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ABSTRACT

Introduction: Intraoral scanners are central to digital dentistry, but their post-market adverse event profile has not been described from
the public reports. Methods: A cross-sectional cohort of adverse event reports for the CAD/CAM optical impression product code was
assembled from the openFDA device event database, and the event narratives were classified into failure modes with deterministic
keyword rules. Results: Among 36 reports, electrical shock or an electrical sensation was mentioned in 26 (72.2%; 95% Cl 56.0 to 84.2), and
malfunction and injury were balanced at 41.7% and 38.9%. Component detachment and thermal events each occurred in 5 reports, and
fracture in 2. Conclusions: Electrical shock was the predominant adverse event in reports of intraoral scanners, and the reports carried
little specific failure-mode information, which points to electrical safety and to reporting quality as the two priorities.

Keywords: intraoral scanner; computer-aided design; adverse event; medical device safety; postmarketing surveillance.

RESUMEN

Introduccién: Los escaneres intraorales son centrales en la odontologia digital, pero su perfil de eventos adversos poscomercializacion
no se ha descrito a partir de los informes publicos. Métodos: Se conformé una cohorte transversal de informes de eventos adversos del
codigo de producto de impresion éptica CAD/CAM a partir de la base de datos de eventos de dispositivos de openFDA, y las narrativas
se clasificaron en modos de fallo con reglas de palabras clave deterministas. Resultados: Entre 36 informes, la descarga eléctrica o una
sensacion eléctrica se menciond en 26 (72,2%; IC 95% 56,0 a 84,2), y el mal funcionamiento y la lesién estuvieron equilibrados en 41,7% y
38,9%. El desprendimiento de componentes y los eventos térmicos ocurrieron cada uno en 5 informes, y la fractura en 2. Conclusiones:
La descarga eléctrica fue el evento adverso predominante en los informes de escaneres intraorales, y los informes contenian poca in-
formacion especifica sobre el modo de fallo, lo que sefala la seguridad eléctrica y la calidad de la notificacion como las dos prioridades.

Palabras clave: escaner intraoral; disefo asistido por computador; evento adverso; seguridad de dispositivos médicos; vigilancia posco-
mercializacion.

© 2026; The Authors. This Open access article is distributed under CC BY 4.0 licence.


mailto:mariorodco6358@gmail.com
http://www.southam.pub
https://crossmark.crossref.org/dialog/?doi=10.62486/aid202676&domain=pdf
https://doi.org/10.62486/aid202676

Infante Miranda et al. SAP Artificial Intelligence in Dentistry. 2026;2:76

INTRODUCTION

Intraoral scanners have become the entry point of digital dentistry, because the optical im-
pression they capture is the first step in the computer-aided design and manufacturing of crowns,
veneers, aligners and implant restorations, and the scanner has therefore displaced the conven-
tional impression as the first clinical step of a restoration.

The device is a handheld wand that projects structured light onto the teeth and reconstructs
their shape, and it is placed inside the mouth of the patient throughout the scan, which makes it
both an imaging device and an intraoral device with its own safety requirements.

The wand is connected to a power source and, in some systems, to a cart or a computer, and
the electrical path that powers the imaging is therefore in close proximity to the patient, which is
the physical reason that an electrical safety question arises at all, and the reason that the question
is not answered by the accuracy literature, which concerns the light the wand projects and the
model it reconstructs, not the current that powers it.

The literature has measured their accuracy extensively, and studies of scanner parameters,
span length and restoration type have established that the digital impression is clinically accepta-
ble for most indications, as the works of Chiu et al, (1) Aly et al.,(2) Madboly et al.(3) and Rokaya et
al.(4) document. What the accuracy literature does not describe is the safety profile of the devices
themselves, and the post-market adverse event reports that would reveal that profile have not
been synthesized for this product class.

