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ABSTRACT

Introduction: Clear aligner systems are widely used for orthodontic treatment, but the patient injuries and device problems captured in
postmarketing surveillance have not been organized into a structured framework. Methods: Descriptive retrospective analysis of adverse
event reports for sequential clear aligners (product code NXC) received by the FDA MAUDE database between 2015 and 2023, retrieved
through the openFDA device adverse events API. Device problems, patient injuries, event type, reporter occupation and aligner system
were described, and a co-occurrence matrix linked device problem categories to patient injury categories. Results: A total of 2,467 re-
ports were analyzed and 99.1% recorded an injury. Reports rose from 43 in 2015 to a peak of 929 in 2021. SmileDirectClub and Invisalign
accounted for 66.5% and 17.8% of reports. Tooth fracture (919 reports, 37.3%), necrosis (251) and hypersensitivity or allergic reaction (167)
were the most frequent patient injuries; patient-device incompatibility (169) and inadequacy of device shape or size (123) were the most
frequent specific device problems. In the framework, device misfit was linked to allergic reactions, oral soft-tissue injury and pain, and
biocompatibility or rejection was linked almost exclusively to allergic reactions. Conclusions: Adverse event reports for clear aligners con-
centrate on tooth fracture and soft-tissue or allergic injuries, associated largely with device misfit and biocompatibility. The framework
provides a structured basis for clinical monitoring and postmarketing surveillance.

Keywords: clear aligners; orthodontic appliances; adverse events; patient safety; medical device reporting.

RESUMEN

Introduccion: Los sistemas de alineadores transparentes se emplean ampliamente en ortodoncia, pero las lesiones del paciente y los
problemas del dispositivo registrados en la vigilancia poscomercializacién no se han organizado en un marco estructurado. Métodos:
Analisis descriptivo retrospectivo de los informes de eventos adversos de alineadores secuenciales (codigo NXC) recibidos por la base
MAUDE de la FDA entre 2015 y 2023, obtenidos de la API openFDA. Se describieron los problemas del dispositivo, las lesiones del pa-
ciente, el tipo de evento, la ocupacién del notificador y el sistema de alineadores, y una matriz de coocurrencia vinculé las categorias
de problema del dispositivo con las de lesion del paciente. Resultados: Se analizaron 2467 informes y 99,1% registraron una lesion. Los
informes aumentaron de 43 en 2015 a un maximo de 929 en 2021. SmileDirectClub e Invisalign representaron 66,5% y 17,8%. Las lesiones
mas frecuentes fueron fractura dental (919, 37,3%), necrosis (251) y reaccion alérgica (167); los problemas especificos del dispositivo mas
frecuentes fueron incompatibilidad paciente-dispositivo (169) e inadecuacion de forma o tamario (123). El desajuste se vinculd con reac-
ciones alérgicas, lesion de tejidos blandos y dolor; la biocompatibilidad o el rechazo, casi solo con reacciones alérgicas. Conclusiones: Los
informes se concentran en la fractura dental y en las lesiones alérgicas o de tejidos blandos, asociadas en gran medida con el desajuste
y la biocompatibilidad. El marco ofrece una base estructurada para el seguimiento clinico y la vigilancia poscomercializacién.

Palabras clave: alineadores transparentes; aparatos de ortodoncia; eventos adversos; seguridad del paciente; notificacion de dispositi-
vos médicos.
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INTRODUCTION

Clear aligner systems are removable thermoplastic trays that move teeth through a pro-
grammed sequence of stages, and their use has expanded rapidly among adults who seek an
aesthetic and removable alternative to fixed appliances.(1) In the United States these devices are
regulated as class Il medical devices, which places them under general and special controls that
include performance standards and postmarket reporting obligations.(2) Aligners are now among
the most requested orthodontic options in many markets, and their clinical popularity has grown
faster than the evidence that supports their safety and effectiveness.(3) The market has also diver-
sified from the original clinician-delivered systems into a broad range of laboratory-fabricated and
remotely delivered trays, a substantial share of which are provided through direct-to-consumer
models with limited or no in-person clinical supervision.(4) This expansion has generated specific
concerns about the harms that may occur outside a supervised treatment plan.(5)

