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Abstract

Background: This study assesses and compares the knowledge level of endodontists (ENDs) and general dental
practitioners (GPs) from Brazil and United States of America (USA) in the diagnosis and treatment of internal and
external inflammatory root resorptions through periapical radiographic (PA) and cone beam computed tomography
(CBCT) examinations.

Material and Methods: A cross-sectional online questionnaire-based survey was presented to the volunteers containing
questions regarding personal and professional profile, as well as three clinical cases of internal and external inflam-
matory root resorption. A series of multiple-choice questions about the diagnosis and treatment options were surveyed.
The data collected was analysed by the Chi-square test with Yates correction with a significance level of 5 %.
Results: Most answers were considered adequate when all three questions about the diagnosis and all two questions
relating to the treatment were answered accurately. A total of 374 dentists answered the survey (n: 229 from Brazil
vs. 145 from USA) being 41% END and 59% GP. END presented higher level of knowledge than GP regarding to
diagnosis and treatment of inflammatory root resorptions both in Brazil and USA (p<0.05); USA presented higher
level of adequate responses than Brazil (p<0.05).
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Conclusions: END achieved a level of knowledge of the diagnosis and treatment of root resorption superior to the
GP. Comparing the results obtained in both countries, it was observed that the USA had a higher correct response rate

than Brazil.

Key words: Internal root resorption, external root resorption, management, diagnosis, treatment.

Introduction

Root resorption occurs especially as a result of os-
teoclastic cell activity (1). In permanent dentition, this is
a pathologic event that might lead to tooth loss (2). It can
be found on the wall of the root canal (internal resorp-
tion) and on the external surface of the root (external
resorption or cervical resorption) and it may be transient
or progressive (3).

Internal root resorption is an inflammatory process
initiated within the pulp space that might lead to a
possible cementum invasion. It is followed by a multi-
nucleated giant cells accumulation and, consequently,
a granular tissue formation (4). Clinically, it is diffi-
cult to diagnose due to its asymptomatic characteris-
tic. However, with the disease progression, chromatic
alterations can be noted in the crown of the affected
tooth (4). Its diagnosis is usually made through rou-
tine radiographic examination, when an uniform oval
shaped radiolucent lesion with well-defined and sym-
metrical contours are observed (3-5). The main etiolo-
gical factor is dental trauma (5), however dental caries,
invasive restorative procedures, and idiopathic factors
can also be a factor (2-5). Its progression persists as
long as the stimulus is present (2-5). Therefore, after
being properly diagnosed, tooth with internal resorption
should undergo endodontic treatment in order to remove
granulation tissue and blood supply from the resorptive
cells (2,6). Sodium hypochlorite irrigation with ultraso-
nic device should be used because of its characteristic
to dissolve the remaining vital tissue (4,7). In addition,
intracanal calcium hydroxide-based medication could be
used to help control the bleeding and necrotize residual
pulp tissue (4,5). If a communication between the root
canal and external periodontal tissue is present, the use
of bioceramics or MTA is indicated (4).

On the other hand, external inflammatory root resorp-
tion occurs as an imbalance between osteoblasts and os-
teoclasts present in the periodontal ligament (9). Since
its progression occurs from the external surface of the
roots, in some cases, pulp tissue is found intact (9,10).
Its etiology includes: orthodontic movements, chronic
periapical lesions, occlusal trauma, dental trauma, or-
thognathic surgery, periodontal treatment and teeth whi-
tening (11). It is asymptomatic and advanced lesions can
have signs of mobility, fracture, and pink discoloration
of the crown (12). Radiographically, it presents with
irregular limits, variations in density within the lesion,
and, most of the times, visible root canal walls (10). If
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the root canal is affected or the tooth presents with a
chronic periapical lesion due to necrosis of the pulp, root
canal therapy is indicated (9,12). When the etiology is
removed, the affected surface returns to its physiologi-
cal form due to the cementoblast activity on the external
surface of the tooth (9).

As a result of the similarities between internal and ex-
ternal inflammatory root resorptions and their detection
being based on radiographic findings, the differential
diagnosis should be achieved with multiple radiographs
with different angulation for comparison and analysis of
the lesions. In addition, dentists are encouraged to use
CBCT exams to diagnose and assess the lesions extent
and involvement (13).

Proper diagnosis is paramount for their proper treatment.
Therefore, the purpose of this study was to assess and
compare the knowledge level of endodontists (ENDs)
and general dental practitioners (GPs) from Brazil and
United States of America (USA) in the diagnosis and
treatment of internal and external inflammatory root re-
sorptions through periapical radiographic (PA) and cone
beam computed tomography (CBCT) examinations.

