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Management of Traumatized Open Apex Teeth with Mineral 
Trioxide Aggregate Apexification and Demineralized 
Freeze-dried Bone Allograft as Apical Matrix
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ABSTRACT
Achievement of a perfect apical seal in the case of a trauma-
tized nonvital open apex tooth is one of the most important 
factors affecting its long-term success. It can be treated 
surgically by placing a retrofill or by a nonsurgical approach 
by apexification. Currently, apexification with mineral trioxide 
aggregate (MTA) is the treatment of choice in such cases. 
Herein, due to large apical diameter, limiting the MTA within 
the canal space is challenging, making it imperative to use a 
suitable apical matrix. This case report demonstrates suc-
cessful management of traumatized nonvital open apex teeth 
with MTA apexification using demineralized freeze-dried bone 
allograft apical matrix.
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INTRODUCTION

Trauma or carious exposure of pulp in developing young 
permanent teeth may result in pulp necrosis; dentin 
formation ceases, and root development is arrested, 
resulting in an open apex. Treatment of teeth with 
incomplete rhizogenesis presents specific challenges as 
such teeth have wide open apices, divergent root walls, 
thin dentinal walls that are susceptible to fracture, larger 
apical diameter, smaller coronal canal diameter causing 
difficulty in debridement, and frequent periapical lesion. 
Loss of a natural constriction at the root apex makes it 
difficult to control the apical filling extent of root canal 
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filling materials. The size of the wide apical portion 
of the root canal with thin and fragile dentinal walls 
makes the root canal rehabilitation a challenging task 
for the operator.1

Due to loss of vitality, apexogenesis will not be a 
viable option in such cases. The method to induce a calci-
fied barrier in a root with an open apex or the continued 
apical development of an incomplete root in teeth with 
necrotic pulp is defined as apexification.2 Previously, 
calcium hydroxide (CaOH) had been the choice for 
treating open apex cases with apexification technique. 
However, it has some disadvantages, such as prolonged 
treatment time, need for multiple visits, reduced fracture 
resistance of the tooth, and chances of reinfection due 
to loss of temporary restoration. Hence, single-sitting 
mineral trioxide aggregate (MTA) apexification has 
evoked considerable interest.3 The MTA is an excellent 
biocompatible cement developed by Torabinejad and 
Chivian.3 It has shown considerable success as an artifi-
cial apical barrier and has become the material of choice 
for single-visit apexification.4,5 In long-term clinical 
outcome studies of CaOH and MTA apexification, MTA 
showed similar healing of periapical lesions in shorter 
treatment durations.6

The internal matrix acts as a layer that forms a barrier 
for limiting the extension of repair material1 such as 
MTA. This concept was developed by Lemon. Various 
materials, such as CaOH, hydroxyapatite, resorbable 
collagen, platelet-rich fibrin (PRF), calcium sulfate, and 
demineralized freeze-dried bone allograft (DFDBA) are 
recommended as a matrix material for treating open 
apex.7,8 The matrix material, DFDBA, is a widely used 
graft material in procedures of periodontal and oral 
surgery,6 but very few cases are reported where it is used 
as an apical matrix. The DFDBA is obtained from cortical 
plate of long bones. As compared with cancellous bone, 
DFDBA contains higher amount of bone induction pro-
teins and less antigenic potential.9 The collagen matrix 
in DFDBA acts as a scaffold. It provides osteoconductive 
and osteoinductive behavior to the graft material.10

This case report describes the nonsurgical manage-
ment of traumatized central incisors with wide open apex 
by MTA apexification in combination with the use of an 
apical matrix of DFDB allograft.
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CASE REPORT