The controlled clinical literature has established that aligners achieve acceptable tooth mo-
vement for many malocclusions, although the predictability of individual movements such as
rotations, expansion, distalization and torque control remains incomplete.(6-8)The aligner material
and design, including tray thickness and the presence of attachments, influence the force delivered
and therefore the movement actually achieved.(9,10) Prospective studies have also quantified the
expected burden of treatment, particularly transient pain and the temporary impairment of oral
health related quality of life, which appear lower with aligners than with fixed appliances during
the initial phase of treatment.(11-13)These studies, however, are designed around planned and su-
pervised treatment in selected patients, and they rarely capture uncommon or severe harms that
emerge only when a device is used at scale outside a trial.

Postmarketing surveillance complements clinical research because it collects harms that
occur outside studies and across the entire marketed range of devices. The FDA Manufacturer and
User Facility Device Experience (MAUDE) database aggregates mandatory manufacturer reports
and voluntary reports of device related injuries and malfunctions, and it is a widely used source
for characterizing device problems and patient harms.(14,15) Because the database is populated
continuously and coded with controlled vocabularies, it allows the same device class to be followed
over time and compared across manufacturers without the selection criteria that constrain clinical
studies. The window from 2015 to 2023 covers the period in which clear aligners transitioned from
a niche clinician-delivered product to a mass market that includes remote treatment models,
so it is the natural period in which to examine the harms that accompanied that transition. Two
prior analyses of this database examined adverse events during Invisalign treatment and among
direct-to-consumer sequential aligners and described tooth related injuries and periodontal comp-
laints.(5,16) Neither study, however, articulated a structured mapping between the device problems
that are reported and the patient injuries that follow, and neither covered the full clear aligner class
over the period in which these devices reached mass use.

Beyond movement predictability, guestions have been raised about the biological safety of
the thermoplastic materials used in aligners, including the release of bisphenol-A and the poten-
tial for cytotoxicity and estrogenic effects.(17)These concerns matter because aligners are worn for
many hours a day over months, in direct contact with mucosa and enamel. Clinical reviews have
reported allergic reactions attributed to orthodontic materials in general,(18)but the frequency and
nature of such reactions across the aligner market have not been quantified from surveillance data.

The absence of such a framework limits the clinical use of surveillance data. Device problems
and patient injuries are stored as independent coded vocabularies in the database, so a reader of
a single report cannot easily see which device failure tends to precede which injury, and a clinician
cannot convert a list of codes into a monitoring sequence. A framework that maps the two voca-
bularies onto each other would make these reports actionable for the clinician who supervises
aligner treatment and for the manufacturer who investigates complaints.

The aim of this study was to characterize the patient injuries and device problems described
in adverse event reports involving clear aligner systems submitted to the FDA MAUDE database
between 2015 and 2023, and to build a framework that links the principal device problems to the
resulting patient injuries.

METHODS
Design and data source

This was a descriptive, retrospective, cross-sectional analysis of spontaneous adverse event
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reports for clear aligner systems, reported in accordance with the STROBE statement and its RE-
CORD extension for research using routinely collected administrative data. The design is descrip-
tive rather than analytic because the database contains reports rather than exposed patients and
provides no denominator of devices in use, so the objectives are limited to the characterization
of reported problems and injuries and to the construction of the framework that connects them.

Reports were retrieved from the device adverse events endpoint of the openFDA application
programming interface, which provides public access to the FDA MAUDE database.(14)The query
selected every report whose device product code was NXC (Aligner, Sequential), a class Il device
regulated under 21 CFR 872.5470,(2)with a date of receipt between 1January 2015 and 31 December
2023. The product code NXC was preferred over the related codes ECQ (Aligner, Bracket, Orthodon-
tic) and EHA (Aligner, Beam, X-Ray) because it corresponds specifically to sequential clear aligners
rather than bracket positioners or radiographic equipment. The download was performed program-
matically in five pages of 500 records without any login requirement, and the five files were chec-
ked against the total count returned by the interface, which confirmed that all records had been
retrieved. Every report returned by the query was included; none was excluded. Duplicate report
numbers were checked and no duplicate was found, and each download was registered with its
uniform resource locator, size and cryptographic hash to allow exact reproduction of the analysis.

