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Abstract 

Background:  The present study aims to evaluate the effectiveness of mineral trioxide aggregate (MTA) application in 
treating dens evaginatus affected teeth with apical lesions and open apices using haemostatic collagen membrane to 
prevent the apical extrusion of MTA.

Methods:  Twelve patients with 14 dens evaginatus affected teeth with apical lesions and open apices were treated 
with MTA apical plug and haemostatic collagen membrane. Clinical symptoms of subjective pain, pain of palpation, 
percussion, sinus tract, and the apical lesions’ radiographic parameter were recorded at every 3-month interval up to 
9 months after treatment. Paired t-test or Wilcoxon signed-rank test was used for statistical analysis with P < 0.05 as the 
threshold for considering results to be statistically significant.

Results:  No patient experienced clinical symptoms 3 months after endodontic treatment. In addition, there was 
a significant difference in the dimensions of the apical lesions’ before compared to 3 months after endodontic 
treatment.

Conclusions:  The combination of MTA apical plug and haemostatic collagen membrane effectively treated dens 
evaginatus affected teeth with apical lesions, and open apices.
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Background
Dens evaginatus is an uncommon anomaly on the 
occlusal central groove or lingual ridge of the buccal 
cusp of the posterior tooth [1]. These developmental 
aberrations or occlusal supernumerary cusps have many 
description terminologies, such as tubercle, excrescence, 
protuberance, and bulge; they project on the neigh-
bouring enamel structure, including the dentinal core 
and pulp horn as well [2]. With a high occurrence rate 
(0.5–4.3%) in Asians [3], this abnormal cusp has become 
a special feature of the Asian populations and gets criti-
cal clinical significance versus the Carabelli cusp without 

pulp in the Caucasian population [2]. Pulp vitality con-
servative procedures for this unnatural entity include 
gradually decreasing the cusp height and all oppos-
ing occlusal interferences or composite build-up sur-
rounding the cusp until the pulpal recession occurs [1]. 
Because of the considerable height of the dens evaginatus 
tubercle on the occlusal surface, malocclusion is inevita-
ble in these cases. Caries has not been considered as the 
main aetiology of the pulpal diseases for this entity, but 
occlusal interferences are suggested as the main reason 
resulting in pulp exposure because of a broken-down 
cusp or worn dentin layer [2], periapical periodontitis, 
and further changes in periodontal connective tissue [4]. 
The most critical issue is the early recognition and well-
timed management of the situation whenever the affected 
tooth erupts into the position to prevent further pathol-
ogy [2]. In contrast to the tooth with a mature apex, 
which can be treated with the normal procedure without 
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special requirements, a tooth with an immature apex or 
open apex, especially with a periapical component, can 
only be managed with time-consuming, difficult, dis-
tinctive, and complicated therapy to conserve the tooth. 
One of the most historical and longest procedures for 
this situation is apexification with Ca(OH)2 paste place-
ment into the canal to induce the formation of a calcific 
barrier at the apex of the root [5]. Along with the draw-
back of prolonged therapy, apexification with Ca(OH)2 
induces weakness of the root and tooth structure with 
a reduction in fracture strength, i.e. by about one half 
after one year of investigation [6]. Chemical or thermal 
gutta-percha techniques for apical third obturation have 
proved ineffective; moreover, these are sensitive tech-
niques and require certain difficult conditions [7]. With 
the advancements of material technology, introducing 
calcium silicate-based cement promises a better clinical 
outcome for the open apex situation with a brief clinical 
procedure [7]. Possessing good biological and physico-
chemical properties, mineral trioxide aggregate (MTA) 
is advocated as a promising material for this complicated 
procedure although it presents some shortcomings such 
as a long setting time, specific moisture in the environ-
ment during setting, and the potential inflammatory 
induction if accidentally pushed into the apical region 
[7]. In order to prevent the apical extrusion of MTA, an 
additional apical membrane with collagen has been advo-
cated, prior to the insertion of MTA into the apical third 
of the root canal [8, 9]. However, high expense and dif-
ficult manipulation are two major drawbacks in the appli-
cation collagen membranes for the apical extrusion of 
MTA. A valuable alternative to the collagen membrane 
is a collagen sponge with low cost and easy manipulation 
[7]. The present study aims to evaluate the effectiveness 
of MTA application in treating dens evaginatus affected 
teeth with apical lesions and open apices using haemo-
static collagen membrane to prevent the apical extrusion 
of MTA.

