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ABSTRACT

Objective: This study investigated the distribution of endodontic procedures performed by an endodontic
specialist in an urban Brazilian population. Material and Methods: A retrospective study was conducted on
8041 patients treated between 2000 and 2018 at a single center. The study evaluated data from clinical and
radiographic examinations, endodontic procedures, dental groups, sex, and age. Results: Endodontic retreatment
was more frequent in age groups over 30 than in younger groups (p <0.001). The lower first molar was the most
affected tooth in the 20 to 49-year-old group. The endodontic treatment group had the highest frequencies of
the upper first molar (15.34%) and lower first molar (13.20%). Retreatment was more frequent in the incisor
group (p <0.001). No significant differences were observed between males and females regarding endodontic
treatment and retreatment. Conclusion: The findings suggest that there was an oscillation in the distribution
between endodontic treatment and retreatment over time. Furthermore, the prevalence of the affected dental
group varied based on the age group and type of endodontic procedure.
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RESUMO

Objetivo: Este estudo investigou a distribuicdo dos procedimentos endodonticos realizados por um especialista
em endodontia em uma populacdo urbana brasileira. Material e Métodos: Foi realizada uma anélise retrospectiva
de 8.041 pacientes tratados entre 2000 e 2018 em um tnico centro. O estudo avaliou dados de exames clinicos
e radiograficos, procedimentos endoddnticos, grupo dentério, sexo e idade. Resultados: O retratamento
endodoéntico foi mais frequente em pacientes com mais de 30 anos de idade, em comparac¢do com individuos
mais jovens (p <0,001). O primeiro molar inferior foi o dente mais afetado na faixa etdria de 20 a 49 anos. As
maiores frequéncias de tratamento endodéntico foram observadas no primeiro molar superior (15,34%) e no
primeiro molar inferior (13,20%). O retratamento foi mais frequente no grupo de incisivos (p <0,001). Nao
foram observadas diferencas significativas entre individuos do sexo masculino e do feminino no que diz respeito
ao tratamento endodontico e ao retratamento. Conclusao: Os resultados sugerem uma oscilacdo na distribuicdo
dos tratamentos endodonticos e retratamentos ao longo do tempo. Além disso, a prevaléncia dos grupos dentdrios
afetados variou conforme a faixa etdria e o tipo de procedimento endodontico.
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INTRODUCTION

Improvements in therapeutic modalities
and technology have significantly influenced the
evolution of dental care [1]. Evidence points to a
decline in the prevalence of dental caries, largely
attributed to community water fluoridation and
progress in preventative treatment strategies [2-4].
Despite these improvements, limited research has
explored how routine procedures in endodontic
practice have changed over time.

Existing studies on endodontic treatment
patterns have typically drawn data from
teaching institutions, surveys of endodontic
practices, and general dental clinics [5-9].
A retrospective analysis conducted at the
University of Western Australia highlighted the
high demand for endodontic therapy among
referred patients and identified key reasons for
referral, such as pain management, complex
canal morphology, retreatment, trauma, surgery,
and perforations [10]. However, these findings
date back to the 1990s, and there is a lack of
contemporary research with robust data that
evaluates shifts in endodontic care provision.

Root canal treatment [RCT] has emerged
as one of the most frequently performed dental
procedures, while tooth extraction appears to be
declining in prevalence among practitioners [11,12].
Globally, oral diseases continue to affect billions,
with untreated dental caries in permanent teeth
being the most widespread condition [13]. These
global patterns underscore the importance of
examining the demand for endodontic treatment
across various socio-economic and cultural settings.
Such analysis is vital not only for enhancing the
quality and efficiency of oral healthcare but also
for informing endodontic education and training.

Therefore, according to demographic
characteristics and dental group, this retrospective
study investigated the distribution of endodontic
procedures performed by an endodontic
specialist in an urban Brazilian population from
2000 to 2018, comparing endodontic treatment
and retreatment.

MATERIAL AND METHODS

Study design

A retrospective study was conducted at
a single center using data from the electronic
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registry (ProDent Software® Blumenau, Santa
Catarina, Brazil) of endodontic procedures
performed by a specialist in a dental office in Belo
Horizonte, the capital of Minas Gerais, which is the
sixth most populous municipality in Brazil [14].
This study was approved by the Research Ethics
Committee of the Federal University of Maranhdo
(CAAE: 86198924.6.0000.5087).