A 19-year-old female patient reported to the Department 
of Conservative Dentistry and Endodontics, with a chief 
complaint of pain, occasional bleeding, and mobility in 
the permanent maxillary right and left central incisors 
(11, 21). Patient gave a history of trauma 8 years earlier, 
following which patient claimed that she had undergone 
one sitting of root canal treatment for the same teeth. 
Patient gave history of anemia for the past 8 years and was 
not on any medication. Intraoral examination revealed 
discolored maxillary central incisors (11, 21) (Fig. 1). For 
11 and 21, pain on percussion was positive, periodontal 
probing depths were within normal limits (<3 mm), and 
mobility was present. Both 11 and 21 tested negative for 
electric pulp testing and cold tests. Radiographic exami-
nation revealed incompletely formed root apices with 
apical radiolucency associated with the root apices of 11 
and 21 (Fig. 2). A diagnosis of previously initiated root 
canal treatment with symptomatic apical periodontitis 
in relation to 11 and 21 was arrived at.

Medical consent from the patient’s physician was 
obtained for performing the root canal treatment. Treat-
ment options given to the patient were nonsurgical 
endodontic treatment with one-step MTA apexification 
procedure, endodontic treatment followed by periapical 
surgery for curettage of the lesion followed by retrofill-
ing, and extraction followed by single-tooth implant 
or fixed partial denture. Considering the extent of the 
lesion, age of the patient, medical history of anemia, 
and surgical trauma that could occur, nonsurgical root 
canal treatment was decided upon. Both the teeth were 
isolated with rubber dam, and the endodontic access 
cavity was modified (Fig. 3). The root canals of 11 and 
21 were explored with a #25 K-file (Mani, Tamil Nadu, 
India). The canals were patent, wide, and the largest file 

to bind to apical extent of both the canals was #140 K-file 
(Fig. 4A). An intraoral periapical radiograph (IOPA) was 
taken to determine the working length (Fig. 4A). The 
root canals were gently, circumferentially filed with #120 
K-file. The canals were irrigated intermittently with 2.5% 
sodium hypochlorite (NaOCl) (Prime Dental Products 
Pvt. Ltd, Maharashtra, India). Passive ultrasonic irriga-
tion (PUI) was carried out with ultrasonic #25 K-file 
(Satellec Acteon Group, New Delhi, India) at a setting of 
4 for 1 minute with NaOCl as irrigant. Final irrigation 
was done with 0.7% saline (Fresenius Kabi India Pvt. 
Ltd, AG Germany). The root canals were then dried with 
sterile absorbent points (Sure-endo; SureDent Co. Ltd, 
Gyeonggi-do, Korea). A thick paste of CaOH (ProDent, 
Ratnagiri, India) mixed with saline was placed in the 
root canal (Fig. 4B), and the patient was recalled after  
2 weeks. At 2-week recall appointment, her symptoms had 
resolved. Calcium hydroxide was removed using H-files 
(Mani, Tamil Nadu, and India) and PUI with #25 K-file 

Fig. 1: Preoperative photograph showing discolored maxillary 
central incisors (11, 21)

Fig. 2: Preoperative IOPA of 11 and 21 showing previously 
prepared access cavity

Fig. 3: Dental operating microscope image showing modified 
access cavity preparation in 11 and 21
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(Satellec Acteon Group, New Delhi, India) at a setting of 
4 for 1 minute. The root canal was then dried with sterile 
absorbent points (Dentsply India Pvt Ltd).

It was decided to use DFDBA as an internal matrix 
at the apical foramen prior to MTA placement. The PRF 
for apical matrix was not considered for this patient as 
patient’s hemoglobin levels were low (7.5 mg/dL). The 
DFDBA (particle size 500–1,040 μm, TATA Memorial Hos-
pital Tissue Bank, Parel, Mumbai, India) was mixed with 
normal saline in a dappen dish to a packable consistency. 
It was then carried to periapical area under radiographic 
guidance with the help of endodontic hand pluggers (GDC, 
Germany stainless steel CE# RCP) having rubber stop at 
preadjusted working length (Figs 5A and B). After having 
confirmed adequate matrix mass of DFDBA, ProRoot MTA 
(Dentsply, Ballaigues, Switzerland) was mixed with sterile 
water as per manufacturer’s instructions and placed in 
the apical third using hand pluggers and compacted with 
absorbent points (Fig. 6). It was further compacted using 
indirect ultrasonic condensation. Thus, 5 mm of apical plug 
was obtained and a radiograph was taken to confirm the 
placement of dense MTA plug (Fig. 7). A moistened pellet 
of cotton was placed in the canal for setting of MTA and 
access was sealed with Cavit (3M ESPE, Seefeld, Germany).

