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ABSTRACT

Objective The decision between preserving a compromised tooth through endodon-
tic therapy or replacing it with a dental implant remains a frequent clinical dilemma. 
This narrative review aims to evaluate the available evidence regarding clinical 
outcomes, success rates, prognostic factors, and patient-related considerations 
associated with endodontic treatment and implant therapy to support evidence-based 
clinical decision-making.
Materials and Methods A comprehensive literature search was performed in elec-
tronic databases including PubMed, EMBASE, Wiley Online Library, Cochrane Library, 
and ScienceDirect up to October 2025. Studies evaluating outcomes of endodontic 
therapy and dental implant treatment in human subjects were included. A total of 
13 studies (including cohort, case-control, cross-sectional, and one randomized 
controlled trial) were selected. Data extraction focused on study characteristics, 
interventions, follow-up duration, and clinical and patient-reported outcomes. Risk 
of bias was assessed using a domain-based approach adapted from the RoB 2 tool, 
modified to account for the inclusion of predominantly non-randomized studies.
Results Both endodontic therapy and dental implant treatment demonstrated high 
long-term survival rates when performed under appropriate clinical conditions. 
Endodontically treated teeth showed survival rates exceeding 85–90%, while implant 
survival ranged from 90% to 97%. However, heterogeneity in study design, follow-up 
duration, and outcome definitions limited direct comparisons. Most included studies 
presented some concerns to high risk of bias, primarily related to confounding, 
participant selection, and variability in outcome assessment. Patient-reported out-
comes indicated comparable levels of satisfaction and quality of life between 
treatments, although implant therapy was associated with higher reported levels of 
pain and fear in some studies. Biological complications differed between modalities, 
with peri-implant diseases affecting implants and persistent infection or restoration 
failure influencing endodontic outcomes.
Conclusions Both treatment modalities represent predictable therapeutic options. 
Preservation of the natural tooth through endodontic therapy should generally be 
considered the first-line approach when prognosis is favorable, while dental implants 
serve as a reliable alternative when tooth preservation is not feasible. Clinical de-
cision-making should integrate biological, restorative, systemic, and patient-centered 
factors. The strength of the evidence is limited by the predominance of observation-
al studies and the overall moderate to high risk of bias across included studies.
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Introduction

T
he preservation of natural 
dentition in a healthy and 
functional state remains a 
fundamental objective in 
clinical dentistry. However, 

in certain situations, conservative treat-
ment approaches may fail, necessitating 
tooth extraction and replacement. De-
termining whether to retain a compro-
mised tooth or proceed with extraction 
continues to represent a longstanding 
clinical challenge and an area of ongo-
ing debate among clinicians (1).
Treatment planning, particularly when 
deciding between root canal therapy 
and single-tooth implant placement, is 
frequently discussed in both scientific 
literature and routine clinical practice.
(2) Each treatment modality presents 
distinct advantages, limitations, and 
prognostic considerations, making 
direct comparisons complex and often 
dependent on individual clinical sce-
narios.
A critical component of contemporary 
dental care is informed consent, which 
requires clinicians to provide patients 
with accurate, evidence-based informa-
tion regarding the potential risks, 
benefits, and expected outcomes of 
available treatment options. Conse-
quently, treatment planning should be 
regarded as a collaborative process in 
which clinical evidence, practitioner 
expertise, and patient preferences are 
integrated. Patients ultimately make 
decisions based on individual priori-
ties, including predictability, safety, 
cost-effectiveness, longevity, and over-
all treatment experience.
Given the variability in reported out-
comes, study designs, and patient-re-
ported measures in the literature, there 
is a need to synthesize and critically 
appraise the available evidence to bet-
ter inform clinical decision-making.

Materials and Methods

The present review evaluated the avail-
able literature on the clinical outcomes 

of endodontic therapy and dental im-
plant treatment. A comprehensive 
search and screening process initially 
identified a large number of studies, of 
which 13 studies met the inclusion 
criteria and were included in the final 
analysis. The included studies com-
prised cohort studies, case-control 
studies, one randomized controlled 
trial, and one cross-sectional study 
involving human participants. The 
interventions assessed included pri-
mary root canal treatment, non-surgical 
retreatment, surgical endodontic pro-
cedures, and dental implant placement. 
Where applicable, comparisons were 
made between endodontically treated 
teeth and dental implants in terms of 
clinical outcomes and long-term prog-
nosis. The primary outcomes evaluated 
were success and survival rates, bio-
logical and mechanical complications, 
radiographic healing, and treatment 
failure. In addition, patient-reported 
outcomes such as quality of life, satis-
faction, pain perception, and treatment 
preferences were analyzed. Follow-up 
durations varied across studies, ranging 
from short-term to long-term evalua-
tions. Furthermore, prognostic factors 
including local anatomical conditions, 
systemic health, restorative and me-
chanical variables, clinician-related 
factors, and technological advance-
ments were considered, as these vari-
ables may influence treatment outcomes 
and clinical decision-making.

Search Strategy
A comprehensive electronic search was 
conducted in PubMed, EMBASE, Wiley 
Online Library, Cochrane Library, and 
ScienceDirect for studies published up 
to October 2025. The search was lim-
ited to full-text articles published in 
English and involving human subjects. 
The search terms applied were: implant 
AND endo AND outcome; outcome OR 
success AND endo; outcome OR success 
AND implant; implant AND versus 
AND endo; failure AND implant; fail-
ure AND endo; systematic AND im-
plant; systematic AND endo; survival 
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AND implant; survival AND endo; 
prospective OR retrospective AND 
implant; prospective OR retrospective 
AND endo; prognosis AND implant OR 
endo. In addition to the database search, 
the reference lists of all included stud-
ies were manually screened to identify 
any additional relevant publications.

Eligibility Assessment
Two independent reviewers (SSV and 
HAS) assessed the eligibility of studies 
for inclusion in the review. Studies 
were considered eligible if they were 
published in English, involved human 
participants, reported clinical outcomes 
of endodontic treatment and/or dental 
implant therapy, and provided suffi-
cient data for extraction. Studies such 
as case reports, case series, abstracts, 

letters, and those containing incomplete 
or methodologically inadequate data 
were excluded. Articles focusing solely 
on technical or procedural aspects 
without reporting clinical outcomes 
were also excluded, as were studies 
published in languages other than Eng-
lish. Any disagreements between re-
viewers were resolved through discus-
sion and consensus.

