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ABSTRACT

Introduction: Perforation is a pathological connection between
the root canal system and the external surface of the tooth that
can occur unintentionally during pulp chamber preparation. The
consequence of this complication is inflammation and destruc-
tion of the periodontal tissues. Therefore, it is essential to seal
the perforation to avoid tooth loss. Among different bioactive
materials, mineral trioxide aggregate (MTA) and Biodentine
(BD) ensure a favorable prognosis in therapeutic dental proce-
dures due to their healing properties.

INTRODUCTION

Currently, root canal therapy (RCT) is one of the most common
dental procedures performed not only by specialists but also by
general dentists [1]. However, as the number of endodontically
treated teeth increases, the incidence of complications increases.

During the preparation of the access pulp cavity, some fac-
tors may predispose to iatrogenic complications related to root
canal treatment or procedural errors [2]. One of these iatrogenic
complications is pulp chamber and root perforation. These
serious defects are associated with significantly poorer endo-
dontic treatment outcomes, especially when the development
of bacterial infection has occurred [3, 4, 5, 6]

Perforation has been defined by the American Association
of Endodontists in the Glossary of Endodontic Terms [7] as
a pathological connection between the root canal system and
the outer surface of the tooth. According to the literature, the
incidence of this complication ranges 0.6-17.6% [3, 4, 5, 8]. Epi-
demiological studies have shown that this iatrogenic injury
occurs most often during prosthetic treatment - insertion
of posts, rarely during endodontic procedures [4, 5, 9, 10, 11].

Perforation has been identified as one of the sources affect-
ing RCT results [12]. In 1996, Fuss and Trope proposed a classi-
fication of root perforations according to factors that affect the
prognosis of the tooth [4]. The prognosis of root perforation
depends on its size, location, and time of injury [3, 4, 6, 9, 11].

The time between the appearance of the defect and the appro-
priate treatment with sealing was found to be an important fac-
tor in healing [3, 4, 13]. The most favorable healing conditions
occurred when the injury was sealed immediately. The issue

Materials and methods: The present case series report
describes successful treatments of different sizes, locations,
and immediate and mediated perforations.

Results: Clinical and radiographic follow-up showed asymp-
tomatic teeth without discomfort, swelling, fistula, or radiolu-
cency in the furcal area.

Conclusion: Mineral trioxide aggregate and BD can be success-
fully used as a biocompatible material for the repair of furcal
and root canal perforations.
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canal treatment.

of perforation size has also been controversial. Small perfora-
tions are usually associated with less tissue loss and periodontal
inflammation, and healing is more predictable in these cases.

However, the most important factor is the location of the
injury, which may worsen the treatment prognosis. The con-
nection between the perforation and the gingival sulcus, the
oral cavity environment, is the most critical element. Fresh and
small perforations away from the gingival sulcus and located
coronal or apical to the crestal bone level usually have a good
prognosis if adequate sealing and RCT are provided. Injury
incidence in the furcation area of multirooted teeth is usu-
ally considered critical root perforation because the connec-
tion to the epithelial attachment and the gingival sulcus leads
to inflammatory reactions and causes impairment of the peri-
odontal tissues, resulting in tooth loss [3, 4, 5, 6].

Perforation can be pathological, as a result of caries, resorp-
tive process [14] or iatrogenic. latrogenic injury most often
occurs during or after RCT [5, 10, 11]. Some factors that make
access to the cavity difficult are related to root canal treat-
ment or procedural errors. The presence of pulp stones [15, 16],
calcifications, obliterations, incorrect positioning of the tooth
in an arch (tilting, rotation), prosthetic crown reconstruction,
and preparation for a post are the most common factors.

The treatment of perforations was made possible by the introduc-
tion of mineral trioxide aggregate (MTA) into dentistry in 1993 [17].
Initially, this calcium silicate cement was used as a retrograde root
canal filling. Before the widespread use of bioactive materials, vari-
ous dental materials such as amalgam [18, 19], zinc oxide eugenol
cement [19] or resin-modified glass ionomer cements [20] and resin
materials [21] were used to repair root perforations.

