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Abstract 

Background The aim of this study was to investigate the etiologies of non-surgical root canal treatment (NS-RCT) 
in a Thai population and examine their association with risk factors.

Methods A cross-sectional observational study was performed to examine the etiologies of NS-RCT and risk fac-
tors among Thai-nationality patients treated at a tertiary care dental hospital in Thailand from 2019–2023. Treatment 
records and radiographs were retrospectively reviewed to identify NS-RCT etiologies, and associated contributing fac-
tors were analyzed. Statistical analysis used univariate logistic regression followed by multivariate logistic regression, 
with a significance level set at P < 0.05.

Results The data from 1500 teeth were analyzed, comprising 59.1% females and 40.9% males, with ages ranging 
from 7–91 years (mean = 48.56 years). The most prevalent age group was 61–70 years-old. Among the treated teeth, 
the mandibular first molar was the most frequently involved (13.9%), followed by the maxillary first molar (9.9%) 
and mandibular second premolar (9.7%). The primary etiologies of NS-RCT were dental caries (53.7%), old and large 
restorations (7.9%), and attrition (5.9%). Analysis of etiology of NS-RCT due to caries revealed that the most commonly 
affected sites were the occlusal (32.6%), distal (31.6%), and mesial (17.2%) surfaces. In immature teeth requiring NS-
RCT, the predominant etiologies were dens evaginatus (32.1%), dental caries (28.6%), and traumatic injury (21.4%). The 
association between the etiology of NS-RCT and investigated associated factors were identified.

Conclusions The etiologies of NS-RCT in the selected Thai population were mainly attributed to dental caries, 
with additional factors being old and large restorations and attrition. Notably, due to the aging society, the elderly 
population experiences a higher demand for NS-RCT, particularly due to attrition, non-carious cervical lesions, 
and erosion. In contrast, in immature teeth, the most common etiologies leading to NS-RCT comprise dens evagina-
tus, dental caries, and traumatic injuries. The distinct etiological patterns observed in different age groups emphasize 
the importance of specific oral health prevention programs to address individual needs.

Introduction
Non-surgical root canal treatment (NS-RCT) is a 
very common dental procedure for managing infec-
tious pulp diseases. Understanding the etiology of 
NS-RCT holds profound significance for several rea-
sons, encompassing a thorough comprehension of its 
utilization patterns, including frequency, indications, 
and outcomes across diverse patient demographics [1]. 
A deeper understanding of the etiology of NS-RCT 
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notably advances evidence-based practices in preven-
tive treatment by enabling the identification of risk 
factors and preventive measures, and facilitating the 
development of predictive models. This knowledge aids 
in informing public health policies [2].

A previous study emphasized the benefits of under-
standing risk factors of the disease for developing pre-
ventive measures [2]. However, there are few recent 
studies on the etiology of NS-RCT and its risk factors. 
This is particularly concerning in the context of under-
standing the etiology of NS-RCT, because it is essential 
for designing targeted oral health prevention programs 
and identifying measures to mitigate the need for inva-
sive and costly procedures, such as NS-RCT [3].

Previous studies found that the most common NS-
RCT etiology was dental caries [3–5]. However, several 
studies on immature teeth found that traumatic injury 
was the predominant etiology [6–8] Other NS-RCT 
etiologies varied across different studies. Common NS-
RCT etiologies studied in previous research included 
dental caries, traumatic injury, and dens invaginatus 
(DI). Cracked tooth, defective restoration, old and large 
restorations, dens evaginatus (DE), periodontal disease, 
prosthetic retention, and inadequate seal were also 
identified as NS-RCT etiologies [3–5, 9, 10].

The patients’ chief complaint (CC) was also included 
in etiological studies, with pain being the most com-
mon reason for seeking NS-RCT [3, 4, 11]. Teeth 
requiring NS-RCT exhibit a wide range of signs and 
symptoms, including pain, sensitivity, sinus tracts, and 
swelling [12]. However, some teeth requiring NS-RCT 
might not exhibit any symptoms.

Previous studies conducted a comprehensive collec-
tion of demographic data concerning patients undergo-
ing NS-RCT. This data encompassed variables, e.g., sex, 
age, and specific details about the treated tooth, includ-
ing dental arch, tooth type, and pulp and periapical 
diagnoses. Notably, previous studies identified the per-
manent mandibular first molar as the most frequently 
treated tooth [13–19], attributed to its early eruption 
into the oral cavity, thereby heightening its susceptibil-
ity to dental caries [10]. There have been studies on the 
etiology of NS-RCT revealing diverse causes in various 
countries, including Germany [9], Jordan [10], Den-
mark [4], Argentina [5], and Sweden [3], however none 
in Thailand. Moreover, an in-depth analysis of the asso-
ciation between NS-RCT etiologies and their contrib-
uting factors was lacking in these earlier investigations. 
The use of recall questionnaire methods in most studies 
has raised concerns about the accuracy of the data due 
to recall bias. Moreover, previous studies overlooked 
the collection of specific information, such as caries 
site and trauma type. A more detailed understanding 

of these factors is essential for developing effective pre-
vention plans.

Considering the demographic shift towards an aging 
society in Thailand, which will lead to an increased 
demand for NS-RCT, the aim of this study was to inves-
tigate the prevalence of the NS-RCT etiologies in a Thai 
population and the association between the NS-RCT eti-
ology and risk factors.

Materials and methods
The study was approved by The Human Research Ethics 
Committee of the Faculty of Dentistry Chulalongkorn 
University, Thailand (#HREC-DCU 2023–025). The man-
uscript was prepared according to the STROBE checklist 
and statement.

The sample size calculation was performed using 
G*power (Version 3.1.9.2; Universität Kiel, Kiel, Ger-
many) and estimated based on a previous study [4]. Using 
an alpha = 0.05 and 80% power, we added a 20% compen-
sation for error, resulting in an estimated 1500 samples.

This cross-sectional observational study examined the 
NS-RCT etiologies and contributing factors using radio-
graphs and patient dental records. This retrospective 
study’s data were collected from the census. The inclu-
sion criteria were Thai-nationality patients who received 
NS-RCT from 2019–2023 at the undergraduate and 
postgraduate Endodontics clinics at the Faculty of Den-
tistry, Chulalongkorn University, Thailand. The types of 
NS-RCT in this study comprised conventional root canal 
treatment, vital pulp therapy, regenerative endodontics, 
and apexification [20, 21]. Each patient was assigned a 
unique identification number, and the data were manu-
ally entered into a Microsoft Excel spreadsheet. Tooth 
number was assigned according to the FDI World Dental 
Federation notion [22].

