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Al Prediction of Post-Operative Pain in Root Canal
Therapy
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Abstract- Pain after post-operative root canal
therapy is an ever-present clinical concern
influenced by multiple patient-related, procedural,
and biological factors. Traditionally, clinicians have
attempted to predict the occurrence and degree of
occurrence of pain based on clinical experience,
radiographic findings, and presenting symptoms, but
all these methods have had a minimum level of
inaccuracy. With the development of artificial
intelligence, new Al-based predictive models are
being created to augment the accuracy of in silico
outcome-endodontic assessment. Systems of Al,
which could be machine learning or deep learning,
have the capabilities to go through very large,
comprehensive datasets that consist of preoperative
clinical features, imaging data, operator variables,
and biological markers, finding certain patterns and
linking them to post-operative pain. From the
existing scenario, it is evident that Al can offer
suspicious stratification tools for the clinician, thus
improving treatment planning and the evolution of
individualized patient care. This manuscript looks at
the roles of Al in assessing post-operative pain after
an RCT, discussing the potential concerns, benefits,
and limitations, and also indicating the need for
further validation and incorporation into clinical
practice.

Index Terms- Artificial intelligence, Machine
learning, Deep learning, Post-operative pain, Root
canal therapy, Endodontics, Predictive modeling,
Personalized dentistry, Risk assessment.

L INTRODUCTION

Root canal treatment (RCT) is a most common
endodontic procedure performed so as to eliminate
infection and preserve the natural dentition. Despite
advances in RCT technics and hence instrumentation,
a large number of patients still suffer from post-
operative pain varying from slight discomfort to very
severe flare-ups. The pain affects patient satisfaction
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and, perhaps, may slightly hamper the perception of
treatment success and willingness for undergoing
dental care in one's lifetime. Post-operative pain is
very unpredictable because of its multifactorial
etiology. Some factors are preoperative pulpal and
periapical status, canal morphology, procedural
variables, microbial load, and patient-dependent
factors, i.e., age, systemic health, and pain sensitivity.
Conventional systems for prediction have their
limitations because of the disparate nature of these
variables to be considered and analyzed. Artificial
intelligence (Al), mainly through machine learning
(ML) and deep learning (DL), could be an alternative.
Al will take complex datasets, hidden correlations
within, and deliver a predictive model assisting
clinicians to assess individual risk levels for post-
operative pain. Encouraging results have been
recorded from recent studies embracing Al in
endodontic imaging, treatment outcome prediction,
and diagnostic decision-making. Carrying these
operations into pain prediction would therefore
enhance personalization of treatment procedures,
better patient counseling, and improved clinical
outcomes. This article deals with the emerging
application of Al for the prediction of post-operative
pain in root canal therapy, which has the potential in
transforming endodontic practice into more precise,
efficient, and patient-centered.

II. LIMITATIONS OF CONVENTIONAL
PREDICTION METHODS

Conventional methods of predicting the stages of post-
operative pain from root canal therapy have mostly
remained deeply rooted in clinical judgments, patient
history, radiographic assessments, or general behavior
of disease progression (Pethani, 2021). Though these
methods form a basic working system of endodontic
practice, they have often failed to make reliable
prognostic  inferences.  Pain  perception  is
multifactorial and arises due to biological,
psychological, and procedural factors-undue
consideration of traditional parameters would fail to
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encompass these variables (Zhou et al., 2022).
Although radiographs will reveal to us the status of the
periapex, they do not fully inform us about the
microbial load and the immune responses of the host;
clinically, the presence of swelling, tenderness to
percussion, or pulpal diagnosis status each has
measured predictive value-the presence of one cannot
entirely foretell the prognosis in its entirety, Also,
there's no escaping the additional unwanted
variability, subjectivity, and inconsistencies that
operator experience imparts (Igbal et al., 2006). Such
methodologies are unable to obtain complex
interactions among variables pleased to provide
personalized risk assessments. Therefore, occurrences
of unexpected discomfort in many patients in full
contrast to normal pre- and intraoperative findings
have instigated the demand for much more advanced
predictive systems like Al (Buyuk et al., 2023).