Data Extraction
Data extraction was independently 
performed by two reviewers (SSV and 
HAS). The following data were ex-
tracted: root canal treatment outcomes, 
including influencing factors; implant 
treatment outcomes, including influenc-
ing factors; studies with direct com-
parisons between the two treatment 
modalities; patient satisfaction criteria 
and surveys evaluating factors influenc-
ing patient choice; and relevant guide-
lines where applicable. Additional 
extracted variables included study 
characteristics such as author, year, 
study design, sample size, intervention 
type, follow-up duration, and clinical 
outcomes including success, survival, 
complications, and failure. Patient-re-
ported outcomes such as quality of life, 
satisfaction, pain perception, and de-
cision-making factors were also re-
corded. The extracted data were sum-
marized in tabular form to facilitate 
comparison across studies. Any dis-
crepancies between reviewers were 
resolved by consensus.

Risk of Bias Assessment
The methodological quality and risk of 
bias of the included studies were as-
sessed using a domain-based approach 
adapted from the RoB 2 tool. Given that 
the majority of included studies were 
observational in design, the standard 
RoB 2 domains were modified to enable 
consistent assessment across different 
study types (Figure 2 and 3). The 
evaluation focused on key domains 
including bias due to confounding and 
baseline differences, participant selec-
tion, outcome measurement, complete-

Identification

Identification of studies via databases and registers

Records identified from*:
Databases (n = 1245)

Records removed 
before screening:
Duplicate records 
removed (n = 245)

Records screened (n = 1000)

Studies included in review (n = 13)

Records excluded** 
(n = 920)

Reports sought for retrieval (n = 80)

Reports assessed for eligibility (n = 80)

Reports not retrieved 
(n = 0)

Reports excluded:
Reason 1 (n = 67)
Not according to 
inclusion criteria

Screening

Included

Figure 1
PRISMA Flow chart.
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ness of follow-up data, and selective 
reporting. Each study was judged as 
having low risk, some concerns, or high 
risk of bias within each domain. An 
overall risk-of-bias judgment was then 
assigned based on the highest level of 
bias identified across domains. Overall, 
the included studies demonstrated vari-

ability in methodological quality, with 
most studies showing some concerns 
to high risk of bias. This was primarily 
attributed to confounding factors, ret-
rospective and non-randomized study 
designs, heterogeneity in outcome 
definitions, and variations in follow-up 
duration and outcome assessment.

Results

Study Identification
The study identification process is sum-
marized in Figure 1. A comprehensive 
search of the electronic databases 
yielded a large number of records. 
Following screening and removal of 
duplicates, 80 studies were assessed for 
full-text eligibility, of which 67 were 
excluded. Consequently, 13 studies 
were included in the final analysis. The 
methodological characteristics and 
extracted data of the included studies 
are presented in Table 1. The risk of 
bias of the included studies (Figures 2 
and 3) was assessed using a domain-
based approach adapted from the RoB 
2 tool. The assessment demonstrated 
variability across studies, with the 
majority being observational in design 
and showing some concerns to high 
risk of bias, primarily related to con-
founding, participant selection, and 
heterogeneity in outcome definitions. 
Overall, outcome measurement and 
reporting were generally consistent 
across studies; however, differences in 
study design and methodological ap-
proaches limited direct comparability 

Figure 2
Risk of bias graph. 

Figure 3
Risk of bias summary.
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between studies.
Clinical decision-making should con-
sider two broad categories of factors, 
namely objective and subjective param-
eters. Objective factors include re-
ported success rates, measured out-
comes, and mechanical, systemic, local, 
iatrogenic, and technological variables. 
Subjective factors include pain control, 
cost-effectiveness, and patient satisfac-
tion.

Outcome Assessment and 
Comparison Between Endodontic 
Therapy and Implants
One of the principal approaches in 
clinical decision-making between end-
odontic therapy and implant placement 
is the analysis of reported outcome 
studies. However, comparisons between 
these treatment modalities remain chal-
lenging due to significant heterogeneity 
in study design, outcome definitions, 

follow-up periods, and evaluation cri-
teria. The lack of standardization 
among studies often results in incon-
sistent conclusions regarding treatment 
success and survival rates. Outcome 
assessment in both endodontics and 
implantology is typically based on a 
combination of clinical, radiographic, 
and patient-reported parameters, which 
contributes to variability in interpreta-
tion and reporting (16).
A major limitation of the included stud-
ies is the inconsistent differentiation 
between success and survival (Table 2, 
3, 4). Survival generally refers to the 
continued presence of the tooth or 
implant in the oral cavity, whereas suc-
cess implies the absence of pathology 
and optimal functional and biological 
conditions. Because survival criteria 
are less stringent, survival rates are 
frequently higher than success rates in 
both endodontic and implant studies 

Table 1
Summary of the 

Methodological and 
Clinical Characteristics 

of Included Studies.

Author (Year) Country Study Design Sample Size 
(RCT / DI)

Population 
Characteristics

Intervention 
Details

Follow-up 
Duration

Outcomes Extracted Key Notes for 
Extraction

Doyle (2006)(3) USA Case-control 196 / 196 Adults, 
matched by 
treatment area

NSRCT vs single 
implant

1 year Survival, success, 
failure, complications

Matched comparison 
within similar 
anatomical regions

Hannahan (2008)(4) USA Cohort 143 / 129 Adult patients RCT vs implant 
therapy

1.8–3 
years

Success, failure, 
complications

Unequal follow-up 
durations

Gatten (2011)(5) USA Cohort 17 / 20 Adults Endodontic vs 
implant therapy

1–6 
years

QoL (OHIP) Focus on patient-
reported outcomes

Torabinejad (2014)(6) USA Cohort 24 / 24 Adults ≥18 
years

RCT vs single 
implant

1 year Pain, satisfaction, 
complications

Detailed patient-
centered outcomes

Chatzopoulos (2018)
(7)

USA Cohort 8,915 / 
4,519

Mixed adult 
population

RCT vs implants Up to 5 
years

Survival, failure Large retrospective 
dataset

Vahdati (2019)(8) USA Case-control 170 / 170 Same patients 
(paired)