The exclusion criteria were:

– Unavailability of the treatment record or radiograph
– No etiology of pulp injury specified in the treatment 

record.
– The information from the treatment record and radi-

ograph were not relevant.

Two examiners, a 10-years experienced endodontist 
and a postgraduate endodontic student, simultaneously 
reviewed the same treatment records and radiographs. 
Each patient was registered and multiple variables: 
sex, age, tooth number, arch, chief complaints, pulp 
and periapical diagnosis, treatment causes, and type 
of treatment were recorded. The information of the 
specific tooth: caries site, type of restoration, restora-
tion site, type of trauma, periodontal condition, stage 
of root development [23] and periapical lesion were 
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also examined. Intra-observer agreement was tested 
one month after data collection was completed by two 
examiners who simultaneously reviewed 100 randomly 
selected treatment records and radiographs.

The radiographs were displayed on a Dell Opti-
Plex 7490 All-in-One 23.8-inch Full High Defini-
tion 16:9 ratio monitor with a screen resolution set at 
1920 × 1080 pixels, and the periapical lesion size was 
measured using the ruler tool in the INFINIT PACS 
program (INFINIT Healthcare, Seoul, South Korea), by 
recording the largest diameter of each lesion.

A flow chart of the recruitment procedure is pre-
sented in Fig.  1. The etiological terms used for data 
collection in this study were the tooth conditions that 
cause pulp disease, including irreversible pulpitis and 
pulp necrosis, except for intentional RCT. The etiologi-
cal terms for data collection were:

• Non-carious cervical lesions (NCCLs):
• Deep cervical lesions on the root surface with-

out the presence of caries or bacterial association, 
including abrasion and abfraction [24] that caused 
irreversible pulpitis and pulp necrosis.

• Old and large restoration:
• An extensive dental restoration reaching the inner 

1/3 of dentine [25], which includes fillings, onlays, 
and inlays that exhibit good clinical quality with 
possible microleakage or a thin layer of dentin over-
lying the pulp that caused irreversible pulpitis and 
pulp necrosis.

• Defective restoration:
• A restored tooth with identifiable flaws in the den-

tal restoration that caused irreversible pulpitis and 
pulp necrosis.

• Iatrogenic Pulpitis:
• Pulpitis resulting from tooth preparation for crown 

placement, where factors, such as mechanical or 
chemical stress, during the preparation and other 
clinical procedures led to inflammation of the den-
tal pulp. The restoration is in good condition.

• Iatrogenic exposed pulp:
• An iatrogenic event occurring unintentionally dur-

ing tooth preparation or caries removal, resulting in 
a dental pulp exposure.

• Periodontal disease:
• A tooth with periodontal disease and normal tooth 

structure, that caused irreversible pulpitis and pulp 
necrosis without other historical associations with 
pulp diseases, such as traumatic injuries.

• Autotransplantation:
• A donor tooth in autotransplantation, where pulp 

disease was expected or occurred after extraction 
from the donor site.

• Intentional RCT :
• Normal pulp, or doubtful pulp health prior to 

restorative procedures, with the possibility of pulp 
disease after restoring a tooth.

Other etiologies of NS-RCT, such as dental caries, 
attrition, traumatic injury, traumatic occlusion, cracked 
tooth, fractured cusp, DE, DI, erosion, external cervical 
root resorption, and external root resorption in this study 
were conditions that caused pulp disease, including irre-
versible pulpitis and pulp necrosis.

Statistical methods
The analyses were performed using IBM SPSS Statis-
tics version 22.0(IBM). Cohen’s Kappa coefficient was 
computed to assess intra-rater reliability for qualitative 
data, and the Intraclass Correlation Coefficient (ICC) 
was computed to assess the intra-rater reliability for the 
quantitative data. The intra-reliability rates were 0.922 
for qualitative data, demonstrating almost perfect agree-
ment and 1 for quantitative data, demonstrating absolute 
agreement [26].

To analyze the association between the NS-RCT etiolo-
gies and patients and tooth-related dependent variables, 
statistical analysis was performed using univariate logis-
tic regression followed by multivariate logistic regression. 
The factors with a P-value less than 0.05 in the univariate 
model were included in the multiple logistic regression. 
A P- value < 0.05 was considered a significant difference.

Results
Out of 1694 inspected teeth, 1500 teeth met the inclu-
sion criteria. Seventy-nine cases were excluded due to 
unavailable treatment records, 112 cases were unable 
to determine NS-RCT etiologies, and 3 cases with irrel-
evant information (Fig. 1). The demographic and clinical 
data were analyzed. The sample predominantly consisted 
of female patients (59.1%) compared with male patients 
(40.9%). The age range of cases was 7–91  years, with a 
calculated mean age of 48.56  years. The most common 
age group for NS-RCT was 61–70 years (24.5%) (Table 1).

NS-RCT of the maxillary teeth accounted for 52% of 
cases, while that of the mandibular teeth comprised 48%. 
Regarding specific tooth type, the mandibular first molar 
was the most frequently treated tooth (13.9%), followed 
by the maxillary first molar (9.9%) and mandibular sec-
ond premolar (9.7%) (Table 2). Notably, tooth number 46 
(7.1%), 36 (6.8%), and 35 (5.4%) were the most treated in 
descending order.

The chief complaints for patients seeking NS-RCT 
were pain (41.8%), followed by instances where dental 
examination precipitated the need for NS-RCT (27.3%) 
and sensitivity (7.1%).
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The pulpal and periapical diagnoses of NS-RCT teeth 
were identified. Pulp necrosis was the predominant diag-
nosis (56.6%), followed by asymptomatic irreversible 
pulpitis (16.2%), and symptomatic irreversible pulpitis 
(15.3%). For periapical diagnosis, asymptomatic apical 
periodontitis was the most prevalent (39.5%), followed 
by symptomatic apical periodontitis (27.4%), and normal 
apical tissues (15.6%).

The size of periapical lesions in teeth requiring 
NS-RCT ranged from 0–20  mm, with a mean size of 
5.38 mm. However, most of the teeth requiring NS-RCT 
exhibited no periapical lesions (18.1%) (Table 3).

The primary etiology leading to the need for NS-
RCT was dental caries (53.7%). Other significant causes 
included old and large restorations (7.9%), attrition 
(5.9%), intentional NS-RCT (5.4%), and traumatic injury 
(5.3%). Conversely, external root resorption was the least 
common cause, comprising 0.1% of cases (Table 1).

When examining the caries location, the most fre-
quently affected site was occlusal (32.6%), distal (31.6%) 
and mesial (17.2%) surfaces (Table 4).

