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Abstract
Introduction: An adequate knowledge of the root anatomical variations is essential in achieving a successful endodontic treatment. 
The furcation groove found on the buccal root of bifurcated maxillary first premolars is an anatomical structure displaying varying 
dentin thickness along its course which has implications during endodontic treatment. The purpose of this study was to evaluate the 
relationship between the furcation groove depth and palatal dentin thickness in the coronal and middle thirds of the buccal root of 
maxillary first premolars. Methods: A total of 31 Cone-Beam Computed Tomography images of bifurcated maxillary first premolars 
were examined. The furcation groove depth and palatal dentin thickness in the coronal and middle thirds were measured. Results: 
Spearman’s Rho revealed a weak, negative correlation between the furcation groove depth (FGD) and palatal dentin thickness (PDT) 
in both coronal and middle thirds of the buccal root of maxillary first premolars (MFPs). Conclusion: There is no difference in the 
correlations between the coronal and middle thirds of the buccal root of bifurcated maxillary first premolars.

Introduction
Maxillary first premolars (MFPs) have complex anatomical 
features which include bifurcated roots, multiple canals, narrow 
furcation entrance width and mesial concavities. Therefore, 
endodontic treatment and prosthetic post procedure in this tooth 
is a challenge. Morphometric studies indicate that the presence 
of the groove on the palatal aspect led to varying wall thickness 
in this area of the buccal root (Tamse et al., 2000; Lammertyn et 
al., 2009; Li et al., 2013). A lack of knowledge about the possible 
relationship between this groove and wall thickness in the 
palatal aspect of the buccal root might lead to excessive thinning 
of the dentin wall during root canal procedures and may lead 
to iatrogenic errors such as strip perforation or vertical root 
fracture (Gutmann, 1992; Tomer et al., 2017).

The MFPs usually present with two roots that may either be 
separated or partially fused (Dababneh and Rodan, 2013). A 
distinct anatomical characteristic of buccal root of the bifurcated 
MFPs is the presence of a furcation groove (Tamse et al., 2000).

Furcation groove (FG) is also described as ‘buccal furcation 
groove’, ‘developmental depression’ or ‘furcal concavity’. 
This groove is located on the palatal aspect of the buccal root, 
beginning on the coronal two-thirds, and gradually disappearing 
as it progresses towards the apex (Gher and Vernino, 1980). 
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Although the morphological features have been presented from 
other studies, there was not enough literature providing the 
relationship between the depth of this groove and thickness of 
the dentin wall in palatal aspect of the buccal root of bifurcated 
MFPs. Furthermore, anatomical studies on the presence of this 
groove on the buccal root demonstrated an average of less than 
1 mm of dentin wall on the palatal in majority of cases. (Tamse 
et al., 2000; Katz et al., 2006; Lammertyn et al., 2009; Li et al., 
2013; Al-Shahrani et al., 2013). A dentin thickness of ≤ 1.3 mm 
could increase the probability of vertical root fractures (Pilo et 
al., 2008, Silva et al., 2020).

Testori et al. in 1993, stated that the premolar is most prone 
to have vertical root fracture after endodontic treatment. 
Additionally, the vertical root fracture was mostly limited to the 
buccal root of bifurcated MFPs and the fracture patterns were 
found including cracking from the furcation groove to the canal 
surface (Chai and Tames, 2018).

In a study done by Lammertyn et al. in 2009 whereby they 
examined 20 extracted teeth aged 13 to 55 years old from 
an Argentinian population, results showed that there was a 
negative correlation between the furcation groove depth (FGD) 
and palatal dentin thickness (PDT) in the coronal third of the 
buccal root of MFPs. To further explore the previous research, 
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Figure 1: Isolation of the buccal root of bifurcated maxillary first premolar. Horizontal lines drawn to mark the coronal third 
of the buccal root and placement of marker for the root canal

Li et al. in 2013 performed a micro-computed tomography 
study using 36 extracted teeth aged 35 to 65 years old from a 
Chinese population. The study determined that the bucco-palatal 
wall thickness of buccal root was asymmetric. There was a 
significant difference in PDT between the buccal and the palatal 
aspects in the coronal and middle thirds of the buccal root of 
bifurcated MFPs. Likewise, findings also revealed that there was 
a significant negative correlation between the root canal shape 
and furcation groove depth. The deeper the furcation groove, 
the more irregular the canal shape appeared and consequently, 
the more difficult it becomes during canal instrumentation and 
obturation.

In addition, Brook et al. (2008) stated that there is a relationship 
between the tooth size and ethnicity. Different genetic and 
environmental influences play a role in tooth size variability 
across populations. Furthermore, Liu et al. (2016) reported there 
is a relationship between the crown and root ratios in terms of 
length, surface area and volume of the premolars. Aside from 
that, the dentin goes through morphological and histological 
changes in which size of the root canal decreases with aging 
(Carvalho and Lussi, 2017; Liu et al., 2019).

Endodontic treatment is a multi-phase treatment procedure. 
During biomechanical preparation, enlarging the coronal 
third is essential to allow better access to the apical third for 
debris removal, canal enlargement, irrigation, medication and 
obturation (Katz et al., 2006). When instrumenting the canal, 

various cutting blade and tip designs and tapers of the files 
influence the removal of dentin structure (Abraham, 2018). For 
the obturation and post space preparation, the extent of lateral 
forces exerted on the root during cold lateral condensation (Chai 
and Tames, 2018), together with the amount of dentin removed 
during post space preparation was found to be greatest in the 
palatal aspect of the buccal root of bifurcated MFPs in both 
coronal (31.3%) and middle thirds (15.3%) (Katz et al., 2006; Pilo 
et al., 2008; Ghoddusi et al., 2013; Silva et al., 2020), which could 
eventually lead to vertical root fracture (Katz et al., 2006; Chai 
and Tames, 2018).

Investigations from previous studies indicate that the presence 
of the furcation groove may lessen the palatal dentin thickness 
and increase the complications during treatment of bifurcated 
MFPs (Lammertyn et al., 2009; Li et al., 2013). Nevertheless, 
correlation between the furcation groove depth and palatal 
dentin thickness in middle thirds has not been reported.

The aim of this study was to determine the relationship between 
FGD and PDT in the coronal and middle thirds of the buccal root 
of bifurcated MFPs using CBCT imaging.

Materials and Methods
The CBCT records of patients were obtained from Insights 
diagnostic (2/F St. Patrick’s Square, 566 Shaw Boulevard, 
Barangay Highway Hills, Mandaluyong City, Metro Manila, 
Philippines).
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The method of data collection was done by scanning CBCT 
images of one hundred seventy (170) patients. Thirty-one (31) 
fully developed left or right bifurcated MFPs samples were 
selected based on the inclusion and exclusion criteria. 

CBCT Scans Acquisition 
The CBCT images were taken using Myray Hyperion X9 (Cefla 
Dental Group, Imola, Bologna, Italy) machine set at 90kV and 
10mA with an exposure time of 9 seconds, 75 μm of voxel size 
and field of view 11 x 8 cm, with thickness slice of 0.15 mm. The 
image acquisition process was performed by a radiologist from 
the manufacturer.