NSRCT vs 
implants

~7.5 
years

Survival, success, 
complications

Within-subject 
comparison

Hamasha (2019)(9) Saudi Arabia Case-control 150 / 150 Adults, tooth-
matched

RCT with post-
core vs implant

1 year Survival, QoL (OHIP), 
success

Includes patient QoL 
assessment

Esposito (2020)(10) Italy Randomized 
controlled trial

10 / 10 Adults with 
uncertain 
prognosis

Retreatment vs 
implant

Up to 5 
years

Success, failure, 
complications

Only RCT; small 
sample size

Lee (2022)(11) USA Cohort Multiple 
groups

Adults Various 
endodontic 
approaches vs 
implants

Up to 5 
years

Survival, success Multiple treatment 
subgroups

Sanz (2022)(12) Spain Case-control 26 / — Adults RCT vs implant 2 years Pain, QoL Focus on patient 
experience

Zang (2023)(13) China Cohort 76 / 76 Adults NSRCT vs 
implant

5 years Success Includes economic 
considerations

Suganna (2024)(14) India Cohort 176 / 145 Adults RCT vs implant 2 years Survival, success, 
failure

Recent comparative 
cohort

de España (2025)(15) Spain Cross-sectional 144 Adults treated 
in anterior 
zone

RCT, re-
treatment, and 
single implant

5 years QoL (OHIP-14), 
satisfaction, pain, 
fear, decision-making 
factors

Long-term patient-
reported outcomes; 
esthetics identified 
as key decision 
factor; higher fear/
pain in implant group
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(2,17,18). Radiographic interpretation 
further complicates comparisons due 
to inter-observer variability and differ-
ences in radiographic angulation or 
imaging techniques. Moreover, some 
periapical lesions may remain unde-
tected using conventional radiography, 
leading to potential underestimation of 
disease prevalence (19). These varia-
tions are reflected in the included stud-
ies and are summarized in the data 
extraction tables.
Another important issue in longitudi-
nal studies is the progressive reduction 
in the number of cases available for 
follow-up evaluation. Loss of partici-
pants over time can significantly affect 
the reliability and clinical relevance of 
the results. Consequently, meaningful 
comparisons between endodontic and 
implant outcomes require standardized 
definitions of success and failure, com-
parable follow-up periods, adequate 
sample sizes, and consistent outcome 

measures (2).
In addition to methodological limita-
tions, discrepancies in diagnostic cri-
teria for implant-related diseases and 
endodontic failure contribute to further 
confusion in interpreting clinical out-
comes. For example, implant failure 
has been described using various pa-
rameters including mobility, radio-
graphic bone loss, bleeding on probing, 
suppuration, and peri-implant pocket 
formation. Similarly, endodontic failure 
is often defined as the persistence or 
development of periapical radiolucency 
following treatment. The absence of 
universally accepted diagnostic thresh-
olds for these conditions has led to 
variations in reported success rates 
across studies (20).

Definitions of Peri-Implant and 
Endodontic Conditions
Several definitions have been proposed 
in the literature to clarify implant-re-

Table 2
Outcomes assessed 

among included studies 
evaluating endodontic 

therapy and dental 
implant treatment

Table 3
Prognostic factors 

influencing the out-
comes of endodontic 
therapy and implant 

treatment

Outcome Category Specific Outcomes Evaluated Method of Assessment

Primary clinical outcomes Success rate, survival rate of endodontically treated 
teeth and dental implants

Clinical examination and long-term follow-up 
evaluation

Radiographic outcomes Presence or absence of periapical radiolucency, 
marginal bone loss around implants, radiographic 
evidence of healing

Periapical radiographs and cone-beam computed 
tomography (CBCT) where applicable

Biological complications Periapical pathology, persistent infection, peri-
implant mucositis, peri-implantitis

Clinical signs, probing depth, radiographic changes

Mechanical complications Crown fracture, restoration failure, implant mobility, 
prosthetic complications

Clinical examination and prosthetic evaluation

Treatment failure indicators Persistent symptoms, implant loss, extraction of 
endodontically treated tooth

Clinical and radiographic diagnosis

Prognostic factors influencing outcomes Pre-operative periapical lesions, quality of root 
canal filling, coronal restoration quality, systemic 
health conditions, anatomical factors

Evaluation of patient records and radiographic 
analysis

Patient-reported outcomes Pain perception, patient satisfaction, treatment cost 
considerations

Patient surveys and clinical follow-up interviews

Factor Category Variables Considered Influence on Outcome

Local anatomical factors Bone quality, root morphology, periodontal status May affect implant stability or endodontic healing

Systemic health factors Diabetes, smoking, immune disorders Associated with delayed healing and increased 
complication risk

Mechanical/restorative factors Quality of root canal filling, coronal restoration, implant 
prosthesis

Poor restoration increases fracture or failure risk

Infection-related factors Presence of periapical lesions, bacterial contamination Reduces success rates

Clinician-related factors Operator skill, treatment planning Influences technical quality of procedures

Patient-related factors Oral hygiene, compliance, cost considerations Affects long-term maintenance and success
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lated and endodontic pathologies. Peri-
implant mucositis is generally de-
scribed as a reversible inflammatory 
reaction affecting the soft tissues sur-
rounding an implant without bone loss 
(21). In contrast, peri-implantitis is 
characterized by an inflammatory pro-
cess associated with progressive loss 
of supporting bone around an osseoin-
tegrated implant (21). Histological stud-
ies have demonstrated that peri-implan-
titis lesions contain higher numbers of 
plasma cells and macrophages com-
pared with mucositis lesions (22).
Another important pathological entity 
is apical peri-implantitis, also known 
as retrograde peri-implantitis. This 
condition presents as a symptomatic 
periapical radiolucency that develops 
shortly after implant placement while 
the coronal portion of the implant re-
mains osseointegrated (23). Residual 
infection from previously extracted 
teeth or untreated endodontic lesions 
of adjacent teeth has been suggested as 
a possible etiological factor.
In endodontics, treatment success has 
traditionally been defined by the ab-
sence of clinical symptoms and radio-
graphic evidence of periapical pathol-
ogy, with restoration of normal peri-
odontal ligament structures around the 
root apex (24). Conversely, endodontic 
failure is frequently associated with 
persistent periapical radiolucency or 
recurrent symptoms following treat-
ment (24). Teeth that cannot be predict-
ably restored or maintained are often 
classified as failed teeth, whereas 
structurally weakened or pathologi-
cally compromised teeth may be con-
sidered compromised teeth requiring 

restorative intervention or further 
treatment.

Implant Success Criteria
Several authors have proposed criteria 
for implant success, reflecting differ-
ences in interpretation of clinical 
outcomes. One of the most widely cited 
criteria describes successful implants 
as those exhibiting stable osseointegra-
tion, absence of pain or mobility, and 
limited marginal bone loss following 
placement (25). Other authors have sug-
gested alternative thresholds for mar-
ginal bone loss or additional clinical 
parameters such as absence of exudate 
and peri-implant inflammation(25). 
These variations highlight the absence 
of a universally accepted definition of 
implant success, which complicates 
direct comparisons between studies 
evaluating implant survival and those 
assessing the outcomes of endodontic 
therapy.