Variables and recoding

For each report the following fields were extracted: date of receipt, event type (injury, mal-
function or death), adverse event flag, report source, initial reporter occupation, device brand name,
product problem codes and patient problem codes, together with patient age and sex when
available. The event type indicates whether the report described a patient injury, a device mal-
function, a death or another category, and the adverse event flag records whether the submitter
classified the event as an adverse event. A single report may list several devices, several product
problem codes and several patient problem codes, and each distinct code was counted once per
report. Device problems and patient injuries are coded in MAUDE with standardized vocabularies;
the codes were analyzed as reported, without reinterpreting the terms. Non-informative generic
codes, such as adverse event without identified device or use problem and no code available, were
retained and reported separately but were excluded from the conceptual framework because they
carry no mechanistic information.

Initial reporter occupation is recorded in MAUDE partly as text labels and partly as legacy
numeric codes; the numeric codes 003 and 501 were decoded with the public FDA MAUDE query
interface as non-healthcare professional and administrator or supervisor, respectively, and the
occupation was then grouped into health care professional, non-healthcare professional, patient
or family, and other or unknown.(15)Brand names were normalized to a canonical aligner system
from the recorded device brand name: variants of SmileDirectClub were combined, the Invisalign
system was distinguished from its manufacturer, and reports without an identifiable brand were
grouped as other or not specified.

Analysis

Categorical variables were summarized as absolute frequencies and percentages compu-
ted over the 2467 reports. Age was summarized as median and interquartile range. Before the
descriptive analysis, data quality checks were applied: the number of records in each downloaded
page was verified against the total returned by the interface, report numbers were screened for
duplicates, and the ranges of the coded fields were reviewed for implausible values. Age is recor-
ded in free text with units, so only the numeric portion was used, and an age of zero recorded for
patients younger than one year was retained as reported. Missing fields were treated as missing
and were never imputed.

To build the framework, informative device problem codes were grouped into four categories.
Device misfit or mechanical problem comprised patient-device incompatibility, inadequacy of de-
vice shape and/or size, fitting problem, failure to align, device operates differently than expected,
unintended movement, sharp edges, material fragmentation and pressure problem. Biocom-
patibility or rejection comprised biocompatibility and device appears to trigger rejection. Use or
procedural problem comprised improper or incorrect procedure or method, use of device problem
and patient device interaction problem. Therapeutic failure comprised unexpected therapeutic
results and therapeutic or diagnostic output failure.

Patient problem codes were grouped into five categories. Tooth injury comprised tooth fractu-
re, tooth loss and sensitivity of teeth. Allergic or hypersensitivity reaction comprised hypersensitivity/
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allergic reaction, anaphylactic shock, reaction, rash, itching sensation and urticaria. Oral soft-tissue
injury comprised necrosis, deformity/disfigurement, inflammation, swelling and swelling/edema.
Infection comprised wound infection and unspecified infection. Pain and systemic symptoms
comprised pain, chest pain, headache, sore throat, burning sensation, nausea and fatigue.

The number of reports in which at least one code of each pair of categories co-occurred was
tabulated in a report-level matrix, and the matrix was rendered as a conceptual framework figure
in which the strength of each link corresponds to its co-occurrence count. In the figure, only links
with ten or more co-occurring reports were drawn, so that the visual model presents the associa-
tions that are sufficiently recurrent to be clinically meaningful while omitting sporadic pairings.
The matrix itself, by contrast, reports every cell, including the empty ones, so that the reader can
inspect the full structure. Analyses were performed with Python 3.14 using pandas and NumPy,
and figures were produced with Matplotlib at 300 dots per inch in grayscale. The analysis script is
deterministic and was executed twice with an identical result.

Ethical aspects

The study used public, de-identified data from a regulatory postmarketing surveillance sys-
tem and did not involve human participants, so no ethical approval was required and no identifiable
information was accessed.

