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Use of Al for Identifying Instrument Separation Risks

ELENA PETROVA!, MARKUS SCHNEIDER?

Abstract- Instrument separation in endodontic
treatment constitutes a major problem that can
hamper successful treatment and long-term survival.
Usually, the risk process depends on a clinician's
experience, X-ray evaluation, and his own judgment,
which are very subjective and may be imprecise in
predicting a possible instrument failure. Nowadays,
artificial intelligence (AI) presents itself as a good
solution, capitalizing on the capacity to analyze
massive datasets, unearth hidden patterns, and
generate predictive models with greater accuracy.
Machine learning and deep learning methods may be
able to synthesize parameters such as canal
morphology, instrument design, operator variables,
and clinical imaging in order to arrive at a prediction
as to the chance of separation. Such Al-based
decision tools can assist diagnostic precision,
reducing errors, and allowing interventions leading
to better clinical outcomes. This article reviews Al
application in the prediction of risk factors for
instrument separation, laying emphasis on the
potential benefits, limitations, and consequences for
the future of endodontic practice.

Indexed Terms- Artificial Intelligence; Endodontics;
Instrument Separation; Risk Prediction; Machine
Learning; Deep Learning; Canal Morphology;
Clinical Decision Support.

L INTRODUCTION

Instrument separation is still deemed as a challenge in
endodontic treatment, giving rise to procedural
complications, compromised canal disinfection, and,
eventually, unfavorable outcomes. The incidence of
instrument fracture would depend on several factors
such as the canal curvature, torsional stress, cyclic
fatigue, operator's technique, and design of the rotary
nickel-titanium (NiTi) instrument. Despite the
constant evolution in instrument technology, the
clinicians have remained unnerved due to the
unpredictability of separation. Al has lately been
gaining a reputation as a disruptive tool in dentistry,
with the greatest potential seen in diagnostics, risk
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assessment, and clinical decision-making. By applying
ML and DL algorithms, Al systems perform their
magic: ingesting significantly larger volumes of
clinical and imaging data than a human evaluator, then
zeroing in on those subtle predictors of instrument
failure that human judgment can easily miss. For
instance, the Al model may take into account CBCT
scans, patient history, and operator performance
metrics to supply predictive insights on separation
risk. The inclusion of Al into an endodontic practice
can minimize procedural errors and assist clinicians in
selecting the instruments, thus improving patient
safety. Nevertheless, challenges with model
validation, data quality, and acceptance in the clinical
domain are to be worked out. This paper attempts to
reveal how AI has been applied to instrument
separation risk prediction, the advantages it offers, and
future directions for its clinical applications.

1L HISTORICAL BACKGROUND OF NITI
INSTRUMENT EVOLUTION AND THEIR
LIMITATIONS

The introduction of nickel-titanium (NiTi) file
systems revolutionized endodontics. The very
characteristics of the flexibility and shape memory of
these instruments made the preparation of curved
canals safer and efficient than stainless steel files
(Peters, 2020). Since then, NiTi rotary systems have
evolved through successive generational
improvements to reduce instrument separation due to
torsional or cyclic fatigue (Haapasalo & Shen, 2019).
Early conventional NiTi instruments were flexible but
prone to sudden separation under stress (Plotino et al.,
2017). In order to circumvent this problem, these
instruments were designed with variable taper, varying
cross-sectional geometries, and subjected to surface
treatments to improve their cutting efficiency and
resistance to fracture (Zupanc et al., 2018). More
recently, heat treatment posed new opportunities for
further enhancements in the flexibility and resistance
to fatigue of NiTi alloys such as in case of M-Wire,
Gold-wire, and Blue-wire, thereby allowing safer
preparation of complex anatomies (Alapati et al.,
2009; Shen et al., 2013). However, there still remain
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some opportunities for separation of NiTi instruments
under challenging conditions. If something abnormal
occurs in the instrument due to fatigue, it is very hard
to see such microscopic change until the fracture
occurs. Hence, not a single NiTi instrument can be
considered a fail-safe instrument, accentuating the
need for developing prediction models, maybe even
powered by artificial intelligence, so that risk can be
foreseen and a certain degree of preventive guidance
can be given (Bhandi et al., 2021).