The gap matters because a scanner is a powered device that is placed inside the mouth,
and a device that is safe to place inside the mouth is not the same as a device that is accurate, so
the accuracy evidence and the safety evidence answer different questions that neither answers
alone. A scanner could be accurate to a few micrometres and still deliver an electrical sensation
to the patient, and the two properties would be unrelated in principle, which is why the accuracy
literature, however large, cannot substitute for a safety analysis.

The post-market adverse event database is the natural source for that synthesis, because it
collects the reports that clinicians and manufacturers file when a device fails or harms a patient,
and the narrative text of each report records what happened in the reporter’'s own words.

The method of mining those narratives has been established in the medical device literature,
from the early software-failure analysis of Pecoraro et al.(5) to the recent large-language-model
narrative analyses of Shi et al.(6) and the automated classification of Sohoni et al.,(7) and it has been
applied to many device classes, from implants to surgical robots, so the method is mature and its
application to a new device class is a matter of routine rather than of invention.

The method has two parts, a retrieval of the public reports for a product class and a classifi-
cation of the narrative text into failure modes, and both parts are reproducible, so the study can
be repeated as the database grows and extended to other dental devices as their product codes
are identified.

The dental device class is a natural application because dentistry has adopted digital devi-
ces rapidly and has evaluated them primarily for accuracy, so the safety side of the adoption has
been, until now, the unexamined half of the digital transition. The objective of this study is to apply
that method to the intraoral scanner product class and to characterize the failure modes that its
adverse event reports reveal.

The study is a cross-sectional analysis of a single product code, the optical impression sys-
tem for computer-aided design and manufacturing of dental restorations, and it is deliberately
descriptive rather than causal. Its scope is the failure modes recorded in the narratives and the
structured problem codes that accompany them, and its design is a keyword classification of the
narrative text followed by a summary of the resulting frequencies.

The design is observational, in the sense that the reports were filed by others and the study
only reads them, and it is reproducible, in the sense that the classification rules are stated and the
reports are public, so the analysis can be repeated or extended without the participation of the
original reporters, and a reader can therefore verify every count in the results by re-running the
stated rules against the public reports.

The design makes no causal claim and no rate estimate, and it is limited to what the reports
themselves record, which is the failure modes and the event types, and the reader should not ex-
pect from it more than the reports contain.

The objective, restated for clarity, is to describe the failure modes of intraoral scanner adverse
event reports and to identify the predominant mode, so that the safety profile of the device class
becomes visible alongside its well-documented accuracy.
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METHODS

Analysis

The primary analysis was a deterministic classification of each event narrative into one or more
failure modes. Four failure modes were defined before the narratives were read: electrical shock
or sensation, component detachment or separation, thermal events, and fracture. A narrative was
assigned to a failure mode when it contained a keyword from that mode’s list, and a report could
be assigned to more than one mode, because a single event can involve, for example, an electrical
shock that also produces a burn.

The keyword lists were chosen to be conservative, so that a mode was assigned only on a
literal mention, and the electrical list included the words shock, tingling, electric, electrical, impulse,
sensation, pulse and discharge, which together capture the vocabulary that the reporters used for
the electrical events, and the other three lists were defined with the same conservatism, so that a
report was assigned to a mode only when the reporter’'s own words matched the mode.

The proportion of reports mentioning each mode was estimated, and the electrical-shock
proportion, as the principal result, was reported with a Wilson 95% confidence interval computed
with the Statsmodels library, which was chosen because it does not rely on the normal approxi-
mation that a small sample would violate. The analysis was implemented in Python, and the script
was run twice to confirm that the recorded counts were identical across runs, so the classification
is reproducible from the stated rules and the public reports.

Variables

The outcome variables were the four failure-mode indicators derived from the narratives,
and each was a binary variable that took the value one when the narrative mentioned the mode
and zero otherwise.

The explanatory variables were the event type, the year of receipt and the device brand,
which were taken from the structured fields of each report, and the event type was the report's
own classification of the event as a malfunction, an injury, a death or other.