III.  POSSIBILITY OF AI IN PREDICTIVE
MODELING

Artificial intelligence has evolved to a great extent as
a palpable force when confronted with the exact nature
of complexities that conventional methods fail to
forecast with a post-operative particulate of pain
(Pethani, 2021; Zhou et al.,, 2022). Unlike in
conventional terms, Al considers vast heterogeneous
data sets embedding clinical variables, radiographic
findings, demographic information, and maybe even
some behavioral or biological markers into one
inferential framework for prediction (Aminoshariae et
al., 2021). Al-based systems execute feature
prediction or diagnosis using a machine learning
system and deep learning algorithm; it captures the
weak patterns and correlations-if any-that are invisible
to human judgment. Standing a step away from purely
generic guessing is the idea of actual individual risk
assessments, which would allow the endodontist to see
which patient is more likely to develop increased pain
following root canal. Another upside for Al is that it
adapts itself: once built, the more information or data
it is fed, the better it will be at performing predictions
in the near future, creating a self-learning mechanism
wherein recognition practically evolves along with
clinical practice. Thus, supporting the fluidity for
further enhancement of the decision-making process
will result in foresight and individualized treatment
options. It would also be able to assist in
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communication, where a risk can be explained on
evidence-based grounds, potentially fostering
improved patient trust and cooperation and patient
satisfaction on treatment. Interactions influencing
treatment outcomes are multifactorial, and Al in
endodontics is a step toward precision dentistry that
might one day translate to managing postoperative
pain from reactive patient care to anticipated patient
expectation (Aminoshariae et al., 2021).

IV. BACKGROUND OF ROOT CANAL
THERAPY AND POST-OPERATIVE PAIN

Endodontics majorly entails root canal therapy (Igbal
et al., 2006; Pethani, 2021). Root canal therapy
removes infection and is accompanied by the
amelioration of the symptoms and the prognoses of the
tooth. Now, there is more awareness and, therefore,
more use of the new nickel-titanium instrumentation
systems and irrigation protocols, not to fail to mention
those obturation techniques that have ever recently
been improving and thereby keeping treatment
outcomes under scrutiny (Buyuk et al., 2023). Yet,
patients may have post-operative pain, the relatively
unfortunate reality of endodontic therapy. The patient
may experience a spectrum of discomfort from mild
tenderness to very severe pain within the opening
hours and several days after treatment. This in contrast
to patient perception of the successfulness of the
procedure. The causes of post-operative pain are
several: microbial persistence, extrusion of debris,
initiation of immune response by the host, irritation of
periapical tissues, and factors inherent to the
procedure itself, such as instrumentation techniques or
the skills of the operator (Zhou et al., 2022). Other
things to consider include patient-dependent variables
like systemic condition, intensity of preoperative pain,
and the psychological state of the patient, as all may
influence  pain  perception and  reporting
(Aminoshariae et al., 2021). This constant
amalgamation of adequate etiological variables
renders post-operative pain difficult to predict, even
when treatment protocol has been followed
meticulously. Pain from a clinical view, after root
canal therapy, will be discomforting to patients, which
might engender unnecessary repeated interventions,
thus undermining the patient's confidence in dental
care, and with a reluctant attitude for future treatment
cases (Pethani, 2021). Therefore, the prediction of
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post-operative pain has since become a priority in the
field of endodontics.

V. KEY FINDINGS AND IMPLICATIONS

It (post-operative pain) has more and more been found
to be amenable to the Al approach to prediction after
diagnosis of this painful post-treatment condition after
root-canal therapy (Buyuk et al., 2023; Zhou et al.,
2022). Machine learning-based studies envisage
scenarios where using a variety of different variables
conjointly pre-operative pain, canal morphological
features, apical level condition, demographic
variables, and so forth can potentially generate models
that are indeed a better tool for prognosis as compared
to the conventional evaluation techniques. The deep
learning approaches based on radiographic and
imaging data now capture some subtle features that
would be unnoticeable in the human evaluation
process, thereby even strengthening the prediction
(Aminoshariae et al., 2021). These advancements
stand for the reliability of the Al-based systems acting
as co-decision makers in essentially making risk cases
better assessable on a patient basis by clinicians
(Pethani, 2021). Such enhancements have their
consequence of being able to provide clinicians with
accurate predictive probabilities of post-operation pain
to guide a treatment plan that may differ from the one
considered for the instrumentation technique or drug
application with regard to, or even the preventive
treatment of the pain itself (Zhou et al., 2022).
Furthermore, this also leads to better communication
with the patient, where therapies can be explained
more plainly and based on evidence, leading to
increased treatment adherence and reduced anxiety.
On a wider scale, Al-driven models road-map for the
advancement toward precision dentistry where data-
driven insights are intertwined in daily decision-
making to enhance outcomes (Aminoshariae et al.,
2021). However, for such findings to offer influence
on general clinical practice, authoritative validation is
a must, followed by ethical consideration for data use
and very powerful consideration on how to integrate
this into the workflow (Pethani, 2021).

