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Abstract

MANAGEMENT OF THE OPEN APEX USING A BIOCERAMIC APICAL BARRIER,;
SUCCESS AND SURVIVAL RATES AT VIRGINIA COMMONWEALTH UNIVERSITY

By: Adam A. Sarnowski, DMD

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science
in Dentistry at Virginia Commonwealth University.

Virginia Commonwealth University, 2019
Thesis Advisor: Garry Myers, DDS

Program Director, Advanced Education Program in Endodontics

Purpose: The aim of this study was to assess the outcome of treatment of teeth with open apices
managed by the orthograde placement of a bioceramic apical barrier as well as to identify
potential outcome factors for this type of treatment.

Methods: Patient records were pooled from graduate resident cases completed at Virginia
Commonwealth University between January 1, 2010 and May 31, 2018. A total of 515 patients
were identified using relevant ADA codes and a key word search within the patient record
database. A total of 104 patients (119 teeth) had an open apex that had NSRCT utilizing a
bioceramic apical barrier, with 32 of the patients (36 teeth) returning for follow-up.

Results: Of the 36 examined teeth (30.8% recall rate),72% were considered healed. 92% were
considered healed or healing. No predictive variable analyzed had a significant effect on the
outcome.

Conclusion: Overall, these results indicate that a bioceramic apical barrier technique is a
promising treatment option for obturating teeth with open apices during NSRCT.



Introduction

The primary goal of root canal obturation is a total three-dimensional filling of the entire root
canal system (1). Although the apical extent to which the root canal space is instrumented and
obturated has been much debated, over-whelming evidence has shown optimum results and
tissue healing when keeping the root canal filling within the confines of the root (2-5). The
apical constriction has commonly been recommended as the ideal location to terminate the root
canal filling material during nonsurgical endodontic treatment (2,6). The American Association
of Endodontists Glossary of Terms defines the apical constriction as the apical portion of the root
canal having the narrowest diameter (7). The apical constriction, also known as the minor
diameter, is often located at the location for which with pulpal tissue meets periapical tissue,
making it the logical position to terminate the root canal filling (8). Invasion of the apical
constriction into the periapical tissue with either instrumentation or root filling material could

affect apical healing (9).

For various reasons, a tooth may not have a natural apical constriction. When there is a lack
of an apical constriction, the root is said to have an “open apex.” The majority of teeth with
open apices are often a result of pulp necrosis that occurs during root development. After tooth
eruption, it takes approximately 2 to 3 years for complete root maturation and closure of the root
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apex (10). If the pulp necroses during this time, development of the root will cease, resulting in
an immature open apex. Other causes leading to an open apex situation include apical resorption
and iatrogenic events. Teeth with necrotic pulps and apical periodontitis can undergo resorption
of the apex of the root, including the apical constriction. Open apices as a result of an iatrogenic
event occur during the shaping of the root canal space using endodontic files larger than the

diameter of the apical constriction beyond the apex of the root.

Achieving a three dimensional seal at the terminus of the root canal system can be
challenging in a tooth with an open apex. One objective of instrumenting a root canal is to create
a shape that can withstand the internal compressive forces of obturation and provide resistance
form to contain a filling material. Without this resistance form, achieving an adequate apical
seal and preventing obturation material from extruding beyond the confines of the canal is
difficult. In addition to attaining a three-dimensional fill, moisture contamination in these cases
with an open apex further contribute to the breakdown of the apical seal. An unsatisfactory
apical seal can lead to an ingress or egress of tissue irritants and bacteria, which can compromise

the long term outcome of treatment.

The traditional protocol for treating a tooth with an open apex is through the use of long-term
apexification using a calcium hydroxide medicament prior to obturating the canal with gutta
percha. This technique was first introduced by Kaiser in 1964 and then later popularized by
Frank in 1966 (11). The placement of calcium hydroxide has been shown to promote root end
closure as well as have an antimicrobial effect (12,13). This long-term calcium hydroxide
apexification technique has been shown to be very successful. Cvek reported that radiographic
healing and hard tissue formation at the apex of the tooth was noted in 90% of the cases (14).

