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Abstract: Artificial apical barrier technique for the management of blunder buss canals is being widely used in

modern endodontics as compared to the conventional apexification using calcium hydroxide, which inturn is m
uch time consuming. In addition to the current gold standard, MTA, a large number of novel materials are bein
g studied and marketed world wide as pretty promising , effective , and less expensive alternatives for the sam
e. This article describes the successful management of a traumatized and necrotic permanent maxillary central

incisor with an open apex using artificial apical barrier technique with a novel endodontic material, Calcium
Enriched Mixture ( CEM cement) in which remarkable healing of the periapical lesion could be achieved withi

T 6 TMONtHS.
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I. Introduction

Successful management of necrotic teeth with blunder buss canals often poses various difficulties to t
he endodontist as far as the treatment plan and prognosis is concerned. The management of a nonvital tooth wit
h open apex consists of the induction of a natural or artificial apical barrier which can act as a stop for the obtur
ating mat&pekification is defined as ‘a method to induce a calcified barrier in a root with an open apex or the co
ntinued apical development of an incomplete root in teeth with necrotic pulp’(1). Traditionally a thick mix of ¢
alcium hydroxide packed against the apical soft tissue with a plugger or thick point is used to initiate hard tissue

formation. But there are certain disadvantages associated with this conventional method. The average time take

n for apexification to complete using Calcium hydroxide is 6-24 months and this prolonged time period can pr
omote bacterial recontamination(2). Previous studies have described the disadvantages of Calcium hydroxide ap
exification such as failure to control infection, recurrence of infection and cervical fracture. Thus, although the a
pexification technique with Calcium hydroxide has enjoyed considerable tooth preserving success , the many dis
advantages of this protracted treatment have justified a search for alternatives , such as artificial apical barrier te
chniques , with their potential for more rapid treatment ; and regeneration techniques , with their potential for co
ntinued tooth development.

Artificial apical barrier technique consists of a barrier material which is packed into the apical portion o
f the root canal against which the obturating material can be condensed. Clinicians have tried several materials t
o form apical barrier in the past. These include, calcium hydroxide powder, calcium hydroxide mixed with differ
ent vehicles, collagen, tri calcium phosphate, osteogenic protein, bone growth factor and oxidised cellulose.

Among the various materials used as artificial apical barrier ,Mineral Trioxide Aggregate (MTA) is
currently considered as one of the most promising material. MTA introduced by the Loma Linda University has
several advantages over Calcium hydroxide which includes superior biocompatibility, cementogenic properties,

ability to set in the presence of moisture and blood, superior sealing ability, high pH, radiopacity and its ability t
o aid in the release of bioactive dentin matrix proteins(3).

However previous studies reveal that MTA has some drawbacks as well. It has shown high solubility, de
monstrating 24% loss after 78 days of storage in water(4). A significant downside to MTA is the prolonged setti
ng time of approximately 2 hours and 45 minutes as well as the difficult handling characteristics(5,6). MTA is v
ery expensive. One gram of MTA powder costs approximately the same as 24 grams of calcium hydroxide base/
catalyst paste, making MTA much less cost effective per use(7). The antimicrobial activity of MTA is questiona
ble (8). The presence of iron in the grey MTA formulation may darken the tooth(9).

Recently, a new endodontic cement named Calcium Enriched Mixture (CEM) has been introduced by th
e Iranian Center for Endodontic Research Tehran, Iran(2008), which appears to have an appropriate setting time
, handling characteristics, chemical properties, colour and sealing ability . Major components of CEM cement p
owder are 51.75% wt Ca0O, 9.53% wt SO3, 8.49% wt P205, 6.32% wt Si02, and minor components are A1203
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> Na20 > MgO > Cl as essential constituents, which provides a bioactive calcium and phosphate enriched mater
ial when mixed with a water base solution . CEM cement has similar pH, increased flow, but decreased setting ti
me(< lhour), film thickness, and estimated price than MTA(10) .The clinical use of CEM cement is approved b
y Iranian Ministry Of Health And Medical Education and is used for direct pulp capping , furcation repair ,exter
nal root resorption repair, root end filling, apexogenesis and apexification.

This article describes the successful management of a symptomatic, traumatized ,immature, necrotic pe
rmanent maxillary central incisor having a wide open apex using Calcium Enriched Mixture as an artificial apic
al barrier.

Methodology

A healthy 22 year old male patient was referred to the Department Of Conservative Dentistry & Endodo
ntics, Government Dental College, Calicut on January 2011 with a history of severe pain and swelling in relatio
n to the upper front tooth region for the past 2 weeks ,the onset of which was after 1 month of wearing an upper
retraction plate.The patient had a history of trauma to the permanent maxillary left central incisor at the age of 8
yrs .Clinical examination revealed Ellis class 4 fracture of upper left permanent central incisor with acute dent
oalveolar abscess and was tender on palpation. The involved tooth was mildly discoloured and had Grade I mo
bility . Thermal and electric pulp test results were negative .Cold test with Endofrost Cold Spray (Roeko; Colten
¢ Whaledent, Germany) elicited no response, when compared with the contralateral and adjacent teeth .Radiogra
phic examination revealed immature necrotic permanent upper left central incisor with wide open apex and a mo
derately large periapical radiolucency.(Figure 1)