Calibration of the Examiners
For data validation, Inter-examiner calibration was performed. 
The measurements of ten (10) samples were selected randomly. 
All images were assessed separately twice by two examiners 
with 1-week interval between assessments. The measurements 
were then recorded and validated by an intraclass correlation 
coefficient test to confirm data reliability.

Manipulation of CBCT Scan Image
The iRYS Viewer Software version 5.6 was used to analyze the 
CBCT image in Multi-Planar Reformatting (MPR) mode.
1.	 Isolation of the buccal root of bifurcated maxillary first 

premolar (Fig. 1)
2.	 Measurement of the coronal third of the FGD and PDT 

(Fig. 2) 

a. Horizontal lines were drawn 2mm from the furcation in      
    the coronal plane to mark the coronal third 
b. Measure the furcation groove depth and palatal dentin  
    thickness

3.	 Measurement of the middle third of the FGD and PDT 
(Fig. 3) 
a. Horizontal lines were drawn 2mm from the anatomic  
    apex to mark the apical third 
b. Another horizontal line, equidistant from the coronal  
    and apical third, was drawn to mark the middle third 
c. Measure the furcation groove depth and palatal dentin  
    thickness

Data Analysis
Statistical analysis was performed using SPSS (Version 22.0; IBM 
Corp, Armonk, NY). Intraclass correlation coefficient was tested 
to determine the reliability of the examiner. Shapiro-Wilk’s test 
was used for normality of the data. Spearman’s Rho was used 
to measure the strength of relationship between two variables.

Results
A total of 170 patients with CBCT image data were scanned, 
thirty-one (31) left or right bifurcated maxillary first premolars 
(MFPs) met the inclusion criteria and were examined by CBCT 
imaging. The individual furcation groove depth (FGD) and 
palatal dentin thickness (PDT) in the coronal and middle thirds 
of the buccal root of bifurcated MFPs were measured.
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Figure 2:	 (A) Measurement of the coronal third of the FGD (Left) and schematic drawing of axial 
plane (Right). (B) Measurement of the coronal third of the PDT (Left) and schematic drawing of 
axial plane (Right).



Figure 3: (A) Measurement of the Middle third of the FGD (Left) and schematic drawing of axial 
plane (Right). (B) Measurement of the Middle third of the PDT (Left) and schematic drawing of 
axial plane (Right).

4   |  The  ESP Journal 2021

All CBCT images were assessed separately by two examiners. The 
measurements were then recorded and validated by Intraclass 
correlation coefficient.

The descriptive statistics were generated consisting of the mean 
and standard deviation values for each measurement. The mean 
value of the furcation groove depth in the coronal third was 0.62 
± 0.21. The mean value of the palatal dentin thickness in the 
coronal third was 0.65 ± 0.24. The mean value of the furcation 
groove depth in the middle third was 0.46 ± 0.19. The mean value 
of the palatal dentin thickness in the middle third was 0.51 ± 
0.19 (Table 1). The Spearman’s Rho correlation was performed 
to establish the relationship between the furcation groove 
depth and palatal dentin thickness in the coronal and middle 
third of the buccal root of bifurcated MFPs. The results of the 
present study revealed that there is a weak, negative correlation 
between the FGD and PDT in both coronal (r= -.38, N = 31, P = .04 
< .05) (Table 2a) and middle thirds (r= -.37, N = 31, P = .04 < .05) 
(Table 2b) of the buccal root of bifurcated MFPs. This indicates 
that there is a significant relationship between the furcation 
groove depth and palatal dentin thickness in both coronal and 
thirds of buccal root of bifurcated MFPs. The variables were 
inversely related, moving in opposite direction from each other.

Discussion
Bifurcated maxillary first premolars have inherent anatomical 
characteristics. The presence of the furcation groove may lead 
to uneven wall thickness in the palatal aspect of the buccal root 

of bifurcated MFPs. When the furcation groove gets deeper, the 
thinner the dentin thickness is, and the more irregular the canal 
shape appeared. Consequently, the more difficult the treatment 
of this tooth becomes (Lammertyn et al., 2009; Li et al., 2013).

This study was conducted to determine the relationship between 
the furcation groove depth and palatal dentin thickness in the 
coronal and middle thirds of the buccal root of bifurcated MFPs. 
Thirty-one (31) samples were examined by CBCT imaging, the 
measurements were subjected to statistical analysis using the 
Shapiro-Wilk test and Spearman’s Rho correlation.

The results of present study revealed that there is a weak, 
negative correlation between the FGD and PDT in both coronal 
and middle thirds of the buccal root of bifurcated MFPs. This 
indicates that the inverse relationship between the furcation 
groove and the palatal dentin wall was observed in both 
coronal and middle thirds. The study also showed that there is 
no difference between the two correlations in the coronal and 
middle thirds of buccal root of bifurcated MFPs. However, a 
study conducted by Lammertyn et al. (2009) revealed that there 
was a high, negative correlation between the FGD and PDT in 
coronal thirds. Findings from their study reported an average 
FGD of 0.44 mm in the coronal and 0.34 mm in the middle thirds. 
In the present study, the average FGD showed 0.62 mm in the 
coronal, 0.46 mm in the middle thirds.

The differences in the result could be due to the difference in 



ethnicity. In the present study, CBCT images among Filipino 
citizens were used. However, the study done by Lammertyn 
et al. (2009), made use of extracted teeth from an Argentinian 
population. Brook et al. (2008) found out that there is a 
relationship between tooth size and ethnicity. Their study 
reported that Western-Eurasian populations tend to have the 
smallest tooth size and American Indian populations tend to 
have the largest tooth size. Additionally, Southern Chinese 
populations tend to have larger mesio-distal crown dimensions. 
The study concluded that both genetic and environmental 
factors influence tooth size. Furthermore, Liu et al. (2016) found 
out that a significant relationship exists among the crown to root 
ratios in length, surface area and volume of the premolars.

The average PDT measurements from the present study showed 
0.65 mm in coronal, 0.51 mm in middle thirds. These findings are 
similar to Li et al. (2013) wherein their study reported the average 
PDT measurements of 0.73 mm in the coronal, and 0.66 mm in 
the middle thirds. However, in a study done by Lammertyn et al. 
(2009), the average PDT measurements showed 1.17 mm in the 
coronal, and 0.97 mm in the middle thirds.

The variability in the results can be due to the age of the patient’s 
teeth when the samples were taken. In the present study, 
samples gathered were from aged 13 to 55 years old. Li et al. 
(2013) examined teeth from individuals aged 17 to 25 years old. 
However, Lammertyn et al. (2009) examined teeth from adults 
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Abstract
Introduction: Social, psychological, and behavioral dimensions influence both patients and dentists in their provision of nonsurgical 
root canal treatment (NSRCT). Knowledge is the comprehension or awareness of an idea or intention. Cognitions are not only formed 
by educational experiences, but by all interactions with the world. It is possible that a less than optimal quality of community NSRCT 
is related to knowledge gaps. The purpose of this study was to conduct a scoping review to determine if dentists’ knowledge of NSRCT 
may affect the provision of care for disease of pulpal origin. Methods: A scoping review, a newer approach to evidence synthesis, useful 
when a systematic review would not be effective, was conducted. Defined searching produced 715 titles; 39 papers were included from 
countries that spanned the Human Development Index; data was compiled into an evidence table and summarized. Data on dentists’ 
knowledge focused on themes of fundamental importance to patient welfare. A wide variety of NSRCT areas were addressed and 30 
distinct topics identified. Results: All papers showed substantial gaps in dentists’ NSRCT knowledge; dentists’ responses to clinically 
oriented questions varied widely. Deficiencies existed in both rarely used and frequently used knowledge, in areas long unchanged and 
in the new. Like other humans, dentists are and cannot be all-knowing. Lack of knowledge appears to be a foundational problem, but 
the underlying causes are unknown. Conclusion: Despite many efforts, knowledge related to NSRCT is both variable and poor, and the 
provision of knowledge without attention to dentists’ social cognitions is unlikely to be successful.