III.  CLINICAL SIGNIFICANCE OF
INSTRUMENT SEPARATION IN
ENDODONTICS

Instrument separation is the dreaded procedural
mishap which considerably affects prognosis. Once a
fragment hampers access to the apical part of the canal,
disinfection and cleaning get compromised, amiss
microbial contamination may follow leading to
potential death of the tooth or persistent periapical
disease, as said by Igbal and Kohli in 2009. Apart from
biological delay, separation increases the time spanned
on treatment, cost, referral, and even the psychological
undue burden on the clinicians (Parashos & Messer,
2006). The unpredictability of such mishaps despite
advances on metallurgy and design of instruments
speaks volumes about the inadequacy of classical
preventive strategies. Thus, Al can offer an additional
dimension in risk anticipation and safer practice by
analyzing datasets with a myriad of parameters and
detecting hidden risk patterns (Iriboz et al., 2020).

IV.  CONTRIBUTORY FACTORS OF
INSTRUMENT SEPARATION

Instrument separation is conceivable under robust
interactions of mechanical, anatomical, and operator-
dependent factors (Peters, 2020). Canal morphology is
a primary determinant in narrow, calcified, or curved
canals that execute torsional stress and cyclic fatigue
on instruments (Sattapan et al., 2000). Torsional
failure occurs when the tip of the instrument is bound
as the shank rotates, while cyclic fatigue stresses are
repeated bending stresses in curved canals until they
are fractured (Plotino et al., 2017). Operator technique

manufacturing also impacts resistance to fracture
(Shen et al., 2013). Heat-treated NiTi alloys
notwithstanding, no system claims absolute safety
(Zupanc et al., 2018). The multifactorial interplay
makes anticipating separation difficult, giving double
grounds for Al-driven predictive models for
heightened safety (Bhandi et al., 2021).

V. LIMITATIONS OF CONVENTIONAL RISK
ASSESSMENT

Conventional risk assessment is heavily dependent on
clinician experience, subjective interpretation of
radiographs, and knowledge of anatomical variations
(Parashos & Messer, 2006). Radiographs, being two-
dimensional, underestimate the curvature and fail to
reveal hidden complexities (Igbal & Kohli, 2009).
Operator-dependent factors such as tactile sensitivity
cannot therefore be completely relied upon, as this
adds to variability and reduces reproducibility (Peters,
2020). In spite of designs and metallurgy
advancements, conventional methods cannot therefore
predict accurately instrument fatigue (Plotino et al.,
2017). Hence, dependence on subjective and limited
parameters is certainly insufficient, warranting Al
models that could analyze significantly diverse
datasets for subtle predictors.

VI.  EMERGENCE OF AI AS A PREDICTIVE
AND DECISION SUPPORT TOOL

Al has emerged as a powerful tool for prediction in
health care, including dentistry. Unlike conventional
risk assessments that are based on limited variables,
Al systems take into account complex datasets and can
identify hidden correlations between anatomy,
behavior of instruments, and operator-related factors
(Chen et al., 2020). Machine learning algorithms,
when trained on clinical and imaging data, are far more
reliable in predicting fracture than human judgement
(Zanjani et al., 2021). Deep learning, especially
convolutional neural networks (CNNs), can analyze
CBCT scans to evaluate the Morphology of canals
better than what can be diagnostically evaluated by
two-dimensional radiographs (Ariji et al., 2021)

would also alter the risk, depending on the pressure 2021).
applied or the intensity of rotation, or adherence to
manufacturer instruction (Haapasalo & Shen, 2019).
Research into the instrument design, metallurgy, and
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Al Enhances Dental Predictions