Materials and methods
This study was approved by the Research Ethics Commit-
tee of the University of Medicine and Pharmacy at Ho Chi 
Minh City, Viet Nam, with the approval number of 195/
ĐHYD-HĐĐĐ. Informed consent was obtained from 
parents of all participants, or participant herself, and all 
methods were performed in accordance with the relevant 
guidelines and regulations. Informed consent was also 
obtained from all subjects and/or their legal guardian(s) 
for the publication of identifying information/images in 
an online open-access publication. The sample size cal-
culation was performed using G*Power version 3.1.9.6 
(Universität Kiel, Germany) with the effect size of 0.85, 
alpha = 0.1, and power of 0.9, resulting in a sample size of 

14 teeth. The Wilcoxon signed-rank test (matched pairs) 
in the t-test family was used for the reduction of the peri-
apical lesion dimension before and after endodontic ther-
apy. Mandibular premolars with dens evaginatus were 
selected for the present study with one root canal tooth, 
diagnostic of symptomatic or asymptomatic apical peri-
odontitis, periapical lesion, and open apex. The exclusion 
criteria included orofacial chronic pain such as migraine, 
temporomandibular pain, sinusitis, and trigeminal neu-
ralgia. Teeth that were unrestorable, with an unfavour-
able crown-to-root ratio, or cracked were also excluded 
from the study. The recruitment of patients was per-
formed at the Department of Operative Dentistry and 
Endodontics, National Hospital of Odonto-Stomatology, 
Ho Chi Minh City, Viet Nam, from May 2019 to Decem-
ber 2020.

All root canal procedures were performed by the 
same endodontist with the same standard procedure. 
For the first appointment, after the administrative 
procedure was completed, a silicone bite registration 
impression was established to expose the first digi-
tal long cone periapical radiograph using the X-Mind 
unit and the phosphor plate (Satelec, Acteon Group, 
France) with a 16-inch position device (Figs.  1 and 2). 
Local anaesthesia was delivered using 2% lidocaine 
(Lignospan standard, Septodont, France), following 
by rubber dam isolation (Ash Rubber Dam, Dentsply 
Sirona, Switzerland). After this stage, a dental operat-
ing microscope (Opmi Proergo, Zeiss, Germany) was 
used for the entire endodontic procedure. An access 
cavity was prepared using an Endo-Z and Martin bur 
(Dentsply Sirona, Maillefer, Switzerland), with copious 
sterile water spray. The working length then was deter-
mined by a combination of the electronic apex locator 
(ProPex II, Dentsply Sirona, Maillefer, Switzerland) 

Fig. 1  Individual bite registration impression in the 16-inch position 
device
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and the periapical digital radiograph. The root canal 
was prepared to 2  mm short of the root canal length 
using K-files (Dentsply Sirona, Maillefer, Switzer-
land) with gentle, circumferential instrumentation, 
and copious irrigation with 3% sodium hypochlorite 
(Canal Pro, Coltene Whaledent, Altstätten, Switzer-
land) using a Max-i-Probe irrigation needle (Dentsply 
Sirona, Maillefer, Switzerland). The endodontic prepa-
ration was performed with the aim of maximum con-
tent cleaning and minimal dentin removal. The root 
canal was finally irrigated using sterile saline solution 
and dried with sterile paper points. Calcium hydrox-
ide paste (Endo Cal, Septodont, France) was extruded 
from the syringe into the root canal and gently con-
densed using an appropriate plugger (Dentsply Sirona, 
Maillefer, Switzerland), ensuring the paste was filled 
up from the apical end to the cemento-enamel junc-
tion. The access cavity was then temporarily filled using 
Cavit (GC, Tokyo, Japan) with an underlying cotton 
pellet. The second appointment was set for 7 days after 
the first one. The canal content was cleaned with a file 
and sodium hypochlorite irrigation after removal of 
the temporary filling, dried with sterile paper points, 
and prepared for the apical plug procedure. Resorbable 
haemostatic collagen (Hemo-Klee, Medical Biomate-
rial Products GmbH, Germany) was adjusted, inserted, 
and gently condensed into the apical apex region with 
an appropriate plugger (Fig. 3). Under the microscope, 
the pieces of cut collagen membrane were condensed 
incrementally through the canal into the periapical 
area using the proper condenser until a firm barrier 
was established at the apex of the root. The procedure 
was performed rapidly and easily because of the wid-
ening of the apical portion of the root. The position 
and the texture of the collagen barrier were checked 