MeSH Terms and keywords: root canal, knowledge, endodontics, review

Significance
The value of this present study is in the application of its insights towards advancing the dental profession and quality of root canal 
treatment that we deliver to our patients. As members of a healthcare profession, it is incumbent upon us to surveil our community, 
promote best practices, accept knowledge, reflect, and solicit regular external feedback on our care.

Introduction
Longitudinal studies of non-surgical root canal treatment 
(NSRCT), generally performed in institutional settings, point 
to extremely high rates of healing or success (1-3). In contrast, 
cross-sectional studies of populations all around the World have 
found high prevalence of cases with periapical radiolucencies 
and have broadly decried the quality of community NSRCT (4, 5). 
Nonetheless, NSRCT is widely accepted and utilized by dentists, 
resulting in a very high prevalence amongst patient populations 
worldwide. There is a large gap between what routinely occurs 
in institutions, including dental student clinics, and what 
routinely happens in community practice (5). This pattern is 
found in societies at all levels of development, wealthy or not, so 
it is probably not caused by resource issues (5). 

Dentists’ Knowledge of Root Canal Treatment 
is Sub-optimal and Variable: A Scoping Review

Edmund Monsef, DDS, Xan Goodman, MLIS, Sara Fayazi, DDS, MS,

Rikke Ogawa, MLIS, Bruce Abbott, MLS, and Shane N. White, BDentSc, MA, MS, PhD

Social, psychological, and behavioral dimensions of disease of 
pulpal origin and NSRCT influence both patients and dentists 
(1, 6). Knowledge, beliefs, attitudes, preferences, behaviors, and 
decision-making processes not only shape patients’ responses 
(7), but also dentists’ responses to disease and treatment. 
Bjorndal has suggested that dentists view NSRCT not so much 
as treating an infectious disease, but as a procedure to relieve 
symptoms, hence NSRCT likely accepted by dentists regardless 
of their knowledge level or the technical quality achieved (6).

Knowledge is the comprehension or awareness of an idea or 
intention. For example, we may be told that untreated caries 
causes pulpal pathology. After knowing this, one can accept it as 
true, reject it as false, or be indifferent. Beliefs refer to subjective 
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probability judgment linking some understanding of oneself 
and one’s environment. Beliefs are thought of as the actuality or 
acceptability of something. Beliefs are influenced by many social 
factors including gender, race, education, ethnicity, religion, and 
culture (8). Attitude is one’s tendency, feeling, or evaluation to 
respond to something in a favorable or unfavorable manner. 
Attitudes may be general, towards groups, or specific to a 
particular target (9). Decision-making is the cognitive process 
resulting in the selection of a specific action or behavior among 
several alternatives. This can be influenced by knowledge, 
attitude, belief, and cultural factors (8). Behavior is an action or 
reaction toward a stimulus or an internal or external motivation. 

Behavior results from knowledge, attitudes, beliefs, feelings, 
and learned experiences (9). Knowledge, beliefs, attitudes, 
and decision-making are cognitions, embedded in the mental 
process by which we know the world. Behaviors are shaped by 
these cognitions. Cognitions are not just formed by educational 
experiences, but by all interactions with the world; for example, 
social media is known to have had substantial impact on recent 
election results and acceptance of vaccines by healthcare 
workers during the COVID-19 pandemic.

Much is known about the profound influences of medical 
doctor’s cognitions on the provision and delivery of medical 

(Key: IEP = Infective Endocarditis Prophylaxis, CBCT = Cone Beam Computed Tomography) 

Figure 1: Evidence table for knowledge related to NSRCT



care (10-14). Dentists’ cognitions have received less attention, 
but interest is building (15-20). Data relating cognitions to the 
provision of care for disease of pulpal origin, NSRCT, has not 
yet received comprehensive evaluation. Dentists’ lack of NSRCT 
knowledge may be a foundational problem. We must ask what 
information on dentists’ NSRCT knowledge has been presented 
in the literature?

Systematic reviews are considered to be the highest form of 
clinical evidence but can be ill-suited to address broad questions. 
Moreover, studies concerning dentists’ knowledge rarely use 
“knowledge” in titles or keywords, so a focused systematic 
search might not effectively survey the literature. In contrast, 
a scoping review, a newer approach to evidence synthesis, can 
be used to search for concepts by mapping the language and 
data surrounding the concept of interest to iteratively assess 
the scope or coverage of the literature, to give an indication of 
the volume of the available literature, to refine the methods of 
data extraction, organization, and analysis, to map the available 
evidence and provide an overview of the topic (21-26). 

Hence, a scoping review was used to provide an overview of the 
available research evidence and address the above question. 
A scoping review can be helpful in designing subsequent 
systematic reviews.

The purpose of this study was to conduct a scoping review to 
determine if dentists’ knowledge of NSRCT may affect the 
provision of care for disease of pulpal origin.

Materials and Methods
A scoping review was developed following established practice 
(21-26). The review question was: What knowledge do dentists 
manifest in providing NSRCT for disease of pulpal origin, 
including trauma, management of deep caries and dentin 
sensitivity, and subsequent restoration? Inclusion criteria 
required data addressing the above question in articles 
published in English from January 1960 to October 26, 2020. 
Exclusion criteria consisted of literature that failed to meet the 
above inclusion criteria, and on data relating to health care 
practitioners other than dentists. An electronic search was 
performed in PubMed for “knowledge, root canal.” Due to the 
recognition that titles alone were poor indicators of papers 
containing data on dentists’ knowledge of NSRCT, all papers 
identified by electronic search received an initial abstract review, 
which was followed by full text review when appropriate. 
Abstracts were reviewed independently by two reviewers; in 
the event of disagreement, papers defaulted to full text review. 
Manual searching, citation mining, and expert recommendation 
were performed as previously described (4). Resultant data was 
categorized and summarized. 

Results
The initial electronic search produced 715 titles; abstract review 
gave 45 papers and full text review gave 25 papers. Hand 
searching produced a further 14 papers for a total of 39 papers 
(6, 27-64). Qualitative data was extracted and compiled.

Included papers were published between 1994 and 2020, all but 
one since 2000, and more than half since 2010, indicating that 

Figure 2: Specific topics studied within 
these included papers

this topic is an emergent area of interest (Fig. 1). All 39 papers 
were based on questionnaires, surveys, or interviews. Only 6 of 
the papers were published in journals whose primary focus in 
endodontics, 3 being published in the International Endodontic 
Journal, and none being published in the Journal of Endodontics. 
However, 5 papers were published in Dental Traumatology. The 
39 included papers were dispersed across 28 different journals.