Endodontic Therapy: Outcomes and 
Prognostic Factors
Root canal treatment aims to eliminate 
infection within the root canal system 
and prevent or treat apical periodonti-
tis. The healing process following 
endodontic therapy may take several 
months or even years, as periapical 
tissues gradually regenerate after re-
moval of the microbial source of infec-
tion (26). Consequently, radiographic 
signs of healing may appear long after 
clinical symptoms have resolved.
Unlike implants, which initially dem-
onstrate high success rates that may 
decline over time, the outcome of root 
canal treatment may improve gradu-

Table 4
Comparison between 

endodontic therapy and 
dental implant 

treatment.

Parameter Endodontic Therapy Dental Implants

Treatment objective Preserve natural tooth Replace missing tooth

Success rate High long-term survival High survival rates

Biological complications Persistent infection, periapical lesions Peri-implant mucositis, peri-implantitis

Mechanical complications Tooth fracture, restoration failure Implant mobility, prosthetic complications

Retreatability Retreatment possible Limited options if implant fails

Cost Generally lower Higher initial and maintenance cost

Treatment time Usually shorter May require surgical and healing phases
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ally as healing progresses. Long-term 
studies have reported survival rates 
exceeding 85–90% for endodontically 
treated teeth over extended follow-up 
periods(26,27). A review reported sur-
vival rates of approximately 93% at 5 
years and 87% at 10 years after treat-
ment(28).
Several factors have been identified as 
influencing the prognosis of endodon-
tic therapy. Preoperative periapical 
lesions represent one of the most sig-
nificant prognostic factors, reducing 
treatment success compared with teeth 
without apical pathology.(29) Other 
important factors include the quality 
of root canal filling, adequacy of coro-
nal restoration, and presence of coronal 
leakage. Regenerative endodontics also 
have shown promising roles in impro-
vising the overall endodontic treatment 
outcomes in long run (30,31). 
The role of restorative treatment is 
particularly critical in determining the 
long-term survival of endodontically 
treated teeth. Studies have shown that 
teeth lacking proper coronal restoration 
are significantly more prone to fracture 
and subsequent extraction. Placement 
of a definitive restoration following root 
canal treatment substantially improves 
long-term survival rates (29).
Endodontic retreatment also represents 
an important therapeutic option when 
primary treatment fails. Non-surgical 
retreatment aims to remove residual 
infection and improve canal disinfec-
tion, while surgical endodontic proce-
dures allow direct access to the periapi-
cal region. Systematic reviews have 
reported success rates ranging from 
approximately 77% to over 80% for 
nonsurgical retreatment procedures(26). 
Advances in microsurgical techniques 
and modern biomaterials have further 
improved the outcomes of surgical 
endodontic procedures.

Implant Therapy: Success Rates and 
Complications
Dental implants have become a predict-
able treatment option for replacing 
missing teeth since their introduction 

in modern dentistry. Numerous studies 
have demonstrated high survival rates 
for implants, typically ranging between 
90% and 97% over long-term follow-up 
periods (32). Despite these favorable 
outcomes, implant therapy is not free 
from complications. Biological compli-
cations such as peri-implant mucositis 
and peri-implantitis represent major 
causes of implant failure. Epidemio-
logical studies have reported mucositis 
prevalence rates between 20% and 50%, 
while peri-implantitis has been ob-
served in approximately 10–40% of 
implant cases over long-term follow-up 
periods (21).
Implant failures can be classified as 
early or late failures. Early failures oc-
cur before prosthetic loading and are 
often associated with surgical trauma, 
infection, inadequate primary stability, 
or impaired healing. Late failures 
typically occur after functional loading 
and are frequently associated with 
microbial infection or mechanical 
overload (33). In addition to biological 
complications, prosthetic complications 
may also affect implant restorations. 
Screw loosening, prosthetic fracture, 
and loss of retention have been re-
ported in a significant proportion of 
implant-supported restorations (33). 
Literature has suggested that pros-
thetic complications may occur more 
frequently in implant-supported resto-
rations compared with tooth-supported 
prostheses (33).
Another important factor influencing 
implant outcomes is bone quality. Im-
plants placed in poor-quality bone, 
particularly in the posterior maxilla, 
have been associated with higher fail-
ure rates compared with those placed 
in denser mandibular bone (34). Simi-
larly, systemic factors such as smoking, 
uncontrolled diabetes, and history of 
periodontitis may negatively influence 
implant survival.

Mechanical, Systemic and Local 
Factors Influencing Treatment 
Outcomes
Several additional factors may influ-
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ence the prognosis of both endodontic 
and implant therapies. Mechanical 
factors such as occlusal loading and 
absence of proximal contacts may in-
crease the risk of fracture in endodon-
tically treated teeth. In addition to 
mechanical factors such as occlusal 
loading and the absence of proximal 
contacts, the quality of the coronal seal 
provided by the final restoration should 
also be emphasized, as it is critical to 
preventing reinfection and signifi-
cantly influences the long-term prog-
nosis of endodontically treated teeth. 
Implants, on the other hand, lack 
periodontal ligament proprioception, 
resulting in reduced tactile feedback 
and potentially higher occlusal forces 
transmitted to the implant restoration 
(35).
Systemic conditions may also affect 
treatment outcomes. Diabetes mellitus 
has been associated with impaired 
healing of periapical lesions and may 
influence implant osseointegration, 
although well-controlled diabetic pa-
tients generally demonstrate acceptable 
implant survival rates.(36) Smoking has 
also been recognized as a significant 
risk factor affecting both endodontic 
and implant outcomes due to its detri-
mental effects on immune response and 
wound healing. Even the altered pro-
tocols of treatments in root canal irriga-
tion (37,38) or choice of intracanal 
medicament(39)  among the clinicains, 
could also have some influence on the 
outcomes. Local factors such as bone 
density, periodontal status, and oral 
hygiene also play a critical role in treat-
ment success. Patients with untreated 
periodontal disease have demonstrated 
increased risk of implant complications 
and bone loss around implants (36). 
Adequate oral hygiene and mainte-
nance programs are therefore essential 
to ensure long-term implant success. 
From an aesthetic perspective, preser-
vation of the natural tooth may be 
preferable in certain situations, par-
ticularly in the anterior region where 
gingival architecture and soft tissue 
contours are critical for optimal aes-

thetic outcomes (35).

