testing. Based on 
the clinical and radiographic findings, tooth #24 was diagnosed as 
previously treated with an acute apical abscess.

Following local anesthesia and rubber dam isolation, the pre-
vious restoration was removed, and root canal retreatment was 
initiated. Existing filling materials were removed using Gates-
Glidden drills, Hedström files, and rotary instruments. Working 
length was established using an electronic apex locator (Root 
ZX; Morita, Tokyo, Japan) and confirmed radiographically. 
Apical patency was confirmed with a size 10 K-file.

The canal was prepared using hand K-files to size 35 followed 
by ProTaper rotary instrumentation to F2. Irrigation was per-
formed with 5.25% sodium hypochlorite throughout instrumen-
tation, followed by a final rinse with sterile 0.9% normal saline. 
After drying the canal with sterile paper points, CC was pre-
pared by gradually incorporating the manufacturer's supplied 
liquid into the powder and spatulating for approximately 15–30 s 
until a homogeneous, workable consistency was achieved, in 

FIGURE 1    |    Case 1. (A) Preoperative periapical radiograph showing inadequate previous root canal treatment and a large periapical radiolucen-
cy associated with tooth #24. (B) Immediate postoperative radiograph following nonsurgical retreatment using a 5-mm CC apical plug with apical 
extrusion of CC. (C) Four-year follow-up periapical radiograph showing that the previously observed periapical radiolucency was no longer evident 
and that the extruded CC was no longer distinguishable radiographically.
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accordance with the manufacturer's instructions. The material 
was delivered using an MTA carrier. A 5-mm apical plug was 
placed and vertically compacted using endodontic pluggers and 
spreaders. The remaining canal space was obturated with gutta-
percha (DiaDent) and Rickert sealer (PD).

Extrusion of CC beyond the apical foramen occurred during 
placement (Figure  1B). Given the extensive periapical lesion, 
loss of the natural apical constriction or inflammatory apical re-
sorption may have contributed; however, the precise cause could 
not be established retrospectively.

3.2   |   Case 2

Radiographic examination showed a large periapical radiolu-
cency involving the mandibular left central and lateral incisors 
(teeth #24 and #23) (Figure 2A). Tooth #24 had not previously 
undergone root canal treatment and was considered to require 
primary treatment, whereas tooth #23 had undergone nonsurgi-
cal root canal treatment 4 years previously and required retreat-
ment. Based on the clinical and radiographic findings, tooth #24 
was diagnosed as pulp necrosis with acute apical abscess, and 
tooth #23 was diagnosed as previously treated with acute apical 
abscess.

After administration of local anesthesia and rubber dam iso-
lation, tooth #24 was accessed and working length was de-
termined using an electronic apex locator and confirmed 
radiographically. Apical patency was confirmed during canal 
preparation with a size 10 K-file. Chemomechanical preparation 
was performed using hand K-files to size 40 and ProTaper rotary 
instrumentation to F2 with 5.25% sodium hypochlorite irriga-
tion followed by normal saline. Following canal drying, a 5-mm 
CC apical plug was prepared and delivered using the protocol 
described for Case 1. The remaining canal space was obturated 
with gutta-percha and Rickert sealer.

At the subsequent appointment, retreatment of tooth #23 was per-
formed. The existing root canal filling materials were removed 
using Gates-Glidden drills, Hedström files, and chloroform. 

Working length was established using an electronic apex locator 
and confirmed radiographically, and apical patency was con-
firmed with a size 10 K-file. The canal was prepared using the 
same instrumentation and irrigation protocol. CC was prepared 
and delivered using the same protocol described for tooth #24, 
and a 5-mm apical plug was placed before the remaining canal 
space was obturated with gutta-percha and Rickert sealer.

Extrusion of CC beyond the apical foramina occurred during 
placement (Figure  2B). Given the extensive periapical lesion, 
loss of the natural apical constrictions or inflammatory apical 
resorption may have contributed; however, the precise cause 
could not be established retrospectively.

3.3   |   Case 3

Radiographic examination demonstrated a large periapical ra-
diolucency associated with tooth #7 (Figure 3A). The adjacent 
central incisor (tooth #8) responded positively to pulp sensibility 
testing.

Based on the clinical and radiographic findings, #7 was diag-
nosed as previously treated with a chronic apical abscess.

Following administration of local anesthesia and rubber dam 
isolation, access was established, the existing root canal fill-
ing material was removed, the working length was determined 
using an electronic apex locator and confirmed radiograph-
ically, and apical patency was confirmed with a size 10 K-file. 
Chemomechanical preparation was completed using ProTaper 
instrumentation to size F3 with copious irrigation using 5.25% 
sodium hypochlorite.

Persistent intracanal exudation prevented immediate obtura-
tion. Therefore, calcium hydroxide (PD, Vevey, Switzerland) was 
placed as an intracanal medicament for 2 weeks and the access 
cavity was sealed temporarily.