The most common type of trauma identified was 
unknown (31.3%), followed by uncomplicated crown 
fracture (17.5%), complicated crown fracture (16.3%), 
and subluxation (11.3%) (Table  5). The causes of trau-
matic injuries were identified in 41.3% of the trauma 
cases, comprising falls (46.9%), motorcycle accidents 
(40.6%), sports-related incidents (boxing and skateboard-
ing) (6.3%), and trauma resulting from surgical treatment 
(6.3%).

In cases requiring NS-RCT, most teeth exhibited 
mature roots, comprising 98.1% of the cases. Con-
versely, teeth with immature roots were relatively rare, 

accounting for only 1.9% of the cases. The leading cause 
of NS-RCT in mature teeth was dental caries (54.1%), 
old and large restorations (8%), attrition (6%), inten-
tional root canal treatment (5.5%), and traumatic injury 
(5%). Conversely, when examining immature teeth, the 
NS-RCT causes were different from the overall cases. 
The predominant NS-RCT etiologies in immature teeth 
were DE (32.1%), dental caries (28.6%), traumatic injury 
(21.4%), and DI (14.3%). This revealed a distinct pattern 
of etiologies in immature teeth compared with mature 
teeth.

Association between etiology and tooth type
The tooth type that most commonly required NS-RCT 
was the mandibular first molar, with dental caries as the 
predominant etiology (67.5%), particularly affecting the 
occlusal (45.5%), distal (30.9%), and mesial (10.8%) sur-
faces. Additional etiologies of NS-RCT in mandibular 
first molar included old and large restorations (11%) and 
the presence of a cracked tooth (6.2%). The second most 
common tooth for NS-RCT was found in the maxillary 
first molar, where dental caries was also the primary etio-
logical factor for NS-RCT (66.2%), particularly affecting 
the occlusal (42.9%), mesial (24.9%), and distal surfaces 
(21.7%). Old and large restorations (11.5%) and iatro-
genic pulpitis (7.4%) were subsequent etiologies. For the 
mandibular second premolar, ranking third in NS-RCT 
frequency, dental caries (48.6%) remained the primary 
cause, particularly affecting the occlusal (34.4%), distal 
(30.8%), and mesial (18.1%) surfaces. DE on the man-
dibular second premolar contributed to the etiology of 
NS-RCT at 11.6% of cases and iatrogenic pulpitis at 8.9% 
(Table 2).

Fig. 1 Study flow chart
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Association between etiology and age group
The most common age group for NS-RCT was 
61–70 years (24.5%), with the primary etiologies being 
dental caries (45.1%), iatrogenic pulpitis (11.7%), and 
attrition (10.6%). The second most common age group 
for NS-RCT was 51–60  years (20.3%), where den-
tal caries (44.7%), old and large restorations (9.9%), 
and attrition (8.6%) were the predominant etiologies. 
In the third most common age group for NS-RCT, 
21–30  years (13.3%), dental caries (66.3%), traumatic 
injury (10.6%), and old and large restoration (9%) were 
the primary etiologies (Table 1).

Type of treatment
The most frequent type of overall treatment was con-
ventional RCT (95.4%), partial pulpotomy (1%) and 
apexification (0.9%). When examining the type of 
treatment for mature teeth, conventional root canal 
treatment (96.7%) was the most frequently provided, 
followed by partial pulpotomy (1%) and full pulpot-
omy (0.6%). However, for immature teeth, the most 
common treatment procedures were apexification 
(35.7%), followed by conventional root canal treat-
ment (25%), and regenerative treatment (17.9%). In 
immature teeth, the choice of treatment varied based 
on the stage of root development and various patient 
factors (Table 6).

Univariate logistic regression
The univariate logistic regression analyses revealed the 
significant risk factors as displayed in Table 7. Follow-
ing analysis of all factors within each etiology from the 
univariate analysis, NS-RCT due to caries etiology was 
significantly associated with various factors, including 
specific carious lesion sites and specific teeth, such as 
the mandibular first molar, maxillary first molar, and 
mandibular second molar, which demonstrated an 
increased likelihood of requiring NS-RCT due to car-
ies. Furthermore, males and younger age were identi-
fied as significant risk factors in caries etiology. Other 
etiologies with significant associated factors are also 
presented in Table  7. Further assessment of these fac-
tors was conducted using multivariate logistic regres-
sion analysis.

Multivariate logistic regression
Following the identification of significant factors 
related to NS-RCT etiology in the univariate logistic 
regression, we employed multiple logistic regression to 
identify the most influential factors and calculate their 
odds ratios, indicating the strength of their associations 
(Table 7).

Table 3 Distribution of the periapical lesion sizes

Periapical lesion size (mm) Frequency (teeth) Percentage

0 271 18.1

 > 0–1 244 16.3

 > 1–2 28 1.9

 > 2–3 150 10.0

 > 3–4 216 14.4

 > 4–5 149 9.9

 > 5–6 155 10.3

 > 6–7 80 5.3

 > 7–8 61 4.1

 > 8–9 56 3.7

 > 9–10 27 1.8

 > 10–11 20 1.3

 > 11–12 11 0.7

 > 13–14 10 0.7

 > 14–15 7 0.5

 > 15–16 3 0.2

 > 16–17 6 0.4

 > 17–18 3 0.2

 > 18–19 1 0.1

 > 19–20 2 0.1

Table 4 Distribution of the number of root canal-treated teeth 
due to dental caries and the affected carious sites

Carious sites n %

Occlusal 480 32.6

Distal 465 31.6

Mesial 254 17.2

Lingual 131 8.9

Buccal 106 7.2

Incisal 37 2.5

Total 1473 100

Table 5 Distribution of the number of root canal-treated teeth 
due to traumatic injuries and the types of traumatic injuries

Trauma types n %

Unknown 25 31.3

Uncomplicated crown fracture 14 17.5

Complicated crown fracture 13 16.3

Subluxation 9 11.3

Lateral luxation 8 10

Extrusive luxation 6 7.5

Intrusive luxation 5 6.3

Concussion 2 2.5

Complicated crown-root fracture 1 1.3

Root fracture 1 1.3
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Dental caries
Multiple logistic regression indicated that den-
tal caries on the distal (Odds ratio (OR) = 13.16; 
P < 0.001; 95% confidence interval (Cl): 9.31–18.60), 
mesial (OR = 6.32; P < 0.001; 95%Cl: 4.30–9.30), 
occlusal (OR = 5.28; P < 0.001; 95%Cl 3.72–7.01), lin-
gual (OR = 4.30; P < 0.001; 95%Cl: 2.47–7.47), buccal 
(OR = 3.73; P < 0.001; 95%Cl: 2.04–6.85), and incisal 
(OR = 2.86; P = 0.021; 95%Cl: 1.17–7.01) surfaces sig-
nificantly increased the likelihood of requiring NS-RCT 
due to caries.