VI. CLINICAL VALUE OF PAIN PREDICTION

Concerning clinical importance, predicting post-
operative pain following root canal treatment is most
important since this directly affects treatment outcome
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and how satisfied a patient, If an individual could be
identified as those more prone to suffering from post-
operative pain, should intervention aimed at lessening
the actual pain be implemented from the time the
clinician first makes the decision for endodontic
treatment? Through this anticipation, the practitioner
will then choose plan-wise procedures or techniques
and may advise the prophylactic use of analgesics or
anti-inflammatory drugs in high-risk patients (Zhou et
al., 2022).
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VII. ROLE OF AIIN HEALTHCARE AND
DENTISTRY

Presently, an efficient array of toolkits in healthcare
under the influence of Al supports everything from
data analysis to diagnosis and prognosis, alongside
personalized treatment planning (Pethani, 2021;
Aminoshariae et al., 2021). Radiology, oncology, and
cardiology and neurology-type aids for image
interpretation, disease progression prognosis, and
clinical decision-making in medicine are some of the
applications for Al (Zhou et al., 2022). In contrast to
humans, it works with huge amounts of highly
complicated data and finds patterns often ignored by
humans (Buyuk et al., 2023). Adaptive learning
constantly refines its predictive power and functions
as an adjunct to therapeutics that, in combination,
improve the precision and speed of patient care
(Ozbay et al., 2024). The applications in dentistry are
catching up with rapid growth. Issues such as caries
detection, periodontal disease assessment, orthodontic
planning, and oral cancer screening can be solved by
using machine learning algorithms (Pethani, 2021).
The major applications of Al in endodontics would lie
in the diagnosis of periapical lesions, interpretation of
radiographic and cone-beam CT images, prediction of
treatment outcomes, and identification of anatomical
complexities. This facilitates balanced decisions,
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reducing chances of diagnostic errors and promoting
tailored treatment strategies (Aminoshariae et al.,
2021). The scope of Al is not just limited to diagnostic
procedures but is on the rise in other areas such as
predictive modeling to forecast outcomes, including
those related to post-operative pain, healing, and the
eventual long-term success of treatments. By pulling
together clinical, radiographic, and biological data into
a single integrated model, Al could propel endodontics
into a more prediction-oriented, patient-centered
discipline (Singh et al., 2022). With the momentum
swinging in favor of Al, it has become evident that
precision dentistry will have a strong offering wherein
technology acts as an expert engineering tool to
augment human judgment for greater reliability and
outcomes (Pethani, 2021).

VIII. AN OBSTACLE IN CONVENTIONAL
PREDICTION APPROACHES

Predicting post-operative pain after root canal therapy
has been a potent challenge in endodontics due to the
inadequacies of traditional assessment methods
(Aminoshariae et al., 2021; Buyuk et al., 2023).
Clinical parameters such as pulpal diagnosis,
periapical radiolucency, or preoperative pain intensity
provide clues, but these values are often insufficient to
encompass the multifactorial nature of pain. While
they can be used to establish the anatomical and
pathological status of a subject, radiographs cannot
give information on the entire canal morphology,
microbial load, or host immune response since they are
two-dimensional (Sousa et al., 2025). Other factors
related to the patient, for example, psychological
status, pain threshold, systemic health, etc., could give
an added dimension of questioning to the prediction,
but these rarely figure in a conventional clinical
assessment (Singh et al., 2022). The next largest
barrier to objectivity comprises biased clinical
judgment. Some outcomes become dependent on past
experiences or intuition, varying from judgment to
judgment and thus interfering with reproducibility.
Conventional methods are simply not equipped to
probe multi-variable interactions simultaneously,
which leaves the door open for important predictors to
be neglected (sigh et al., 2021). Hence, many patients
suffer from an inexplicable post-operative discomfort
even after a seemingly favorable preoperative
evaluation (Buyuk et al., 2023). Deficiencies like these

IRE 1710593

underscore the need to create advanced, data-driven
prediction models into convenient clinical tools-to
incorporate multifactorial variables.