At the second appointment, the patient was asymptomatic. 
Calcium hydroxide was removed using normal saline irrigation, 

FIGURE 2    |    Case 2. (A) Preoperative periapical radiograph demonstrating a large periapical radiolucency involving teeth #23 and #24. (B) 
Immediate postoperative radiograph following placement of 5-mm CC apical plugs, with extrusion of CC. (C) Two-year follow-up periapical radio-
graph showing that the previously observed periapical radiolucency was no longer evident and that the radiographic visibility of the extruded CC was 
reduced compared with the immediate postoperative image.
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and the canal was dried with sterile paper points. A 5-mm CC 
apical plug was prepared and delivered using the protocol de-
scribed for Case 1, then vertically compacted before completion 
of obturation.

Extrusion of CC beyond the root apex occurred during place-
ment (Figure 3B). Loss of the natural apical constriction or in-
flammatory apical resorption may have contributed; however, 
the precise cause could not be established retrospectively.

4   |   Outcome and Follow-Up

4.1   |   Case 1

The patient remained asymptomatic throughout the follow-up 
period. At the 4-year review, clinical examination revealed 
no pain, swelling, sinus tract, and tenderness to percussion, 
together with stable periodontal findings. Radiographic as-
sessment showed that the previously observed periapical ra-
diolucency was no longer evident, and the extruded CC was no 
longer distinguishable radiographically (Figure 1C).

4.2   |   Case 2

At the two-year follow-up, the patient was asymptomatic, with 
no pain, swelling, or other clinical signs of persistent disease, 
and periodontal findings remained within normal limits. The 
previously observed periapical radiolucency was no longer ev-
ident on the follow-up periapical radiograph (Figure  2C). The 
extruded CC was less radiographically distinguishable than on 
the immediate postoperative image.

4.3   |   Case 3

Two years later, the patient was referred back by her restorative 
dentist after removal of the existing post, core, and crown to de-
termine whether further endodontic intervention was required. 

Clinical examination revealed no pain, swelling, sinus tract, or 
tenderness to percussion, and periodontal findings remained 
within normal limits. The previously observed periapical radio-
lucency was no longer evident on the follow-up periapical ra-
diograph (Figure  3C). Consequently, no additional endodontic 
treatment was indicated.

5   |   Discussion

Accidental extrusion of root canal filling materials beyond the 
apical foramen is generally considered undesirable because it may 
delay periapical healing and provoke inflammatory or foreign body 
reactions, particularly when materials with limited biocompati-
bility are displaced into the periapical tissues [15]. Nevertheless, 
the biological response to overextended filling materials depends 
largely on their physicochemical characteristics, biocompatibility, 
and interaction with the surrounding tissues [16]. In the present 
case series, all three patients with unintentional extrusion of CC 
were clinically asymptomatic at follow-up, and the previously ob-
served periapical radiolucencies were no longer evident on conven-
tional periapical radiographs after 2–4 years. These observations 
are descriptive and cannot establish a causal relationship between 
CC extrusion and the observed outcomes.

Successful endodontic treatment relies on effective elimination 
of intracanal microorganisms followed by three-dimensional 
sealing of the root canal system [17]. Ideally, obturation ma-
terials should terminate at or slightly short of the apical con-
striction. Previous studies have reported that overextension of 
conventional filling materials, particularly gutta-percha and 
certain sealers, may be associated with lower healing rates and 
persistent periapical inflammation [18]. Histological investiga-
tions have also reported chronic inflammatory reactions and 
foreign body responses surrounding extruded gutta-percha [19]. 
Consequently, clinicians generally attempt to avoid apical extru-
sion during obturation.

Calcium silicate-based materials have been investigated be-
cause of their biocompatibility and sealing properties [20]. CC 

FIGURE 3    |    Case 3. (A) Preoperative periapical radiograph demonstrating a large periapical radiolucency associated with previously treated tooth 
#7. (B) Immediate postoperative radiograph following placement of a 5-mm CC apical plug, with extrusion of CC beyond the root apex. (C) Two-year 
follow-up radiograph demonstrating that the previously observed periapical radiolucency was no longer evident.
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is an MTA-like calcium silicate cement that has been intro-
duced for multiple endodontic applications, including root-end 
filling, perforation repair, apexification, and orthograde obtu-
ration [13, 14, 21]. An in  vitro study on dental pulp cells and 
periodontal ligament fibroblasts has demonstrated that CC pos-
sesses favorable sealing ability, dimensional stability, and bio-
compatibility comparable to those of MTA [22]. Furthermore, 
the material releases calcium ions during hydration, which may 
contribute to hydroxyapatite formation and enhance biological 
sealing at the dentin-material interface. These physicochemical 
properties may explain the favorable tissue response observed 
in the present cases. However, findings from laboratory studies 
and isolated clinical reports cannot be directly extrapolated to 
the behavior of CC when unintentionally extruded into human 
periapical tissues. Clinical evidence specifically addressing un-
intentionally extruded CC remains limited.