RESULTS

Reports and reporting characteristics

A total of 2,467 adverse event reports for sequential clear aligners were received between
2015 and 2023. The annual volume increased from 43 reports in 2015 to 41 in 2016, 47 in 2017, 67 in
2018, 127 in 2019 and 175 in 2020, reached a peak of 929 in 2021 and then declined to 605 in 2022
and 433 in 2023 (Figure 1). Injuries accounted for 2,444 reports (99.1%), malfunctions for 20 (0.8%)
and death for one report (Table 1). The adverse event flag was positive in 2,424 reports (98.3%); the
small remainder carried a negative flag, which corresponds to device problems recorded without
a reported patient harm. Most reports were submitted by manufacturers (2,268, 91.9%) and the
remainder were voluntary reports (199, 8.1%).

Table 1. Event type, adverse event flag and report source of adverse event reports for clear aligner
systems, 2015-2023.

Characteristic Reports (n) Percentage (%)
Total reports 2467 100.0
Event type
Injury 2444 991
Malfunction 20 0.8
Death 1 <0.1

Adverse event flag

Yes 2424 98.3

No 43 17

Report source

Manufacturer report 2268 91.9

Voluntary report 199 81

Note: Percentages are computed over the 2467 reports. Death (<0.1%) corresponds to one report. Source: Own elaboration from the FDA
MAUDE database (openFDA, product code NXC).

The initial reporter was a non-healthcare professional in 1,687 reports (68.4%), a health care
professional in 541 (21.9%) and a patient or family member in 151 (6.1%) (Table 2). Patient age was
available for 2,170 reports with a median of 36 years (interquartile range 28 to 49). Patient sex was
female in 148 reports and male in 43 reports and was unknown or not disclosed in the remainder.

SmileDirectClub accounted for 1,640 reports (66.5%), Invisalign for 438 (17.8%) and Byte for
180 (7.3%), with ClearCorrect (33), SureSmile (16), Spark (13) and Candid (8) accounting for smaller
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numbers (Table 3). A total of 141 reports could not be assigned to a specific system.

Figure 1. Annual number of adverse event reports for clear aligner systems received by the FDA MAUDE
database, 2015-2023.

1000
800
600 -

400

Adverse event reports (n)

2015 2016 2017 2018 2019 2020 2021 2022 2023
Year of receipt

Note: The vertical axis shows the number of reports per year of receipt. Source: Own elaboration from the FDA MAUDE database
(openFDA, product code NXC).

Table 2. Initial reporter occupation of adverse event reports for clear aligner systems.

Initial reporter occupation Reports (n) Percentage (%)
Health care professional 541 219
Non-healthcare professional 1687 68.4
Patient or family 151 6.1
Other or unknown 88 36

Note: Numeric legacy codes were decoded with the FDA MAUDE query interface: 003 = non-healthcare professional; 501 = administrator
or supervisor. Source: Own elaboration from the FDA MAUDE database (openFDA, product code NXC).

Table 3. Aligner systems identified in adverse event reports for clear aligner systems.

Aligner system (brand) Reports (n) Percentage (%)
SmileDirectClub 1640 66.5
Invisalign 438 17.8
Byte 180 73
ClearCorrect =3 1.3
SureSmile 16 0.6
Spark 13 0.5
Candid 8 0.3
Other or not specified 141 57

Note: Brand names were normalized from the device.brand_name field; reports without an identifiable brand were grouped as other or
not specified. Source: Own elaboration from the FDA MAUDE database (openFDA, product code NXC).

Device problems

At least one device problem code was recorded in 2,462 reports (Table 4). The generic code
adverse event without identified device or use problem appeared in 1,583 reports, no device pro-
blem code was available in 357 and the recorded information was insufficient in 122. Among the
specific codes, patient-device incompatibility was recorded in 169 reports (6.9%) and inadequacy
of device shape or size in 123 (5.0%); a device that appears to trigger rejection was recorded in 41
reports, patient device interaction problem in 26 and fitting problem in 11.
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The remaining specific codes appeared in small numbers, including unexpected therapeu-
tic results(15), biocompatibility(15), improper or incorrect procedure or method(13), therapeutic or
diagnostic output failure(10), product quality problem(8), device operates differently than expec-
ted (8) and failure to align(e). Overall, a specific, non-generic device problem was recorded in 391
reports (15.8%).