*This work was funded by grant No. 503/2-044-02/503-21-001-19 from the Medical University of Lodz.
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According to the literature [22, 23, 24], the clinical applica-
tions of bioactive endodontic cements (BEC) are apexification,
regenerative endodontic procedures, perforation repair, ret-
rograde and orthograde root canal filling, periodontal defects,
and treatment of root fractures [25].

The purpose of this case series report was to describe the
results of the treatment of fresh and old cases with different
sizes and locations of furcal and root canal perforations using
two bioactive materials, such as MTA and Biodentine (BD), in
molars and single canines.

MATERIALS AND METHODS

Patients diagnosed with perforation were referred to the endodon-
tic office. Written consent for RCT was obtained from all patients
at the first appointment. The diagnosis of perforation was con-
firmed by clinical and radiological examination. The teeth were
asymptomatic, and no periodontal defects were found on clinical
examination after probing the gingival sulcus. Radiographs showed
periapical radiolucency in all cases. Anesthesia was administered
with 4% articaine hydrochloride with adrenaline 1:100,000 100,000
(Citocartin 100, Molteni Stoma, Italy). After placement of the rubber
dam, the temporary filling was removed, and the pulp chamber was
irrigated with saline, dried with cotton pellets, and examined under
the operating microscope. Gates-Glidden drills (Dentsply Sirona,
Switzerland) were used to prepare the canal orifices. After deter-
mining the working length with an apex locator, the canals were
scored with manual stainless steel C+ files (Dentsply Sirona, Swit-
zerland). In cases with old perforations in which granulation tissue
was seen (Fig. 14), it was removed with low-speed extended rose
burrs, and a calcium hydroxide disinfectant dressing was applied
for1week due to infection (Fig. 1B). At the first visit, in cases with
fresh perforations, and during the second visit, in cases with old
perforations after protection canal orifices with gutta-percha cones,
MTA (Septodont, St. Maur-des-Fossés, France) or BD (DentsplyTulsa
Dental, Tulsa, OK, USA) was prepared and applied in accordance
with the manufacturer's instructions (Fig. 1C).

Further preparation and obturation of the root canals were
performed at the next appointment. In the cases described, all
canals were prepared with ProTaper Next rotary files (Dent-
sply Sirona, Switzerland) using the crown-down technique.
During treatment, 5.25% sodium hypochlorite was used as

TABLE 1. Evaluation of patients and perforations

an irrigant in all cases. Gutta-percha points were placed and
the canals were filled using the gutta-percha continuous wave
condensation method with SuperEndo a2 and SuperEndo (3
(B&L Biotech, USA) and AH Plus sealer (Dentsply Sirona, Swit-
zerland). The orifices of the canals and the pulp chamber were
secured with a flowable composite. The cavity was sealed with
atemporary filling. X-rays were taken immediately after RCT
and at 1-year follow-up (Fig. 2).

FIGURE 1. Photographs of maxillary left first molar with an old perforation
in the furcation area. A clinical view of the perforation with: (A) granulation
tissue, (B) calcium hydroxide dressing applied, and (C) Biodentine repair

FIGURE 2. Mandibular right first molar with a large furcal perforation:
(A) a preoperative radiograph shows a perforation in the pulp chamber,
(B) a clinical view of the perforation, (C) a radiograph of the perforation repair
with Biodentine and after root canal therapy, (D) a follow-up radiograph at
1year. The outcome was classified as healed

RESULTS

The evaluation of patients and perforation and injury repair
is shown in Table 1.