for stability with the plugger under the microscope 
and additional layers of collagen could be further con-
densed into place if needed (Fig. 4). White MTA (Pro-
Root MTA, Dentsply Sirona, Tulsa Dental Specialties, 
Oklahoma, USA) was prepared according to the manu-
facturer’s instructions and placed in the apical region, 
reaching a depth of 5  mm using the MTA carrier and 
appropriate plugger (Fig.  5). A digital radiograph was 
captured to ensure that the procedure had been per-
formed appropriately. With a moistened cotton pel-
let on the top of the MTA apical plug, and another dry 
one for the remainder of the canal, the access cavity 
was temporarily filled with Cavit for another four days 
before the third appointment. At this appointment, the 
hardness of the coronal MTA surface was probed with 
a plugger after removal of the temporary Cavit and cot-
ton pellets. The remaining canal space was obturated 
with thermoplastic gutta-percha (EQV, Meta Biomed, 
Korea) and AH Plus sealer (Dentsply Sirona, Maillefer, 
Switzerland), and the access cavity was filled up with 
composite (GC, Tokyo, Japan) and a liner of glass iono-
mer (GC, Tokyo, Japan) after ensuring the obturation 
quality with a digital radiograph. Periodical clinical and 
radiographical examinations (using the individual bite 
registration impression ensuring the same position of 
tooth before and after procedure) were performed with 
3-month intervals for the follow-up period of 9 months 
(Fig. 6). Clinical symptoms included postoperative pain 
and analgesic consumption, pain on palpation or per-
cussion, and sinus tract. Clinical failure was recorded 
whenever there were any of the above clinical symp-
toms. Radiographic parameters provided the periapical 
lesion dimension. This dimension was determined as 
the largest width of the segment from the two intersec-
tions between the lesion circumferential and line drawn 
perpendicular to the root axis (Figs.  7 and 8). Radio-
graphic success was established whenever there was a 
reduction in the periapical lesion dimension. The con-
tinued formation of the root apex was also recorded. 
All evaluations were performed by the same endodon-
tist with the Kappa (for clinical findings), or Intra-Class 
Correlation (for radiographic parameters) coefficients 
used to assess intra-examiner agreement. Statistical 
analysis was performed using MedCalc Statistical Soft-
ware version 19 (MedCalc Software, Ostend, Belgium) 
with a significance level of p < 0.05. Data were first 
tested for normality by the Shapiro–Wilk test to use the 
paired t-test. If the data were not normally distributed, 
the data were analysed using the Wilcoxon signed-rank 
test. The correlations among the variables such as age, 
sex, lesion dimensions at different times, and continued 
root development were performed using the Pearson 
correlation test.

Fig. 2  Bite registration in place on the clinical setting



Page 4 of 9Van Pham and Tran ﻿BMC Oral Health          (2021) 21:566 

Results
There were 12 patients included in the study. The young-
est patient was 9-years-old, and the oldest patient was 
22-years-old with seven males and five females. There 
was one patient with three teeth with dens evaginatus 
in the present study. All teeth in the present study were 
lower premolars.

The Kappa value was higher than 0.96 and the ICC 
indices were greater than 0.9, indicating that the intra-
examiner agreement was high.

The results of clinical findings of the subjects are dis-
played in Table  1. There were no clinical symptoms in 
the subjects at all experimental intervals. All symptoms 
ceased completely after 3 months of treatment.

The periapical lesion dimensions and its changes are 
displayed in Table 2. There was a statistically significant 
reduction in the dimension at even the first 3-month 
interval. The mean reduction was approximately 3.5 mm 
after 9 months.

The Pearson correlation coefficients among age, sex, 
and lesion dimensions at different examined time points 
(before treatment, then at 1, 2, 3, 6, and 9 months after 
treatment) are displayed in Table  3. There were signifi-
cant correlations between the lesion dimensions before 
treatment and at 1, 2, and 3 months after treatment. 
There were also significant correlations between the 
lesion dimensions at 3, 6, and 9 months after treatment.

Discussion
The results of the present study show that there were 
no clinical symptoms 3 months after endodontic treat-
ment in all cases. The apical lesion dimensions were sig-
nificantly reduced in the second month, after apical plug 
creation with MTA treatment. There were high correla-
tions among periapical lesion dimensions at different 
time points. The results reveal that the lesion dimensions 
reduced quickly each month after the second month at a 
high rate.