Patient-Related Considerations
Beyond clinical factors, patient-cen-
tered considerations also play an im-
portant role in treatment planning. Pain 
perception, treatment cost, and patient 
satisfaction may influence treatment 
preference. Studies have shown that 
postoperative discomfort following 
implant surgery may be greater than 
that experienced after root canal 
therapy (2). Nevertheless, many patients 
continue to perceive root canal treat-
ment negatively due to misconceptions 
regarding pain associated with the 
procedure.
Economic considerations may also 
influence decision-making. In many 
clinical settings, endodontic therapy 
followed by restoration is generally less 
expensive than implant therapy. How-
ever, cost-effectiveness analyses have 
suggested that implant therapy may 
become more economical in cases re-
quiring extensive endodontic retreat-
ment or complex restorative procedures. 
Patient satisfaction studies have shown 
that both implant therapy and endodon-
tic treatment significantly improve oral 
health-related quality of life. Neverthe-
less, aesthetic concerns such as gingival 
recession, soft tissue changes, or im-
plant malposition may negatively affect 
patient perception of implant treatment 
outcomes.

Discussion

It has been reported that the number of 
remaining teeth in individuals aged 
65–74 has increased over the last 50 
years, mainly due to advancements in 
techniques and materials, particularly 
in endodontics. Both implantology and 
endodontology have demonstrated, over 
recent decades, the ability to achieve 
predictable long-term outcomes as a 
result of continuous technological 
progress (36). However, the lack of 
standardization in study design and 
outcome assessment makes compari-
sons between endodontic treatment and 
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implant therapy largely empirical and 
often confusing. This confusion is 
further compounded by inconsistent 
definitions and evaluation criteria for 
similar pathological conditions, leading 
to variability in reported results.
In many studies evaluating success 
rates of endodontic or implant treat-
ments, outcomes are based on a combi-
nation of clinical, radiographic, and 
subjective parameters, while the dis-
tinction between success and survival 
is often unclear or not explicitly de-
fined. Additionally, interobserver vari-
ability in radiographic interpretation, 
combined with non-standardized imag-
ing angulations, further limits the reli-
ability of outcome assessment (40). It 
has also been demonstrated that exten-
sive bone lesions may remain unde-
tected in conventional radiographic 
examinations. Moreover, although some 
studies include sufficiently long follow-
up periods, the number of patients 
available for evaluation often decreas-
es significantly over time, potentially 
compromising the validity and clinical 
relevance of the findings (26). Therefore, 
meaningful comparisons require stud-
ies with similar follow-up durations, 
adequate sample sizes, and standard-
ized outcome measures. 
Despite the large number of studies 
reporting success rates for each treat-
ment modality, relatively few investiga-
tions directly compare endodontic 
therapy and implant placement under 
comparable clinical conditions. Avail-
able comparative studies generally re-
port similar success rates for both ap-
proaches; however, implant-supported 
restorations often require more frequent 
maintenance visits, which may increase 
the overall cost of treatment. Further-
more, practitioner-related factors such 
as year of graduation, level of training, 
and clinical experience have been 
shown to significantly influence treat-
ment decision-making. 
From a biological perspective, both 
implants and natural teeth are suscep-
tible to plaque accumulation and cal-
culus formation. However, the struc-

tural differences in peri-implant tissues 
make implants more prone to inflam-
matory processes. Peri-implant inflam-
mation tends to be more aggressive and 
may lead to faster and more severe 
tissue destruction compared with peri-
odontal disease affecting natural teeth 
(41). 
This review evaluated outcome mea-
sures, definitions of success and sur-
vival, biological and mechanical com-
plications, as well as systemic, local, 
and patient-related prognostic factors, 
including cost, pain perception, and 
satisfaction. The findings indicate that 
both endodontic therapy and implant 
placement demonstrate high long-term 
survival rates. However, direct com-
parison remains challenging due to 
heterogeneity in study design, outcome 
definitions, and follow-up protocols, as 
well as the moderate risk of bias identi-
fied among the included studies. End-
odontically treated teeth often exhibit 
favorable long-term survival and offer 
the advantage of retreatment in cases 
of failure. In contrast, implant therapy 
is generally associated with higher 
costs and potential biological complica-
tions such as peri-implantitis. 
Overall, clinical decision-making 
should not rely solely on reported suc-
cess rates but must incorporate patient-
specific factors, biological consider-
ations, restorative feasibility, and eco-
nomic aspects. Preservation of the 
natural tooth should remain the pre-
ferred approach whenever feasible, 
while implant therapy serves as a reli-
able alternative when the prognosis of 
the natural tooth is unfavorable. Ad-
vances in microsurgical techniques and 
modern biomaterials have further im-
proved the outcomes of surgical end-
odontic procedures (42).
Several limitations should be consid-
ered when interpreting the findings of 
this review. First, the included studies 
demonstrated substantial heterogeneity 
in study design, outcome definitions, 
and follow-up durations, which limits 
direct comparison between endodontic 
and implant outcomes. Second, many 
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studies reported survival rather than 
strict success criteria, potentially lead-
ing to an overestimation of treatment 
effectiveness. Third, variability in ra-
diographic interpretation, diagnostic 
thresholds for peri-implant disease, and 
criteria used to define endodontic fail-
ure may have influenced reported 
outcomes. Additionally, the progressive 
loss of participants during long-term 
follow-up periods may affect the reli-
ability of survival estimates. Finally, 
although a considerable number of 
studies were included, relatively few 
directly compared endodontic therapy 
and implant treatment under similar 
clinical conditions, limiting the 
strength of the conclusions.
Future research should focus on well-
designed prospective and randomized 
clinical studies that directly compare 
endodontic treatment and implant 
therapy under standardized conditions. 
The adoption of uniform definitions for 
success and survival is essential to 
improve comparability across studies. 
Long-term investigations with adequate 
sample sizes are needed to better un-
derstand biological and mechanical 
complications associated with both 
treatment modalities. Furthermore, 
future research should incorporate 
patient-centered outcomes such as qual-
ity of life, functional performance, and 
patient satisfaction, alongside eco-
nomic evaluations of treatment costs 
and maintenance. Novel modifications 
in imaging, root canal irrigation,(43, 
44) biomaterials,(45), and minimally 
invasive techniques(46) may further 
influence treatment outcomes, high-
lighting the need for ongoing evidence-
based evaluation.