Heterogeneity arose from many areas, the approaches of the 
investigators, reporting methods, the gold standards used, the 
dentist populations studied, and the 20 countries where the 
studies were performed being spread across the spectrum of the 
Human Development Index (HDI).

A wide variety of topics of fundamental importance to patient 
welfare relating to NSRCT were studied. In this scoping review 
paper, data was organized by general area of the paper (Fig. 1) 
and by specific NSRCT topic (Fig. 2). Many of the NSRCT-related 
topics included in the papers were not explicitly included in 
the papers’ titles. Data was not amenable to meta-analysis due 
to heterogeneity of methods used by different investigators. 

10   |  The  ESP Journal 2021



Because the included papers were generally not designed to 
focus on a common definition of knowledge or on commonly 
defined areas, some overlap and subjectivity in interpretation 
and assignment was inevitable. 

The 39 included papers assessed knowledge of NSRCT within 
30 different specific topics (Fig. 2). The topics most frequently 
studied were knowledge of modern technologies [12], restoration 
of NSRCT teeth [11], rubber dam [10], intracanal medicaments 
[9], modern instruments [9], trauma [8], irrigation [7], deep 
caries [6], antibiotics [5], radiography [5], diagnosis [4], local 
anesthesia [4], and primary teeth [4].

All included papers discerned substantial gaps in dentists’ 
knowledge of NSRCT, gaps between dentists’ knowledge and 
established standards. While many papers found gaps in 
knowledge related to modern technologies or instruments, others 
found gaps in foundational areas where there has been little 
change for a century, such as rubber dam usage and irrigation 
(41, 55). Knowledge of diagnosis and consequent prognosis, 
foundational topics of critical importance, were little studied 
(6, 33, 37, 50). Bjorndal et al. noted that dentists self-assessed 
themselves as having excellent or satisfactory knowledge in 
most areas of NSRCT; however, their assessment of prognostic 
factors often differed from established gold standards (6). 
Malmberg et al. identified the importance of regular feedback 
on dentists’ awareness of their shortcomings (50). Skaare et al. 
explained that self-estimation of one’s own competence does not 
reflect one’s level of knowledge (58).

Knowledge of infrequently encountered situations, such as 
trauma management, might be expected to be less than optimal. 
Nonetheless, knowledge and provision of trauma management 
has enormous life impact on affected patients. Hence, great efforts 
have been made to educate dentists in trauma management. 
Although practicing dentists had generally received advice on 
avulsion management, knowledge was incomplete or poor (40, 
47, 51, 55, 56, 58, 62, 64). In contrast, knowledge of fractured 
instrument management, another relatively infrequent event, 
was comparatively good (49). Knowledge of something as 
frequently performed as handwashing was extremely poor (60).

Knowledge of antibiotic use was high for some topics but poor 
in others; overuse was signified, but underuse was also denoted 
(44, 45, 54). Knowledge of antibiotic regimens for infectious 
endocarditis prophylaxis were poor, despite being heavily 
promulgated (27, 32, 63). Likewise, knowledge of NSRCT relating 
to pregnant women was poor (42, 48).

Knowledge relating to restoration of endodontically treated 
teeth was extremely mixed (28, 52). On one hand the importance 
of the remaining tooth structure was generally recognized, on 
the other the long-outdated myth that posts reinforce teeth 
survives (28, 38, 52, 59).

Many of the included studies were performed in countries 
with very high or high human development indices, suggesting 
that resources are not a key factor in the creation of gaps in 
knowledge.

Many papers concluded that improved dental school training, 
specialty education, and continuing education were needed; 
however, data supporting such conclusions was lacking. The 
causes of knowledge gaps were not studied. Continuing education 
was a key source of knowledge (40, 57, 63, 64). One study found 
that a single lecture on trauma management could be effective 
in increasing knowledge for at least a couple of months (40).

No directly explicit data on whether dentists accepted, rejected, 
or were indifferent to knowledge was found in this scoping 
review. However, some implicit examples of rejection or 
indifference to knowledge were described as dissonance.

Discussion
Ultimately, the value of this present study will be in the application 
of its insights towards advancing the dental profession and 
quality of care that we deliver to our patients. As explained 
above, the medical profession is more advanced in studying care 
providers’ cognitions and psychosocial barriers than the dental 
profession. The relevance of this study is evident from what we 
dentists experience on a daily basis through social media and 
various discussion forums, namely the lack of consensus from 
dental practitioners on addressing a clinical situation (46). 
It is common for well-established practitioners to tell young 
clinicians to “Forget what you learned in school, because this is 
how I do it.” If we are to advocate for evidence-based dentistry, we 
must understand the reasons for the manifestation of cognitive 
dissonance. Lack of knowledge appears to be a foundational 
problem, but what are the underlying causes? An issue with 
the evidence perhaps? Or is it a problem with interpretation of 
evidence? Is this human nature? How can we mitigate against 
the factors that produce deleterious cognitions? As members of 
a healthcare profession, it is incumbent upon us to surveil our 
community and promote best practices.

This scoping review revealed that dentists, like the rest of 
humanity, are not all-knowing. Not only must dentists master 
knowledge and technical skill, but they must also be taught 
to become aware of and understand the limitations of their 
own acquired knowledge as well as of their beliefs, attitudes, 
motivational factors, coping mechanisms, and behaviors, so that 
appropriate care can be provided. Gaps exist between teaching 
or accepted best practices and dentists’ knowledge of NSRCT (6).

Adoption of evidence-based practice demands much more than 
the generation of knowledge alone. Knowledge is disseminated 
through dental school curriculum, standard textbooks, specialty 
training programs, and through continuing education or in-
service training. This dissemination is not haphazard; it’s 
governed by external accreditation agencies, government 
regulation, reciprocal agreements, and peer-review. However, 
standard curricular content, or key areas tested in licensing 
examinations, cannot be equated with the knowledge 
demonstrated by practicing dentists. What people are taught 
can be quite different from what they know. Dentists’ behaviors 
are unquestionably shaped by belief and attitude, as well as by 
knowledge. 

Cognitions are influenced by interactions with colleagues, co-
workers, patients, and others. Memes including outmoded 
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or inappropriate behaviors are introduced, maintained, and 
reinforced in this way. Therefore, it was not surprising that 
knowledge showed substantial variance. Unanimous conformity 
was extremely rare for any question of knowledge; generally, 
dentists were split amongst several alternatives.

The social environment (including psychosocial skills 
and behavioral control), in combination with the physical 
environment (including technical skills and knowledge), 
determine and limit health provision. While recognizing that 
treatment of pulpal disease carries a preeminent psychosocial 
stigma, similar applications of cognitions and behaviors likely 
exist throughout all disciplines of dental practice.

This scoping review was inherently constrained to the extant 
literature. Source papers generally focused on specific aspects 
of dental practice, rather than upon cognitions. Questionnaires 
were commonly used in the source papers; these were self-
administered, mailed, and by interview. Patient scenarios were 
often used to study dentists’ knowledge, decisions, and behaviors. 
The included data can be broadly generalized because same 
themes were often reported in studies performed, in different 
countries, on different places on the HDI, with different aims 
and methodologies.