Despite the high success rates, the apexification technique using long-term calcium hydroxide

2



does have several disadvantages. The time it takes to achieve root end closure using a calcium
hydroxide apexification technique has been reported to be anywhere from 9 months to 18 months
(14-16). During this time, the calcium hydroxide may need to be replaced multiple times prior
to root end closure. Because this technique may necessitate multiple visits, it will require a high
degree of compliance from the patient. In addition, the tooth may be more suspectible to coronal
microleakage and fracture during this extended time with the calcium hydroxide medicament in
the canal (17,18). In fact, one study even suggests that long-term treatment using calcium
hydroxide may in fact weaken root dentin, potentially increasing the risk for fracture (19). For
these reasons, there has been added pressure to search for alternative treatment options for teeth

with necrotic pulps and open apices.

Bioceramics are biocompatible ceramic materials suitable for use in the human body
(20). In the 1960s, bioceramic materials were used in the medical field to repair bone defects
caused by injury or disease. The aim was to elicit minimal biological response from the
physiological environment. In addition to its biocompatibility, bioceramic materials exhibited
other advantageous properties such as excellent levels of chemical resistance, compressive
strength, and wear resistance (21). In the early 1990s, Loma Linda University in California
developed and introduced mineral trioxide aggregate (MTA) to dentistry and this material was
ultimately demonstrated to be the first bioceramic material to be adopted for use in endodontics
(22,23). The composition of MTA was closely related to the construction material Portland
cement (24,25). Portland cements are considered to be hydraulic cements containing calcium
silicate derivatives (24,25). The composition of Portland cement is primarily tricalcium silicate
and dicalcium silicate with lesser proportions of tricalcium aluminate and tetracalcium

aluminoferrite (26). MTA materials contain the same ingredients as Portland cement, but with



the addition of gypsum and bismuth oxide (20). Bismuth oxide was added as a radiopacifier in
order to make it visible on radiographs (27). In addition, MTA materials have been reported to
have a smaller mean particle size, contain less heavy metals, and they have undergone additional

processing and purification compared to Portland cement (28).

MTA first drew interest in endodontics as a possible alternative root-end filling material
during endodontic surgery (29). The hydraulic nature of MTA was desirable given that root-end
filling materials set in a wet environment. Compared to some other traditional endodontic
materials, MTA was shown to form an excellent seal due to the fact that it is dimensionally
stable and may even be slightly expansive upon setting (26). The presence of moisture,
specifically blood, did not affect MTA’s sealing ability (30). MTA materials exhibit many
additional properties that are also favorable for use in endodontics. When unset, bioceramics
(such as MTA) have antibacterial properties. When fully set, they are biocompatible and even
bioactive (31). When in contact with perirapical tissue, MTA has the ability to induce
cementum-like hard tissue formation (32,33). Because of these desirable qualities, the use of
MTA expanded to additional endodontic procedures including perforation repairs, vital pulp

therapy, and in the obturation of teeth with open apices.

In teeth with open apices, the use of artificial apical barriers has long been suggested as
an alternative to long-term calcium hydroxide apexification. Various materials including
tricalcium phosphate, freeze-dried cortical bone, and dentin chips have been previously
suggested (34-36). In 1999, Torabinejad and Chivian published an article advocating the use of
mineral trioxide aggregate as an artificial apical barrier (37). Since that time, additional
bioceramic materials have been developed and have been used as apical barriers in open apex

scenarios. Although these new materials may vary in composition, most tend to have calcium
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and silicate and all have bioactivity as a common property (38). Bioceramics have since become

the material of choice in artificial apical barrier procedures (39).