In Cases 1 and 2, the radiographic visibility of the extruded CC 
decreased during follow-up, while the previously observed peri-
apical radiolucencies were no longer evident. These findings 
should be interpreted cautiously because conventional periapi-
cal radiography cannot determine whether the apparent change 
reflected material resorption, tissue replacement, or another ra-
diographic phenomenon. Clinical evidence from retrospective 
controlled studies of MTA apexification has shown that periapi-
cal healing can occur despite unintentional extrusion of MTA, 
although healing may be delayed compared with cases without 
extrusion [23]. However, these findings relate specifically to 
MTA and cannot be directly extrapolated to CC.

Another clinically important observation was the absence of 
persistent postoperative symptoms in all three patients. None 
of the cases demonstrated prolonged pain, swelling, sinus tract 
recurrence, or tenderness during the follow-up period. Although 
the biocompatibility reported for calcium silicate-based materi-
als may represent one possible explanation for the absence of 
adverse tissue responses, the present case series cannot deter-
mine whether this contributed to the observed outcomes. Other 
components of treatment, including chemomechanical prepa-
ration, sodium hypochlorite irrigation, apical sealing, and in 
Case 3, intracanal calcium hydroxide medication, may also have 
contributed. Therefore, these observations do not establish the 
safety of extruded CC or support intentional extrusion. Clinical 
and radiographic follow-up remains important when inadver-
tent extrusion has occurred, particularly to identify persistent 
symptoms or progressive radiographic abnormalities. Persistent 
pain, swelling, neurological disturbance, sinus tract recurrence, 
progressive radiographic abnormalities, or extrusion near ana-
tomically sensitive structures should prompt further assessment 
and possible intervention.

Case 3 illustrates the use of CC in a challenging endodontic sit-
uation in which persistent intracanal exudation prevented im-
mediate obturation following chemomechanical preparation. 
Short-term intracanal medication with calcium hydroxide was 
therefore used before definitive obturation. CC is a hydrau-
lic calcium silicate-based material that sets in the presence of 
moisture, which may be clinically relevant when complete canal 
dryness is difficult to achieve [12, 24]. However, the favorable 
outcome in this case cannot be attributed specifically to CC, 
because chemomechanical preparation, sodium hypochlorite 

irrigation, intracanal calcium hydroxide medication, and subse-
quent obturation may all have contributed.

The favorable outcomes observed in this case series should not 
be interpreted as encouraging intentional overextension of ob-
turation materials. Preservation of the apical constriction and 
confinement of filling materials within the root canal system 
remain fundamental principles of endodontic treatment. In the 
present cases, extrusion occurred unintentionally because of 
extensive inflammatory apical resorption and loss of the natu-
ral apical constriction. Therefore, accurate working-length de-
termination, apical gauging, controlled material delivery, and 
radiographic verification remain essential. Nevertheless, the 
present observations suggest that favorable clinical and radio-
graphic outcomes can occur despite inadvertent CC extrusion, 
but they do not establish that extrusion is harmless or that CC 
itself contributed to healing.

6   |   Limitations

This case series has several limitations. First, only three cases 
were included, and there was no comparison group, prevent-
ing causal conclusions regarding the safety, biological behav-
ior, or clinical effects of extruded CC. The favorable outcomes 
may have reflected chemomechanical preparation, irrigation, 
intracanal medication where used, apical sealing, and other 
treatment-related factors rather than any specific biologi-
cal effect of CC. Second, assessment of healing was based on 
clinical examination and conventional periapical radiography, 
without three-dimensional imaging or histological evaluation. 
Consequently, the biological fate of the extruded material and 
the nature of the tissues occupying the previously radiolucent 
areas could not be determined. Third, the amount of extruded 
CC was not quantified, preventing assessment of any relation-
ship between the extent of extrusion and outcome. Fourth, treat-
ment protocols were not identical across the three cases; notably, 
Case 3 received calcium hydroxide intracanal medication for 
2 weeks before definitive obturation. Finally, one author is the 
inventor and owner of cold ceramic and may have a commercial 
interest in its use, representing a potential source of interpreta-
tive bias. Independent studies with larger samples, standardized 
treatment protocols, quantitative assessment of extrusion, and 
appropriate three-dimensional imaging are required to further 
evaluate the clinical behavior of unintentionally extruded CC.

7   |   Conclusion

In this three-patient case series, favorable clinical and radio-
graphic findings were observed over 2–4 years following unin-
tentional extrusion of CC beyond the root apex. At follow-up, 
the patients were asymptomatic, and the previously observed 
periapical radiolucencies were no longer evident on conven-
tional periapical radiographs. The radiographic visibility of 
the extruded material decreased in some cases; however, its 
biological fate could not be determined. These observations 
are descriptive and do not establish the safety, efficacy, or 
biological behavior of extruded CC, nor can the outcomes be 
attributed specifically to the material. Careful clinical and 
radiographic follow-up may be appropriate when inadvertent 
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extrusion occurs, while accurate working-length determina-
tion and controlled material placement remain essential to 
minimize the risk of extrusion.
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