Careful examination of the included papers suggested approaches 
that could lead to an effective systematic review through great 
sensitivity to proximity awareness in search strategy. The use 
of methodological terms such as “survey” or “questionnaire;” 
related psychosocial parameters such as “attitude,” “belief,” and 
“behavior;” as well as areas of NSRCT related knowledge that 
are commonly investigated may be very helpful in designing 
effective systematic search strategies.

Despite the difficulties identified in the results section of this 
scoping review, it is recommended that the information derived 
from this scoping review be used to design systematic reviews 
relating key cognitions, dentists’ knowledge, attitude, and 
behavior, relating to NSRCT. It is clear that despite many efforts, 
knowledge related to NSRCT is both variable and poor, and the 
provision of knowledge without attention to dentists’ cognitions 
is unlikely to be successful.

Conclusion
Dentists’ knowledge of non-surgical root canal treatment 
generally exhibited substantial gaps and considerable variability. 
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Abstract
Root canal treatment can fail for a multitude of reasons. The primary causative factor for failure is the continued persistence of 
bacterial pathogen beyond the threshold that the host’s immune response can contain. Pathogenic bacteria can persist in those areas 
that remain untouched during the initial chemo-mechanical disinfection. For maxillary central incisors, these areas would include the 
lateral canals and apical ramifications found along the apical third of the root. Treatment is initially directed at non-surgical revision 
to control the infection within the root canal system. If the pathologic process persists, surgical revision can be the next best option. 
This article presents a case of a failed root canal treatment that was managed using both non-surgical and surgical approaches. Clinical 
and radiographic follow-up examinations up to 24 months displayed favorable outcome with evidence of healing and resolution of the 
periapical pathosis. This case report highlights the importance of instituting the appropriate therapeutic modality based on the patient’s 
response to treatment.

Introduction
Non-surgical root canal treatment demonstrates a favorable 
outcome of 86% to 98% making it a reliable and predictable 
treatment modality in endodontics (1, 2). Success in endodontic 
therapy depends on adequate chemo-mechanical preparation 
of the root canal system to bring the microbial load to a level 
that would allow for tissue repair to take place (3). Placement 
of an inert filling material to seal off the canal is important 
as it prevents or minimizes the chances of reinfection (4). 
However, failure may occur when treatment fails to adhere 
to standard protocols in clinical endodontics (5). Failure may 
refer to reappearance of symptoms or persistence of periapical 
radiolucency (6).

Negative treatment outcome can be attributed to several 
reasons which include the following: inappropriate mechanical 
debridement; poor obturation quality; over and under extension 
of the root canal filling; improper coronal seal; untreated 
canals; iatrogenic procedural errors; and complications of 
instrumentation (7). Presence of pathogenic microorganisms 
is directly related to the continued existence of an already 
established lesion or may lead to the development of apical 
periodontitis (8). It has been agreed upon by various research 
that apical periodontitis is the most important factor that may 
affect the treatment outcome of non-surgical retreatment (9-13). 
In addition to performing root canal disinfection to the highest 
standard, knowledge of the complexities of the root canal system 
should be the foundation of any treatment procedure.  Maxillary 
central incisors have its own intricacies including lateral canals 
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and apical ramifications with an incidence ranging from 24 to 
60% (14, 15). Large and patent lateral canals may serve as a 
portal of entrance and exit for bacteria and tissue degradation 
products between the root canal space and periodontal tissue 
(1, 2, 16, 17).

This paper presents a previously treated case of a maxillary 
central incisor managed by a combination of non-surgical and 
surgical root canal treatment because of a non-healing lesion 
despite efforts at non-surgical treatment revision.

Case Report
A 53-year-old female was referred to the clinic for endodontic 
retreatment of tooth 21. No spontaneous pain was reported and 
a moderate response to both percussion and palpation were 
present. CBCT imaging from Rayscan (Raymedical, Gyeonggi-do, 
Korea) revealed the extent of bone destruction and a root canal 
filled tooth 21 associated with a large radiolucent lesion (Fig. 1) 
measuring 11.7 mm x 11.1 mm x 12.1 mm at its widest dimension 
(Fig. 2). Upon closer inspection, the chamber was not completely 
unroofed which resulted to apical transportation and areas 
of the canal that remained uninstrumented as they appeared 
radiolucent on the image (Fig. 3).

Nonsurgical approach with and without surgical revision were 
discussed with the patient. Surgery will only be performed if no 
improvement is observed with the nonsurgical option.

Endodontic retreatment was performed in multiple visits 
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Figure 1:	 (A) CBCT image revealing the extent of bone destruction (B) Root canal filled 21 associated with 
a large radiolucent lesion

Figure 2:	 (A) Measurement of radiolucent lesion showing 11.7 mm in mesio-distal dimension in coronal view
(B) Measurement of radiolucent lesion showing 11.1 mm bucco-lingual and 12.1 mm apico-coronal 
dimension in sagittal view

spanning a period of 5 months. The procedure was done under 
magnification (2.5x Telescope DKT-3, Dr. Kim, Gyeonggi-do, 
Korea). Gutta percha was removed using hedstrom files and 
a solvent of orange oil (Produits Dentaires SA, PD™ Eugenate 
Desobturator). Access preparation was modified and working 
length established and verified with a Root ZX II electronic apex 
locator (J. Morita, Japan). Biomechanical preparation of the 
canal was executed with the use of .02 stainless steel files (Mani, 
Japan), Protaper FHU (Dentsply Sirona,) and 15% EDTA cream 
(RC Prep®, Premier, USA). During this phase, mucopurulent 
exudate could be seen coming out from the tooth. The canal 
was copiously irrigated with 2ml of 2.5% NaOCl during each file 
change. Recapitulation with the patency file #20 K-file was done 

to keep the apical foramen patent and to disrupt apical biofilms 
mechanically (18) and chemically distributing the irrigant 
solution to the very apical region of the canal (19). Two ml of 
17% EDTA solution (Pulpdent Corp., USA) was left in the canal 
for 1 minute accompanied by 2 minutes of manual activation 
with master gutta-percha point to remove the smear layer. After 
which, the canal was dried with paper points and dressed with 
Vitapex (Neo Dental International Inc., Japan) extending past the 
apex and closed with a temporary filling of Caviton (GC Corp, 
Japan). The use of intracanal dressing in between appointment 
is to allow time for the antimicrobial substance, i.e., Calcium 
Hydroxide paste, to diffuse and reach bacteria located in the 
remote areas of the root canal system (20). The temporary crown 



was cemented after with Freegenol Temporary Pack (GC Corp., 
Japan). Patient was instructed to do warm saline rinse 3-5x daily 
as permitted by her schedule.  Recall interval was set at 4 weeks, 
4 weeks and 3 months. During each recall appointment, canal 
was cleaned, and intra-canal dressing was changed each visit. 
It was noticeable with each visit that the mucopurulent exudate 
from the canal did not resolve over a span of almost 5 months. 
It was then decided, as initially discussed and planned with the 
patient, that simultaneous root canal treatment and endodontic 
surgery will be performed on the next visit due to the non-
responsive lesion.