Table 4. Device problems coded in adverse event reports for clear aligner systems.

Device problem Reports (n) Percentage (%)

Adverse Event Without Identified Device or Use Problem 1583 64.2
Appropriate Device Problem Term/Code Not Available 357 14.5
Patient-Device Incompatibility 169 6.9
Inadequacy of Device Shape and/or Size 123 5.0
Insufficient Device Problem Information 122 4.9
Device Appears to Trigger Rejection 41 1.7

Patient Device Interaction Problem 26 11
Unexpected Therapeutic Results 15 0.6
Biocompatibility 15 0.6

Improper or Incorrect Procedure or Method 13 0.5
Fitting Problem n 0.4

Therapeutic or Diagnostic Output Failure 10 0.4
Product Quality Problem 8 03

Device Operates Differently Than Expected 8 03
Failure to Align 6 0.2

Note: A report may contain more than one device problem code; percentages are computed over the 2467 reports. Source: Own
elaboration from the FDA MAUDE database (openFDA, product code NXC).

Patient injuries

Table 5. Patient injuries coded in adverse event reports for clear aligner systems.

Patient injury Reports (n) Percentage (%)
Tooth Fracture 919 373
Appropriate Clinical Signs, Symptqms and Conditions Term/ 247 141
Code Not Available
Necrosis 251 10.2
Hypersensitivity/Allergic reaction 167 6.8
Pain 135 55
Swelling 97 39
No Code Available 88 36
Wound Infection 87 &5
Tooth Loss 76 31
Sore Throat 71 29
Deformity/ Disfigurement 71 29
Anaphylactic Shock 56 23
Reaction 50 2.0
Chest Pain 49 2.0
Sensitivity of Teeth 43 1.7
Insufficient Information 39 1.6
Headache 38 1.5
Swelling/ Edema 33 13

Note: A report may contain more than one patient problem code; percentages are computed over the 2467 reports. Source: Own
elaboration from the FDA MAUDE database (openFDA, product code NXC).
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Patient injuries were coded in all 2,467 reports (Table 5). Tooth fracture was the most frequent
injury (919 reports, 37.3%), followed by necrosis (251, 10.2%) and hypersensitivity or allergic reaction
(167, 6.8%). Pain was recorded in 135 reports and swelling in 97. Wound infection (87), tooth loss
(76), sore throat (71) and deformity or disfigurement (71) formed a further group of less frequent
injuries, and anaphylactic shock was recorded in 56 reports. Additional codes reported in smaller
numbers included reaction (50), chest pain (49), sensitivity of teeth (43), headache (38), swelling or
edema (33), inflammation (29) and itching sensation(29). Generic or non-specific codes, including
appropriate clinical signs not available (347), no code available (88) and insufficient information
(39), accounted for a substantial minority of the injury codes.

Framework linking device problems to patient injuries

When specific device problems were grouped into four categories, device misfit or mecha-
nical problems were recorded in 320 reports, biocompatibility or rejection in 55, use or procedural
problems in 43 and therapeutic failure in 25 (Table 6). These four categories together account for
the 391 reports that carried a specific device problem, whereas the remaining reports carried only
generic codes. Grouping patient injuries into five categories placed tooth injury first (1,021 reports),
followed by oral soft-tissue injury (477), allergic or hypersensitivity reaction (295), pain and systemic
symptoms (284) and infection (114) (Figure 2). The sums of the injury categories exceed the number
of reports because a single report may list codes from several categories.

Figure 2. Framework linking device problem categories to patient injury categories in adverse event
reports for clear aligner systems.

Device problem categories and patient injury categories co-reported in MAUDE reports
for clear aligners

Device problem categories Patient injury categories
Device misfit or mechanical Tooth injury
problem (n=1,021)
(n = 320)

Allergic or hypersensitivity reaction
(n=295)

Biocompatibility or rejection
(n=55)

Oral soft-tissue injury

h— (n=477)
Use or procedural problem
(n=43)
Infection
(n=114)

Therapeutic failure
(n=25)

Pain and systemic symptoms
(n = 284)

Note: Arrows connect device problem categories (left) with patient injury categories (right); the number on each arrow is the count of
reports in which the two categories co-occurred (arrows shown for counts of ten or more). Source: Own elaboration from the FDA MAUDE
database (openFDA, product code NXC).