A variety of methods have been proposed for the orthograde placement of a bioceramic
apical barrier (40-42). Access, instrumentation, and disinfection protocols are achieved using
similar techniques as in cases with a natural apical constriction. Working length determination is
often determined using radiographic aids such as a working length file, master apical file, and
master apical cone periapical radiograph. Combining radiography with the use of an electronic
apex locator will improve the predictability of attaining an accurate working length measurement
(43). Once the canal is disinfected and adequately dried, it is ready for placement of the apical
barrier. An optional absorbable membrane can be placed at the root apex which serves as a stop
for which the bioceramic material can be compacted against while limiting the risk of material
extrusion. A wide array of vehicles have been used to introduce the bioceramic material into the
canal. Amalgam carriers, Dovgan carriers (Quality Aspirators), and the MAP system (Dentsply
Tulsa Specia) have the capability to place small increments of material deep into the canal sytem.
Newer bioceramics such as Endosequence RRM(Brand) can be shaped and carried into the canal
on a long endodontic plugger. Typically, the bioceramic material will be placed in increments
and compacted in order to prevent gaps within the apical portion of the canal. Endodontic
pluggers, paper points, and plastic carriers have all been used to compact each increment.
Ultrasonic agitation has also been proposed for reduction of voids within the barrier (44). While
there are advantages and disadvantages to each method, the principles of the final obturation are
the same. In vitro, a 4-mm segment has been shown to resistant displacement from the apex as

well as provide an adequate apical seal (45).

Compared to calcium hydroxide, MTA was associated with better outcomes in terms of
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mean time for apical hard tissue barrier and lamina dura formation on radiographs (46), as well
as being less time consuming clinically (47). The placement of the bioceramic apical barrier can
be done in one visit or after a few visits with the use of a calcium hydroxide interappointment
medicament (48). When compared to long-term apexification, this shorter treatment time has
potential benefits. The first is patient compliance. A reduced number of visits may increase the
likelihood of the patient completing endodontic treatment and getting a permanent restoration.
The placement of a definitive bonded restoration with a reduced treatment time serves to increase
fracture resistance of a tooth with an open apex (49). More recent studies have suggested that in
addition to the use of bioceramics, placement of a fiber post to the level of the apical barrier may

further improve the fracture resistance of the root (50,51).

In order to provide optimal patient care, it is important to gather outcome measures of
specific dental treatments as well as to determine factors that may affect prognosis. Numerous
case reports and case series have illustrated the successful use of MTA as apical barriers in teeth
with open apices(39,48,52-54). Continued research is needed to evaluate the long term
outcomes of bioceramic apical barriers in teeth with an open apex. New bioceramic materials
are developed each year which may affect the success rates of these procedures. The aim of this
study is to compare both the success and survival rate of open apex cases managed using a
bioceramic apical barrier completed in the VCU Graduate Endodontic Clinic. The study will
also look at the current university protocols used in apexification procedures as well as additional

factors that may affect these treatment outcomes.



Methods

Patient records for this study were pooled from resident cases completed at Virginia
Commonwealth University (VCU) in the Graduate Endodontic clinic after approval from the
Institutional Review Board at the university (HM20012220). Cases were selected from January
1, 2010 through May 31, 2018. In order to identify cases, a search of the VCU School of
Dentistry’s patient charting software, AxiUm CE (LEADTOOLS Technologies, ©2017) was
performed using the CDT codes established by the American Dental Association (ADA) and the
American Association of Endodontists (AAE) in 2013 for apexification procedures — D3350,
D3351, D3352, and D3353. Additionally, a key word search was performed for the following
terms within chart notes of the prescribed time period: apical barrier, apical plug, bioceramic,
open apex, and apexification. There were 515 cases were identified and reviewed as potential

candidates for study.

Cases that filled the following criteria were included for analysis:

1. A permanent tooth with an open apex or immature apex diagnosed with pulp necrosis
with or without clinical or radiographic signs of periapical pathology.
2. Atooth that was treated with a bioceramic apical barrier technique during nonsurgical

root canal treatment (NSRCT).



3. Animmediate post-treatment radiograph and follow up radiograph of at least 7 months

following treatment with documentation of symptoms at appointments.