The product problem codes, which the reporter assigns from a fixed list, were tabulated
separately from the narrative-derived modes, because the two are different views of the same
event, the code being the structured view and the narrative being the unstructured view, and the
comparison between them is itself informative, because a divergence between the two, a report
whose code says no specific problem while its narrative names an electrical shock, is the evidence
that the structured field under-reports the true failure mode.

Data source

The data were the adverse event reports for the product code of the optical impression system
for computer-aided design and manufacturing of dental restorations, retrieved from the openF-
DA device event database, which indexes the Manufacturer and User Facility Device Experience
database of the Food and Drug Administration.

All reports for the product code were retrieved through the database’s application program-
ming interface, and no sampling was performed, so the cohort is the complete set of reports for
that product code as of the retrieval date. The retrieval date and the product code are recorded so
that the cohort is reproducible, and the narrative text was taken from the report’s event description
field, which is the field in which the reporter states what happened in their own words. No report
was excluded, and no narrative was edited, so the classification was applied to the text exactly as
it was filed.

RESULTS

Electrical shock or an electrical sensation was mentioned in 26 of the 36 reports, a proportion
of 0.722 (95% CIl 0.560 to 0.842), which made it the clearly predominant failure mode by a wide
margin (Figure 1).
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Figure 1. Failure modes identified in the adverse event narratives.
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Note: A report can mention more than one failure mode.

The confidence interval is wide because the sample is small, but even its lower bound of
0.560 leaves the electrical mode as the majority, so the predominance is not an artefact of the
point estimate alone, and a reader who trusts only the lower bound would still conclude that the
electrical mode is the dominant one.

The electrical events were described in the narratives as shocks, tingling, electrical impulses
and electrical sensations, and they occurred during routine scanning procedures, with the sensation
reported on the teeth or in the mouth of the patient or on the hand of the operator, so the mode
was not a single type of event but a family of electrically caused sensations.

The reported consequences of the electrical events were generally transient, with pain las-
ting hours to days and, in a few cases, a minor burn or a medical visit, and no death was recorded
in the cohort, so the mode was a source of discomfort and concern rather than of lasting harm in
the reports that described its outcome.

The absence of lasting harm does not reduce the importance of the finding, because an
electrical event inside the mouth is, by its nature, an event that the patient experiences as alarming
even when it is brief and transient, and the safety question is whether it should happen at all rather
than whether it causes permanent damage.

Second, component detachment or separation appeared in 5 reports (0.139), and below that
value the thermal events appeared in 5 reports and fracture in just 2, so the failure-mode distribu-
tion was concentrated on a single electrical mode rather than spread across the mechanical modes.

The detachment events involved a mirror or a tip that separated from the wand and, in at
least one reported case, fell into the patient’s mouth and was either swallowed or retrieved, and the
thermal events involved a cable or a charger that sparked, overheated or, in one report, caught fire,
while the fracture events involved a component that cracked inside the patient's mouth, so each of
the secondary modes was also an event that occurred during actual use rather than a latent defect.

The event types were balanced between malfunction and injury. Of the 36 reports, 15 were
malfunctions (41.7%) and 14 were injuries (38.9%), with the remaining 7 reports recorded as other or
missing a type, so the reports described a device failure and a patient harm at roughly equal rates
rather than one dominating the other, and the electrical events contributed to both, appearing
both as malfunctions of the device and as injuries to the patient.

The balance between malfunction and injury is itself a finding, because it means the device
class is one in which the failure and the harm are reported together, and a report of a malfunction
is frequently also a report of a patient who actually felt it, which is what one would expect of a
device whose failure mode is an electrical sensation that the patient cannot fail to notice.

The balance also means that the reports are not skewed toward one severity, and the failure
modes are therefore visible across both the mild and the more serious events rather than being
confined to one end of the severity scale.

To a lesser extent, the structured problem codes carried little specific information, because
the single most common code was adverse event without an identified device or use problem,
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assigned to 18 of the 36 reports, and the second was insufficient device problem information, as-
signed to 11, which together meant that half the reports did not name a specific problem at the
structured level, and the narrative text was therefore the only place where the electrical nature of
the events was recorded.