Study sample

The study sample included analyzed teeth
that underwent endodontic interventions between
2000 and 2018 by a specialist in Belo Horizonte,
Minas Gerais, Brazil. The study included data
from clinical and radiographic examinations,
endodontic procedures, dental groups, sex, and
age. Endodontic procedures without data on
the patient’s dental group, sex, and/or age were
excluded. The total sample evaluated was 11,882
endodontic procedures performed on 8,041
patients (Figure 1).

Data collection

The teeth that underwent endodontic
intervention were categorized based on
demographic and dental variables, including
year of procedure, sex (male/female), age group
(£19, 20 to 29, 30 to 39, 40 to 49, 50 to 59,
and >60 years), dental arch (upper/lower), and
dental group (central incisor, lateral incisor,
canine, first premolar, second premolar, first
molar, second molar, and third molar), type of
endodontic procedure (endodontic treatment,
endodontic retreatment, management of pain,
separated instrument removal, post removal, root
canal preparation for post-space, root perforation
treatment, and antimicrobial photodynamic
therapy). The data were grouped by year for time
series analysis.

Statistical analysis

The data analysis was performed using
SPSS software version 29.0 (IBM, Chicago, IL,
USA) and GraphPad Prism software version
10 (GraphPad Software, San Diego, CA,
USA). Descriptive statistics were performed to
calculate the frequency and percentage of the
variables. Chi-square tests were used to assess
the association between categorical variables.
Results were presented in tables and bar charts.
The level of significance adopted for all analyses
was 5%.
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Figure 1 - Flow diagram for the study sample of endodontic procedures.

RESULTS

Data from 8041 patients that underwent
endodontic interventions were evaluated in the
present study. Table I shows the sex distribution
of the patients: female (53.45%) and male
(46.55%). The most frequent age group in the
sample was 40 to 49 years (25.27%), followed
by 30 to 39 years (22.73%). The three highest-
frequency endodontic procedures in the sample
were root canal preparation for post-space
(32.37%), endodontic treatment (30.79%), and
endodontic retreatment (17.01%). The study
found that lower molars (21.92%), upper molars
(19.65%), and upper premolars (18.78%) were
the most affected teeth in the overall sample.

The study found significant differences between
treatment and retreatment by year of procedure
(Figure 2A, p < 0.001). However, the time trend
showed a wavering pattern. No significant differences
were observed between males and females regarding
endodontic treatment and retreatment (Figure 2B,
p =0.353). Endodontic retreatment was more
frequent in age groups over 30 than in younger
groups (Figure 2C, p <0.001). Furthermore, there
were significant differences in the distribution of
endodontic treatment and retreatment across dental
groups (Figure 2D, p < 0.001). The incisor group
had a higher retreatment rate.
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Table | - Descriptive analysis of study sample

Variables

Patients' data (n=8,041)

Sex
Female
Male
Age group (years)
<19
20 to 29
30 to 39
40 to 49
50 to 59
260

4298
3743

204

747

1828
2032
1627
1603

Procedures data (n=11,882)

Endodontic procedure
Endodontic treatment
Endodontic retreatment
Management of pain

Separated instrument removal

Post removal

Root canal preparation for post-space
Root perforation treatment
Antimicrobial photodynamic therapy

Dental Group
Upper incisors
Lower incisors
Upper canines
Lower canines
Upper premolars
Lower premolars
Upper molars
Lower molars

3658
2021
206
238
1039
3846
92
782

2041
329
668
222
2231
1451

2335

2605

(%)

(53.45)
(46.55)

(2.54)
(9.29)
22.73
25.27
20.23)
19.94)

—

(30.79)
(17.01)
(1.73)
(2.00)
(8.74)
(32.37)
(0.77)
(6.58)



Amaral RR et al.
A P <0.001
100
90 B Treatment
80 Il Retreatment
70
60
R 50
40
30
20
10
0 N » Q N » A
ST e i e
Time series
Cc P < 0.001
100
90 l Treatment
80 l Retreatment
70
. 60
50

X PP R S
& O O 0 O v
N N
Vv L) » <
Age group

Analysis of endodontic treatment and
demographic data in an urban Brazilian population:
a 19-year single-center retrospective study

B P=0.353
132 H Treatment
80 H Retreatment
70
. 60
& 50
40
30
20
10
o.
Female Male
D P <0.001

132 l Treatment
80 l Retreatment
70
60
E
40
30
20
10
0

Incisors Canines Premolars Molars
Dental group

Figure 2 - Comparative analysis of endodontic treatment and retreatment across time series (A), sex category (B), age group (C), and dental

group (D).