Conclusion 

Clinicians frequently face the complex 
decision of whether to preserve a com-
promised tooth or replace it with a 
dental implant, particularly given the 
limited high-quality evidence favoring 
one approach over the other. Both end-
odontic therapy and implantology have 

demonstrated predictable long-term 
outcomes due to significant techno-
logical advancements, and profes-
sional organizations such as the 
American Association of Endodontists 
and the American Dental Association 
provide guidance to support evidence-
based clinical decision-making. Al-
though reported success rates are 
comparable, endodontically treated 
teeth often demonstrate stable long-
term survival and offer the possibility 
of retreatment in cases of failure, 
whereas implant therapy is generally 
associated with higher costs and more 
limited management options following 
complications. Therefore, preservation 
of the natural tooth should remain the 
primary treatment objective whenever 
feasible, with retreatment strategies 
considered prior to extraction and 
implant placement. Nonetheless, im-
plants represent a reliable alternative 
when the prognosis of the natural tooth 
is poor. Ultimately, treatment decisions 
should be individualized and based on 
informed consent, ensuring that pa-
tients are fully aware of the benefits, 
risks, and long-term outcomes of each 
option.

Clinical Relevance
The decision between preserving a 
compromised tooth through endodon-
tic therapy or replacing it with a dental 
implant represents a common clinical 
challenge in contemporary dental prac-
tice. The findings of this review indi-
cate that both treatment modalities 
achieve high survival and success rates 
when performed under appropriate 
conditions. However, treatment plan-
ning should not rely solely on reported 
success rates and must instead con-
sider multiple prognostic factors, in-
cluding the structural integrity of the 
remaining tooth, periodontal status, 
presence of infection, systemic health 
conditions, and restorative feasibility, 
as well as patient-related factors such 
as cost and treatment expectations. 
Preservation of the natural tooth 
through endodontic treatment and re-
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treatment should generally be consid-
ered the first-line approach when the 
prognosis is favorable. Dental implants 
provide a predictable and effective al-
ternative when the natural tooth cannot 
be reliably restored or maintained. 
Therefore, individualized treatment 
planning and effective patient com-
munication are essential to support 
evidence-based decision-making and 
achieve optimal long-term outcomes.

References

1.	 Zitzmann NU, Krastl G, Hecker H, Walter C, 
Weiger R. Endodontics or implants? A review of 
decisive criteria and guidelines for single tooth 
restorations and full arch reconstructions. Int 
Endod J. 2009 Sep;42(9):757–74. doi:10.1111/
j.1365-2591.2009.01561.x PubMed PMID: 
19548936.

2.	 Chércoles-Ruiz A, Sánchez-Torres A, Gay-Esco-
da C. Endodontics, Endodontic Retreatment, 
and Apical Surgery Versus Tooth Extraction and 
Implant Placement: A Systematic Review. J En-
dod. 2017 May;43(5):679–86. doi:10.1016/j.
joen.2017.01.004 PubMed PMID: 28343928.

3.	 Doyle SL, Hodges JS, Pesun IJ, Law AS, Bowles 
WR. Retrospective cross sectional comparison 
of initial nonsurgical endodontic treatment and 
single-tooth implants. Compend Contin Educ 
Dent. 2007 Jun;28(6):296–301. PubMed PMID: 
17682611.

4.	 Hannahan JP, Eleazer PD. Comparison of suc-
cess of implants versus endodontically treated 
teeth. J Endod. 2008 Nov;34(11):1302–5. 
doi:10.1016/j.joen.2008.08.011 PubMed PMID: 
18928836.

5.	 Gatten DL, Riedy CA, Hong SK, Johnson JD, 
Cohenca N. Quality of life of endodontically 
treated versus implant treated patients: a Uni-
versity-based qualitative research study. J En-
dod. 2011 Jul;37(7):903–9. doi:10.1016/j.jo-
en.2011.03.026 PubMed PMID: 21689542.

6.	 Torabinejad M, Salha W, Lozada JL, Hung YL, 
Garbacea A. Degree of patient pain, complica-
tions, and satisfaction after root canal treatment 
or a single implant: a preliminary prospective 
investigation. J Endod. 2014 Dec;40(12):1940–
5. doi:10.1016/j.joen.2014.08.022 PubMed 
PMID: 25305235.

7.	 Chatzopoulos GS, Koidou VP, Lunos S, Wolff LF. 
Implant and root canal treatment: Survival rates 
and factors associated with treatment outcome. 
J Dent. 2018 Apr;71:61–6. doi:10.1016/j.
jdent.2018.02.005 PubMed PMID: 29499242.

8.	 Vahdati SA, Torabinejad M, Handysides R, Lo-
zada J. A Retrospective Comparison of Outcome 
in Patients Who Received Both Nonsurgical Root 
Canal Treatment and Single-tooth Implants. J 
Endod. 2019 Feb;45(2):99–103. doi:10.1016/j.
joen.2018.10.018 PubMed PMID: 30711185.

9.	 Hamasha AAH, Nbhan AF. Root canal treatment 

with postcore restoration versus implant resto-
ration: Clinical and radiographic outcome and 
quality of life after treatment. Saudi Endod J. 
2019 Aug;9(2):88. doi:10.4103/sej.sej_67_18

10.	Esposito M, Sbricoli L, Buti J, Uccioli U, Tallarico 
M. Endodontic Retreatment of Teeth With Un-
certain Endodontic Prognosis Versus Dental 
Implants: 5-year Results From a Randomised 
Controlled Trial. Clin Trials Dent [Internet]. 2020 
Sep 1 [cited 2026 Mar 17];02(03). Available 
f r om:  h t t p : //d x .do i . o r g /10 .36130/
CTD.04.2020.03

11.	Lee CT, Alfred P, Tran D, James J, Makins SR, 
Gajjar D, et al. A long-term retrospective analy-
sis of single tooth implants and endodontic 
therapies in a university setting. J Periodontol. 
2022 Oct;93(10):1510–24. doi:10.1002/
JPER.21-0390 PubMed PMID: 35184278.

12.	Sanz E, Azabal M, Arias A. Quality of life and 
satisfaction of patients two years after endodon-
tic and dental implant treatments performed by 
experienced practitioners. J Dent. 2022 
O c t ; 1 2 5 : 1 0 4 2 8 0 .  d o i : 1 0 . 1 01 6 / j .
jdent.2022.104280 PubMed PMID: 36075535.