On the patient’s third recall visit, biomechanical preparation 
was performed with 2.5% NaOCl and 17% EDTA solutions used 
as an irrigant with a final rinse of NSS. Upon drying with paper 
points, it was observed that paper point was still wet about 1mm 

Figure 3:	 (A) CBCT image showing the chamber was 
incompletely unroofed (B) CBCT image showing 
apical transportation with uninstrumented canal 
walls appearing as radiolucent

Figure 4:	 Clinical photograph showing 
reflection of full thickness mucoperiostal flap 
with absence of labial cortical plate

Figure 5:	 (A) Clinical photograph showing enucleation of the cystic lesion (B) Bone cavity after 
evacuation of the cystic lesion

at the tip. This apical end was plugged with Vitapex (Neo Dental 
International Inc., Japan) dressing prior to obturation to make 
sure that the canal remains dry. Obturation was performed by 
means of cold lateral condensation using .02 taper gutta percha 
(Diadent, Korea) and AH Plus® (Dentsply DETREY GmbH, 
Germany) root canal sealer. Glass Ionomer Cement GIC Fuji VII 
pink (GC Corp., Japan) was used as intraorifice barrier and access 
was temporarily sealed with Caviton (GC Corp., Japan). The 
patient was then instructed to rinse with 0.12% Chlorhexidine 
solution for 60 seconds prior to surgery. Once profound 
anesthesia was achieved, full thickness mucoperiosteal flap was 
raised which revealed the absence of labial cortical plate at the 
area (Fig. 4). Osteotomy was done to fully expose the pathologic 
tissue. Enucleation of the cystic lesion followed (Fig. 5). Root-
end resection of the apical 3 mm of the root at a 90-degree angle 
followed with the use of surgical high-speed hand piece with 
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Figure 6:	 A clinical photograph showing the root 
amputation with retrograde filling on tooth 21

Figure 8A: An Immediate post-
operative radiograph of tooth 21

Figure 8B: PA radiograph taken 
after a 1-year recall

Figure 8C: PA radiograph taken 
after a 2-year recall

Figure 7:	 A photograph taken after the closure of 
surgical site

fissure bur. Curettage of granulomatous tissue inside the bony 
crypt and alongside the root of the affected tooth was performed 
followed by copious irrigation with NSS. Root-end preparation 
with a small round bur and root-end filling with white mineral 
trioxide aggregate (ProRoot® MTA, Dentsply Tulsa, USA) 
concluded the surgery (Fig. 6). Site was closed with interrupted 
suture using Vicryl 4-O (Ethicon, USA) (Fig. 7).

Patient was recalled periodically to monitor healing at the area 
of the bony crypt. Radiographic images at immediate post-
operative, 1-year and 2-year recall showed marked improvement 
in bone density at the area previously occupied by the lesion 
(Fig. 8A-8D). Tooth remains symptom-free. Coronal restoration 
also displayed good marginal seal.

Discussion
For root canal treated teeth with associated apical periodontitis, 
the condition of how well the initial root canal treatment was 
performed influences both the necessity and degree with which 
the tooth may require retreatment in the future (21).

Failure may happen even on seemingly well-treated teeth and 
studies have documented those areas that have not been reached 
by chemo-mechanical preparation are possible sources (22). 
Areas that may remain untouched by our treatment procedures 
include lateral and apical ramifications (23). 



process. Despite performing adequate chemo-mechanical 
disinfection, the tooth was not responding to the intervention. 
It was at this point that the decision was made with the patient 
that non-surgical retreatment in conjunction with surgery 
will be performed on the next visit. According to Molzen, non-
surgical retreatment, in conjunction with surgery may result to 
better outcome than either procedure alone because all possible 
sources of infection are treated (29).

It is suggested that when performing root-end resection, at 
least 3 mm of the root end must be removed because 98% of 
apical ramification and 93% of the lateral canals exist in 3mm 
of the root-end (30). This portion of the root is laden with tissue 
debris and microorganisms and should be removed during 
apical surgery (31). For maxillary central incisors, the incidence 
of accessory canals found at the apical 3mm was said to be at 
46% (32). MTA as a retrograde filling material for endodontic 
surgery was used for this case due to its biocompatibility, ease 
of use as it is hydrophilic and its ability to stimulate healing and 
osteogenesis (17).

Conclusion
It is imperative that for teeth with long-standing pulp necrosis or 
previously treated cases with large periapical lesion, the clinician 
must discuss with the patient the challenges of disinfecting 
the root canal system as the microbial communities become 
more established and complex. Non-surgical revision is greatly 
beneficial for intra-radicular infections to eradicate the bacteria 
within the root canal system (9). Surgery is advocated for cases 
whereby infection continues to persist in the intricate areas in 
the periapical region (33). Non-surgical revision prior to surgery 
should be the sequence of treatment if the case warrants it to 
eliminate first the bacteria from within the root canal system.

The use of 3D imaging as part of the diagnostic data and 
magnification such as loupes during treatment are all important 
components of revision as it aids clinicians in performing the 
procedure that would translate to a positive outcome.

Lateral canals and apical ramifications are branches of the main 
root canal and develop due to localized fragmentation of the 
epithelial root sheath, thereby creating a small gap, or when a 
blood vessel traversing the dental sac through the dental papilla 
persist (23, 24) Ramifications can be observed along the entire 
root length but in 73.5% cases, they are found on the apical third 
of the root (14) These tributaries provide a passageway where 
bacteria and their by-products from the necrotic root canal 
might gain access to the periodontal ligament and cause disease, 
and for bacteria from the periodontal pocket to reach the pulp 
(24).

In majority of cases with apical periodontitis, microbial infection 
encompasses the entire root canal system, including dentinal 
tubules, recesses, isthmuses, lateral canals, furcal canals, and 
apical ramifications (25-27). For maxillary central incisors, 39.1% 
of the accessory canals were found in the apical 3 mm of the root 
(22). It is said that bacterial biofilms are observed in the root 
canal system of teeth with apical periodontitis and that the older 
the pathologic process, as evidenced by the lesion size, the more 
complex is the microbial community (28). In this case report, 
the volume of the lesion reveals the chronicity of the infectious 

Figure 8D: Clinical examination after a 2-year 
recall
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Abstract
Dens evaginatus is a developmental anomaly typified by the existence of a protuberance on the tooth structure. If the protuberance 
undergoes attrition or fractures, pulpal exposure, infection and necrosis ensues necessitating endodontic therapy. The authors present 
a case of dens evaginatus in a mandibular second premolar, in which the evagination underwent attrition resulting in pulpal exposure, 
subsequent necrosis and chronic apical abscess formation. Since the tooth had undergone apical maturation, management was by 
endodontic treatment with intracanal medicament dressing of the canal prior to obturation.