Table 6. Co-occurrence of device problem categories and patient injury categories in adverse event
reports for clear aligner systems.

. Tooth AIIerg|c'qr' Oral soft-tissue . Pain aqd Tot.al
Device problem category iniu hypersensitivity . Infection systemic device
Jury reaction ury symptoms category
Device misfit or mechanical problem 55 M5 99 12 79 320
Biocompatibility or rejection 1 49 2 (0] 2 55
Use or procedural problem 6 13 3 1 5 43
Therapeutic failure n (0] 2 (0] 9 25
Total patient injury category 1021 295 477 N4 284

Note: Cells indicate the number of reports in which at least one code of each category was present. Categories exclude non-informative
generic codes. Source: Own elaboration from the FDA MAUDE database (openFDA, product code NXC).
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The co-occurrence matrix showed that the categories did not distribute evenly across the
injury groups. Device misfit was linked in the largest number of reports to allergic or hypersensitivity
reactions (115 reports), followed by oral soft-tissue injury (99), pain and systemic symptoms (79) and
tooth injury (55); infection was co-reported with misfit in 12 reports. Biocompatibility or rejection was
linked almost exclusively to allergic or hypersensitivity reactions (49 of 55 reports), with negligible
co-occurrence with tooth injury(1), oral soft-tissue injury or infection. Use or procedural problems
were linked to allergic reactions in 13 reports and to tooth injury in 6, and therapeutic failure was
linked to tooth injury in 11 and to pain in 9.

DISCUSSION

The adverse event reports submitted for clear aligner systems between 2015 and 2023 descri-
be a profile in which tooth fracture dominates the recorded patient injuries, allergic or hypersen-
sitivity reactions and oral soft-tissue injury form a substantial second tier, and the few informative
device problems concentrate on misfit and biocompatibility. The framework proposed here orga-
nizes these dispersed codes into a structure that clinicians and surveillance analysts can use, and
it shows that the device problem categories do not distribute evenly across patient injuries: misfit
is associated with allergic, soft-tissue and pain outcomes, whereas biocompatibility or rejection is
associated almost exclusively with allergic reactions.

The predominance of direct-to-consumer systems in the reports is consistent with the only
prior analysis of this population. Belgal et al. examined direct-to-consumer sequential aligners in
MAUDE and found that tooth related events and periodontal complaints were frequent and that
most reports involved a single manufacturer.(5)The present study extends that finding across the
whole aligner class and across a longer window, and it shows that the reporting volume tracked
the expansion of the direct-to-consumer market, with the peak in 2021 coinciding with the period
in which these services reached their widest public use. The earlier analysis of Invisalign reports by
Allareddy et al., by contrast, documented a smaller number of events concentrated on tooth sensi-
tivity, periodontal and mucosal problems in a supervised treatment population.(16)The difference
between the two bodies of reports suggests that the harms recorded for unsupervised aligner
use are not identical to those recorded for professionally managed treatment, a distinction that
matters for patient counseling.

The concentration of reports on remote treatment models also has a direct clinical impli-
cation. In a supervised setting the clinician examines the patient, checks the fit of each tray and
detects incipient mucosal or occlusal problems before they escalate; in a remote model this exa-
mination is replaced by photographs submitted by the patient, which cannot reveal the internal fit
of an aligner or the early signs of soft-tissue injury. The reporting pattern observed here, in which
non-healthcare professionals and patients were the initial reporters in most cases, is consistent
with a population that detects problems late and reports them to the manufacturer rather than
to a treating clinician.(15)This does not by itself demonstrate that remote treatment is unsafe, but
it identifies the fit of the tray and the integrity of the tooth as the points that remote models are
least able to monitor.