Identified cases were excluded if they failed to meet all of the inclusion criteria. Also, cases
were excluded if there was not a radiographic appearance of an open apex, as defined by
blunderbuss canals or wide canals with parallel to divergent walls. Teeth without adequate
description of bioceramic apical barrier protocols used or without adequate recall were also
excluded from the study. The initial query identified 515 patients/charts. Of the 515 charts
initially identified, 411 were eliminated because a bioceramic apical barrier technique was not
utilized during NSRCT. Of the 104 charts that had undergone a bioceramic apical barrier
technique, 72 were lost to follow up. The final number of charts included within the parameters

of the study included 32 patients with 36 teeth.

The patients who met the above criteria had treatment previously completed by endodontic
residents during routine patient care. When endodontic treatment was necessary on a tooth with
an open apex, an artificial apical barrier procedure with a bioceramic material was initiated.
Access, instrumentation, and disinfection protocols were achieved using standard protocol for
non-surgical root canal treatment. If treatment was completed over multiple visits, calcium
hydroxide paste was used as an interappointment medicament. At the time of obturation, a
bioceramic material (ProRoot MTA, ProRoot White MTA, Neo-MTA, EndoSequence RRM)
was placed in the apical portion of the root using either a carrier (Dovgan, MAP system) or an
endodontic plugger. The coronal portion of the canal was obturated with sealer and gutta percha

or a bonded fiber post. In all cases, a definitive restoration was placed on the tooth.

Additional information regarding these patients were recorded, such as age, sex, tooth

number, and history of regenerative or vital pulp procedures. The etiology of necrosis was
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determined by reviewing patient chart records. If a definitive etiology was not identified in the
historical chart review, the cause of necrosis was labeled “unknown.” Additional information
regarding the procedure were recorded, such as number of appointments, material choice for the
apical barrier, apical barrier length, use of an apical matrix, and time of recall. Each case was

then de-identified for outcome determination.

Outcome types were divided into three categories based on radiographic and clinical data on

follow-up visits. Each case was assigned to one of the following groups:

1. Complete Healing: The absence of clinical signs and symptoms, absence of periapical
radiolucency.

2. Partial Success/ Incomplete Healing: The absence of clinical signs and symptoms,
reduction in size of periapical radiolucency.

3. Failure: Persistent clinical signs and symptoms and/or a periapical radiolucency that has
remained the same or has increased in size. Or, development of a radiolucency in cases
for which no radiolucency was present in the immediate post-treatment radiograph

Two board certified endodontists were calibrated to understand radiographic outcome

determinants and asked to place each case into one of the three categories using a REDCap (©
Vanderbilt University) survey. Radiographs of examples of each outcome were shown for
normalization. If there was disagreement on outcome determination, discussion ensued until an
agreement on outcome was reached. Evaluators graded radiographic healing only, without

knowledge of patient symptoms or knowledge of subsequent diagnostic testing.



Statistical Methods

Results were summarized using descriptive statistics (counts, percentages). Associations
between various factors and healing status were compared using Fisher’s Exact test. The healing
time was compared between the healing status using Kruskal-Wallis test to determine if the
follow-up time was associated with the healing status. SAS EG v.6.1 (SAS Institute, Cary, NC)

was used for all analyses. Statistical significance was declared at the 5% level.
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Results

The results of this study begin with a description of the cases that were included for
evaluation. Characteristics of the patients including age, sex, tooth number, and etiology of
disease are outlined. Procedural characteristics including apical barrier material and length, use
of an apical matrix, history of dental treatment, and follow-up length are also outlined. The next
section highlights the outcome of using bioceramic apical barriers during NSRCT in cases with

an open apex. It also highlights the healing status of teeth related to different treatment factors.