Case number Age Gender Tooth Position of perforation ~ Time of sealing  Size (mm) BEC Results

1 42 F 26 floor of pulp chamber old 2 MTA healed

2 38 M 26 floor of pulp chamber old 2 BD healing

3 27 F 46 floor of pulp chamber fresh 4 BD healed

4 48 F 36 floor of pulp chamber fresh 4 MTA healed

5 54 F 24 floor of pulp chamber old 1 BD healing

6 15 F 45 cervical third of root fresh 2 MTA healed

7 62 M 23 middle third of root old 2 MTA healing
BEC - bioactive endodontic cements; F - female; M — male; MTA — mineral trioxide aggregate; BD - Biodentine
Pomeranian J Life Sci 2024;70(2) 49
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During clinical and radiographic follow-up, the reported
cases presented asymptomatic teeth with no pathological
symptoms: discomfort, swelling, fistula, or radiolucency in
the furcal area. After 1 year of observation, healing of the lesion
in the periapical tissues was noted in 3 cases, and 4 cases were
successfully treated.

DISCUSSION

According to the literature [4, 5, 9, 10, 11], iatrogenic injuries
occur most frequently during post-placement (prosthetic treat-
ment) and slightly less frequently during endodontic proce-
dures. Similarly, in this report, all the cases presented were
iatrogenic injuries related to the preparation of the pulp cav-
ity access. In cases 3 and 4, very deep and excessive access
preparation was observed. Prosthetic crown reconstruction
was a causative factor in case 5, and incorrect positioning of
the teeth in an arch (tilting, rotation) in cases 6 and 7 were
possible causes of iatrogenic injury. Accidental perforation
of the pulp chamber floor may have serious implications for
the success of RCT. The subsequent laceration of the perio-
dontal tissue leads to the development of bacterial infection,
destruction of the periodontium, bone resorption, formation
of granulomatous tissue, and ultimately the development of
a periodontal defect [3, 4, 26].

An unrecognized and untreated perforation ultimately leads
to tooth extraction. Perforations can occur in any part of the
root canal system: pulp chamber, coronal, middle or apical
part of the root canal. A classification system of perforation
was presented in 1996 [4]. Based on the factors that influ-
ence the prognosis of the injury, such as time of repair, size,
and location of the perforation, an ideal treatment strategy
can be determined. Fuss and Trope emphasized that delayed
repair, large perforations, and location in the cervical region
of the tooth (connection to the gingival sulcus or crestal bone)
reduce the chance of successful repair treatment [4]. In this
study, fresh and old perforations of various sizes and loca-
tions were presented.

The presented sample size of 7 teeth was larger than in pre-
viously published studies (2-4 teeth) [27, 28] and smaller than
in others (16-970 teeth) [29, 30, 31, 32, 33, 34, 35, 36]. Similarly,
other studies [27, 29, 30, 31, 32, 33, 34, 35] have described the
treatment of pulp chamber floor and root perforation cases
using an orthograde approach to the injury in this investigation.

In this study, the outcome of root canal perforation repair
with MTA and BD was evaluated. There are some discrepan-
cies among scientists regarding the influence of preoperative
factors on the treatment prognosis of perforated teeth. These
factors include group of teeth (anterior, posterior), location
(maxilla, mandible), injury prior to RCT, size of perforation,
time elapsed between injury and intervention, and of course
the type of agent used to close the perforation defect. Previ-
ous studies [29, 30, 33, 34, 36] reported that the tooth group
was not a prognostic factor for perforation healing, which was
consistent with this study. It was suggested that the location
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of the affected tooth influenced the treatment outcome. In
arecent study [34], after 14 years of observation, all anterior
teeth with perforations healed, whereas premolar and molar
defects did not heal in all cases, although the difference was not
statistically significant. Interestingly, it was also concluded that
root perforations in the maxilla had a higher success rate [37].

Considering the size of the perforation, researchers [29, 30,
32, 34] concluded that over a long period of observation (4 years
and more), the healing rate of larger perforations (size >3 mm)
was lower than that of smaller sizes, but this was not statisti-
cally significant. The location of the perforation was identified
by Pontius et al. [32] as a prognostic factor influencing heal-
ing, in contrast to other studies [36]. In the cited study [32], all
failures were cases with perforations at or near the level of
the bony crest, which may be related to the proximity of the
epithelial attachment and the increased likelihood of bacte-
rial contamination.