The divergence between the two is the concrete evidence of under-reporting, because a
report whose code names no problem but whose narrative names a shock is a report whose struc-
tured field failed to record what its own text recorded. The failure modes and the problem codes
are summarized in (Table 1) and (Table 2).

Table 1. Failure modes identified in the narratives.

Failure mode n percent
Electrical shock or sensation 26 72.2
Component detachment or separation 5 139
Thermal (overheating, sparking, fire) 5 128
Fracture 2 56

Note: A report can mention more than one failure mode.

Table 2. Most common product problem codes.

Product problem code n

Adverse Event Without Identified Device
or Use Problem

Insufficient Device Problem Information n

Material Separation 4

Defective Component 4

Electrical Power Problem 4

Environmental Compatibility Problem 4

Appropriate Device Problem Term/Code 4
Not Available

Electrostatic Discharge 3

Note: Product problem codes are assigned by the reporter.

The sample of 36 reports came from a set of device brands dominated by the 3M True Defi-
nition scanner, and the years of receipt ranged from 2008 to 2025, with the largest share received
between 2011 and 2017, a period that corresponds to the early adoption of the scanners before the
reporting thinned in later years, a thinning that may reflect improved devices, reduced reporting
or both, and that the present data cannot distinguish.

The temporal pattern is therefore reported as a fact about the sample rather than as a trend
in the safety of the devices, and no claim is made about whether the devices became safer over
time. The concentration of the electrical events in the 3M brand is a property of the sample rather
than necessarily a property of the brand, because the brand may simply be the one for which re-
ports were filed most completely, and the present study does not attribute the electrical events to
any single brand. The characteristics of the sample are summarized in (Table 3).

Table 3. Characteristics of the adverse event reports.

Characteristic n percent
Events 36 100.0
Malfunction 15 417
Injury 14 389
Other/missing 7 19.4
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DISCUSSION

The predominance of electrical shock in these reports implies that the safety of intraoral
scanners is first an electrical-safety problem rather than a mechanical or software problem, and
the reports concentrate on a device that delivers an unintended electrical sensation to the mouth
during a routine scan.

The implication matters because an accuracy-focused literature, which is the bulk of the
intraoral scanner evidence, would never surface an electrical-safety signal, and the safety profile
has therefore been invisible to the very audience that evaluates the scanners and that decides
which scanners to adopt.

The finding also implies a second thing, that the structured reporting of these events is in-
formation-poor, and the signal that the narratives reveal is one that the problem codes conceal,
because half the reports were filed under a code that states only that no specific problem was
identified, which is a code that carries no signal at all.

The two implications point in the same direction, toward a need for electrical-safety scrutiny
and toward a need for better reporting, and they are the two priorities that the finding names.

The reporting-quality implication deserves its own emphasis, because it is the reason the
safety signal had to be recovered from the narratives rather than read from the codes, and it is a
defect that the reporting system could correct more easily than it could correct the underlying
electrical problem.

A reporter who assigns the code for an adverse event without an identified problem, when
the narrative plainly records an electrical shock, is leaving the signal in the text and out of the struc-
tured field, and a small change in reporting practice, choosing the electrical problem code when
the narrative names an electrical event, would make the signal visible to the automated tools that
read the structured field alone.

The change is not a burden on the reporter, because it is a choice between two codes that
are both already available, and it is the kind of reporting improvement that costs nothing and
yields a more analyzable database. The improvement would be measurable, because a subsequent
analysis of the same product code would then find the electrical problem code assigned to the
reports that the narratives already identify, and the divergence between code and narrative would
narrow, which is a concrete and checkable outcome of the recommendation.

The contrast with the intraoral scanner accuracy literature is instructive, because it shows
how one-sided the evidence has been. The accuracy studies of Chiu et al.,(1)Bhan et al.,(8)Nossair
et al.(9)and Mitrirattanakul et al.(10)all report the scanner’s dimensional or shade performance,
and none reports an adverse event, because a scanner under study for accuracy is not a scanner
under study for safety.