Description of the Cases

A total of 515 patients were initially identified from the time period between January
2010 and May 2018. Of these, 104 patients presented a total of 119 teeth that had an open apex
treated using a bioceramic apical barrier during NSRCT. Of these, 32 patients with a total of 36
teeth were available for follow-up and are included for analysis. There were 20 males (two
patients had a combined total of 6 teeth) and 12 females. The median age of the patient was 17
years old (range = 7 — 62 years old). Predominantly, the teeth treated were maxillary central
incisors (N=13, 36% tooth #8; N=10, 28% tooth #9). Maxillary anterior teeth (#’s 7-10)
accounted for 75% (27/36) of the treated cases. The distribution of tooth type is shown in Figure
1. The primary etiology of disease was a history of trauma (58%). Of the 21 cases that had

undergone prior trauma, 16 had a history of luxation or concussion and 5 had a history of
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avulsion. This accounts for 44% and 14% of the cases, respectively. The etiology of disease is
shown in Table 1. Primary NSRCT was the treatment rendered for 32 teeth (89%), while non-
surgical retreatment was completed on 4 teeth (11%). Three of the teeth had undergone prior
regeneration procedures and one of the teeth had undergone prior vital pulp therapy. Nine (25%)
of the cases were completed in one appointment, while 27 (75%) of the cases were completed in
multiple visits (2 or 3 appointments). An internal collagen matrix was placed in 9 of the 36 cases
(25%). The median recall time occurred at 18 months. Of the 36 cases, 28 (78%) had greater
than a one year follow-up length. Fifteen of these cases (42% overall) had greater than a two-

year follow-up length.

Highlights of the Outcomes

A total of 36 cases were included for analysis. Two calibrated endodontists reviewed the
cases and assessed the healing status and the presence of a lesion based on radiographs. The
interrater agreement was assessed using Kappa statistic, k=0.57, with raters disagreeing on 12 of
the 72 ratings (36 healing status and 36 lesion presence). All cases of disagreement were

discussed and consensus was reached.

The majority of cases were deemed to have complete healing (n=26, 72%), 19% (n=7)
were incomplete healing and 8% were failures (n=3). Healing status was not significantly
associated with healing time, gender, etiology, treatment, bioceramic material, number of
appointments, use of an internal collagen matrix, presence of an immediate post-treatment lesion,

or age (categorized as 18 and under or over 18). Results are given in Table 2.
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Figure 1: Distribution of Tooth Type
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Table 1: Etiology of Disease

Etiology Frequency Percent
Trauma 16 44 } 58%
Avulsion 5 14
Apical Resorption 2 6
Caries 2 6
Dens Invaginatus 2 6
Dens Evaginatus 1 3
Amelogenesis imperfecta 1 3
latrogenic 1 3
Rickets 4 11
Unknown 2 6
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Table 2: Association with Healing Status

Characteristics (Total #) Complete Incomplete Failure P-value*
Recall Time Median (IQR) 18.5(12-35) 17 (11-42) 18(12-30) 0.9558
Gender 0.8427
Male (24) 18 (75%) 4 (17%) 2 (8%)
Female (12) 8 (67%) 3 (25%) 1 (8%)
Treatment 0.3048
NSRCT (32) 24 (75%) 5 (16%) 3 (9%)
NSReTx (4) 2 (50%) 2 (50%) 0 (0%)
Imm. Post Treatment Lesion 0.0686
Yes (29) 21 (72%) 7 (24%) 1 (3%)
No (7) 5 (71%) 0 (0%) 2 (29%)
Treatment Visits 0.0536
Single (9) 4 (44%) 4 (44%) 1 (11%)
Multiple (27) 22 (81%) 3 (11%) 2 (7%)
Age Group 0.3507
18 and under (27) 21 (78%) 4 (15%) 2 (7%)
Over 18 (9) 5 (56%) 3 (33%) 1 (11%)

* P-value from Kruskal-Wallis test (Recall time) or Fisher’s Exact Test
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Discussion

The primary purpose for this retrospective clinical study was to assess the outcome of
treatment of teeth with open apices managed by orthograde placement of a bioceramic apical
barrier. An important aspect of this outcome assessment was to compare the results against the
outcomes of long-term calcium hydroxide apexification treatment. Apexification using long
term calcium hydroxide historically has been a successful treatment approach for teeth with open
apices. Success rates have ranged from 79% to 96% (55,56). When directly comparing the two
treatment techniques, EI Meligy et al. (57) showed no statistical difference in both clinical and
radiographic healing. At 12-month recalls, 13 of 15 teeth treated with long-term calcium
hydroxide were deemed successful, while 15 of 15 teeth treated with an MTA apical barrier were
successful. Although the difference was not statistically significant, it does show that a

bioceramic apical barrier is a suitable alternative to long-term calcium hydroxide apexification.