According to the literature [3, 4, 13], the time elapsing
between the appearance of the perforation and the time of
repair sealing has been found to be an important factor in
healing. The best conditions for healing occur when the injury
is sealed immediately. Marques et al. presented good results
in a case report of immediate and delayed treatment of furcal
perforations in primary molars [28]. In this study, the time of
sealing the defect was different in the reported cases. In 4 cases,
the defect was infected and ingrown granulation tissue was
observed. In 3 cases, the perforation was fresh. Early sealing
of the defect could prevent bacterial growth and inflamma-
tion of the periodontium, thereby improving the healing pro-
cess of the periodontal tissues. This is particularly important
in perforations of the furcal area due to its proximity to the
oral environment.

In this study, in cases of fresh perforation, the defect was
immediately sealed, in contrast to cases of old perforation
where additional disinfection with calcium hydroxide dress-
ing was required. This was in agreement with some previous
studies [29, 30, 33, 34, 37] and in contrast to others [38]. Mente
etal. applied a mixture of calcium hydroxide powder and chlo-
rhexidine solution to the perforated area and root canals for
several days in cases where bleeding from the defect would
have contaminated the perforated area [29, 30]. However, in
other studies [33, 34], calcium hydroxide was used only to con-
trol bleeding and MTA was applied immediately a few minutes
after its application. Similar to this study, Alves de Melo et al.
used calcium hydroxide to neutralize the inflammatory pro-
cess before MTA insertion [37].

Recently, when BECs were introduced in endodontics, some
discrepancies appeared among studies regarding the prognosis
of perforated teeth [39, 40, 41]. Most authors concluded that the
size of the perforation did not affect the success of the treat-
ment [29, 30, 32, 36], which is consistent with this report, where
defects of different sizes were effectively treated and in contrast
to others [33, 34]. Bioactive endodontic cements, due to their
advantages related to their physicochemical and biological prop-
erties similar to dentin and high compressive strength [23, 41, 42],
demonstrate great sealing ability and biocompatibility [10, 43].
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Krupp et al. investigated the success rate after using MTA
to repair root perforations. The authors identified the lesion
adjacent to the perforation site as a prognostic factor for heal-
ing. According to the cited study, a minimum period of time
that seems to be sufficient to evaluate treatment outcome is
1year [36], which is in agreement with this and other stud-
ies [44], but is in contrast to others that show 24 months of
observation or more [27, 28, 29, 30, 33, 34, 45, 46, 47]. In a 14-year
longitudinal study with up to 8 years of follow-up, a very low
initial failure rate was observed, but after this period of fol-
low-up, a significant increase in failure rates was found [34].
According to the literature, the healing rate after perforation
repair ranges 69.8-93% [29, 30, 32, 34, 36, 40].

As in previously published case reports [45, 47], no radiolu-
cency in the furcal area was observed in this study.

The use of a matrix barrier has long been controversial.
There is still no consensus on the use of matrix barrier under
BECs in perforation repair. According to the literature, a num-
ber of different barriers have been proposed, such as calcium
sulfate [32, 48], collagen [32, 36, 49] or platelet-rich fibrin
matrix [45, 50].

Several studies have investigated whether there are differ-
ences in healing outcomes between repair procedures with or
without the barrier [48, 51, 52, 53]. Interestingly, Aladimi con-
cluded that calcium sulfate under MTA gave the best results
for repair of inadvertent furcation perforation [48]. Contrast-
ing data were presented in an earlier study where MTA alone
showed a better healing response-than with calcium sulfate [52].

In this report, the treatment protocol of BEC application
was similar to that reported previously [29, 30, 32, 37, 38, 44,
47, 54], where no matrix placement in the perforation defect
was used prior to MTA and BD insertion. Other studies [48, 49,
51, 52] contradict this methodology by using repair materials
with or without calcium sulfate.

Aladimi concluded that MTA with calcium sulfate or MTA
alone showed more bone and cementum apposition and less
bone resorption, epithelial proliferation, and inflammation
compared to nanofilled resin-modified glass ionomer [48].
In other studies [45, 50], platelet-rich fibrin was used as an
external matrix to prevent BD extrusion during the treatment
of open apex, furcal perforation, and horizontal root fracture.
The results of the cited study demonstrated remarkable heal-
ing and were followed for 2-3 years.