Clinical Management of Dens Evaginatus
Fredrick Ikhabi Weboko, BDS, MScD, Benjamin Simiyu Nyongesa, BDS, MScD, Mercy Naswa Makhanu, BDS, MScD,

Katrina G. De Luna, DMD, MScD, Grace Ellen S. Dey, DMD, MScD, and Iluminada L. Viloria, DMD, PhD

Introduction
According to the American Association of Endodontists, glossary 
of endodontic terms, Dens evaginatus is defined as an anomalous 
outgrowth of tooth structure resulting from the folding of the 
inner enamel epithelium into the stellate reticulum with the 
projection of structure exhibiting enamel, dentin and pulp tissue 
[1]. It is a relatively rare dental anomaly which in permanent 
dentition primarily affects the premolars, but it can also occur 
on incisors, canines and molars. When it occurs in premolars 
they are referred to ‘Leong’s Premolars’ [2, 3]. A review of 
literature reports that it could occur unilaterally of bilaterally 
and is more frequently seen in Asians [4]. It is more common 
in men than women [4] and more frequent in mandibular teeth 
than maxillary teeth [5]. Dens Evaginatus is clinically important 
because the projected portion of tooth structure, is usually 
fragile and on fracturing or wearing off, the pulp becomes 
infected, then undergoes necrosis and periapical pathosis 
ensues [3, 4]. When pulpal necrosis occurs before completion of 
root formation, special treatment strategies must be employed 
to save the tooth [6]. Patient with certain syndromes, including 
Sturge-Weber syndrome and Rubinstein-Taybi syndrome are at 
high risk of having Dens evaginatus. Furthermore, panoramic 
radiographs are indicated for exclusion of the association of dens 
evaginatus with other dental abnormalities, such as impacted 
teeth, supernumerary teeth and odontomes [3].

Case Report 
This is a case report of a 19 year-old male patient referred to the 
University of the East Endodontics-Periodontics Postgraduate 
Clinic for futher assessment and treatment.  

About 2 years prior to consultation, the patient began 
experiencing sensitivity on the lower left region. The sensitivity 
was short-lived and occasional. With time, the sensitivity 
intensified, became more frequent and lasted longer than 
before. A year prior to consultation, he began experiencing mild 
pain that was aggravated by taking cold drinks. After about 6 
months, he noticed that the mild pain subsided until there was 
no pain even when he took very cold drinks.

The patient did not have any problem until one morning, 2 weeks 
prior to consultation, the patient woke up with a swelling on the 
lower left jaw and associated mild pain. The swelling resolved 
in a weeks’ time without taking any medications. He visited the 
Orthodontics postgraduate clinic in the university for treatment 
and upon examination, he was referred to the Endodontics 
postgraduate clinic for management of tooth 35.

Figure 1: Pre-operative photograph showing 
fistula on the labial aspect of tooth 35
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The medical history was non-contributory. On clinical 
examination, a fistula was observed on the buccal aspect of tooth 
35 (Fig.1). It also revealed a cusp-like projection on the occlusal 
surface that had undergone attrition (Fig. 2). Percussion, heat, 
cold and mobility tests were negative. However, he reported 
slight tenderness on palpation. Gutta percha tracing pointed 
to tooth 35 with a radiolucency evident on the mesial and 
periapical region of the said tooth. Tooth 35 also appeared to be 
mesially inclined (Fig. 3).

After considering the clinical and radiographic findings, the 
diagnosis made was Necrotic pulp and Chronic Apical Abscess 
[AAE 2013].

For the treatment, after rubber dam isolation, access cavity 
preparation then patency was done using pre-curved no. 6, 8, 10, 
stainless steel files [M Access™ Dentsply Sirona]. Working length 
was determined using Root ZX mini apex locator (J Morita, Japan) 
and an initial apical file radiograph taken to confirm the length. 
The glide path was prepared using ProGlider [Dentsply Sirona] 
and the canal shaped using WaveOne® Gold [Dentsply Sirona]. 
Canal was dressed using Vitapex®  [Neo Dental International, 
Inc-USA] intracanal medicament (Fig. 4) and a temporary 
restoration placed using Fermin [ Detax GmbH-Germany].

Fourteen days later, the Vitapex® [Neo Dental International, Inc-
USA]  intracanal medicament was removed, Master Apical File 

Figure 2: Note: arrow shows the 
worn out protuberance on the 
occlusal surface of tooth 35

Figure 3: Gutta percha tracing on tooth 35

Figure 4: Radiograph showing intracanal dressing

Figure 5: Final restoration radiograph

Figure 6: Three-month recall radiograph

radiograph taken followed by Master Cone radiograph.

Obturation was done using lateral compaction method, with AH 
Plus [Dentsply Sirona] root canal sealer.

Fuji VII GIC [GC Dental-Japan] coronal orifice seal was placed 
before placing a direct composite onlay restoration using DiaFil 
[DiaDent International-Korea] (Fig. 5).

The patient was seen a month after the obturation, and is 
symptom-free. The tooth was reviewed at 3 months and 6 
months (Fig. 6, 7). 



Figure 7: Six-month recall radiograph

Discussion
Dens evaginatus is a developmental anomaly of considerable 
clinical significance. The protuberance or elevation composed 
of enamel covering over a dentin core with a fine extension of 
pulp tissue may go unnoticed. However, if not detected early, the 
projection may fracture or undergo attrition leaving little or no 
external evidence of the malformation. Furthermore, keeping 
the area intact around the projection is difficult, and dental 
caries often develops [7].

The chances of pulp exposure during early phases of root 
development are high, if preventive management is not started 
as early as possible. If the pulp undergoes necrosis following 
exposure, then normal root formation and apical maturation 
ceases to happen [8].

In the current case, pulp necrosis occurred after apical 
maturation. The treatment of choice therefore was endodontic 
treatment. When pulp necrosis occurs in teeth with immature 
roots, treatment is either by apexification or regenerative 
endodontics [9, 10]. Selective reduction of the occluding teeth 
has been recommended for vital teeth with dens evaginatus 
to prevent attrition and subsequent pulpal exposure [4]. In 
circumstances where fracture of the projection occurs, it can 
be sealed with a resin material. When pulpal exposure occurs 
during the early phase of root development, depending on 
the extent of the exposure, pulp capping or mineral trioxide 
aggregate (MTA) pulpotomy is recommended to allow continual 

root development and apical maturation [4, 11]. Other preventive 
measures include giving oral hygiene instructions, full-mouth 
scaling and polishing, regular dental check-ups and application 
of topical fluoride. During the regular check-ups, extra attention 
should focused on the fissures. Furthermore, occlusal, pulp 
and periapical assessments should be done [3]. Reinforcing the 
protuberance with flowable composite in teeth with normal 
pulp has been shown to be useful. When there is adequate pulp 
recession, the tubercle can be removed and the tooth restored 
with composite [4]. Communication between the oral cavity and 
the root canal system via the tubercle may lead to more virulent 
microorganisms harboring and colonizing the root canal system. 
Diseases associated with such microorganisms may be resistant 
to treatment and thus special therapeutic strategies may be 
needed to eliminate the infection. Studies have established 
that antimicrobial intracanal medication results in predictable 
disinfection of the root canal system [12, 13, 14]. In the presented 
case, Vitapex® [Neo Dental International, Inc-USA] [Calcium 
hydroxide paste with Iodoform] was used to dress the canal for 
14 days prior to obturation (Fig. 4). Calcium hydroxide has an 
alkaline pH that neutralizes bacterial endotoxins. Hydroxyl ions 
produced by the chemical dissociation of calcium hydroxide 
damages the bacterial DNA, cytoplasmic membrane and 
proteins generating an antibacterial effect [15]. Free iodine 
released from Iodoform causes oxidation of bacterial enzymes 
and precipitation of proteins thus inhibiting bacterial growth 
[16]. One study reported a high success rate in the healing 
of  periapical lesions after dressing the canals with calcium 
hydroxide paste containing Iodoform [17]. In the current case, 
the healing of the fistula was observed after 14 days of dressing 
the canal with Vitapex® [Neo Dental International, Inc, USA]. 
Moreover, at the 6-month review, patient was asymptomatic and 
the recall radiograph showed continued healing of the periapical 
area (Fig. 7). 