In the present study, 72% of VCU cases showed an absence of clinical symptoms and
periapical pathology at recall, with an additional 19% showing an absence of clinical symptoms
and signs of radiographic healing. Overall, 92% of the cases were asymptomatic and functional.
As a whole, the complete healing percentages are lower than those reported for long-term
calcium hydroxide apexification. One possible explanation is the length of recall. In the current

study, the recall ranged from 7 to 89 months with a median recall time of 18 months. Orstavik et
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al. reported that although signs of healing can often be seen at 1 year, complete radiographic
healing can take up to 4 years (58). In the present study, 22% had less than a 1 year follow-up
visit and 58% had less than a 2 year follow-up visit. Pace et. al. exhibited a significant increase
in radiographic healing between 1 year and 5 years, suggesting that longer recall lengths might
be a notable factor for more favorable treatment outcomes (59). While there was no significant
association between healing status and healing time in the present study, a longer recall time may

have an impact on the treatment outcomes.

Determining success in root canal therapy has always been a challenge within the
specialty of endodontics. Historically, endodontic treatment was not deemed successful unless
there was an absence of clinical signs and symptoms as well as complete radiographic healing.
Many factors can affect the rate of radiographic healing including the initial size of the lesion,
patient age, and immune status of the patient. In addition, interpretation of the radiographic
healing can vary among practitioners. In the present study, two board certified endodontists
reviewed each periapical radiograph for presence of a periapical radiolucency at the time of
treatment completion as well as the healing status at the time of recall. For the presence of a
lesion at the completion of treatment, there was an 86% agreement rate. For the healing status,
the two reviewers had an initial agreement on 81% of the cases. In the areas of disagreement, the
two reviewers discussed these cases and consensus was reached. Radiographic interpretation
and rate of healing are two reasons for which the definition of endodontic success has come into
question. In 1966, Donabedian questioned the definition of quality in medical care and the
approaches to its assessment (60). In the 1990’s, Sackett indirectly looked into quality
assessment in the medical field. He introduced the idea of evidence-based medicine and its focus

on the integration of individual clinical expertise with the best available external clinical
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evidence from systematic research in making the decisions about the care of individual patients
(61). Recently, there has been a shift towards patient centered outcomes in endodontics. In 2003,
Dugas et. al. evaluated the quality of life and satisfaction outcomes of endodontic treatment (62).
Endodontic outcome studies now often take the patient’s quality of life and satisfaction of
treatment into account and evaluate both success rates and survival rates. In endodontic
outcomes, survival typically implies that the treated tooth is present, asymptomatic, and
functional at the time of evaluation. If a radiographic lesion was present at the time of treatment,
a reduction in size at the time of recall would be indicative of healing or incomplete healing. In
the present study, 7 of the 36 cases (19%) had a reduction, but not complete resolution, of the
radiographic lesion. Because the radiographic lesion had not completely resolved, these cases
were classified as Incomplete Healing. When combined with the 26 cases classified as Complete
Healing, the overall healed/healing rate was 92% (33 of 36 cases). With a 92% healed/healing
rate, the results of the present study are similar to other recent bioceramic apical barrier outcome
studies. Holden et. al. and Witherspoon et. al. reported an overall survivability rate of 90% and

92%, respectively (39,48).