Material and Methods

-Research design

The project was approved by the Research Ethics Com-
mittee of the University of Oeste Paulista - UNOESTE,
CAAE 87440618.1.0000.5515 and by the University of
Detroit Mercy Institutional Review Board under IRB
protocol number 1819-36.

In order to access the study population knowledge, an
online questionnaire was designed with a mixture of
qualitative and quantitative questions. Dentists were
approached through an email database, social networ-
king groups and personal contacts to participate in the
research through an open google document. The online
survey was kept available for 60 days.

The inclusion criteria were being a private practice den-
tist in Brazil or USA. If the dentist was a specialist, only
endodontist graduated from Brazil or USA was accep-
ted. Subjects not included in these criteria, was excluded
from the study.

The questionnaire included a personal and professional
profile, such as age, state of practice, experience as a
dentist and/or an endodontist, judgment about the qua-
lity of endodontic teaching during graduation and the
number of cases including internal and/or external re-
sorption observed throughout their professional expe-
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rience. Subsequently, the volunteer was presented with
PA images of clinical cases of internal and external in-
flammatory root resorption, as well as a CBCT for the
internal root resorption case. A series of multiple-choice
questions about the diagnosis and treatment of both ca-
ses were asked. The survey is shown in Table 1, 1 cont.
and Figure 1.

Diagnosis and treatment of root resorption

-Statistical analysis

The null hypothesis tested is that the knowledge level of
general dentists is equal to the endodontists regarding
the diagnosis and treatment of inflammatory root resorp-
tions, both in Brazil and USA. The data collected was
tabulated and analysed by the Chi-square test with Yates
correction by the R software with a significance level of

Table 1: Questionnaire used to evaluate diagnosis and treatment for internal and external root resorption within END and GP.

No Question Given answers
Q.1 Do you agree to participate in this survey? (@) Yes
(b) No
Q.2 Age (in years) N/A
Q3 What year did you graduate dental school? N/A
Q4 Do you believe you have had good endodontic (@) Yes
. . -
training during your schooling? (b) No
Q.5 If no, mark the alternative that justifies your response: N/A
Q.6 Do you have an Endodontic Specialty degree? (@) Yes
(b) No
Q.7 If yes, what year did you finish your specialty N/A
Program?
Q.8%* When observing the radiograph below, what is the (a) External inflammatory root resorption
. . o
possible diagnosis? (b) Internal inflammatory root resorption
(c) Do not know
Q.9* When observing the radiograph below, what is the (a) External inflammatory root resorption
. . Co
possible diagnosis? (b) Internal inflammatory root resorption
(c) Do not know
. en faced with a case of external inflammatory root a) Yes, 1n all cases and 1t 1s necessary to use ase
10 When faced with f linfl y Yes, in all diti y ICM based
resorption, is it necessary to perform root canal on CH.
treatment? (b) Only in cases where no pulp vitality is detected and the
use of ICM based on CH is required.
(c) I do not know, I would refer to another profesisonal
Q.11 When faced with a case of internal inflammatory root | (a) Yes, in all cases and it is necessary to use ICM based
resorption, is root canal treatment necessary? on CH.
(b) Only in cases where no pulp vitality is detected and the
use of ICM based on CH is required.
(c) I do not know, I would refer to another profesisonal
12 When faced with a case of inflammatory root a) Yes
y
resorption and in case of difficulty in the correct
: . . (b) No
diagnosis, would you require any further
examination? (c) I do not know, I would refer to another profesisonal
Q.13 If yes, what would you require additionally? N/A
Q.14* When looking at the cone beam computed (a) External inflammatory root resorption
. . . .
tomography below, what is the possible diagnosis? (b) Internal inflammatory Toot resorption
(c) Do not know
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Table 1 cont.: Questionnaire used to evaluate diagnosis and treatment for internal and external root resorption within END and GP.

. roughout your dental career, how many times have a) Never
15 Throughout your dental h y ti h Ni
you diagnosed cases of extc':rnal inflammatory root (b) 13 times
resorption?
(c) 4-10 times
(d) More than 10 times
. roughout your dental career, how many times have a) Never
16 Throughout your dental h y ti h N
you diagnosed cases of 1nt§rna1 inflammatory root (b) 1-3 times
resorption?