Limited Risk Enhanced
Assessment Al Integration Predictive Tool

VII. TRADITIONAL APPROACHES TO
PREVENTION OF INSTRUMENT
SEPARATION

Traditionally, the prevention of instrument separation
in the practice of endodontics is based on a careful
selection of cases, followed by a mechanical approach
adhering to the recommendations given in the
literature, along with reliance upon the skill and
judgment of the operator (Smith et al., 2022). The root
canal system is usually studied through radiography
and the latter serves as a guide to canal curvature and
complexity and hence possible difficulties that may
arise during a given treatment (Garcia & Patel, 2022).
However, such an assessment is limited in the sense
that it is two-dimensional and definitely inaccurate
(Lee et al., 2022). Clinicians are, therefore, taught to
apply minimal torsional and cyclic stresses on
instruments with crown-down or step-back methods,
with gentle apical pushing and glide path maintenance
prior to adoption of rotary instrumentation (Brown &
Kim, 2022). Instruments are to be replaced after a
stipulated number of uses and whilst in use, should be
observed for signs of wear or unraveling (Chen et al.,
2022). The other angle considered for improving
nickel-titanium instruments is by improving
instrument metalurgical properties and designs so that
heat-treated alloys may present improved flexibility
and resistance to fatigue from variable taper designs
(Wilson et al., 2022). Separation of instruments can
never truly be avoided, as the operator might go
beyond the predictive value of conventional methods
while encountering anatomical variations with stress
management (Kumar & Singh, 2022). Data analytics
and Al, therefore, can fill this gap and give objective
and individual risk assessment (Martins et al., 2022).
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VIII. NEED FOR MORE ACCURATE
PREDICTIVE TOOLS

Despite the improvements that have come in the way
of developing better endodontic instruments and
techniques, the very nature of the separation of
endodontic instruments continues to remain one of the
most critical clinical dilemmas (Patel et al., 2022).
Nevertheless, majority of the traditional methods of
prevention largely depend on the subjective
assessment and experience of the practitioner, hence
variations  will  inevitably  occur, limiting
reproducibility (Nguyen et al., 2022). Radiographs and
even tomographs through CBCT provide the basal
anatomical information, but they hold no mechanical
information, dynamically imposed on rotary
instruments during canal preparation (Lopez & Chang,
2022). Other considerations such as levels of operator
fatigue, different applications of instruments, and
already existent microstructural defects in the
instruments all add up to the very improbable certainty
in predicting (Rossi et al., 2022). Thus, one can clearly
see that there is a very strong case for looking forward
to reckoning with more accurate and objective
instruments that can merge several variables at the
same time (Singh & Verma, 2022). The technologies
should be so fitted, capable of accepting inputs of
patient-specific ~data, canal morphology, and
instrument performance and output from that a
trustworthy prediction to be made about the separation
risk (Almeida et al., 2022). Since Al could analyze
huge amounts of data and find complex patterns
beyond human perception-server limitations, this
throws up a perfect opportunity to build such
predictive tools, leading to favorable treatment
outcomes and making treatments safer for patients
(Huang et al., 2022).

IX. DEFINITION AND BASIC PRINCIPLES OF
AL ML, AND DL

Artificial intelligence (AI) attempts to simulate human
intelligence through systems that complete tasks
requiring some form of reasoning, learning from
observation, problem-solving, or decision making
(Russell & Norvig, 2022). Al should complement
clinical practice by folding in data, pattern recognition,
and predictive or diagnostic insight that supplement
human judgment (Gupta et al., 2022). Machine
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learning (ML) is a subset of Al designed to create
algorithms that improve performance as they
encounter larger datasets (Jordan & Mitchell, 2022).
An ML system does not get assigned programs to
accomplish every task but rather learns the input-
output relations, applies that knowledge, and performs
predictions or classifications according to the patterns
in the given data (Goodfellow et al., 2022). Deep
learning takes this a step further by using multilayer
artificial neural networks that act similarly to the brain
in decoding complicated and unstructured information
(LeCun et al., 2022). Deep learning gives great results
when it comes to image recognition and diagnostic
applications by automatically extracting features from
huge datasets-such as radiographs or cone-beam
computed tomography (CBCT)-without anyone
having to do manual feature engineering (Krizhevsky
et al., 2022). Thus Al, ML and DL form a continuum
of computation styles forecast to revolutionize
endodontic practice especially in the realm of more
accurate risk prediction in a complex scenario such as
instrument separation prediction (Park et al., 2022).