The high frequency of tooth fracture in the present data requires careful interpretation. Spon-
taneous reports record the coded term chosen by the reporter, and tooth fracture in this context
probably conflates genuine crown or cusp fractures with the enamel cracks and adhesive related
damage that are well documented after orthodontic treatment.(19)Clinical trials of aligners do not
rank tooth fracture among their expected outcomes, and systematic reviews of aligner effective-
ness emphasize the unpredictability of certain movements rather than hard-tissue damage.(6,10)
Remote monitoring in direct-to-consumer models relies on patient-submitted photographs, which
can show a fractured crown but not the early enamel cracks or the fit problems that precede it,
so the high frequency of this code may reflect late detection as much as a high event rate. The
discrepancy between surveillance data and trials is explained by the nature of the two sources:
trials measure planned tooth movement in selected patients, whereas MAUDE captures patient
and manufacturer reports of adverse outcomes that trials are not powered to detect. This finding
should therefore be read as a surveillance signal rather than as an estimate of incidence, a caution
that applies to every percentage reported here.

Pain and sensitivity appeared frequently, which appears to contradict controlled comparisons
showing that aligners cause less pain than fixed appliances during the initial phase of treatment.
(11,12,20)The contradiction is more apparent than real.
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Clinical studies measure expected, transient pain in the first weeks of treatment and show
that aligners improve oral health related quality of life relative to fixed appliances,(13)whereas reports
to MAUDE describe pain that was severe or persistent enough to prompt a report to a regulator,
often in combination with misfit or soft-tissue injury. The threshold for reporting also matters: a
pain level that is tolerated within a trial is not reported to a regulator, so the reports analyzed here
represent the tail of the distribution rather than the typical treatment experience. The same rea-
soning applies to the soft-tissue findings: prospective work indicates that the aligner margin can
affect gingival health,(21)and systematic reviews conclude that aligners are associated with better
periodontal parameters and fewer white-spot lesions than fixed appliances overall.(22)Reports
therefore concentrate on the subset of patients in whom an ill-fitting tray produced ulceration,
swelling or discomfort, which is consistent with biomechanical analyses showing that aligner for-
ce and fit are sensitive to thickness and fabrication.(23,24) Oral hygiene is also relevant, because
thermoplastic aligners modify the intraoral environment differently from fixed appliances and can
alter biofilm accumulation.(25)

The allergic and hypersensitivity cluster, including the anaphylactic shock reports, is biolo-
gically coherent with what is known about the materials used in these devices. Aligners and their
attachments are thermoplastic polymers, and reviews of their biocompatibility have documented
bisphenol-A release, cytotoxicity and allergic potential.(17)The thermoplastic materials of aligners
can release residual monomers into the oral environment, and these monomers have documented
cytotoxic and allergenic potential, so a material-mediated reaction is biologically plausible. Allergic
reactions to orthodontic materials in general are recognized and range from local contact reac-
tions to systemic manifestations.(18)The material of the aligner also determines the force system
and, together with the attachment design, the predictability of the movement.(8,9) The present
framework adds a clinically useful observation: when a report assigns a biological cause such as
biocompatibility or device rejection, the injury that follows is almost always allergic, which streng-
thens the mechanistic interpretation of the allergic cluster rather than weakening it.

The necrosis and tooth loss codes also require caution, because pulp necrosis and perio-
dontal tissue necrosis are not distinguished by the coded vocabulary. A systematic review found
limited evidence that orthodontic movement alone induces pulp necrosis,(26) and prospective
studies describe transient reductions in pulp sensitivity that recover during treatment.(27) Root
resorption after aligner treatment is measurable but small and comparable to fixed appliances.
(28,29) The necrosis reports in MAUDE therefore probably aggregate pulp and soft-tissue events
of very different clinical significance, and this lack of granularity is a limitation of the coded data
rather than a finding about the devices themselves.

The framework proposed here differs from how the aligner literature usually organizes harms.
Clinical reviews classify adverse effects by anatomical site or by material property, listing periodontal,
dental, mucosal and systemic problems as parallel categories.(17,22) The surveillance data suggest
instead that the more useful axis is causal: a small number of device level failures, chiefly misfit
and biocompatibility, precede the clinical events, and the clinical events then distribute across
sites according to which failure occurred. This causal axis is what the framework encodes, and it
is what makes the model testable. A future study could verify it by checking whether reports that
mention misfit are followed, in narrative text, by the soft-tissue and allergic outcomes that the ma-
trix predicts, or whether better seated and better fitting trays reduce the rate of those outcomes.