Interestingly, other papers [32, 53] reported that a resorb-
able matrix such as collagen or calcium sulfate was used only
for large perforations. In addition, another study [9] reported
that extrusion of the repaired material into the periodontal tis-
sues may decrease the results of perforation treatment, which
is in agreement with this research, where in the case of extru-
sion of MTA in tooth 23, after 1 year of observation, the healing
process was in progress but still not completed.

In a previously published systematic review [55], it was
concluded that MTA, since its introduction to the market in the
1990s, has the most biocompatible and predictable behavior,
but BD also had favorable results, and there should be more
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clinical research comparing these materials to assess which
one should be the “gold standard” for dental practitioners.

With over 30 years of use in endodontics, MTA is the most
studied hydraulic calcium silicate cement to date. As a result,
MTA is now considered the “gold standard” for perforation
repair. With the introduction of biocompatible materials to seal
the perforation, the prevention of bacterial leakage has become
more predictable and successful [3, 9, 10, 11, 23, 26, 41, 43, 56],
which was consistent with this report.

Biodentine was introduced to the dental market in 2009. It
is a 2-component material. The powder consists of tricalcium
silicate, dicalcium silicate, calcium carbonate, and zirconium
dioxide as contrast. The liquid component consists of calcium
chloride (setting accelerator) water reducing agent in aque-
ous solution with a polycarboxylate additive. According to the
manufacturer’s instructions, the setting time after placing the
BD on the defect site is 12 min, and RCT should be performed
at the next visit according to current recommendations.

According to Buta et al,, after mixing the material, the first
setting phase lasts 15 min and the second phase, which the cited
authors call “maturation”, lasts 120 min. The authors stated
that it is advisable to divide the endodontic treatment with BD
into 2 separate visits [57]. Similarly, in this report, the sealing
of the pulp chamber perforation was performed in two visits.
On the first visit, cases 2, 3, and 5 were sealed with BD and
on the next visit, the RCT was completed.

Interestingly, in vitro and in vivo studies published in
2023 [58], the authors concluded that the nanoparticle size
distribution of BD is crucial for the osteogenic potential at an
earlier stage of setting compared to MTA.

Case reports of the treatment of furcation perforation with MTA
in primary molars [28, 59] and permanent teeth [29, 30, 31,32, 36,37,
56, 60] have been reported in the literature. Previously published
studies have evaluated the immunoinflammatory response and
bone formation in the sealing of furcation perforations in rat [61,
62] and canine molars [54, 63] after repair with BD and MTA.

The results of da Fonseca et al. indicate the role of BD and
MTA in exerting an immuno-inflammatory response that favors
the regression of the inflammatory response and the formation
of periodontium structural components such as collagen fib-
ers and bone matrix [61]. In previous studies [30, 31, 32, 36, 37],
based on the results of clinical research, scientists concluded
that MTA provides effective sealing of root perforations and
can improve the prognosis of perforated teeth.

In another in vivo study [63], histopathological analysis of tis-
sue responses after sealing furcation perforations in canine teeth
with BD and MTA was evaluated. The results showed no signifi-
cant difference in the formation of mineralized tissue and partial
reinsertion of collagen fibers between BD and MTA, but according
to the scientists, only MTA induced the expression of proteins asso-
ciated with the formation of cementum-like mineralized tissue.

Similar to earlier results [64], MTA and BD after sealing
furcation perforations in canine teeth showed a higher fre-
quency of complete sealing, newly formed mineralized tissue
had greater thickness and area after MTA placement than after
using BD [63, 64]. In addition, BD had positive histopathological
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results and can be considered an adequate repair material for
furcation perforation [64].

Tissue responses after furcation perforation in rat teeth
after immediate sealing with these BECs have been evaluated
by others. Researchers reported that BD and MTA promoted
appropriate periradicular tissue responses, with a milder
inflammatory response, less bone resorption than the posi-
tive control, and cementum repair after sealing furcation per-
foration [62]. Interestingly, according to the systematic review
of the literature, repair of furcation perforation with BD has
a better outcome compared to MTA [39].