Fig. 3  Hemostatic collagen Hemo-Klee
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The pain symptoms disappeared 3 months after endo-
dontic therapy in the present study. This result agrees 
with that of previous studies [8, 10–13]. The results of the 
present study differ from previous studies [14, 15] in that 

there were one or two cases with pain symptoms after the 
last appointment. Swelling had ceased completely after 
the last appointment in the present study, in agreement 
with others [10–13]. However, this result disagrees with 
that of a German study [14].

The clinical examination result revealed that, in the 
first month after therapy, over 95% of cases could be con-
firmed as successful without any clinical symptoms, and 
3 months after treatment, the success rate was 100% in 
the present study. This result agrees with that of previous 
studies [10, 12] with the same 100% successful clinical 
outcome. The results of the present study are better than 
those of longer studies [16, 17], with one and two years of 
follow-up, respectively.

The results of apical lesion healing on the periapical 
digital radiograph in the present study agrees with those 
of a previous study [14]. The apical lesion reduction 
level of 3.5 mm after 9 months of follow-up in the pre-
sent study was a little lower than that the 4 mm observed 
after 33 months of follow-up in a previous study [14]. At 
the 6-month follow-up appointment, nearly half of cases 
were completely healed and at the end of the 9-month 
follow-up period, two thirds of cases were completely 
healed. These results are similar to those of previ-
ous studies [13, 18]. The present results are better than 
those of previous study [8] but not as good as another 
study [15], although the present study did disclose the 
before-treatment apical lesion dimensions. There was 
no increase in the apical lesion dimension in all cases 
in the present study, which agrees with the results of a 
previous study [8], and differs from others [18, 19]. The 
difference among the studies might be due to the utili-
sation of biocompatible collagen as a barrier before the 
insertion of MTA into the apical region; in this study, 

Fig. 4  Collagen sponge in placement at the apical region of the root 
canal

Fig. 5  ProRoot MTA (Dental Tulsa Specialties, Tulsa, Oklahoma, USA)

Fig. 6  Radiography of the second premolar after 3 months of 
treatment
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we used resorbable haemostatic collagen. The collagen 
barrier used as a membrane prevented the extrusion of 
MTA into the periapical region, which could irritate the 

periapical tissue [20, 21]. Collagen membranes are com-
monly used in periodontology and recently, with apical 
plug creation, have provided promising results in the 
healing of periapical lesions [7].

MTA apexification does not contribute to fracture 
resistance despite saving time in the procedure [22]. A 
non-vital immature tooth becomes more susceptible 
to fracture because of the thin dentinal walls [23, 24]. 
MTA apexification is an alternative to the regenera-
tive endodontic therapy option [11]. The stage of root 

Fig. 7  Visiodent software interface for measurements of apical lesion dimension

Fig. 8  Measurement of apical lesion dimension at closer look

Table 1  Periodical clinical findings of the subjects

Clinical findings 3 months 6 months 9 months

Postoperative pain 0 0 0

Pain of palpation 0 0 0

Pain of percussion 0 0 0

Sinus tract 0 0 0
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development is a very important factor in the restor-
able capability and the survival of the tooth, especially 
with an apexification procedure [24, 25].

The bite registration index was introduced in a previ-
ous study for one or multiple visits in endodontics [26]. 
Along with the measurement of the largest diameter of 
the periapical lesion, the bite registration index helps to 
search for the correct previous position of the sensor 
and the long cone of the X-ray machine for a reliable 
measurement of the dimensions for comparison of the 
results after periodic intervals. This manipulation was 
simple, easy, and fast in the clinical setting and can be 
used for further investigations in endodontic therapy. 
Regarding the measurement of the periapical lesion 

dimension, one study used the technique of direct 
measurement on the magnified periapical radiograph 
using an eyepiece graticule [8], while another did not 
provided detailed descriptions [14]. The present study 
used the integrated software from the manufacturer to 
measure all dimensions with reliable and highly accu-
rate results.