Methodologically, the present analysis follows the descriptive approach used in other device
specific MAUDE studies, which count coded device problems and patient harms and rank them by
frequency.(30,31) Those studies typically stop at ranking. The framework adds a second analytical
step, the co-occurrence matrix, which converts a list of independent frequencies into a model of
how the codes relate. This step is feasible whenever the database carries both a device problem
vocabulary and a patient problem vocabulary, and it could be applied to other orthodontic or
dental devices with minimal adaptation. Because the coding vocabularies are shared across de-
vice classes in MAUDE, the approach transfers to other dental devices without any change to the
underlying method.

The study has strengths. It is based on the complete national postmarketing database rather
than a sample, it covers every aligner system reported to the FDA over nine years, and the analysis
is reproducible from a public application programming interface with a stated query and date
of access. The public availability of the source data means that the results can be re-derived by
independent investigators without special permissions. The framework was built from the codes
themselves rather than from prior assumptions, and it therefore reflects how reporters actually
describe these events.

The limitations are equally specific. First, MAUDE is a passive surveillance system with known
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underreporting and no denominator of devices in use, so the frequencies cannot be converted
into incidence rates; future work should link these reports to sales or usage data for each system.
Second, a large share of reports carries only generic codes such as adverse event without identi-
fied device or use problem, which blunts the resolution of the framework; the recommendation
is to improve the specificity of device problem coding for orthodontic devices. Third, the reporter
occupation field mixes legacy numeric codes and text labels, and the recoding used here, although
based on the public FDA query interface, may misclassify some reports.(15)Fourth, patient sex was
unknown or not disclosed in most reports and patient age was absent in a substantial minority,
so the demographic profile of the affected population could not be characterized in detail; future
analyses should encourage complete demographic fields in device reports. Fifth, reports describe
association, not causation, and the co-occurrence matrix only shows which codes travel together;
it cannot prove that a given device problem produced a given injury. Finally, the data reflect the
United States regulatory context and the direct-to-consumer market that is specific to it, so the
framework should be validated in other surveillance systems before it is generalized, as has been
recommended for device analyses of this type.(30,31)

For clinical practice, the framework suggests a concrete monitoring sequence: when an
aligner does not seat or fit, the clinician should look for soft-tissue injury, pain and allergic symp-
toms in that order, and when a patient reports mucosal or systemic symptoms without an obvious
mechanical cause, biocompatibility should be considered. For the patient, the model also clarifies
which symptoms merit early review: new sensitivity, mucosal soreness or swelling in a patient
whose trays still seat well should raise suspicion of a material response rather than a mechanical
one. The same sequence can inform informed consent, which should mention the possibility of
tooth fracture and allergic reaction rather than presenting aligners as free of relevant risks. For
regulators and manufacturers, the concentration of reports on a small number of systems, most
of them direct-to-consumer, and the recurrent pairing of misfit with soft-tissue and allergic injury
provide a target for postmarket review and for clearer labeling of the limits of unsupervised aligner
treatment.(1,4)

CONCLUSIONS

Adverse event reports for clear aligner systems in the FDA MAUDE database increased from
2015 to a peak in 2021 and were dominated by injury reports submitted by manufacturers, with
direct-to-consumer systems accounting for most of the volume; the reported volume was con-
centrated in the final three years of the period.

The most frequent specific device problems were patient-device incompatibility and inade-
guacy of device shape or size, although generic codes remained the single largest category and
limited the information available for a substantial share of the reports.

The most frequent patient injuries were tooth fracture, necrosis and hypersensitivity or aller-
gic reaction, with pain, swelling and infection also commonly recorded and with a further subset
of reports carrying only non-specific injury codes.

The proposed framework links device misfit to allergic, soft-tissue and pain outcomes and
links biocompatibility or rejection to allergic reactions, providing a structured basis for clinical
monitoring, for the design of more specific postmarket surveillance and for testing against the
narrative text of future reports.
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