Regarding the distribution of dental groups
by age, molars accounted for over 50% of
teeth that underwent endodontic interventions
in the <19 years (58.60%) and 20-29 years
(58.15%) age groups. The frequency of affected
canines increased with age, representing 15.03%
in the >60 age group. Endodontic interventions in
premolars were also higher in older age groups
(Figure 3A). The distribution of dental groups
varied significantly by endodontic procedure
type (Figure 3B, p < 0.001). Endodontic urgency
procedures were performed on 60.19% of molars
and 50.10% of non-molar teeth. Premolar and
incisor teeth had a higher frequency of separated
instrument removal (34.03% and 34.45%,
respectively). Similarly, post-removal procedures
were most frequent in incisor and premolar
teeth (36.38% and 33.68%, respectively). Root
perforation treatment was performed on 48.91%
of molar teeth.

Figure 4 shows the distribution of teeth
groups based on the endodontic procedure.
The upper 1st molar (15.34%) and lower 1st
molar (13.20%) had the highest frequencies in
the endodontic treatment group (Figure 4A).
In the endodontic retreatment category, the
most frequent tooth groups were the lower 1st
molar (14.65%) and central incisor (13.06%)

A P <0.001
M Incisors
M Canines
H Premolars
H Molars

bl 4/
(19\ 'bg\. @ @Q\
Age group
B P <0.001

M Incisors
H Canines
B Premolars
H Molars

SES S &K
Q.
Endodontic procedure

Figure 3 - Distribution of dental groups by age group (A) and
endodontic procedure (B). RCT = Root canal treatment; RCRT = Root
canal retreatment; MOP = Management of pain; SIR = Separated
instrument removal; PR = Post removal; PS = Root canal preparation
for post-space; RPT = Root perforation treatment; PDT = Antimicrobial
photodynamic therapy.
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A Root canal treatment (n=3658)
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B Root canal retreatment (n=2021)
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Figure 4 - Distribution of dental groups by endodontic procedure: endodontic treatment (A), endodontic retreatment (B), management of
pain (C), separated instrument removal (D), post removal (E), root canal preparation for post-space (F), root perforation treatment (G), and

antimicrobial photodynamic therapy (H).

(Figure 4B). The first molar teeth were the
most affected in the endodontic urgency group
(Figure 4C). The separated instrument removal
procedure affected the upper central incisor the
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most (18.07%), followed by the upper lateral
incisor (14.29%) and upper 2nd premolar
(13.45%) (Figure 4D). In the post-removal
category, the upper central incisor (16.17%) and
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A <19 years (n=302)
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B 20 to 29 years (n=1104)
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Figure 5 - Distribution of dental groups by age group: <19 years (A), 20 to 29 years (B), 30 to 39 years (C), 40 to 49 years (D), 50 to 59 years

(E), and 260 years (F).

upper lateral incisor (15.69%) had the highest
frequencies (Figure 4E). For the post-space
category, the lower and upper 1st molars had
the highest frequencies in root canal preparation
(12.84% and 12.04%, respectively) (Figure 4F).
In the root perforation treatment, the lower first
molar accounted for 21.74% (Figure 4G). The
low-level laser therapy category showed that
the lower and upper first molars were the most
frequently treated tooth groups, accounting for
18.80% and 16.37%, respectively (Figure 4H).

Figure 5 shows the distribution of the dental
group by age group. The results indicate that 19.54%
of the teeth receiving treatment in the younger
age group (<19 years) were upper central incisors
(Figure 5A). The lower 1% molar was the most
affected tooth in the 20-49 age groups, with 26.18%
(Figure 5B), 16.91% (Figure 5C), and 14.32%
(Figure 5D), respectively. The upper 2™ premolar
had the highest frequency in the 50 to 59 age group
(Figure 5E). The upper 1% molar was the most
frequent in the >60 age group (10.30%, Figure 5F).
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DISCUSSION

This study investigated the distribution of
endodontic procedures performed by an endodontic
specialist in an urban Brazilian population according
to demographic characteristics and dental group.
The municipality of Belo Horizonte is the sixth
most populous municipality in Brazil, with a
territorial area equal to 331,354 km?, an estimated
population for 2020 of 2,521,564 inhabitants, a
demographic density of 7,167 inhabitants/km?,
and a municipal human development index (HDI)
in 2010 equal to 0.810 [14].

The study findings indicate that lower
molars were the most affected teeth, followed by
upper molars and upper premolars. Endodontic
retreatment was more frequent in age groups
over 30 years than in younger age groups. In
addition, the results indicate that the lower first
molar was the most affected tooth in individuals
aged 20 to 49. The endodontic treatment group
had the highest frequencies of both upper and
lower first molars, while incisor teeth had a
high frequency in the endodontic retreatment
category. Molar teeth accounted for almost half
of the root perforation treatments.