The silicone impression for standardizing the position 
of the tooth versus the long cone of the X-ray machine 
was helpful in measurement of the dimensions for eval-
uation of apical lesion modifications. This bite registra-
tion index was introduced by the previous study for one 
or multiple visits in endodontics [26]. This manipula-
tion was simple, easy, and fast in clinical setting and 

Table 2  Periodical radiographical parameter of the subjects (Mean ± Standard Deviation – mm)

*,† P < 0.05: significantly statistical differences

*Paired t-test
† Wilcoxon signed rank test

Radiographic parameters Before treatment 3 months 6 months 9 months

Dimension 3.89 ± 0.97 2.06 ± 1.06 0.93 ± 1.21 0.42 ± 0.74

Mean of reduction N/A 1.82 3.01 3.50

P values  < 0.0001*

0.0001†

0.0001†

Table 3  The Pearson correlations among variables

PC Pearson Correlation, Sig. Significant 2-tailed, CDR Continue Development Root, T0 Lesion dimension before treatment, T1 Lesion dimension after 1 month, T2 
Lesion dimension after 2 months, T3 Lesion dimension after 3 months, T6 Lesion dimension after 6 months, T9 Lesion dimension after 9 months

*Correlation is significant at the 0.01 level (2-tailed)

Age Sex T0 T1 T2 T3 T6 T9 CDR

Age PC 1 .326 − .114 − .069 .000 .091 .118 .107 − .110

Sig .255 .698 .814 1.000 .757 .688 .715 .709

Sex PC .326 1 − .445 − .435 − .321 − .157 − .007 − .072 .174

Sig .255 .111 .120 .263 .592 .982 .807 .552

T0 PC − .114 − .445 1 .973* .801* .708* .429 .430 − .427

Sig .698 .111 .000 .001 .005 .126 .125 .128

T1 PC − .069 − .435 .973* 1 .817* .757* .465 .437 − .490

Sig .814 .120 .000 .000 .002 .094 .119 .075

T2 PC .000 − .321 .801* .817* 1 .860* .719* .663* − .190

Sig 1.000 .263 .001 .000 .000 .004 .010 .514

T3 PC .091 − .157 .708* .757* .860* 1 .898* .766* − .490

Sig .757 .592 .005 .002 .000 .000 .001 .075

T6 PC .118 − .007 .429 .465 .719* .898* 1 .895* − .417

Sig .688 .982 .126 .094 .004 .000 .000 .138

T9 PC .107 − .072 .430 .437 .663* .766* .895* 1 − .303

Sig .715 .807 .125 .119 .010 .001 .000 .292

CDR PC − .110 .174 − .427 − .490 − .190 − .490 − .417 − .303 1

Sig .709 .552 .128 .075 .514 .075 .138 .292
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proved that it can be served for further investigations 
in the endodontic therapy.

The haemostatic collagen membrane used in the pre-
sent study has many advantageous properties, as it is 
pliable, condensable, absorbable, and easy to manipu-
late. Either in the wet or dry situation, this material 
has superior tear resistance, facilitating the formation 
of many layers of collagen membrane that fully fill the 
periapical bone loss region. Although the collagen 
membrane has been used commonly in previous stud-
ies, this material is continuously improved for easier 
manipulation, multipurpose use, and affordability [7, 9, 
22].

The membrane used in our study was not basically 
different from other membranes [7, 9]. However, this 
haemostatic collagen membrane is common and has a 
reasonable cost when compared with the others on the 
market. Availability and affordability are two advan-
tages of this haemostatic collagen membrane. Up to 
now, there have been several studies using different 
haemostatic collagen membranes [7, 9, 11], mainly on 
the incisors, with very few cases on the premolars [7], 
and these are only case reports. There is one study on 
the premolar, using a triple antibiotic paste without col-
lagen membranes [27]. There was only one premolar in 
each study on apexification using an MTA apical plug 
[14, 15].

With the support of the operating dental micro-
scope, the insertion of the resorbable haemostatic col-
lagen was performed with predictable, safe, and precise 
manipulation, ensuring the safety, facilitation, and agil-
ity of the following MTA placement into the apical seg-
ment of the root canal. In the present study, all MTA 
placement procedures were performed only once and 
successfully passed the following digital X-ray check 
step with the operator’s handling under the dental 
microscope.