One of the animal studies compared the histological responses,
radiographic and micro-computed tomographic results after
repair of furcation perforation with BD and MTA in canine
teeth [65]. Cited scientists obtained equivalent radiographic
response with similar hard tissue resorption and repair for
tasted BECs, but the group with BD showed significantly less
inflammation, lower volume of extruded material after sealing,
and higher cement repair than in the MTA group. Previously
mentioned authors [65] concluded that after furcal perforation
repair in canine teeth, BD showed biocompatibility, and allowed
the formation of mineralized tissue with similar morphology and
integrity, but cement formation was greater than in MTA group.

In a study comparing MTA and BD used in the treatment
of pulp chamber floor perforation in extracted mandibular
molars, the push-out bond strength of BECs increased with
increasing setting time [49]. The push-out bond strength of
MTA and BD in non-blood contaminated specimens was simi-
lar. Blood contamination of perforations repaired with BD did
not affect the push-out bond strength. Different results were
observed in perforations repaired with MTA in blood-contam-
inated specimens, with blood contamination affecting MTA
specimens with a setting time of 7 days. This was confirmed
in a systematic review and meta-analysis of in vitro studies
published in 2022 [66].

The push-out bond strength of calcium silicate-based cements
has also been tested after the application of a calcium hydroxide
dressing [67, 68, 69]. Nagas et al. claimed that BD had a higher bond
strength to root canal dentin than MTA. The results of the cited
study [67] indicated that the placement of calcium hydroxide as an
intracanal medication increased the resistance to dislodgement
of both calcium silicate cements. Contrasting data have been pre-
sented [68, 69]. Alsubait et al. concluded that Ca(OH), promoted
lower bond strength of MTA to root dentin [68], which was in con-
trast to another study [69] where scientists found no influence
on the dislodgement resistance of MTA to root dentin. In this case
report, calcium hydroxide was used as an intracanal medication
(in all cases) and as a perforation dressing (old perforation cases),
and it did not diminish the treatment results.

The evaluation of the sealing capacity of MTA and BD for
the repair of furcation perforations has been evaluated by oth-
ers [49, 70]. An in vitro study by Das et al. evaluated the sealing
ability of 3 BECs and showed that BD manifested a better seal-
ing capacity than EndoSequence and MTA Angelus. The cited
authors concluded that BD can be considered as an agent for
the repair of furcal perforation [70].
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Considering the influence of different endodontic irrigants
on the push-out bond strength of BD and MTA, Guneser et al.
concluded that BD showed significantly higher push-out bond
strength than MTA after exposure to different endodontic irri-
gants [71]. This was in contrast to a later published study [68]
in which the push-out bond strength of MTA increased signifi-
cantly after exposure to 2.5% NaOCl in the early setting phase,
while that of BD decreased significantly.

Several studies have investigated the discoloration of den-
tal tissues after the placement of different calcium silicate-
based cements in the pulp chamber [22, 72, 73]. Interestingly, BD
showed less tooth discoloration than MTA. In this study, neither
material had any effect on the color change of the treated tooth.
This may be related to the placement of MTA in the defect of
the pulp chamber floor, which is clinically below the gingival
margin and was not seen in these cases.

It should be emphasized that dealing with pulp chamber
perforation is a great challenge for the dentist. It is also worth
noting that the correct practice of clinicians is to refer such
difficult cases to a specialist. The use of new technologies and
equipment, knowledge of the anatomy of the root canal system,
and patience of the endodontist are the keys to success in the
treatment of perforated teeth. Proper preparation of the root
canal system helps to avoid further iatrogenic complications
and to preserve the patient’s natural teeth.

CONCLUSION

The bioactive materials used in this report promote favorable
conditions for regeneration and have been successfully used
for pulp chamber floor and root canal perforation repair. Bio-
dentine and MTA can be considered biocompatible materials
for the repair of root canal perforations regardless of the size
of the injury and the time of intervention.
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