Three of the 36 cases were classified into the Failed category. All of the failures had a
minimum of 12 months recall length and there were no strong correlations to be noted within this
healing category. The first tooth, observation #34, was a maxillary incisor (tooth #8) and had a
history of avulsion. The tooth had an extra-oral time of 2.5 hours for which the first hour was
dry. Initiation of root canal treatment was not started until 5 weeks post-avulsion. Evidence of
resorption was noted at the time of treatment. The quality of fill of the bioceramic apical barrier
was not as dense compared to other cases within the study. Because the tooth was asymptomatic

with no clinical signs or symptoms, the patient and his parents elected no further treatment. The
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second cases (tooth #9) categorized as Failure, observation #35, had a history of traumatic
luxation occurring over 10 years prior. At the time of endodontic treatment, the periapical
radiolucency was 5mm x 5mm and had an appearance consistent with a through and through
lesion. The width of opening of the apex was greater than 3mm with very thin root wall
thickness at the apex. At the time of recall (18 months), a draining sinus tract was noted on the
hard palate tissue in the area of tooth #8. The patient opted for root end surgery, during which
time a root dentin fracture was noted near the apex of the tooth. In the third failure (tooth #8),
the patient had vitamin D resistant Rickets. The recall length for this case was 30 months.
Interestingly, the same patient accounted for 3 other teeth in the present study which all were
classified within the Complete Healing category. Because the tooth was asymptomatic with no
clinical signs or symptoms and the radiographic lesion had not increased in size, the patient and
his parents opted for no further treatment. With the addition of these 2 radiographic failures with
no clinical signs or symptoms, the overall survival rate of the cases in this study was 97% (35 out

of 36).

Healing status was not significantly associated with the etiology of the disease. While
there were no significant findings noted in the present study, some points of data were notable.
27 cases (75%) were maxillary anterior teeth. The etiology of 21 of the 36 cases (58%) was a
history of trauma. Of the 21 cases with a history of trauma, 5 cases (14%) had a history of
avulsion. Four of the 5 (80%) avulsion cases were classified as Complete Healing at the time of
recall, with 1 case categorized as a Failure. The majority of the trauma cases involved the
maxillary anterior teeth (90%) and consisted of patients under the age of 18 years old (81%).
Given the age of the patients and their propensity for oral facial trauma, proficient management

of the open apex is critical to the long-term retention of these teeth. Developmental
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abnormalities contributed to 4 cases in the present study. These included amelogenesis
imperfecta, dens invaginatus, and dens evaginatus. All four of these teeth were present,
asymptomatic, and functional at the time of follow-up. Two of the teeth were classified as
Complete Healing and two of the teeth were classified as Incomplete Healing. Vitamin D
resistant Rickets was the etiology for 1 patient with 4 teeth included in the study. Patients with
Rickets are prone to apical abscesses which often do not respond favorably to endodontic

treatment (63).

Healing status was also not significantly associated with age, gender, treatment history,
apical barrier material, use of an internal collagen matrix, and presence of an immediate post-
treatment periapical lesion. A version of MTA (grey or white) was used in 32 of the 36 cases.
The use of MTA for bioceramic apical barriers is common as it has been the most researched of
the bioceramic materials on the market. An internal collagen matrix was used in 9 of the 36
cases (25%). The intended use for the collagen matrix is to aid in length control, help maintain
the bioceramic material within the canal, and to reduce excess moisture during placement of the
bioceramic apical barrier. In the present study, placement of an internal collagen matrix did not
significantly affect the healing status. Four of the 36 cases (11%) were endodontic retreatment
cases. The etiology of disease for these teeth was unknown for 2 cases, iatrogenic for 1 case, and
apical resorption for 1 case. Twenty-nine of the 36 cases (81%) had a periapical radiolucency
present at the time of endodontic treatment. Although not statistically significant, 2 of the 3

failures did not have a radiographic lesion present at time of treatment.

The shorter treatment time with bioceramic apical barriers can be advantageous for
multiple reasons. Treatments requiring several visits, such as long-term calcium hydroxide