(c) 4-10 times

(d) More than 10 times

Q.17 If yes in the previous questions, the diagnosis was (a) Clinically
made by means of which exams? (you can answer
more than 1)

(b) Radiographically

(c) Cone Beam Computer Tomography
(d) Other?

*The images containing in Q.8, Q.9 and Q.14 are presented on Figure 1
ICM: Intracanal medication; CH: Calcium hydroxide

wilindunlund

Fig. 1: Images of the cases presented in the questionnaire. Q.8: radiograph representing external root resorption; Q.9: radiograph represent-
ing internal root resorption; Q.14: CBCT representing internal root resorption.

5 % to compare the differences between specialists or tacts, we do not know how many subjects had access to

not and within Brazil and USA. the survey. A total of 374 dentists answered the survey

(n: 229 from Brazil vs. 145 from USA). Of those, 154
Results (41%) were ENDs (n: 96, 42% vs. 58, 40% subjects),
-Demographics with a mean age of 42.4+11.8 (41.2 vs. 45) years old,
Due to the questionnaire distribution, through an email and with an average of 19+12.1 (19.2 vs. 18.8) years of
database, social networking groups and personal con- experience. In addition, 220 (59%) were general den-
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tists (n: 133, 58% vs. 87, 60% subjects), with a mean
age of 36.3+£13.6 (31.3 vs. 44.5) years old, and with an
average of 13.1+£12.9 (9.7 vs. 18.7) years of experience.
All results presented in parenthesis are Brazil vs. USA,
respectively (Table 2).

A total of 293 (83.8% vs. 71%; Brazil and USA, res-
pectively) dentists reported having adequate endodon-
tic training during their dental school. When they were
asked about their weaknesses, both groups pointed out
that lack of self-interest, lack of patients, and outdated
instructors were important factors (data not-shown).
Most professionals never diagnosed or diagnosed few
cases of internal and external inflammatory root resorp-
tion (Table 3), with 82 volunteers diagnosed only with
clinical and radiographic examinations and 75 using co-
ne-beam computed tomography.

Diagnosis and treatment results

Case 1, external root resorption (Fig. 1, Q.8): Overall
56.1% of the surveyed population gave a proper diagno-
sis, that comprises 67.7% of ENDs and 31.8% of general
dentists. In terms of its treatment, 89.7% of ENDs and
57.5% of general dentist would correctly perform endo-
dontic treatment only where no pulp vitality was detec-
ted. They agreed that the use of calcium hydroxide intra-
canal medication would be required on this case (Fig. 2).
Case 2, internal root resorption (Fig. 1, Q.9): Overall
93.3% of the surveyed population gave a proper diagno-
sis, that comprises 93.4% of ENDs and 89.7% of general
dentists. Endodontic treatment was indicated by 93.1%

Diagnosis and treatment of root resorption

of ENDs and 64.4% of general dentists in cases of inter-
nal inflammatory root resorption and the use of calcium
hydroxide as intracanal medicament was viewed as re-
quired (Fig. 3).

Case 3 internal root resorption (Fig. 1, Q.14): The CBCT
evaluation of internal inflammatory root resorption yield a
correct response from 89.7% of ENDs and 83.9 % of ge-
neral dentists (Fig. 4). The data are presented in Table 2.
When asked if any additional exam should be requested
in cases of internal and external root resorptions, 5% of
all surveyed population (6% vs. 5%) answered no, 28%
(25% vs. 32%) did not know and would refer to ano-
ther professional, and 144 (65%, 69% vs 60%) would
request additional exams. Regarding the ENDs cohort,
all 154 ENDs from both countries would request addi-
tional exams. The most common exam would be CBCT,
however some professionals would request angled PAs
and pulp vitality tests. All results presented in parenthe-
sis are Brazil vs. USA within the respective cohort.

In this study, it was considered adequate when all three
questions about the diagnosis and all two questions rela-
ting to the treatment were answered accurately. Statisti-
cally significant difference between the general dentists
and ENDs was observed for both diagnosis and treat-
ment of inflammatory root resorption (p <0.01, Table 4).
Same result was observed in Brazil and USA. Years of
clinical experience do not have impact on the outcome,
no differences were found for both, general dentist and
ENDs (p>0.05).

Table 2: Demographics of the subjects analyzes in this study.

Country | Groups N Mean Age + SD Experience = SD
Brazil END 96 41,2 £10.9 19.2+10.6
GP 133 31.349.2 9.749.3
USA END 58 45413 18.8+14.3
GP 87 44.5+15.6 18.7+15.9

Table 3: Quantity of diagnosed cases of internal and external root resorption during voluntieers dental carrier.