13.	Zang HL, Zhang Y, Hao XW, Yang L, Liang YH. 
Cost-effectiveness analysis: nonsurgical root 
canal treatment versus single-tooth implant. 
BMC Oral Health. 2023 Jul 15;23(1):489. 
doi:10.1186/s12903-023-03173-x PubMed 
PMID: 37454076; PubMed Central PMCID: 
PMC10349452.

14.	Suganna M, Jena D, Jhala NS, Baghel RS, Afzal 
N, Singh S. Single Tooth Implant Vs Non-Surgical 
Root Canal: Long-Term Survival Rates. J Pharm 
Bioallied Sci. 2024 Dec;16(Suppl 4):S3156–9. 
doi:10.4103/jpbs.jpbs_586_24 PubMed PMID: 
39926838; PubMed Central PMCID: 
PMC11805299.

15.	de España C, Olivieri JG, Ortega J, Morelló S, 
Encinas M, Durán-Sindreu F. Five-year outcomes 
of patient quality of life, satisfaction, and pre-
conceptions following root canal treatment, re-
treatment, or single dental implant placement 
in the anterior zone. Odontology. 2025 Sep 24. 
doi:10.1007/s10266-025-01199-x PubMed 
PMID: 40993494.

16.	Duncan HF, Nagendrababu V, El-Karim IA, Dum-
mer PMH. Outcome measures to assess the 
effectiveness of endodontic treatment for pul-
pitis and apical periodontitis for use in the de-
velopment of European Society of Endodontol-
ogy (ESE) S3 level clinical practice guidelines: 
a protocol. Int Endod J. 2021 May;54(5):646–
54. doi:10.1111/iej.13501 PubMed PMID: 
33630330.

17.	Berlin-Broner Y, Levin L. Dental Implant Success 
and Endodontic Condition of Adjacent Teeth: A 
Systematic Review. Int J Oral Maxillofac Im-
plants. 2020;35(6):e91–7. doi:10.11607/jo-
mi.8311 PubMed PMID: 33270048.

18.	Ko MJ, Park JH, Lee NR, Yoon JH, Kim YT, Cho 
SY. Success rates comparison of endodontic 
microsurgery and single implants with compre-
hensive and explicit criteria: a systematic review 
and meta-analysis. Restor Dent Endod. 2025 
Feb;50(1):e8. doi:10.5395/rde.2025.50.e8 
PubMed PMID: 39979225; PubMed Central 



13

Stefanescu S. et al.

Giornale Italiano di Endodonzia Early Access 2026

PMCID: PMC11921458.
19.	Stefanescu SV, Buciu A, Catalin CM, Piscu CE, 

Al-Saffar H. How to manage a disaster. Clinical 
case. J Dental Sci. 2020;5(5):000270. DOI: 
10.23880/OAJDS-16000270.

20.	Hannahan JP, Eleazer PD. Comparison of suc-
cess of implants versus endodontically treated 
teeth. J Endod. 2008 Nov;34(11):1302–5. 
doi:10.1016/j.joen.2008.08.011 PubMed PMID: 
18928836.

21.	Poli PP, Cicciu M, Beretta M, Maiorana C. Peri-
Implant Mucositis and Peri-Implantitis: A Current 
Understanding of Their Diagnosis, Clinical Im-
plications, and a Report of Treatment Using a 
Combined Therapy Approach. J Oral Implantol. 
2017 Feb;43(1):45–50. doi:10.1563/aaid-joi-
D-16-00082 PubMed PMID: 27759503.

22.	Karatas O, Balci Yuce H, Taskan MM, Gevrek F, 
Lafci E, Kasap H. Histological evaluation of peri-
implant mucosal and gingival tissues in peri-
implantitis, peri-implant mucositis and periodon-
titis patients: a cross-sectional clinical study. 
Acta Odontol Scand. 2020 May;78(4):241–9. do
i:10.1080/00016357.2019.1691256 PubMed 
PMID: 31746655.

23.	Quirynen M, Vogels R, Alsaadi G, Naert I, Jacobs 
R, van Steenberghe D. Predisposing conditions 
for retrograde peri-implantitis, and treatment 
suggestions. Clin Oral Implants Res. 2005 
Oct;16(5):599–608. doi:10.1111/j.1600-0501. 
2005.01147.x PubMed PMID: 16164468.

24.	Chugal N, Mallya SM, Kahler B, Lin LM. End-
odontic Treatment Outcomes. Dent Clin North 
Am. 2017 Jan;61(1):59–80. doi:10.1016/j.
cden.2016.08.009 PubMed PMID: 27912819.

25.	Papaspyridakos P, Chen CJ, Singh M, Weber HP, 
Gallucci GO. Success criteria in implant den-
tistry: a systematic review. J Dent Res. 2012 
Mar;91(3):242–8. doi:10.1177/00220 
34511431252 PubMed PMID: 22157097.

26.	Ng YL, Mann V, Rahbaran S, Lewsey J, Gula-
bivala K. Outcome of primary root canal treat-
ment: systematic review of the literature -- Part 
2. Influence of clinical factors. Int Endod J. 2008 
Jan;41(1):6–31. doi:10.1111/j.1365-2591. 
2007.01323.x PubMed PMID: 17931388.

27.	López-Valverde I, Vignoletti F, Vignoletti G, Mar-
tin C, Sanz M. Long-term tooth survival and 
success following primary root canal treatment: 
a 5- to 37-year retrospective observation. Clin 
Oral Investig. 2023 Jun;27(6):3233–44. 
doi:10.1007/s00784-023-04938-y PubMed 
PMID: 36933044; PubMed Central PMCID: 
PMC10264502.

28.	Gulabivala K, Ng YL. Factors that affect the 
outcomes of root canal treatment and retreat-
ment-A reframing of the principles. Int Endod 
J. 2023 Mar;56 Suppl 2:82–115. doi:10.1111/
iej.13897 PubMed PMID: 36710532.

29.	Van Nieuwenhuysen JP, D’Hoore W, Leprince 
JG. What ultimately matters in root canal treat-
ment success and tooth preservation: A 25-year 
cohort study. Int Endod J. 2023 May;56(5):544–
57. doi:10.1111/iej.13895 PubMed PMID: 
36683563.