apexification, have an increased risk of patient fatigue and attrition. According to Kinirons et al.,
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teeth that were more frequently dressed with calcium hydroxide would result in an earlier
detection of a calcific apical barrier (64). For a calcific barrier formation within 9 months, it was
recommended to have the calcium hydroxide replaced every 3 months or sooner. Given that the
majority of patients undergoing these treatments are under the age of 18, longer treatment times
with multiple appointments can be difficult with the busy schedules of both the parent and the
child. These appointments are often easily forgotten or postponed because the teeth are
asymptomatic. Conversely, endodontic treatment with the use of a bioceramic apical barrier can
be completed in as little as one or two visits. Additionally, long-term calcium hydroxide
apexfication requires the patient to be without a definitive restoration for a longer period of time.
Because of the thin cervical dentin in teeth with immature roots, there is an increased
susceptibility to root fracture (65). Bioceramic apical barrier techniques reduce the amount of
time that this fragile immature root dentin is exposed to the occlusal forces that could ultimately
lead to root fracture. A definitive bonded restoration, which can improve the fracture resistance,

can be placed after just one or two visits with this apical barrier technique (49).

In more recent times, the use of Regenerative Endodontic Procedures (REPS) have been
advocated for the treatment of teeth with necrotic pulps and open apices. In 2016, a retrospective
case series by Bukhari et. al out of the University of Pennsylvania reported complete healing in
75% (21 of 28) of cases. In a recent systematic review by Tong, 94% of REP cases showed an
elimination of symptoms and evidence of bony healing (66). While promising, there is limited
research on the long-term outcomes of regenerative endodontic therapy. In addition, there has
been an evolution of the materials and techniques used during regenerative procedures which
hinders a proper comparison between different studies. While the elimination of symptoms and

periapical pathosis is the primary goal of REPSs, a secondary goal is continued root maturation
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resulting in an increase in canal wall thickness and length. The potential for continued root
development is the main advantage of regenerative endodontic procedures over bioceramic
apical barriers. Theoretically, increasing root thickness in the cervical portion of the root could
decrease the risk for catastrophic root fracture. But while multiple studies show that the
resolution of periapical disease is reliably achievable using REPSs, the secondary goal of
increased root maturation appears to be less predictable (67). A recent study using cone beam
computed tomography showed that in addition to being unpredictable, the root development that
did occur after REPs had variable patterning of radiopaque deposits different from typical root
development (68). Teeth that fail to exhibit increased cervical root dentin thickness or present
with a defective pattern of development may still remain susceptible to root fracture. To reduce
the risk of fracture in these cases, a bioceramic apical barrier technique with a subsequent
placement of a bonded fiber post may be indicated. In the current study, 8% (3 of 36) of the
cases had a prior regenerative endodontic procedure prior to placement of a bioceramic apical

barrier. In each of these cases, the outcome of the procedure was successful.

Limitations of the present study include sample size and healing times. Of the 104
patients receiving a bioceramic apical barrier procedure, 32 patients were available for follow-
up. This equates to a 31% recall rate of at least 7 months or longer. All patients were treated by
endodontic residents in the Graduate Endodontic clinic at Virginia Commonwealth University.
The majority of the patients were minors requiring a parent to accompany them to the
appointment. Recalling these patients had increased difficulty with the busy schedule of both
school aged children and parents. With the median recall time being 18 months, additional
healing time could provide more accurate long term outcome results. An additional limitation to

the study was the format used by the raters to evaluate radiographic healing. For standardization,
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the raters compared two still digital photographs (.jpgs). A more thorough evaluation may have

been completed using image enhancing tools provided with digital imaging software.
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Conclusion

Data collected from this retrospective chart review spanned a time frame of 8 years, yielding 36
cases of open apices treated using a bioceramic apical barrier technique. With a recall rate of
31%, establishing a recall time frame early and committing providers, patients, and the guardians
of patients to a series of recalls will be essential to better understand the outcomes of this
procedure. Based on the current study, the results indicate that a bioceramic apical barrier
technique is a predictable and successful method for obturating teeth with open apices during
nonsurgical endodontic treatment. Although healing status was not significantly associated with
any of the outcome predictors tested, some factors show trend towards significance and should
be studied with larger sample size. Because few studies exist, increased power could be gained
by means of meta-analysis or multi-centered studies. Additionally, comparative studies using
both bioceramic apical barrier techniques and regenerative endodontic procedures would help

determine long term outcomes, advantages, risk, and clinical indications for each procedure.
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