Specific teeth were found to be associated with an 
increased risk for NS-RCT due to caries, with tooth 
17 (OR = 3.10; P = 0.005; 95%Cl: 1.41–6.82), tooth 26 
(OR = 2.56; P = 0.011; 95%Cl: 1.24–5.32), and tooth 37 
(OR = 2.24; P = 0.018; 95%Cl: 1.15–4.37) demonstrat-
ing significant associations. Furthermore, our analysis 
revealed that older age was associated with a 2% lower 
likelihood of NS-RCT due to caries, suggesting that 
younger individuals were more susceptible to NS-RCT 
due to carious lesions (OR = 0.98; P < 0.001; 95%Cl: 0.98 
to 0.99) (Fig. 2a).

Attrition
Tooth types with a significant risk for NS-RCT due to 
attrition compared with other types were mandibular lat-
eral incisors (OR = 35.44; P < 0.001; 95%Cl: 14.91–84.25), 
mandibular central incisors (OR = 16.28; P < 0.001; 95%Cl: 
7.86–33.74), mandibular canines (OR = 9.34; P < 0.001; 
95%Cl: 3.97–21.98), and maxillary canines (OR = 2.60; 
P = 0.024; 95%Cl: 1.13–6.04). Moreover, males exhib-
ited a 4.03-fold higher risk of developing attrition, lead-
ing to RCT compared with females (OR = 4.03; P < 0.001; 
95%Cl: 2.29–7.08). Additionally, older age was identified 
as a significant risk factor, with a 1.07-fold elevation in 
risk (OR = 1.07; P < 0.001; 95%Cl: 1.04–1.09) (Fig. 2b).

Intentional NS-RCT 
Older age was identified as a significant risk factor for 
intentional NS-RCT (OR = 1.05; P < 0.001; 95%Cl: 1.03–
1.07) (Fig. 2c).

Traumatic injuries
Tooth types with a significant risk for NS-RCT due to 
traumatic injuries compared with others types were man-
dibular central incisors (OR = 115.98; P < 0.001; 95%Cl: 
37.98–354.11), maxillary central incisor (OR = 97.12; 
P < 0.001; 95%Cl: 36.72–256.85), mandibular lateral inci-
sors (OR = 71.03; P < 0.001; 95%Cl: 19.49–258.91), and 
maxillary lateral incisors (OR = 29.78; P < 0.001; 95%Cl: 
10.20–86.91). Furthermore, our analysis revealed that 
older age was associated with a 4% lower likelihood 
of NS-RCT due to traumatic injuries, suggesting that 
younger individuals were more susceptible to NS-RCT 
due to traumatic injuries (OR = 0.96; P < 0.001; 95%Cl: 
0.95–0.97).

Iatrogenic pulpitis
Elderly individuals are at higher risk of encountering iat-
rogenic errors resulting in pulpitis that required NS-RCT 
(OR = 1.05; P < 0.001; 95%Cl: 1.03–1.07).

Traumatic occlusion
Tooth types with a significant risk for NS-RCT due to 
traumatic occlusion compared with other types were 
mandibular central incisors (OR = 5.97; P < 0.001; 95%Cl: 
2.67–13.40) and maxillary canines (OR = 3.95; P < 0.001; 
95%Cl: 1.78–8.80). Additionally, older age was also iden-
tified as a significant risk factor, with a 1.02-fold elevation 
in risk associated with older age (OR = 1.02; P = 0.024; 
95%Cl: 1.00–1.04) (Fig. 2d).

Table 6 Distribution of the stage of root development and the type of treatment

Stage of root 
development
[23]

Apexification NS-RCT Regenerative 
endodontic

VPT DI/DE prevent Total (%)

1 - - - - - 0

2 - - - - - 0

3 - - - - - 0

4 3 - 3 - - 6 (21.4)

5 5 1 2 2 10 (35.7)

6 2 6 - 2 2 12 (42.9)

Total (%) 10 (35.7%) 7 (25%) 5 (17.9%) 4 (14.3) 2 (7.1%) 28 (100%)
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Table 7 Univariate and multivariate logistic regression analysis for the association between the etiology of the root canal treatment 
and other factors

Etiologies Univariable model Multivariable 
model

Factors OR 95%CI P value OR 95%CI P value

Dental caries

 Caries at distal 12.21 9.19, 16.22  < .001 13.16 9.31, 18.60  < 0.001*

 Caries at mesial 5.16 3.79, 7.03  < .001 6.32 4.30, 9.30  < 0.001*

 Caries at occlusal 12.78 9.64, 16.94  < .001 5.28 3.72, 7.01  < 0.001*

 Caries at lingual 5.00 3.24, 7.72  < .001 4.30 2.47, 7.47  < 0.001*

 Caries at buccal 3.90 2.51, 6.07  < .001 3.73 2.04, 6.85  < 0.001*

 Caries at incisal 3.00 1.52, 5.92 0.002 2.86 1.17, 7.01 0.021

 Mandibular first molar 1.96 1.44, 2.67  < .001 # #

 Maxillary first molar 1.79 1.25, 2.56 0.001 # #

 Mandibular second molar 1.64 1.13, 2.39 0.009 # #

 Mandibular canine 0.50 0.27, 0.94 0.031 # #

 Maxillary central incisor 0.47 0.32, 0.71  < .001 # #

 Mandibular lateral incisor 0.20 0.09, 0.46  < .001 # #

 Mandibular central incisor 0.13 0.07, 0.27  < .001 # #

 Tooth number 17 1.81 1.01,3.27 0.048 3.10 1.41, 6.82 0.005*

 Tooth number 26 2.81 1.66, 4.77  < .001 2.56 1.24, 5.32 0.011*

 Tooth number 37 1.66 1.01, 2.73 0.045 2.24 1.15, 4.37 0.018*

 Tooth number 46 1.85 1.22, 2.81 0.004 1.62 0.89, 2.97 0.118

 Tooth number 36 1.88 1.23, 2.89 0.004 1.36 0.74, 2.50 0.318

 Male 1.43 1.16, 1.75  < .001 0.78 0.58, 1.06 0.109

 Age 0.98 0.97, 0.98  < .001 0.98 0.98, 0.99  < 0.001*

Attrition

 Mandibular lateral incisor 19.91 9.93, 39.94  < 0.001 35.44 14.91, 84.25  < .001*