One of the major drawbacks of the present study was 
the small sample size, although it was calculated in the 
Methods section. This limitation is common in contem-
porary studies because of the rareness of this condition. 
Another disadvantage of the present study was the con-
fined ethical issues, resulting in the examination on X-ray 
using only the periapical radiograph rather than cone-
beam computed tomography (CBCT). The high level of 
radiation exposure was the main reason for not scanning 
the periapical lesion by CBCT. The follow-up period was 
rather short, only 9 months, for the all-aspect evaluation 
of the procedure’s clinical outcomes and radiographic 
results. Further investigation with a larger sample size, 
longer follow-up period, and using CBCT should be 
performed to obtain strong evidence supporting this 
procedure.

Conclusion
The combination of MTA apical plug and haemostatic 
collagen membrane effectively treated dens evaginatus 
affected teeth with apical lesions, and open apices.
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computed tomography.

Acknowledgements
Not applicable

Authors’ contributions
KVP designed, conceived, wrote, reviewed, and approved the manuscript. 
TAT performed, data collected, reviewed, and approved the manuscript. All 
authors have read and approved the manuscript.

Funding
There was no funding for this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Research Ethics Committee of the University 
of Medicine and Pharmacy at Ho Chi Minh City, Viet Nam, with the approval 
number of 195/ĐHYD-HĐĐĐ, the informed consent was obtained from par-
ents of all participants, or participant herself, and all methods were performed 
in accordance with the relevant guidelines and regulations.

Consent to publication
Informed consent had been obtained from all subjects and/or their legal 
guardian(s) for publication of identifying information/images in an online 
open-access publication.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Operative Dentistry and Endodontics, Faculty 
of Odonto‑Stomatology, University of Medicine and Pharmacy at Ho Chi Minh 
City, Ho Chi Minh City 700000, Vietnam. 2 Department of Operative Dentistry 
and Endodontics, National Hospital of Odonto-Stomatology, Ho Chi Minh City, 
Vietnam. 

Received: 30 July 2021   Accepted: 20 October 2021

References
	1.	 Neville BW, Damm DD, Allen CM, Chi AC. 2. Pathology of teeth. In: Neville 

BW, Damm DD, Allen CM, Chi AC, editors. Color atlas of oral and maxil-
lofacial diseases. Philadelphia: Elsevier; 2019. p. 41–78.

	2.	 Levitan ME, Himel VT. Dens evaginatus: literature review, pathophysiol-
ogy, and comprehensive treatment regimen. J Endod. 2006;32(1):1–9.

	3.	 Kocsis G, Marcsik A, Kókai E, Kocsis K. Supernumerary occlusal cusps on 
permanent human teeth. Acta Biol Szeged. 2002;461:1–271.

	4.	 Sumer AP, Zengin AZ. An unusual presentation of talon cusp: a case 
report. Br Dent J. 2005;199(7):429–30.

	5.	 Frank AL. Therapy for the divergent pulpless tooth by continued apical 
formation. J Am Dent Assoc. 1966;72(1):87–93.



Page 9 of 9Van Pham and Tran ﻿BMC Oral Health          (2021) 21:566 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	6.	 Andreasen JO, Farik B, Munksgaard EC. Long-term calcium hydroxide as 
a root canal dressing may increase risk of root fracture. Dent Traumatol. 
2002;18(3):134–7.

	7.	 Graziele Magro M, Carlos Kuga M, Adad Ricci W, Cristina Keine K, Rod-
rigues Tonetto M, Linares Lima S, Henrique Borges A, Garcia Belizário L, 
Coêlho Bandeca M. Endodontic management of open apex teeth using 
lyophilized collagen sponge and MTA cement: report of two cases. Iran 
Endod J. 2017;12(2):248–52.

	8.	 Nayar S, Bishop K, Alani A. A report on the clinical and radiographic out-
comes of 38 cases of apexification with mineral trioxide aggregate. Eur J 
Prosthodont Restor Dent. 2009;17(4):150–6.

	9.	 Gharechahi M, Ghoddusi J. A nonsurgical endodontic treatment in open-
apex and immature teeth affected by dens invaginatus: using a collagen 
membrane as an apical barrier. J Am Dent Assoc. 2012;143(2):144–8.

	10.	 Tuloglu N, Bayrak S. Comparative evaluation of mineral trioxide aggregate 
and bioaggregate as apical barrier material in traumatized nonvital, 
immature teeth: a clinical pilot study. Niger J Clin Pract. 2016;19(1):52–7.

	11.	 Lee L-W, Hsieh S-C, Lin Y-H, Huang C-F, Hsiao S-H, Hung W-C. Out-
comes of necrotic immature open-apex central incisors treated by MTA 
apexification using poly(ε-caprolactone) fiber mesh as an apical barrier. J 
Formos Med Assoc. 2015;114(2):139–46.