IX. PAIN-CAUSING FACTORS
(BIOLOGICAL, PATIENT-RELATED,
PROCEDURAL)

There are many causes of pain following root canal
treatment (Igbal et al., 2006; Pethani, 2021). Pain after
the treatment has biological connotations, with
retention of microbes within the canal system,
extrusion of infected debris, periapical inflammation,
and ongoing host immune and inflammatory responses
being at the center of the conflict (Zhou et al., 2022).
Inflammatory mediators released in the periapical
tissues can to desensitize the nociceptors and
amplifying perception of pain to an extent, even after
complete disinfection of the canals (Buyuk et al.,
2023). Pain perception is further modified by patient-
related variables. Various degrees of preoperative
pain, systemic health issues like diabetes and
immunosuppression, age, gender, and differences in
pain thresholds among individuals all contribute to
variable post-treatment results (Ozbay et al., 2024).
Psychological factors such as anxiety and negative
previous dental experiences can also increase pain
perception and affect its reporting (Pethani, 2021).
These factors further support the need for individual
risk assessments in conjunction with clinical evidence
(Aminoshariae et al., 2021). On the procedural side,
post-operative pain can be caused by instrumentation
technique, irrigation, extrusion of irrigants or filling
materials, and apical enlargement-all activities that
irritate periapical tissues (Sousa et al., 2021). Consider
pain severity and frequency as being defined by the
expertise of the operator, adherence to aseptic
protocols, and complexity of the case, such as curved
canals and retreatments (Buyuk et al., 2023). This
might mean that even slight variations in executing an
otherwise perfect procedure may or may not alter the
tissue response and lead to an unexpected outcome
(Zhou et al., 2022). All the biological, patient-related,
and procedural factors described so far account for the
multifactorial etiology of post-operative pain and the
inherent incapacity of conventional methods to predict
it (Pethani, 2021). This complexity of interdependence
hence argues strongly for the employment of robust
methods through which Al can harness dissimilar
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databases and weigh them appropriately in a single
predictive model (Singh et al., 2022).

X. ADVANTAGES OF AI OVER
CONVENTIONAL SYSTEMS

Al systems promise to revolutionize pain prediction
after root canal therapy (Aminoshariae et al., 2021).
Conventional evaluation involves clinical judgment,
radiographs, and patient response signs and
symptoms, providing only partial and variable
information (Pethani, 2021). Al exerts its prowess to
analyze very large and multidimensional datasets
comprised of clinical records, imaging data, patient
demographic statistics, behavioral indicators, or
biological markers (Buyuk et al., 2023; Zhou et al.,
2022). The entire process happens simultaneously,
with Al algorithms unraveling hidden patterns and
complex relationships too hard for a human mind to
grasp (Ozbay et al., 2024). Al excels in personalized
risk predictions, considering the unique clinical profile
for each patient and providing more accurate post-
operative pain forecasts.That way, each patient's
treatment can be planned accordingly, paving the way
for individualized pain management strategies and
better clinical outcomes and patient satisfaction
(Aminoshariae et al., 2021). Al systems learn and
improve with exposure to data, evolving with clinical
practice and becoming increasingly reliable (Pethani,
2021). Another advantage 1is objectivity and
reproducibility. Unlike traditional methods influenced
by practitioner experience, Al-based predictions are
data-driven and consistent across operators (Singh et
al., 2022). This approach improves diagnosis,
strengthens patient communication, and serves as a
decision-support system to streamline endodontic care
with accuracy and confidence.

XI.  THE POTENTIAL FOR REAL-TIME RISK
ASSESSMENT AND PATIENT
COUNSELING

With the immediate risk assessment during the root
canal treatment as the scenario, Al would become a
disruptor extraordinaire in endodontics. Preoperative
symptoms, radiographic observations, and systemic
health factors are all input through AI models into real-
time probabilities for post-operative pain during
treatment. Real-time predictions could lead to
procedures and irrigation strategies getting modified
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by clinicians, along with analgesics being prescribed,
where appropriate. A big plus for Al in patient
counseling: those predictive insights help explain why
treatments were recommended and develop set
expectations about results (Pethani, 2021).