 Mandibular central incisor 10.87 6.14, 19.26  < 0.001 16.28 7.86, 33.74  < .001*

 Mandibular canine 6.16 2.99, 12.69  < 0.001 9.34 3.97, 21.98  < .001*

 Maxillary canine 0.03 1.09, 4.40 0.027 2.60 1.13, 6.04 0.024*

 Mandibular first molar 0.36 0.14, 0.89 0.027 1.54 0.56, 4.27 0.41

 Maxillary second premolar 0.11 0.02, 0.78 0.027 0.39 0.05, 2.98 0.362

 Male 5.06 3.06, 8.36  < 0.001 4.03 2.29, 7.08  < .001*

 Age 1.08 1.06, 1.10  < 0.001 1.07 1.04, 1.09  < .001*

Intentional NS-RCT 

 Mandibular first premolar 2.37 1.14, 4.94 0.021 1.68 0.79, 3.55 0.177

 Mandibular first molar 0.39 0.16, 0.98 0.045 0.60 0.24, 1.54 0.291

 Age 1.05 1.04, 1.07  < 0.001 1.05 1.03, 1.07  < 0.001*

Traumatic injuries

 Mandibular central incisor 6.46 3.44, 12.12  < .001 115.98 37.98, 354.11  < .001*

 Maxillary central incisor 19.58 11.87, 32.30  < .001 97.12 36.72, 256.85  < .001*

 Mandibular lateral incisor 3.76 1.52, 9.31 0.004 71.03 19.49, 258.91  < .001*

 Maxillary lateral incisor 3.21 1.70, 6.05  < .001 29.78 10.20, 86.91  < .001*

 Maxillary second premolar 0.12 0.04, 0.87 0.035 1.53 0.18, 13.24 0.70

 Age 0.96 0.95, 0.97  < 0.001 0.96 0.95, 0.97  < .001*

Iatrogenic pulpitis

 Mandibular second premolar 2.00 1.07, 3.74 0.029 1.79 0.95, 3.37 0.74

 Age 1.05 1.03, 1.07  < 0.001 1.05 1.03, 1.07  < 0.001*

Traumatic occlusion

 Mandibular central incisor 5.86 2.71, 12.70  < .001 5.97 2.67, 13.40  < .001*

 Maxillary canine 4.01 1.88, 8.57  < .001 3.95 1.78, 8.80  < .001*

 Age 1.03 1.01, 1.05 0.001 1.02 1.00, 1.04 0.024*

Cracked tooth

 Mandibular second molar 5.26 2.59, 10.69  < 0.001 8.98 4.01, 20.13  < 0.001*
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Cracked tooth
Tooth types with a significant risk for NS-RCT due to 
cracked tooth compared with other types were mandib-
ular second molars (OR = 8.98; P < 0.001; 95%Cl: 4.01–
0.13) and mandibular first molars (OR = 5.86; P < 0.001; 
95%Cl: 2.68–12.82) (Fig. 2e).

Fractured cusp
Tooth types with a significant risk for NS-RCT due to 
fractured cusp compared with other types were maxil-
lary second premolars (OR = 4.40; P < 0.001; 95%Cl: 1.87–
10.35) and maxillary first premolars (OR = 4.12; P = 0.001; 
95%Cl: 1.75–9.68). Additionally, older age was identified 

This table displays the factors that achieved statistical significance within the univariate model. (P value < 0.05)

N/A = The effect of the factors was not analysed because of the small number of cases
* Asterisks indicate significant differences (p < 0.05)
# In the multivariable model, we specifically calculated the tooth number, while excluding tooth types only in the case of dental caries as the etiology
## In the multivariable model, we specifically calculated the tooth types, while excluding tooth number only in the case of autotransplantation as the etiology

Table 7 (continued)

Etiologies Univariable model Multivariable 
model

Factors OR 95%CI P value OR 95%CI P value

 Mandibular first molar 3.36 1.69, 6.68  < 0.001 5.86 2.68. 12.82  < 0.001*

Fractured cusp

 Maxillary second premolar 2.96 1.32, 6.62 0.008 4.40 1.87, 10.35  < 0.001*

 Maxillary first premolar 3.90 1.73,8.77 0.001 4.12 1.75, 9.68 0.001*

 Age 1.05 1.02, 1.07  < 0.001 1.05 1.02, 1.07  < 0.001*

NCCL

 Maxillary first premolar 3.09 1.24, 7.68 0.015 5.50 2.12, 14.30  < 0.001*

 Mandibular first premolar 5.35 2.24, 12.78  < 0.001 4.87 1.78, 13.34 0.002*

 Maxillary second premolar 2.88 1.22, 6.79 0.016 1.03 1.01, 1.05 0.19

 Age 1.03 1.01, 1.06 0.005 7.55 2.85, 19.99  < 0.001*

Dens evaginatus

 Mandibular first premolar 3.68 1.23, 11.05 0.02 223.38 31.98, 1560.48  < 0.001*

 Mandibular second premolar 25.36 10.33, 62.28  < 0.001 207.11 46.78, 917.00  < 0.001*

 Age 0.89 0.85, 0.93  < 0.001 0.83 0.77, 0.90  < 0.001*

Defective restoration

 Mandibular third molar 12.93 1.48, 112.66 0.020 10.88 1.11, 106.70 0.040*

 Restoration at Buccal 3.22 1.27, 8.17 0.014 2.60 0.99, 6.82 0.053

 Restoration at Distal 2.56 1.06, 6.22 0.038 2.20 0.88, 5.49 0.09

Periodontal disease

 Maxillary second molar 6.74 2.04, 22.30 0.002 10.88 2.87, 41.20  < 0.001*

 Maxillary first molar 4.15 1.26, 13.63 0.019 6.95 1.85, 26.18 0.004*

Dens invaginatus

 Maxillary lateral incisor 65.30 13.66, 312.23  < .001 1.09 0.33, 3.58 0.893

 Age 0.93 0.89, 0.97 0.001 1.03 1.01, 1.05 0.001*

Erosion

 Mandibular canine 8.84 1.82, 42.91 0.007 8.19 1.51, 44.34 0.015*

 Mandibular first premolar 7.87 2.00, 31.01 0.003 7.66 1.77, 33.20 0.007*

 Age 1.07 1.01, 1.12 0.014 1.06 1.00, 1.12 0.046*

Autotransplantation

 Maxillary third molar 198.67 27.08, 1457.73  < 0.001 599.92 36.63, 9825.72  < 0.001*

 Mandibular third molar 41.31 4.29, 397.32 0.001 345.59 14.20, 8409.03  < 0.001*

 Tooth number 18 298.20 34.82, 2553.95  < 0.001 ## ## ##

 Age 0.93 0.89, 0.98 0.008 0.89 0.82, 0.98 0.013*

External cervical resorption

 Maxillary canine 10.92 1.80, 66.24 0.009 N/A N/A N/A
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as a significant risk factor, with a 1.05-fold elevation 
in risk associated with older age (OR = 1.05; P < 0.001; 
95%Cl: 1.02–1.07) (Fig. 2f ).