	12.	 El-Meligy OA, Avery DR. Comparison of apexification with mineral trioxide 
aggregate and calcium hydroxide. Pediatr Dent. 2006;28(3):248–53.

	13.	 Bonte E, Beslot A, Boukpessi T, Lasfargues JJ. MTA versus Ca(OH)2 in apexi-
fication of non-vital immature permanent teeth: a randomized clinical 
trial comparison. Clin Oral Investig. 2015;19(6):1381–8.

	14.	 Bücher K, Meier F, Diegritz C, Kaaden C, Hickel R, Kühnisch J. Long-term 
outcome of MTA apexification in teeth with open apices. Quintessence 
Int. 2016;47(6):473–82.

	15.	 Annamalai S, Mungara J. Efficacy of mineral trioxide aggregate as an 
apical plug in non-vital young permanent teeth: preliminary results. J Clin 
Pediatr Dent. 2011;35(2):149–55.

	16.	 Sarris S, Tahmassebi JF, Duggal MS, Cross IA. A clinical evaluation of min-
eral trioxide aggregate for root-end closure of non-vital immature perma-
nent incisors in children-a pilot study. Dent Traumatol. 2008;24(1):79–85.

	17.	 Pace R, Giuliani V, Nieri M, Di Nasso L, Pagavino G. Mineral trioxide aggre-
gate as apical plug in teeth with necrotic pulp and immature apices: a 
10-year case series. J Endod. 2014;40(8):1250–4.

	18.	 Jeeruphan T, Jantarat J, Yanpiset K, Suwannapan L, Khewsawai P, 
Hargreaves KM. Mahidol study 1: comparison of radiographic and 
survival outcomes of immature teeth treated with either regenerative 
endodontic or apexification methods: a retrospective study. J Endod. 
2012;38(10):1330–6.

	19.	 Damle SG, Bhattal H, Damle D, Dhindsa A, Loomba A, Singla S. Clinical 
and radiographic assessment of mineral trioxide aggregate and calcium 
hydroxide as apexification agents in traumatized young permanent ante-
rior teeth: a comparative study. Dent Res J (Isfahan). 2016;13(3):284–91.

	20.	 Nosrat A, Nekoofar MH, Bolhari B, Dummer PM. Unintentional extru-
sion of mineral trioxide aggregate: a report of three cases. Int Endod J. 
2012;45(12):1165–76.

	21.	 Chang S-W, Oh T-S, Lee W, Shun-Pan Cheung G, Kim H-C. Long-term 
observation of the mineral trioxide aggregate extrusion into the periapi-
cal lesion: a case series. Int J Oral Sci. 2013;5(1):54–7.

	22.	 Milani AS, Rahimi S, Borna Z, Jafarabadi MA, Bahari M, Deljavan AS. 
Fracture resistance of immature teeth filled with mineral trioxide aggre-
gate or calcium-enriched mixture cement: an ex vivo study. Dent Res J 
(Isfahan). 2012;9(3):299–304.

	23.	 Kerekes K, Heide S, Jacobsen I. Follow-up examination of endodontic 
treatment in traumatized juvenile incisors. J Endod. 1980;6(9):744–8.

	24.	 Katebzadeh N, Dalton BC, Trope M. Strengthening immature teeth during 
and after apexification. J Endod. 1998;24(4):256–9.

	25.	 Cvek M. Prognosis of luxated non-vital maxillary incisors treated with 
calcium hydroxide and filled with gutta-percha. A retrospective clinical 
study. Endod Dent Traumatol. 1992;8(2):45–55.

	26.	 Penesis VA, Fitzgerald PI, Fayad MI, Wenckus CS, BeGole EA, Johnson BR. 
Outcome of one-visit and two-visit endodontic treatment of necrotic 
teeth with apical periodontitis: a randomized controlled trial with one-
year evaluation. J Endod. 2008;34(3):251–7.

	27.	 Park H-B, Lee B-N, Hwang Y-C, Hwang I-N, Oh W-M, Chang H-S. Treatment 
of non-vital immature teeth with amoxicillin-containing triple antibiotic 
paste resulting in apexification. Restor Dent Endod. 2015;40(4):322–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Effectiveness of MTA apical plug in dens evaginatus with open apices
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