Brazil USA
External Internal External Internal
END GP END GP END GP END GP
Never 5 61 4 68 0 17 1 22
1-3 times 26 43 37 51 9 26 12 28
4-10 times 28 17 25 10 9 25 15 26
More than 10 times 37 12 30 4 46 19 30 11

END: endodontists; GP: general practitioners
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Fig. 2: Analysis of the questionnaire about external inﬂammatory root resorption. Panel A: Comparison of knowledge level between all
groups (USA: top pie chart, and Brazil: bottom pie chart) on the diagnosis of external inflammatory root resorption. Blue and green are
the correct answers. Panel B: The results organized by individual answer Panel C: The results comparing USA vs. Brazil. IDK (I don’t
know), external, and internal root resorption. Panel D: Comparison of knowledge level between all groups (USA: top pie chart, and
Brazil: bottom pie chart) on the treatment of external inflammatory root resorption. Top pie chart: USA, and bottom pie chart: Brazil.
Blue and green are the correct answers. Panel E: The results organized by individual answer. Panel F: The results comparing USA vs.
Brazil. Yes, only, IDK (I don’t know).
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Fig. 3: Analysis of the questionnaire about internal inflammatory root resorption through radiograph analysis. Panel A: Comparison of
knowledge level between all groups (USA: top pie chart, and Brazil: bottom pie chart) on the diagnosis of external inflammatory root
resorption. Blue and green are the correct answers. Panel B: The results organized by individual answer Panel C: The results comparing
USA vs. Brazil. IDK (I don’t know), external, and internal root resorption. Panel D: Comparison of knowledge level between all groups
(USA: top pie chart, and Brazil: bottom pie chart) on the treatment of external inflammatory root resorption. Top pie chart: USA, and
bottom pie chart: Brazil. Blue and green are the correct answers. Panel E: The results organized by individual answer. Panel F: The
results comparing USA vs. Brazil. Yes, only, IDK (I don’t know).
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Fig. 4: Analysis of the questionnaire about internal inflammatory root resorption through CBCT analysis. Panel A: Comparison of
knowledge level between all groups (USA: top pie chart, and Brazil: bottom pie chart) on the diagnosis of external inflammatory root
resorption. Blue and green are the correct answers. Panel B: The results organized by individual answer Panel C: The results comparing
USA vs. Brazil. IDK (I don’t know), external, and internal root resorption. Panel D to F: Analysis of the data regarding additional exams.
Panel D: Comparison between all groups (USA: top pie chart, and Brazil: bottom pie chart). Top pie chart: USA, and bottom pie chart:
Brazil. Blue and green are the correct answers. Panel E: The results organized by individual answer. Panel F: The results comparing
USA vs. Brazil. Yes, only, IDK (I don’t know).
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Table 4: Comparison of the level of knowledge between general practitioners and endodontic specialists
for the diagnosis and treatment of inflammatory root resorption.

Diagnosis Treatment
Adequate Inadequate Adequate Inadequate
Brazil END 58.3% ** 41.7% 57.3% ** 42.7%
GP 28% * 72% 36.4% 63.6
USA END 81% * 18.9% 81% * 18.9%
GP 45.9% 54% 48.3% 51.7%

It was considered appropriate when the volunteers got the answers to all the questions right.
* Statistically significant difference between general practitioners and endodontists for the diagnosis and

treatment of inflammatory root resorption.

# Statistically significant difference between Brazil and USA for diagnosis and treatment.

When the responses between Brazil and the USA were
compared, it was observed that both general dentists and
ENDs from USA had higher adequate answers related to
diagnosis (P<0.05). The same was observed for ENDs
from USA related to treatment (p<0.05); however, when
general dentists were compared, no differences were
found between countries (Table 4).

Discussion

This is the first article to address the difference between
Brazilian and American dentists and ENDs on the diag-
nosis and treatment decision of inflammatory root re-
sorptions. Our findings indicate that ENDs presented
higher level of knowledge than GPs in both countries. In
terms of region, USA presented higher level of knowle-
dge than Brazil.

The better outcome observed in ENDs were expected,
since they have more years of training and experience
than GPs. We also observed that GPs diagnosed and
chose the treatment more appropriately for internal in-
flammatory root resorption compared with external re-
sorption. This can be explained by the case chosen for
this study, i.e., a severe internal root resorption case,
making it easier to give a proper diagnosis.