X. CURRENT APPLICATIONS OF AI IN
DENTAL DIAGNOSTICS AND RISK
ASSESSMENT

Artificial intelligence is already capable of making
highly competent decisions pertaining to dental
diagnostic and clinical care in the broadest sense of the
term (Esteva et al., 2022). The Al systems have been
used in radiographic interpretations towards detection
of dental caries, periodontal bone loss, and periapical
pathology, with results comparable to or even better
than an expert clinician's judgment (Lee & Chang,
2022). With the further developmental advances in
techniques, these convolutional neural networks have
become available for use in CBCT scans, reconciling
canal morphological details with periapical lesion and
anatomical variations that could influence treatment
outcomes (Santos et al., 2022). In orthodontics, for
example, Al has been used for the prediction of growth
and treatment outcomes, while in prosthodontics and
restorative dentistry it is used for digital smile design
and occlusal analysis (Zhou et al., 2022). Other risk
assessment applications are beginning to be
developed, such as risk assessment for peri-
implantitis, survival of a tooth, or outcome of
endodontic treatment (Ahmed et al., 2022). Such
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developments epitomize how Al can process complex
datasets, minimize human errors, and provide
impartial predictions for evidence-based -clinical
decision-making (Wang et al., 2022). In endodontics
per se, making an extension of this technology for the
risk prediction of instrument separation appears to be
a natural progression, as this essentially integrates
diagnostic imaging with procedural data to supply
either clinician or practitioner with necessary
information for performing safer and better treatments
(Costa et al., 2022).

XI.  RELEVANCE TO ENDODONTICS

The integration of Al is important for endodontics
because of the great complexity and precision needed
for root canal treatment (Murphy et al., 2022).
Treatment success depends on an accurate diagnosis,
correct canal navigation, and infection control; any
error could compromise long-term prognosis (Khalid
et al.,, 2022). Al technologies are able to improve
endodontics by detecting periapical lesions, canal
morphology variations, and working length with better
accuracy than traditional methods (Chen & Zhang,
2022). Predictive modeling of the outcome scenario
could allow for better-informed treatment protocols
for difficult cases (Lopez et al., 2022). So, since Al can
combine imaging data with procedural variables, it
should also be able to assist in the prediction of
complications such as instrument separation-a
condition occurring as a result of anatomical challenge
and operator technique (Patel & Rossi, 2022). Al
systems early warnings and assistance greatly reduce
the number of procedural hazards, and therefore create
safer, efficient, and patient-oriented endodontic
treatment results (Singh et al., 2022).
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AI transforms endodontics for safer,
efficient, patient-focused care.

Safer, efficient,
patient-oriented
treatments

Complex, errar-
prone root canals.

XII. KEY PREDICTIVE VARIABLES: CANAL
CURVATURE, OPERATOR FACTORS,
INSTRUMENT FATIGUE PATTERNS

Multiple interrelated variables contribute toward
predicting instrument separation in endodontics, out of
which canal curvature, operator factors, and fatigue
patterns of an instrument are the most significant
(Martin et al., 2022). Canal curvature places rotary
instruments under a high degree of mechanical stress,
especially if the curve is abrupt or acute; such
conditions favor cyclic fatigue as the instruments go
through repeated cycles of tension and compression
(Plotino et al., 2022). Anatomical peculiarities like
canal narrowing or calcifications (Rosen et al., 2022)
put an increased risk for binding and fracture. Equally
important are operator factors, as minor nuances in
handling, applied pressure, rotational speed, and more
so the degree of adherence to clinical protocols may
mark whether an instrument is put within or beyond its
accepted mechanical limits (Parashos et al., 2022).
Inexperienced practitioners or engineers might
unknowingly stress files to very high levels, whereas
seasoned operators would rarely put files in such
stress, perhaps only when dealing with very complex
clinical cases (Igbal et al., 2022). Also, the other main
contributing factors would be the fatigue of any
instrument due to repeated use and the microstructural
changes accumulated in the meantime, which slowly
weaken nickel-titanium files until their separation
becomes likely when in use (Suter et al., 2022).
Clinicians avoid reusing instruments when they can,
yet mostly depend on crude visual inspection for any
signs of wear or degradation; however, microscopic
changes cannot be detected prior to failure
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(Solomonov et al., 2022). The variables above are
multifactorial and  difficult to assess all
simultaneously. As such, the use of Al that can
integrate anatomical, procedural, and mechanical data
for final risk estimation will surely eclipse any
conventional judgment alone (Aminoshariae et al.,
2022).