After complete explanation of the treatment procedure, risks, and benefits, an informed consent was obt

ained from the patient. After rubber dam isolation under local anesthesia, emergency access opening was done b
y using a diamond coated fissure bur and drainage from the canal was facilitated. Copious irrigation of the root
canal was done using 5.25% NaOCI and gentle filing done with a No.50 size stainless steel K file (Dentsply, M
aillefer). Working length was established. Calcium hydroxide intracanal medicament (RC Cal, Prime Dental) wa
s placed for 2 weeks. The patient was recalled after 2 weeks. There was no postoperative pain or discomfort duri
ng the inter appointment period and the involved tooth was asymptomatic. The access cavity was reopened , cop
ious irrigation was done with 0.2 % Chlorhexidine solution ,the root canal was dried with sterile paper points.C
EM cement powder and liquid (BioniqueDent, Tehran, Iran) was mixed to a thick creamy consistency in 3:1 rat
io and was gently condensed to the working length with the aid of a no. 50 size finger plugger( Figure 2). A moi
st cotton pellet was placed in contact with CEM for 1 hr following which the cotton pellet was removed and the
setting of CEM was checked. Backfilling was done at the same appointment using thermoplasticized gutta per
cha ((E & Q Plus, Meta Bio Med).(Figure 3) Tooth was restored with composite resin. Follow up examinations
were carried out at Imonth , 3 months , 6 months and 1 year after apexification.
During follow up periods the involved tooth was asymptomatic with no clinical evidence of periradicular diseas
e including sensitivity to percussion/ palpation , presence of soft tissue swelling/ redness or presence of sinus tra
ct. Post operative radiographs at 6 months and 1 year suggested remarkable healing of the osseous lesion .(Figu
re 4 and 5)

III.  Discussion
Complete destruction of Hertwig’s epithelial root sheath results in cessation of normal root developmen
t. This does not however mean that there is an end to deposition of hard tissue in the region of the root apex(11).
Once the sheath has been destroyed there can be no further differentiation of odontoblasts. However, hard tissue
can be formed by cementoblasts that are normally present in the apical region and by fibroblasts of the dental fo
llicle and periodontal ligament that undergo differentiation after the injury to become hard tissue producing cells
(12). It has been postulated that the material of choice for apexification should have a cemento conductive poten
tial(13).
As the calcium ions from the calcium hydroxide dressing do not come from the calcium hydroxide but fro
m the bloodstream the mechanism of action of Calcium hydroxide in induction of an apical barrier remains cont
roversial(11). Torneck et al. reported that a bonelike material was deposited on the inner walls of the root canal
after Calcium hydroxide apexification (14) whereas histological examination reveals that the barrier is porous(1
5). Previous studies have suggested that the longer the tooth has been necrotic, the less likely that Calcium hydr
oxide will lead to apical closure.

According to a study done to analyze the physical properties and chemical compositions of Calcium Enr
iched Mixture (CEM cement) and compare them with Mineral Trioxide Aggregate (MTA), the results conclude
d that cementogenic activity of MTA is because of its release of an abundance of calcium ions, which interact w
ith phosphate groups in the surrounding tissue fluid to form hydroxyapatite on the surface of white and gray MT
A(16) .Therefore, the clinical success of MTA can be attributed to its biocompatibility (17).

On the other hand, Electron Probe Micron Analysis (EPMA) revealed endogenous phosphate in CEM .
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Therefore, it seems reasonable to suspect that the presence of significant calcium and phosphate ions in CEM is
most likely to form the hydroxyapatite compared with white MTA . MTA does not contain endogenous phospho
rous as does CEM cement. (17) CEM cement as a root-end filling material, in contrast to MTA, when stored in
normal saline forms hydroxyapatite over the material, surrounding dentine and their boundaries, resulting in the
creation of a second seal(18).

The high alkalinity of CEM is comparable with white MTA, a favourable property related to its bacteric
idal properties providing an excellent tight seal, and biocompatibility .This cement has antibacterial effects bette
r than MTA and comparable with calcium hydroxide; it has also low cytotoxic effect on different cell lines simil
ar to MTA(17,19).

During and after mixing with its liquid, hydration reactions take place, producing Calcium hydroxide (C
H) . This production is mostly because of the reactions involving calcium silicates, calcium phosphate, and calci
um oxide in addition to the presence of CH. CH dissociated into calcium and hydroxyl ions, increases the pH an
d calcium concentration(17).

Studies have revealed that the cementogenic properties of CEM cement is similar to that of MTA when u
sed as aroot end filling material. The successful use of CEM as an artificial apical barrier has been reported in a
case series in which succesful clinical and radiographic outcomes was noted in an average follow up period of
14.5 months. Radiographically complete osseous healing of the lesions was noted in all of the teeth studied(20).

IV.  Conclusion
In the light of previous studies that are conducted on Calcium Enriched Mixture cement ,the successful
treatment outcomes in majority of the cases reported ,as well as considering the various advantages of this biom
aterial over MTA such as low cost, improved colour , handling and bactericidal effects, Calcium enriched mixtu
re could be used as successful artificial apical barrier for the treatment of teeth with blunderbuss canals. Howeve
r more clinical studies with longer follow up periods are recommended.
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Figure 1 Figure 2
Preoperative view Apexification with CEM

Figure 3 Figure 4
After obturation 6 months postoperative

Figure 5
1 year postoperative view
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