Non-Carious Cervical Lesion (NCCL)
Tooth types with a significant risk for NS-RCT due to 
NCCL, compared with other types were maxillary first 
premolars (OR = 5.50; P < 0.001; 95%Cl: 2.12–14.30) 
and mandibular first premolars (OR = 4.87; P = 0.002; 
95%Cl: 1.78–13.34). Older age was also identified as a 
strong significant risk factor, with a 7.55-fold elevation 
in risk associated with older age (OR = 7.55; P < 0.001; 
95%Cl: 2.85–19.99) (Fig. 2g).

DE
Tooth types with a significant risk for NS-RCT due 
to DE compared with other types were mandibu-
lar first premolars (OR = 223.38; P < 0.001; 95%Cl: 
31.98–1560.48) and mandibular second premolars 
(OR = 207.11; P < 0.001; 95%Cl: 46.78–917.00). Further-
more, our analysis revealed that older age was associ-
ated with a 17% lower likelihood of NS-RCT due to DE, 
suggesting that younger individuals were more suscep-
tible to NS-RCT because of DE (OR = 0.83; p < 0.001; 
95%Cl: 0.77–0.90) (Fig. 2h).

Defective restoration
The mandibular third molars were the only tooth type 
with a significant risk of NS-RCT due to a defective res-
toration (OR = 10.88; P < 0.001; 95%Cl: 1.11–106.70).

Periodontal disease
Tooth types with a significant risk for NS-RCT due to 
periodontal disease compared with other types were 
maxillary second molars (OR = 10.88; P < 0.001; 95%Cl: 
2.87–41.20) and the maxillary first molars (OR = 6.95; 
P = 0.004; 95%Cl: 1.85–26.18).

DI
Older age was the sole significant risk factor, with a 
1.03-fold elevation in risk associated with older age 
(OR = 1.03; P = 0.001; 95%Cl: 1.01–1.05).

Dental erosion
Tooth types with a significant risk for NS-RCT due 
to erosion compared with other types were mandibu-
lar canines (OR = 8.19; P = 0.015; 95%Cl: 1.51–44.34) 
and mandibular first premolars (OR = 7.66; P = 0.007; 
95%Cl: 1.77–33.20). Furthermore, older age was 

Fig. 2 Representative photographs illustrating different etiologies of NS-RCT. a-e, g, h were captured by a digital camera, while Figs. 2(f) and (i) 
were captured using an operating microscope (Zeiss Extaro 300) at a magnification of 1.6 (equivalent to 13.6-fold magnification). a The arrow 
indicates D caries on the mandibular second molar due to food impaction from the partially erupted mandibular third molar. b Arrows indicate 
mandibular central and lateral incisors with an attrition exposed pulp. c A case of swimmer’s erosion with an indication for intentional NS-RCT prior 
to full mouth rehabilitation. d Arrow indicates left mandibular central incisor with pulp necrosis due to traumatic occlusion from maxillary central 
incisors. e Arrow indicates a methylene blue stained M crack line in a mandibular second molar. f Black arrows indicate the mesio-distal fracture line 
of the maxillary first premolar with a palatal cusp fracture, while the white arrow indicates the remaining tooth structure after palatal cusp removal. 
g Arrow indicates pulp exposure from labial abfraction of maxillary lateral incisor and canine. h Black arrows indicate DE on mandibular premolars, 
and the blue arrow indicates DE on the maxillary first premolar. i Arrows indicate microleakage at the gingival margin of the resin composite 
restoration with appropriate margins. P indicates the pulp chamber wall, and R indicates the resin composite restoration
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identified as a significant risk factor, with a 1.06-fold 
elevation in risk associated with older age (OR = 1.06; 
P = 0.046; 95%Cl: 1.00–1.12).

Autotransplantation
Tooth types with a significant risk for NS-RCT due 
to autotransplantation compared with other types 
were maxillary third molars (OR = 599.92; P < 0.001; 
95%Cl: 36.63–9825.72) and mandibular third molars 
(OR = 345.59; P < 0.001; 95%Cl: 14.20–8409.03). Fur-
thermore, our analysis revealed that older age was 
associated with an 11% lower likelihood of NS-RCT 
due to autotransplantation, suggesting that younger 
individuals were more susceptible to NS-RCT because 
of autotransplantation (OR = 0.89; P = 0.013; 95%Cl: 
0.82–0.98).

Discussion
The demographic data revealed a diverse sample. In 
our research, we observed that more women tended to 
undergo NS-RCT compared with men, aligning with 
findings from other studies [3, 5, 10, 14, 27–29].

We observed that the most common age range for 
NS-RCT was 61–70  years, which differs from several 
earlier studies. In studies conducted from 2000–2010, 
the prevalent age range was 50–64 years [16, 18, 27]. In 
studies from 2010–2020, the most common age range 
was 40–49 years [3, 5, 19]. These studies found that the 
age of patients seeking endodontic treatment is higher 
compared with earlier studies. This may be due to several 
factors, including improved dental care, increased aware-
ness of endodontic procedures, and the aging population 
retaining their natural teeth longer.

Our study revealed that the primary chief complaint 
leading patients to NS-RCT was pain (41.8%). This find-
ing is in accordance with previous research by Wigsten 
[3], and Abbott [11]. We observed that 27.3% of cases 
required NS-RCT due to dental inspection without any 
symptoms. These results emphasize the importance of 
routine dental check-ups for early detection and preven-
tion of pulp and periapical diseases.

This study found that dental caries was the main cause 
of RCT (53.7%), in line with previous studies [3–5]. Den-
tal caries accounted for the highest percentage of NS-
RCT etiology across all age groups, from 7–80  years. 
This supports the importance of dental caries prevention 
strategies, from early childhood caries prevention to oral 
health promotion in adults and the elderly. Addition-
ally, the slow progression of caries without noticeable 
symptoms underscores the importance of regular oral 
examinations, including bitewing radiographs, for early 
diagnosis and treatment [4, 30].