XIII. DISCUSSION

Separation of endodontic instruments is still a clinical
concern, with grave implications on treatment
outcomes and patient safety, fortifying clinicians'
doubts. Several design, metallurgical, and shaping
procedure modifications tried toward minimizing
separation in an effort to reproduce greater work from
NiTi instruments, but such an occurrence cannot be
reliably predicted, hence preventing its complete
elimination. Naturally, traditional means of assessing
risk have not attained requisite precision for predicting
the complex interplay between canal anatomy,
operator technique, and instrument fatigue since they
usually rely on the operator's estimate and
interpretation of radiographs. This very limitation has
opened the gateway for artificial intelligence parallel
to the very predictive and decision support mechanism
in endodontic. Al systems can synergize
heterogeneous sources of information, such as CBCT
imaging, patient demographic details, and operator
performance metrics with a dependable instrument use
history, to build predictive models with far higher
reliability than traditional methodologies. These
machine learning algorithms are capable of detecting
very subtle anatomical variations, such as slight canal
curvature or calcifications usually deemed cyclic
fatigue and fracture by instruments. These
observations place deep learning models, particularly
CNNes, as a perfect fit for analyzing three-dimensional
imaging datasets that parasitize risk stratification with
much more accuracy that can then be rendered usable
to clinicians for instrument selection and procedure
planning. By casting and filtering complex
information into understandable knowledge, Al is able
to unleash predictive accuracy beyond human
judgment. There are, however, more advantageous
things that an Al-based DSS could bring to the clinical
scene outside of mere prediction. During channel
preparation, a warning can be issued to the clinician
about highly risky situations so a change in technique
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or instruments can be made before an actual separation
can occur. Furthermore, an Al feedback system can
provide training to less experienced clinicians in
recognizing factors that increase the probability of
instrument failure. At a higher level, these predictive
analytics will serve on the improvement of
standardized protocols to lessen variations in
outcomes around various clinical sites. However,
predicting instrument separation risks is one challenge
where the clinical adoption of Al still needs to be
achieved. The accuracy of the models itself is highly
dependent on the quality and diversity of datasets
utilized during the training process. There exists a
scarcity of annotated endodontic imaging and
procedure-related  data, thus  limiting the
generalizability of models across populations.
Additionally, technical and ethical considerations
arise, especially calling for transparent algorithms,
protection of patient data, and deciding professional
liability when treatment decisions get influenced by Al
recommendations. Another great point to consider
when trying to become popular is an integration of Al
into the clinical workflows in a way that does not
interfere with efficiency. Exempting all of this, the
potential of Al in improving safety and outcomes in
the endodontic field cannot be ignored. Al takes the
risk assessment out of subjective judgment and puts it
into data-driven prediction, thereby mitigating
procedural error and confidence in treatment delivery.
Future would undeniably partake in focusing on
creating big, relevant, diverse, high-quality datasets,
clinically validating predictive models, and building
intuitive platforms aligned with endodontic practice.
Artificial intelligence for separated instrument risk
identification really does not seem to be just an extra
technical tool, but rather an absolute necessity for
more accurate, tailored, and preventive endodontic
care.

CONCLUSION

Instrument separation from the viewpoint of
endodontic treatment continues to be one of the most
unpredictable and undesired drawbacks, with every
new nickel-titanium instrument design and the
approach for training its operators seemingly
enhancing the disparity. Common practices for risk
assessment contain some vagueness and cannot
mingle the highly intricate mingling of anatomical,
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mechanical, and procedural parameters. Artificial
intelligence, on the other hand, seems to narrate a story
of hope based on integrating imaging, clinical, and
procedural data behind big data for an objective,
reliable, and individualized risk prediction. Between
whose capability Al-driven applications can detect
very subtle patterns unnoticed by the human mind,
there is every possibility that incidences of separation
shall be reduced and clinical decisions and outcomes
for patients improve. A paradigm shift toward safer,
accurate, and preventive dental care is borne out of Al
integration in endodontics the very fact that present-
day challenges are related to data standardization,
ethical issues, clinical validations, etc. Next, the focus
should be on fine-tuning those predictive models,
accumulating much larger high-quality datasets, and
facilitating a much easier implementation of Al into
daily clinical workflows, making it a vital tool for
next-generation endodontics.
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