Figs 4A and B: (A) Intraoral periapical showing working length 
determination in 11 and 21; and (B) dense calcium hydroxide 
intracanal medicament placed in 11 and 21

Figs 5A and B: Dental operating microscope image showing DFDBA placed in the apical part of 11 and 21

Fig. 6: Dental operating microscope image shows MTA plug of 
5 mm placed in the apical third of the root canals

Fig. 7: Intraoral periapical showing 5 mm MTA plug in 11 and  
21 condensed against DFDBA apical matrix

A
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Patient was recalled after 24 hours and was asymp-
tomatic. Temporary restoration was removed and the set 
of MTA was confirmed with an endodontic hand plugger. 
The root canals were irrigated with 2.5% NaOCl followed 
by saline, dried with paper points, and prefabricated 
TENAX fiber posts (Coltene Whaledent Pvt. Ltd) (Fig. 8A)  
for 11 and 21 were cemented using Paracore (Coltene/
Whaldent Inc, Cuyahoga Falls OH, USA) (Fig. 8B). Access 
cavity was restored with light-cure composite resin (3M 
ESPE Filtek Z250 XT). Further, the tooth was restored with 
porcelain fused to metal crown (PFM) (Fig. 9). The patient 
was recalled at 3 (Fig. 10A), 6, and 9 (Fig. 10B) months. At 
9 months of follow-up, the patient was asymptomatic and 
periapical radiograph demonstrated satisfactory healing. 
The preoperative and postoperative photographs of the 
patient are presented in Figures 11A and B, respectively.

DISCUSSION

Achieving apical seal with the help of an inert root canal 
filling material is an important factor determining the 

degree of success of the endodontic treatment. Wide open 
apices, thin and divergent radicular dentin, and enormous 
necrotic pulp tissue with frequent periapical lesion in 
nonvital immature anterior teeth pose further complica-
tions for their endodontic treatment. The disinfection of 
root canal space without removing circumferential dentin 
in such cases is a great challenge, and it relies mainly  
on chemical disinfection by the action of irrigants and 
intracanal medicaments. Thus, in such clinical situations, 
PUI could prove a valuable adjunct. Weller et al11 first 
described passive ultrasonic agitation technique wherein 
the efficiency of root canal disinfecting solutions was 
enhanced by using ultrasonic energy without instrumen-
tation, planing, or contact of the canal walls with an end-
odontic file or instrument. During PUI, the energy of the 
formed ultrasonic waves is transmitted from noncutting 
tip of the agitating instrument to the irrigant that is present 
in the root canal space. This energy from ultrasonic waves 
induces acoustic streaming and cavitation in the irrigat-
ing solution,12 thus obtaining improved disinfection of 
the root canal space when compared with disinfection 
technique of root canal by hand instrumentation only. 
Calcium hydroxide was used as an intracanal medicament 
during the interappointment period, because the hydroxyl 
ions that were released in the aqueous environment by the 
medicament caused antibacterial effects in the root canal 
system (Siqueira).13 The action lasts as long as a high pH 
is maintained.14 The antimicrobial activity of CaOH is 
related to the lethal effects of hydroxyl ions on bacterial 
cells by damage to the bacterial cytoplasmic membrane, 
protein denaturation, and damage to the DNA.14

Mineral trioxide aggregate was proposed as a mate-
rial suitable for one visit apexification,15-18 as it combines 
biocompatibility19 and a bacteriostatic action, with favor-
able sealing ability when used as root-end filling mate-
rial. The MTA offers a barrier at the apical of the root 

Figs 8A and B: (A) Fiber post selection in 11 and 21; and (B) fiber 
post cementation done in 11 and 21 with resin cement after 24 hours