The mandibular first molar was the most frequently 
treated tooth, consistent with findings from previous 
studies [3–5, 13–19]. These findings suggest that this 
tooth is at higher risk of developing caries due to its anat-
omy and early eruption [10]. The increased retention of 
molars through indicated NS-RCT, rather than extrac-
tion, may be attributed to heightened awareness among 
patients [3]. Furthermore, teeth 17, 26, and 37 were iden-
tified as significant risk factors for NS-RCT due to caries 
(OR = 3.10, 2.56, 2.24 respectively), emphasizing the need 
for precautions in first and second molars.

We also focused on dental caries sites that were not 
analyzed in previous studies. The most affected caries 
site was the occlusal surface (OR = 5.28), characterized 
by irregular pits and fissures that increase susceptibility 
to food impaction. Placing sealants in deep pits and fis-
sures when patients are young can serve as a preventive 
strategy, alongside continued monitoring of intact seal-
ants. Regarding the second and third most affected caries 
sites, proximal surfaces, we noted that the distal sur-
face (OR = 13.16) was more than twice as affected as the 
mesial surfaces (OR = 6.32), suggesting greater difficulty 
in accessing and cleaning the teeth on the distal surfaces. 
Regular oral examinations and x-ray bitewings, as recom-
mended by the American Dental Association [30], are 
crucial for preventing caries progression.

The second most common cause leading to NS-RCT 
was old and large restorations. This occurs for several 
reasons. Microleakage, which cannot be seen with the 
naked eye, may allow bacteria and their byproducts to 
cause pulp damage [31] (Fig.  2i). To prevent microleak-
age, moisture control using a rubber dam and adequate 
adaptation of the restorative material through an incre-
mental technique to minimize shrinkage are recom-
mended [32]. In contrast, when marginal leakage is 
visible in the clinic or material breakdown is noticed, it 
is classified as a defective restoration, with 60% being 
resin composite and 35% amalgam fillings in our study. 
Furthermore, caries removal or large cavity preparation 
might cause pulpal inflammation. This inflammation may 
not show immediate signs, however, over time, it can lead 
to pulp necrosis, requiring NS-RCT [33].

Iatrogenic pulpitis caused by mechanical and chemi-
cal stresses, such as preparation and luting cements, can 
occur during crown restoration [34]. If there is a preex-
isting filling in the tooth, it might indicate that the pulp 
has been compromised due to previous dental caries and 
restorative treatments [33]. Elderly individuals have an 
increased risk of iatrogenic pulpitis leading to the need 
for NS-RCT because they are likely to have had many 
previous restorative treatments [35]. Age-related changes 
in the dental pulp, encompassing aging, defensive 
responses, and pathologic alterations, were also a risk 
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factor in aged dental pulp [36]. Extensive dental restora-
tions, including those without immediate clinical signs, 
can conceal underlying issues, such as microleakage or 
stress on the pulp. Over time, these concealed problems 
may become apparent and require NS-RCT.

The third most common cause leading to NS-RCT was 
attrition, with males being approximately fourfold more 
likely than females to develop attrition (OR = 4.03). This 
difference might be because men tend to have more 
occlusal load than females [37]. Older age was also identi-
fied as a significant risk factor (OR = 1.07). It is notewor-
thy that although attrition was absent in patients under 
40  years, it became more prevalent in individuals over 
51 years, consistent with previous studies [38, 39].

In the case of traumatic injury, younger individu-
als had a higher susceptibility of NS-RCT with an odds 
ratio of 0.96. This observation aligns with the findings in 
a previous study [4]. In individuals under the age of 12, 
traumatic injuries account for 20% of all cases requir-
ing NS-RCT. We identified the maxillary central incisor 
as the tooth most frequently prone to trauma (36.7%), 
consistent with the findings of previous studies [5, 10, 
40]. Surprisingly, uncomplicated crown fractures were 
found to lead to pulp necrosis. This occurrence may 
be linked to a combination of crown fracture and luxa-
tion. Luxation-type injuries can result in ischemic pulp 
necrosis, causing a reduced pulpal immune response. 
Furthermore, exposed dentinal tubules are susceptible to 
microbial infection from saliva [41]. The primary reasons 
for trauma in our study were falls (46.9%), motorcycle 
accidents (40.6%), and sports-related incidents (6.3%). 
This aligns with previous studies that consistently identi-
fied falls as the most common cause of traumatic injuries 
(ranging from 31.7%-64.2%). Other contributing factors 
included sports activities (40.2%), bicycling accidents 
(19.5%), traffic accidents (7.8%), and physical violence 
(6.6%) [42–45]. Based on the prevalence of sports-related 
incidents contributing to dental trauma, it is highly advis-
able to recommend the use of mouthguards that act as a 
cushion, absorbing and dispersing the impact force, dur-
ing contact sports [46].

Younger individuals (OR = 0.83), especially in the 
13–20-year age range, were more susceptible to NS-RCT 
due to DE. DE is predominantly identified in mandibu-
lar and maxillary premolars, especially in mandibular 
premolars. Preventive measures for DE should be imple-
mented before the completion of root formation, typi-
cally between the ages of 12–14 years. This observation 
aligns with the eruption and root development chronol-
ogy of permanent premolars. The study findings are con-
sistent with previous research on the occurrence and 
incidence of DE [47, 48].

In our comprehensive analysis of age-related factors, 
distinct etiological patterns emerged, leading to the cat-
egorization of two specific age groups. Group 1, compris-
ing younger individuals, exhibited significant risk factors, 
such as caries, trauma, DE, and autotransplantation. In 
contrast, Group 2, representing older individuals, dem-
onstrated notable risk factors associated with prolonged 
tooth use and wear, including NCCLs (OR = 7.55), attri-
tion (OR = 1.07), and erosion (OR = 1.06) that are rele-
vant to previous studies [39], fractured cusp (OR = 1.05) 
and traumatic occlusion (OR = 1.02). Moreover, older 
individuals were at risk of intentional RCT (OR = 1.05) 
due to the loss of coronal structure and preparation for 
definitive prosthetic restorations, consistent with a previ-
ous study [3]. Additionally, iatrogenic factors leading to 
pulpitis (OR = 1.05) emerged as significant contributors 
in the elderly. These identified factors add depth to our 
understanding of the diverse etiological landscape in the 
elderly.

We observed that older patients, particularly those 
in the 51–70 age range (70.9%), were at a higher risk of 
experiencing traumatic occlusion. Specifically, mandibu-
lar central incisors (OR = 5.97) and maxillary canines 
(OR = 3.95) were identified as having an elevated risk of 
traumatic occlusion. The increased incidence of trau-
matic occlusion in mandibular central incisors among 
older patients may be explained by the loss of posterior 
teeth. This implies a potential connection, wherein the 
absence of posterior teeth may lead patients to rely more 
on their mandibular central incisors during chewing, 
potentially contributing to traumatic occlusion in this 
region [49].