Al-Powered Endodontic Risk Management
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XII. ENHANCED PATIENT SATISFACTION
AND TRUST

Al application in post-operative pain prediction carries
enormous patient experience-enhancing potential for
root canal therapy procedures (Gao et al., 2021; Herbst
et al, 2022). Unexpected pain and discomfort
following endodontic treatment are among the primary
reasons for patient dissatisfaction, thereby reducing
their confidence both in the experience and the
provider (Kirnbauer et al., 2022). Al increases
predictive accuracies and patient-specific models for
postoperative pain to help clinicians communicate
realistic expectations and prepare the patient. Patients
tend to feel reassured and collaborate with their
treatment if they are informed about their individual
risk, what actions are taken to prevent pain, and the
uncertainty in the prediction method itself (Singh et
al., 2022). Increased trust is realized when patients
perceive that treatment decisions are supported by
objective, data-driven decision support rather than
subjective opinion. Besides, Al-based predictions can
be translated into clear, simple, and evidence-based
language, diminishing communication barriers and
uncertainty (Endres et al., 2020). This joint setting
promotes adherence to post-operative
recommendations, which contributes toward a quicker
recovery and a more comfortable healing experience
(Orhan et al., 2020). Al-assisted predictive modeling
generally shifts management of post-operative pain
from reactive to proactive (Fukuda et al., 2019).
Alignment of treatment options with patients' risk
profiles and communication in a patient-focused
manner fosters advanced endodontics where success is
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measured technically, alongside almost equally based
on patient experience.

XIII. DISCUSSION

A varied clinical decision-making scenario has always
had post-operative pain after RCT prediction as one of
its most difficult aspects, given its multifactorial
nature. Conventional diagnostic and prognostic tools
do not consider complex interactions among
biological, patient-related, and procedural variables,
thus having their inherent limitations. Al now
overcomes this deficiency by sorting through
enormous datasets for subtle patterns not perceptible
to the human eye. Machine learning algorithms in
endodontics predict outcomes incorporating variables
such as the presence or absence of preoperative pain,
canal morphology, systemic health, and radiographic
criteria. Deep learning algorithms applied to imaging
data further improve the capacity to detect features
associated with risk of post-operative pain. Hence, Al
can become an invaluable tool for everyday
endodontic practice, recommending individualized
pain management strategies such as prophylaxes,
pharmacological interventions, and adjustments to the
treatment plan on a per-patient basis. Along with the
clinical benefits, the application of Al-enhanced
predictive modeling improves patient care. Sharing
evidence-based projections with patients reassures,
informs, and involves them in decision-making, which
in turn strengthens adherence to post-operative
instructions and satisfaction with the treatment plan.
Real-time patient predictions during treatment allow
the proactive management of pain to prevent flare-ups
and avoid unnecessary retreatments. However, there
are limitations to this. The integrity of the Al model
depends largely on the quality, heterogeneity, and size
of the training data it receives. Bias during data
collection, heterogeneity in clinical protocols, and
underrepresentation of patient populations could all be
counted against the generalizability of the model.
Other ethical considerations related to data protection,
informed consent, and transparency of algorithms
should also be resolved before their implementation in
clinical practice. They also have to be integrated into
clinical workflows through intuitive platforms that
don't place an additional burden on the clinician.
Despite these limitations, their benefits for precision
and patient-centered care are indisputable. Future
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investigations should aim at validated models
originating from large populations with diverse
datasets and enhance predictive powers by integrating
new sources of data such as genetic, molecular, and
psychosocial markers.

CONCLUSION

Post-operative pain remains an unpredictable
consequence of root canal treatment, affecting patient
comfort and perceived treatment  success.
Conventional methods fall short of capturing the
multifactorial interactions. Al provides a systematic
approach of heterogeneous predictive variables
integrated into patient-specific risk models. The
evidence has shown that Al can give a prognosis with
higher accuracy, thereby improving communication
with the patient and optimizing the outcomes while
increasing the patient's confidence in their treatment.
The clinical application of Al must address issues of
quality of data, standardization, ethical issues, and
integration of operational workflows on a platform.
With the advent of validated models derived from
large-scale data, Al-based post-operative pain
prediction will offer aid in bridging technology with
patient-focused care in Precision and Personalization
in Endodontics.
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