Fig. 9: Postoperative photograph showing PFM crown cemented 
in 11 and 21

Figs 10A and B: (A) Three months follow-up IOPA radiograph; 
and (B) 9 months follow-up IOPA radiograph
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canal (apical plug) in teeth with necrotic pulps and open 
apices (Torabinejad and Chivian3) that permits vertical 
condensation of warm gutta-percha in the remainder of 
the canal. According to Parirokh and Torabinejad,20 when 
MTA is placed in direct contact with human tissues, it 
forms CaOH that releases calcium ions for cell attachment 
and proliferation, creates an antibacterial environment 
by its alkaline pH, modulates cytokine production, and 
encourages differentiation and migration of hard tissue-
producing cells, forming hydroxyapatite on the MTA 
surface and provides a biologic seal.20

In open apex cases, due to large apical diameter 
(present case #140), confining MTA within the root canal 
space is extremely difficult while attempting for void-
free apical plug during hand and indirect ultrasonic 
condensation. It is important to avoid extrusion of large 
amount of MTA in the periapical areas as all forms of 
MTA contain arsenic that may leach out into the peri
apical tissues.21 Although the quantity is insignificant, it 
can potentially cause toxicity. The extruded large amount 
of MTA may set before it is disintegrated and resorbed. 
This might result in persistent inflammatory process that 
may complicate repair of the periapical tissues. Hence, the 
internal matrix is placed to prevent MTA extrusion in the 
periapical region.22,23 Various materials are available to 
be used as an internal matrix, such as PRF and DFDBA. 
The decision of not using PRF was taken as patient was 
having consistently low levels of hemoglobin (7.5 mg/dL).  
Hence, DFDBA was used as an apical matrix. It elicits 
mesenchymal cell migration, attachment, and osteogen-
esis when implanted in well-vascularized bone; it induces 
endochondral bone formation when implanted in tissues 
that would otherwise not form bone. The DFDBA con-
tains bone morphogenetic proteins (BMPs) such as BMP 
2, 4, and 7, which help stimulate osteoinduction.24 The 
BMPs are associated with the organic matrix of bone and  

Figs 11A and B: (A) Preoperative photograph of the patient; and (B) postoperative photograph of the patient  
after ceramometal crown cementation

embedded within mineral content, so demineralized 
process in the formation of DFDBA increases its bioavail-
ability.25 The BMPs attract mesenchymal stem cells and 
induce their differentiation into chondrocytes leading to 
endochondral bone formation.7 The BMPs produce multiple 
effects on bone by acting as mitogens on undifferentiated 
mesenchymal cells and osteoblast precursors, inducing 
the expression of the osteoblast phenotype, e.g., increasing 
alkaline phosphatase activity in bone cells and acting as 
chemoattractant for mesenchymal cells and monocytes as 
well as binding to extracellular matrix type IV collagen.26

In open apex cases along with wide apical opening, the  
radicular dentin is thin and fragile; thus, it is important 
to reinforce the roots, else it would result in root fracture. 
During the last decade or so, fiber-reinforced posts have 
gained popularity. The main advantage of fiber post 
is the uniform distribution of forces in the root, which 
results in fewer catastrophic failures of tooth structure 
than that with metal posts, if adequate ferrule is present. 
Along with its superior esthetics and good mechanical 
properties, these posts are commonly used in esthetically 
demanding areas.27 Hence, fiber post was cemented with 
dual cure-flowable composite resin cement, which would 
reinforce the fragile root structure.28

CONCLUSION

Nonvital teeth with immature and wide open apex can 
be successfully treated nonsurgically with one-step MTA 
apexification procedure using DFDBA as an apical matrix. 
Although there are numerous materials that can be used 
as an apical matrix, the choice of the apical matrix may 
depend on the cost, ease of availability of matrix material, 
and patient medical condition. However, further long-
term clinical studies are needed to evaluate the clinical 
outcomes of placing internal apical matrices prior to 
apexification of teeth with immature apex.
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