30.	Teja KV, Mustafa M, Esposito L, Iaculli F, Cernera 
M. Novel non-obturation based concept of re-

generation: Apical debris extrusion. G Ital 
Endodonzia. 2024 Jun 14;38(2). doi:10.32067/
GIE.2024.38.01.12

31.	Baldawa H, Ravindran V, Jeevanandan G, Ar-
thanari A, Teja KV, Spagnuolo G, et al. Histo-
pathological Assessment of Tricalcium Alumi-
nate-free Mineral Trioxide Aggregate and Two 
Antibacterial Enhanced Mineral Trioxide Ag-
gregates As Pulpotomy Agents in Rat Model. 
Eur Endod J. 2024 Dec;9(4):344–51. 
doi:10.14744/eej.2024.53315 PubMed PMID: 
39704633; PubMed Central PMCID: 
PMC11685525.

32.	Findler M, Doron H, Mann J, Chackartchi T, 
Tobias G. Clinical Success Rates of Dental Im-
plants with Bone Grafting in a Large-Scale Na-
tional Dataset. J Funct Biomater. 2026 Jan 
15;17(1):46. doi:10.3390/jfb17010046 PubMed 
PMID: 41590814; PubMed Central PMCID: 
PMC12843187.

33.	Gallucci GO, Hamilton A, Akhondi S, Pala K, 
Peña-Cardelles JF. Current State of Evidence 
for Implant Placement and Loading in Partially 
Edentulous Patients: A Systematic Review. Clin 
Implant Dent Relat Res. 2026 Feb;28(1):e70120. 
doi:10.1111/cid.70120 PubMed PMID: 
41574557; PubMed Central  PMCID: 
PMC12828728.

34.	Windael S, Collaert B, De Buyser S, Vervaeke 
S, De Bruyn H. A 10-year Retrospective Clinical 
Study to Identify Risk Indicators for Peri-Implant 
Bone Loss and Implant Failure. Clin Oral Im-
plants Res. 2025 Feb;36(2):202–19. 
doi:10.1111/clr.14375 PubMed PMID: 
39440793.

35.	Gaddale R, Chowdhary R, Mishra SK, Sagar K. 
Soft and hard tissue changes following immedi-
ate implant placement and immediate loading 
in aesthetic zone-a systematic review and meta-
analysis. Evid Based Dent. 2025 Jun;26(2):109–
10. doi:10.1038/s41432-024-01091-7 PubMed 
PMID: 39622908.

36.	Stefanescu SV, Buciu A, Murse NC, Al-Saffar H, 
Chirila M, Senchea CE. Endodontic instrument’s 
single use policy. A Literature Review. Open 
Access J Dent Oral Surg. 2020;1(1):1003.

37.	Penukonda R, Teja KV, Kacharaju KR, Xuan SY, 
Mohan DA, Sheun LY, et al. Comparative evalu-
ation of smear layer removal with Ultra-X device 
and XP-Endo Finisher file system: an ex-vivo 
study: Smear removal on using various activa-
tion devices. G Ital Endodonzia. 2023 Sep 
13;37(2):2. doi:10.32067/GIE.2023.37.01.18

38.	Teja KV, Ramesh S, Choudhari S, Janani K, 
Jose J, Vasundhara KA. A questionnaire-based 
cross-sectional survey of Indian postgraduates 
and endodontists on awareness, attitude, and 
practice of using conventional syringe needle 
irrigation during root canal treatment. Saudi 
Endod J. 2022 Dec;12(3):302. doi:10.4103/sej.
sej_26_22

39.	Janani K, Teja KV, Ajitha P, Sandhya R. Evalua-
tion of tissue inflammatory response of four 
intracanal medicament - An animal study. J 
Conserv Dent JCD. 2020;23(3):216–20. 
doi:10.4103/JCD.JCD_243_20 PubMed PMID: 
33551588; PubMed Central PMCID: 



14

Endodontic therapy or extraction and tooth replacement with implants? Decision-making criteria

Giornale Italiano di Endodonzia Early Access 2026

PMC7861085.
40.	Stefanescu SV, Popescu MG, Tudoran LB, Al-

Saffar H. Ni-Ti alloy remnants after root canal 
preparation with Ni-Ti engine-driven files: a pre-
liminary report. Giornale Italiano di Endodonzia. 
2019 Oct 31;33(2).

41.	Srikanth G, Singh A, Kudva A. Treatment Plan-
ning for Single-Tooth Implant: A Clinical Guide 
and Literature Review. J Maxillofac Oral Surg. 
2025 Aug;24(4):886–98. doi:10.1007/s12663-
025-02631-z PubMed PMID: 40756933; 
PubMed Central PMCID: PMC12316644.

42.	Ferraro C, Cernera M, Abdellatif D, Galdi M, 
Esposito L, Spagnuolo G, et al. SEM Analysis 
and Pulp Tissue Dissolution Following Retro-
grade Preparation and Irrigation in Surgical 
Endodontics: A Novel Approach. Eur Endod J. 
2025 Sep;10(5):386–96. doi:10.14744/
eej.2025.02419 PubMed PMID: 40995719; 
PubMed Central PMCID: PMC12506634.

43.	Rajamanickam K, Teja KV, Ramesh S, Choudhari 
S, Cernera M, Armogida NG, et al. Evaluation 
of Root Canal Cleanliness on Using a Novel Ir-
rigation Device with an Ultrasonic Activation 

Technique: An Ex Vivo Study. Appl Sci. 2023 
Jan;13(2):2. doi:10.3390/app13020796

44.	Rajamanickam K, Teja KV, Ramesh S, AbuMel-
ha AS, Alkahtany MF, Almadi KH, et al. Com-
parative Study Assessing the Canal Cleanliness 
Using Automated Device and Conventional Sy-
ringe Needle for Root Canal Irrigation-An Ex-
Vivo Study. Mater Basel Switz. 2022 Sep 
6;15(18):6184. doi:10.3390/ma15186184 
PubMed PMID: 36143496; PubMed Central 
PMCID: PMC9504894.

45.	Jose J, Teja KV, Janani K, Alam MK, Khattak O, 
Salloum MG, et al. Preparation of a Novel Nano-
composite and Its Antibacterial Effectiveness 
against Enterococcus faecalis-An In Vitro Eval-
uation. Polymers. 2022 Apr 7;14(8):1499. 
doi:10.3390/polym14081499 PubMed PMID: 
35458249; PubMed Central PMCID: 
PMC9028146.

46.	Silva EJNL, Pinto KP, Ajuz NC, Sassone LM. Ten 
years of minimally invasive access cavities in 
Endodontics: a bibliometric analysis of the 25 
most-cited studies. Restor Dent Endod. 2021 
Jul 21;46(3). doi:10.5395/rde.2021.46.e42