The same is true of the cement-spacing study of Borbola et al,(11)the digital impression
evaluation of Gajbhiye et al, (12)the restorative-material study of Lin et al.(13)and the cast-accura-
cy study of Patzelt et al.,(14)each of which advances the accuracy question without touching the
safety question.

The expansion of scanner uses described by the 2025 review(15)and the preparation gui-
dance of Bae et al.(16)extend the indications without adding a safety dimension, and the present
study is the first to describe the adverse event profile that the accuracy literature leaves out. The
one-sidedness is not a criticism of the accuracy studies, which answer the question they were
designed to answer, but it is a gap in the literature as a whole, and the gap is the reason that the
safety profile has had to be reconstructed from the adverse event database rather than from the
peer-reviewed literature.

The gap is also a reflection of how digital dentistry has been evaluated, which is by measuring
what the device produces rather than by observing what it does, and the present study is a small
corrective to that habit, in that it observes what the device did to the people who used it and to
the people who were scanned by it.

The contrast with the medical device adverse event literature shows that the present method
is standard and that the finding is a genuine signal rather than an artefact of the method. The MAU-
DE analyses of Liu et al.(17)for dental implants, of Al Khouri et al.(18)for mandibular appliances, of
Ahmad et al.(19)for plate systems, and of Bhandari et al,,(20)Hawas et al.,(21)Jin et al.,(22)Su et al.(23)
and Zhai et al.(24)for their respective devices all use the same database and the same approach,
and the electrical-shock concentration reported here is comparable in clarity to the failure-mode
concentrations those studies found in their device classes.

The dental context is the closest comparison, because Liu et al.(17)and Al Khouri et al.(18)both
analyzed dental devices in the same database and found that a specific, identifiable mode domina-
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ted their reports, which is exactly the structure that the present study finds for intraoral scanners.

The three dental studies together, implants, mandibular appliances and intraoral scanners,
now cover a slice of the dental device field, and they show that the adverse event database is a
usable source for dental safety signals, which is itself a finding that the dental literature has been
slow to exploit despite the database being public and free to query. The disproportionality study
of Shi et al.,(25) the catheter-directed device analysis of Nandyal et al.(26) and the postmarketing
safety analyses of Awan et al.(27) and Stuart et al.(28) show the same pattern, in which a specific
failure mode dominates the reports for a device class, and the interface-failure analysis of Alwitry
et al.(29)and the root-cause analysis of Maity et al.(30)illustrate that the narrative text, not the pro-
blem code, is where the failure mode is actually recorded.

The present study's finding that the electrical mode was visible only in the narrative and not
in the problem codes is therefore not an oddity of the intraoral scanner class but a general property
of the reporting system, and the same divergence has been observed across the device classes
that the literature has examined.

The broader implication for digital dentistry is that the safety literature has lagged the ac-
curacy literature across the board, and the present study is one instance of a pattern that likely
extends to other powered dental devices. A milling unit, a three-dimensional printer or a scanner all
share the property of being powered devices introduced into the clinical workflow on the strength
of their accuracy, and the adverse event database is the source that would reveal whether any of
them carries a safety signal comparable to the electrical signal reported here.

The transfer is not hypothetical, because the product codes for those devices are public and
the reports are public, and the only missing step is the will to run the same classification, which the
present study has shown to be a small and mechanical task that requires no special equipment
and no access beyond the public database.

The method used in this study, a deterministic classification of public narratives, is transferable
to those device classes without modification, and the study therefore offers a template as well as a
finding. A researcher or a practice that wanted to repeat the analysis for a milling unit or a printer
would need only the product code and the same keyword lists, and the result would be directly
comparable to the present one, which is the advantage of a deterministic and public method over
a proprietary or a manual one.

The interpretation of the finding should also be bounded, because the reports are a record
of what was filed rather than of what occurred, and the predominance of electrical shock reflects
both the underlying events and the likelihood that an electrical event, being perceptible and un-
usual, is more likely to be filed than a silent mechanical fault.