The data analysis also revealed an increase in
endodontic procedures among older age groups.
Evidence has indicated that apical periodontitis
and RCT become more prevalent with age [15,16].
This can be attributed to the correlation between
aging and increased prevalence of oral diseases
and systemic comorbidities [17]. These factors
can result in an imbalanced host immune
response to microorganisms in the root canal
system [18]. In addition, a systematic review
has shown that older individuals have a higher
incidence of periapical radiolucency and are
more likely to require non-surgical root canal
treatment than the general adult population [19].

The present study showed that endodontic
treatment was more frequently required for upper
teeth than for lower teeth, with the first molars
being the most commonly treated in both dental
arches. Previous studies reported similar findings
with different populations [9,19,20]. This result
indicates that dental caries lesions affect dental
groups with greater anatomical complexity,
making dental hygiene more difficult and leading
to the accumulation of cariogenic biofilm [19,21].
The frequency of upper anterior teeth requiring
treatment is higher than that of other teeth,
consistent with the findings of Scavo et al. [9].
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The main reasons for treatment are trauma and
caries [22,23].

The study sample had a low referral rate
for pain management [2.56%]. The frequency
of dental care for day-to—day pain maintenance
varies depending on the patient database analyzed.
Generally, reference places that routinely receive
endodontic emergencies, such as university dental
schools and hospitals, show higher indicators [24].
Dental pain can arise due to various reasons,
including the progression of dental caries, dental
trauma, acute inflammation in the periradicular
tissues, or during endodontic treatment. It is often
caused by mechanical, chemical, or microbial
injury to the root canal system [25].

Additionally, the study found that 17.01%
of procedures were referrals for endodontic
retreatment, consistent with a previous survey on
failed root canal treatments [9]. It is important
to note that the distribution of procedure types
may vary depending on the dentist’s clinical
performance profile. Endodontists typically
receive more teeth requiring retreatment than
general practitioners [26].

Differences in practitioners’ education can
also lead to variations in endodontic diagnosis
and treatment decisions [27-31]. The call for
education in uniform evidence-based treatment
selection was highlighted in a previous study [32].
In this study, general practitioners are three times
more likely to retain teeth for primary root canal
treatment than to retreat teeth with unsuccessful
treatment. Similar pessimism regarding root canal
retreatment was typical amongst general dentists
in the early 2000s [33]. Our study’s lower referral
rate for endodontic retreatment may reflect an
unchanged attitude toward performing endodontic
retreatment or extracting after unsuccessful root
canal therapy. The higher frequency of root
canal retreatment reported in a specialist clinic
in Australia may suggest a variation in education
and attitude amongst general practitioners [10].
This finding is likewise supported by a review that
found that dentists with over 25 years of clinical
experience are twice as likely to extract as those
with less than 5 years of experience [28].

Our study found a significant increase in the
elderly population [>60 years of age] that received
endodontic treatment over 18 years. This increase
can be attributed to the rise in life expectancy [34]
and a decrease in global tooth loss [35]. According
to a systematic review, the prevalence and incidence
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rate of total tooth loss decreased by 45% over the
two decades from 1990 to 2010 [36]. The reduction
in tooth loss thus pushes the need for endodontic
treatment, especially in the higher age group. Tooth
retention is significantly higher in this group than
in the previous two decades. Trend studies on the
prevalence and incidence rates of caries reveal
a significant reduction in severity over the last
30-40 years in young children, adolescents, and
adults [35]. The same study found the lowest caries
prevalence in the 35-44 age group. This trend is
reflected well in our research, where the 30-39 age
group saw a significant decrease in numbers over
the 18—year study period.

Some of the study’s strengths and limitations
should be addressed. The main strengths were
the large sample size and the retrospective design
that provided a long time series [19 years] to
investigate possible temporal changes in the
distribution pattern. The limitation of the present
study is its single—center nature, which should
be considered when generalizing the results for
the target population. Therefore, future studies
should be conducted with representative samples
across different sociodemographic groups to
compare these findings across populations.

In conclusion, the findings indicate that
endodontic retreatment was more frequent in age
groups over 30 than in younger groups. The lower
first molar was the most commonly affected tooth
in individuals aged 20 to 49. The distribution of
endodontic treatment and retreatment varied
over time. Additionally, the frequency of affected
dental groups and the treatment provided varied
by age group in an urban Brazilian population.
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