Due to a similar clinical and radiographical presentations
of internal and external inflammatory resorptions, a pro-
vider should request multiple radiographs with different
incidence angles (13). If a diagnosis is not conclusive,
and to know its extent and severity, a 3D imaging, such
as CBCT, should be used for the complete assessment of
the case (14). Mastering both radiographic and clinical
presentations are imperative to timely management of
the lesion, limiting disease progression and, consequent-
ly, tooth structure loss.

Interestingly, the majority of GPs presented the appro-
priate diagnosis of internal inflammatory root resorption
using PAs, however, when the CBCT was presented, hi-
gher failure of diagnosis was observed. This raises the
question whether GPs know when the CBCT should be
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requested and, consequently, how to interpret it. Althou-
gh the aim of the present research was not to compare
the exams - CBCT and periapical radiograph, this sur-
prising result was observed. Patel et al. in 2009 observed
that although a PA radiograph is an acceptable diagnostic
method for internal and external root resorption, CBCT
provides a more precise information, thus, increasing the
probability of a proper lesion management (11). Similar-
ly, Madani ef al. in 2016 demonstrated the effectiveness
of CBCT imaging in root resorptions diagnosis (13).
Also, Vaz de Souza ef al. in 2016 compared the diagnos-
tic efficacy of CBCT with parallax periapical radiogra-
phs for the detection and classification of simulated ex-
ternal cervical resorption lesions (15). The percentage of
correct diagnoses and correct classification was around
88% and 70% for CBCT and 48.5% and 39.7% for ra-
diography, respectively (15). It is important to point out
that none of these studies examined GPs, only ENDs and
radiologists and the current research demonstrated the
lack of knowledge of GPs in interpreted CBCT in a case
of internal root resorption.

The literature shows the need of complementary exams
- such as CBCT - to correctly diagnosis. Currently, the
European Society of Endodontology statement highli-
ghts the relevance of CBCT for the management of
potentially restorable external resorption lesions, espe-
cially when the diagnosis is unclear, and/or treatment is
being planned, beyond the follow-up. This statement is
also supported by American Association of Endodontists
and American Academy of Oral & Maxillofacial Radio-
logy (16,17). However, it is extremely fundamental that
the dentist know how to analyse those exams.

When the participants were questioned about the fre-
quency of root resorption cases seen in their careers,
both GPs and ENDs reported low numbers of cases
overall. Epidemiological data on internal inflammatory
root resorption are scarce. This can be due to its low pre-
valence in general population (7). However, some case
studies showed that teeth with pulpitis or pulp necrosis
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have significantly higher prevalence of root resorption
(50% and 77% respectively) when compared to healthy
pulp (18). Vier et al. in an ex-vivo study observed that
74% of teeth with periapical lesions presented some de-
gree of internal inflammatory resorption (19). External
inflammatory root resorptions have shown to be of high
prevalence in traumatized teeth, with a study reporting
as high as 54% (20). With their elevated prevalence in
pulpitis, pulp necrosis or trauma, it is worth considering
that at some point, GPs and ENDs will encounter these
lesions.

The difficulties in diagnosing these lesions may contri-
bute to lower incidence reported (19), raising the need
of a better training to identify these cases at early sta-
ges. For example, we observed a significant higher rate
in failed diagnosis and treatment choice from Brazilian
trained GPs and ENDs. A study by Hu et al., focused on
comparing the knowledge of Brazilian GPs and ENDs
on the emergency management of dento-alveolar trau-
ma, observed an overall poor knowledge and manage-
ment of the cases, and correlated that with years of gra-
duation from dental school (21). Brazil has the highest
number of Dental Schools when compared to the rest of
the world (22). Most of the Brazilian’s Dental Schools
are situated in areas with the highest per capita income
in the country; and, despite the large number of schools,
there were no improvement in the oral health of the ge-
neral population in the past years (22). The lowest ratios
of dentist/inhabitant, and consequently, higher number
of decayed, missing, and filled teeth (DMFT) are in re-
gions with the lowest number of schools and dentists,
resulting in a lack of oral health care services in the most
needed regions.

In conclusion, regardless of the country, END specia-
lists possess a level of knowledge of the diagnosis and
treatment of root resorption superior to the general prac-
titioners. Knowledge levels of external inflammatory re-
sorption were low for general practitioners. Comparing
the results obtained in both countries, it was observed
that the USA had a higher knowledge regarding these
lesions that than Brazil.
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