The finding therefore identifies the most visible failure mode, not necessarily the most fre-
guent one, and a reader should hold the two apart. The distinction is a standard caveat of passive
surveillance, and it does not diminish the practical value of the finding, because the most visible
failure mode is exactly the one that a clinician needs to be told about, but it does bound the claim
that the electrical mode is the most commmon rather than the most reported, and the present study
is careful to make the bounded claim rather than the stronger one that the data would not support.

The bounded claim is sufficient for the study's purpose, which is to surface a signal for atten-
tion rather than to estimate a rate, and a rate estimate would require a denominator that passive
surveillance does not provide and that the present design did not claim to supply.

The clinical implication of the finding is direct and it is worth stating, because it is the part of
the result that a practitioner can act on without further research. A clinician who uses an intraoral
scanner should be aware that the device has an electrical-safety history, and the sensible precau-
tions are the standard ones for any powered device placed near the patient: verify that the power
outlet is properly grounded, inspect the cable and the wand before use, and stop the scan if the
patient reports a shock or a tingling sensation.

These precautions are low-cost and do not require any change to the clinical workflow, be-
cause they are checks that a careful clinician already performs on any powered instrument, and the
finding gives them a specific reason to be performed on the scanner rather than a general reason
to be performed on everything, which is the difference between a precaution that is honored and
one that is forgotten.

The events in this cohort were generally transient and did not require lasting treatment, but
the fact that they were transient does not make them trivial, and a clinician who recognizes the
early signs of an electrical event can end it before it escalates.

The finding therefore has a preventive use even before the underlying electrical cause is fully
understood, and that preventive use is the most immediate yield of the study for the clinician who
reads it. A practice could also record the electrical events it encounters, because a local record of
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shocks would be the denominator-free counterpart to the passive reports analyzed here, and the
two together would tell more than either alone.

The local record is within the reach of any practice, because it requires nothing more than a
note in the patient’s chart when a shock is reported, and it would build, over time, the denominator
that the national passive system cannot provide, namely the number of scans performed without
an event, against which the events could be placed.

The study has limitations, and each is paired with the recommendation that would address
it. The cohort is small, with 36 reports, so the proportions carry wide confidence intervals and the
estimate of the electrical-shock proportion should be read as a range rather than a point, and a
recommendation follows: the analysis should be repeated as the database accumulates reports
so that the signal can be confirmed on a larger sample.

The classification is deterministic and keyword-based, so it captures what the narratives
literally say but not what they imply, and a recommendation follows: a large-language-model or
clinician review of the same narratives would test whether the keyword classification missed modes
that the reporters described in other words or by implication.

The reports are passive surveillance, so they undercount the true event rate and cannot
support a rate estimate, and a recommmendation follows: the finding should be used to raise awa-
reness rather than to quantify risk, and any quantitative claim about frequency should wait for a
denominator that the passive system does not supply.

The cohortis limited to a single product code, so the finding may not extend to every intraoral
scanner, and a recommendation follows: the analysis should be extended to the related product
codes once their identifiers are established, so that the electrical-safety signal can be judged across
the whole class rather than in one code, and a scanner outside the studied code should not be
assumed to carry or to lack the same signal.

The single code is also the reason the sample is small, because the intraoral scanner class is
divided among several product codes, and a wider code search would likely enlarge the cohort,
which is the single most direct way to confirm the finding. Each recommendation is concrete and
names the party that should carry it out, so that the limitations translate into an agenda rather
than into a disclaimer.

CONCLUSIONS

Electrical shock or an electrical sensation was the predominant adverse event in reports
of intraoral scanners and computer-aided design and manufacturing dental devices, appearing
in 72.2 percent of the reports, and the reports carried little specific failure-mode information in
their structured problem codes, which identifies electrical safety and reporting quality as the two
priorities for this device class.

The finding was concentrated in a single, clinically recognizable failure mode rather than
spread across the mechanical modes, and it was visible only in the narrative text, which is where
the safety signal for this device class has been recorded and where future surveillance should
continue to look.
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