Conclusion
The clinician should be aware of anomalies such as dens 
evaginatus and their consequences so that proper preventive 
measures and treatment can be undertaken. Early detection 
enables the clinician to institute preventive therapies thus 
preventing further complications and allowing normal 
physiologic growth of the root and apical maturation. In 
cases that result in pulp necrosis after apical maturation and 
endodontic therapy is indicated, judicious use of intracanal 
medicament results in a better prognosis.
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Pulp space calcification is a common root canal treatment 
challenge. Pulp stimulation due to previous pulp capping and 
disruption of the pulp circulation after tooth trauma seems to lead 
to changes of pulp cells. Two mechanisms have been suggested: 
1. cytokine release in response to these inflammatory events 
activating resident stem cells, and 2. phenotypic conversion 
or dysplastic changing of pulp fibroblasts into odontoblast 
progenitors leading to tertiary dentin formation (1). Clinicians 
constantly challenged by the complexities and sequelae of 
pulp space calcification prefer to refer to tertiary dentin as 
“irritational” or diseased dentin rather than researchers who 
prefer the term “reparative” dentin.  This is often a matter of 
perspective. One group (2) reviewed the literature and found that 
75% of teeth with pulp canal obliteration (PCO) are symptom-free 
suggesting that no treatment is required other than radiographic 
monitoring. The clinical dilemma is that allowing a pulp canal 
to proceed to obliteration makes future treatment unnecessarily 
complicated when an endodontic emergency occurs. 
Traumatized anterior teeth are very frequently discolored and 
root canal treatment with internal bleaching is often desired.

The following case history will demonstrate successful 
navigation and treatment of severely calcified canals in two 
maxillary central incisors.

This patient presented with a history of trauma to the anterior 
maxilla. Both Maxillary Left and Right Central Incisors were 
clinically discolored (Fig. 1A) and appeared to be severely 

Treating Severely Calcified Root Canal Systems: 
A Case History
Terrell F. Pannkuk, DDS, MScD

calcified on the preoperative radiographs. Both teeth tested 
equivocally to cold thermal stimulation (ice pencil) and the 
electric pulp test (Analytic Technology) resulted in no response 
to the maximum level (80). Mobility, percussion, biting, chewing 
and palpation tests were unremarkable with normal periodontal 
findings. Both teeth were diagnosed as having necrotic pulps 
with a questionable periapical status.  Endodontic treatment was 
recommended with optional internal bleaching at the discretion 
of the patient. A detailed description of the treatment of the left 
central incisor will be explained due to it being the most calcified 
tooth requiring deep penetration to establish patency.

A well-angulated periapical and bitewing radiographs 
provides useful information for a pretreatment access strategy.  
Occasionally, a root anomaly or unusual root angulation requires 
a change in standard technique. A CBCT scan can provide even 
more precise three dimensional information about the geometry 
of the root canal system space.  In this case the tooth had straight 
alignment with a centered canal (Fig. 1B).

Figure 1BFigure 1A
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Initial access penetration was performed with a #330 carbide 
bur, made just above the lingual cingulum. A common error 
is to misdirect the penetration angle labial to the canal space. 
If a slight error is made toward the lingual, good visibility 
is maintained as the preparation is smoothed revealing the 
“pulpal floor map” which contrasts the darker tertiary dentin 
(obliterated canal space) to the lighter, peripheral (secondary 
and primary) dentin.

Smoothing with a #2 round carbide bur reveals the dark 
tertiary dentine (the calcified canal) (Fig. 2). Clearing with 17% 
EDTA maintains the perspective of the calcified dentine which 
should be penetrated at the most apical and lingual position to 
remain on a centered line with the long axis of the root. Deeper 
penetration with a small Munce bur is alternated with a #2 round 
bur while constantly clearing with 17% EDTA. I refer to this as 
the “Staging and Penetration Technique” which I also developed 
for drilling out posts. The idea is to create an initial flat smooth 
floor that highlights the pulpal floor map with good visibility 
so that penetration with a smaller diameter bur can be made 

Figure 2

precisely down the long axis of the root only into the tertiary 
dentin. The “staging and penetration” process is repeated 
keeping the penetrations shallow with subsequent controlled 
flat staging.  Progress will be steadily made until a “white dot” 
is seen after constant clearing with 17% EDTA. Occasional 
clearing with alcohol (either 95% isopropyl or absolute ethanol) 
allows complete drying and “frosting” of the white dot for better 
visibility.

When a catch or “stick” is felt with an endodontic explorer, 
a small K-file may be placed. The value of a novel new pulp 
dehydrant (trichloroacetic acid-based) is shown (Fig. 3). The 
pulp dehydrant shrinks the pulp remnants creating space for 
a file to pass. It also dissolves debris like accumulated blocking 
hydroxyapatite crystals. Once cleared, the file passes easily 
down the canal space as calcification occurs coronal-apically so 
the more apical root tends to be less obstructed. Any perceived 
apical obstructions are usually canal curvature or branches that 
can be navigated by more coronal flaring and copious irrigation. 
Progress is made down the natural canal space with patience 
(Fig. 4). The process is repeated with sequenced use of pre-curved 
K-files (recapitulations) and rotary file shaping. The canal is 

Figure 3

Figure 5

Figure 6Figure 4



constantly flushed with sodium hypochlorite to minimize debris 
accumulation. Eventually the entire canal space is cleaned and 
shaped with patency established (Fig. 5).

The pulps were diagnosed as being necrotic so intracanal 
calcium hydroxide was placed (Fig. 6). The access cavity 
preparations were filled with Cavit and no pulp chamber spacer 
to insure coronal seal. Three weeks later, the root canal systems 
were filled with gutta percha and Kerr sealer (regular set) via 
the vertical compaction of warmed gutta percha technique (3) 
(Figs. 7, 8, and 9).

In summary, it is rare for root canal systems to be completely 
obliterated and calcification tends to be in the coronal portion 
only. A patient thoughtful strategy of cleaning and shaping can 
result in predictable endodontic treatment with an extremely 
rare need for surgery. Make sure the patient is scheduled 
for adequate treatment time to avoid a feeling of stress and 
rushing. Understanding root anatomy is important and as 
clinical experience is developed challenges like calcification will 
become routinely treated without frustration and a great sense 
of accomplishment knowing the best possible treatment was 
provided the patient.

Figure 7 Figure 8 Figure 9
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