In the case of a cracked tooth, we found that man-
dibular second molars (OR = 8.98) and mandibular first 
molars (OR = 5.86) with cracks leading to NS-RCT. One 
possible factor is an occlusal force. The distribution of 
occlusal force is greatest in the molar region, followed 
by premolar, and anterior teeth regions [50]. In contrast, 
we found that fractured cusp teeth in maxillary second 
premolars (OR = 4.40) and maxillary first premolars 
(OR = 4.12) were associated with NS-RCT. Another study 
stated that the highest occlusal force was at the maxil-
lary premolars [51]. The possible cause of cusp fracture 
in maxillary premolars might be due to their steep cusp 
inclines and deep grooves [52].

In the present study, we identified a higher risk of 
NCCL in the maxillary first premolars (OR = 5.50) and 
mandibular first premolars (OR = 4.87), consistent with 
previous research [53–55]. Maxillary teeth may be more 
susceptible to NCCLs, possibly due to their specific 
lingual tilt [53]. Various factors contribute to NCCL, 
depending on the type of NCCL. Abfraction might occur 
due to high occlusal force and lateral forces, particularly 
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in the first premolar [51]. Abrasion, often caused by 
tooth-brushing and other possible factors, at the maxil-
lary first premolar area can result in reduced buccal bone. 
This bone deficiency, combined with the buccal position 
of these teeth, may increase the risk of gingival recession 
and cervical abrasion [56].

For autotransplantation cases, the criteria for donor 
teeth included a non-functional tooth. This study found 
that the maxillary first premolar and third molar were 
used as donor teeth. The third molar is non-functional 
in most patients, and the maxillary first premolar is com-
monly extracted in some patients undergoing orthodon-
tic treatment. Younger individuals exhibited a higher rate 
of autotransplantation. This could be due to two main 
reasons: 1) Patients less than 45 years old were appropri-
ate candidates for autotransplantation due to significantly 
higher autotransplant tooth survival [57] and the regen-
erative potential of the periodontal ligament cells [58]. 
2) Dental implants are not indicated for patients with 
ongoing craniofacial bone growth [59]. Craniofacial bone 
growth is typically completed at ~ 17–18 years old [60]. In 
cases of tooth loss within this age group, autotransplanta-
tion may offer a beneficial treatment option.

The strengths of this study

• Novelty in research area: There has been a lack of 
studies addressing the causes of NS-RCT and associ-
ated factors in Asia. The etiology of NS-RCT often 
varies in detail across different regions. This under-
standing is crucial for developing targeted and effec-
tive dental prevention programs.

• Large sample size for in-depth analysis: The study 
employed a large sample size, allowing for a more 
in-depth examination of the causes, beyond the pri-
mary factor of caries (which typically demonstrated 
significant differences compared with other causes in 
previous studies). This is crucial for developing com-
prehensive preventive dental strategies.

• Generalizability: This etiological study collected cen-
sus data from clinical sources, with two observers 
demonstrating nearly perfect to absolute agreement 
in intra-rater reliability calibration. This resulted in 
high external reliability and enhanced generalizabil-
ity.

• Detailed data collection: This study excelled in col-
lecting more detailed data compared with previous 
studies. For example, specific information, e.g., tooth 
numbers and caries sites were meticulously recorded, 
providing the most specific data for targeted preven-
tive dental practices in the future.

• Systematic data collection for future studies: The 
study serves as a guide for future research on the 
causes and factors related to NS-RCT. The systematic 
and detailed data collection methodology is designed 
to facilitate future studies, including the potential for 
systematic reviews and meta-analyses.

The limitations of this study

• Location specificity: This study was conducted in 
a dental hospital in the capital city, mainly with 
patients from urban areas. Their economic status 
might differ from patients in rural areas, where there 
is a tendency for a lower rate of NS-RCT due to 
higher prevalence of tooth extraction. Consequently, 
the reasons for NS-RCT in rural areas might vary. 
Our future plan involves studying rural areas to for-
mulate preventive measures tailored to different pop-
ulation groups.

• Selective data: This study exclusively gathered infor-
mation from patients who had undergone NS-RCT. 
Consequently, teeth with indications for NS-RCT 
that were extracted might be absent from the dataset.

• Variability in retrospective studies: Data recording 
practices in retrospective studies often vary depend-
ing on the data collecting habits of the dentists pro-
viding the information. In our study, we used stand-
ardized endodontic treatment records designed to 
include all pertinent data. Additionally, we provided 
guidelines to users to ensure the consistency and reli-
ability of the data.

• Potential data errors: Data recording was based on 
dentists’ input during treatment, introducing the 
possibility of errors in data entry or diagnosis. To 
mitigate this, our study included cross-referencing 
with radiographs for more accurate data.

The clinical implications

• Identifying prognostic factors: This study contrib-
utes to our understanding of the significant factors 
that predict the need for NS-RCT across various eti-
ologies. It provides insights into the extent to which 
these factors either increase or decrease the risk of 
requiring NS-RCT.

• Targeted preventive measures: The findings enable 
the development of precise preventive measures. 
These measures can effectively reduce the chances of 
overlooking potential risk factors.



Page 15 of 16Lerdchakorn et al. BMC Oral Health          (2024) 24:985  

Conclusion
The top five etiologies for NS-RCT are caries, old and 
large restorations, attrition, intentional NS-RCT, and 
traumatic injury. Tooth number 36 and 46 are particu-
larly prone to caries, especially in the proximal areas, 
requiring regular preventive measures, including bite-
wing radiographs, for all age groups. Teeth requiring 
NS-RCT might not show symptoms, highlighting the 
importance of routine check-ups.

Rubber dams should be used to manage microleakage 
in extensive restorations. Dental trauma from falls, bike 
accidents, and contact sports can be prevented by raising 
awareness and encouraging the use of mouthguards and 
helmets.

Preventive measures for specific age groups depend on 
their etiology. Immature teeth are at risk of NS-RCT due 
to DE, dental caries, traumatic injury, and DI. Appropri-
ate DE treatment to prevent the development of pulp 
disease should be undertaken between ages 12–14, 
focusing on mandibular premolars. Cracks are prevalent 
in individuals aged 31–60, constituting 68% of NS-RCT 
cases attributed to crack-related issues. For the elderly, 
efforts to maintain oral health should be increased 
because they are prone to non-caries-based tooth loss, 
such as attrition, non-carious cervical lesions (NCCL), 
and erosion.
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