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Artificial intelligence in orthodontics:
Part 3 - Potential limitations and pitfalls
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Artificial intelligence is now involved in many aspects of our
everyday life. In digital orthodontic practice in particular, prac-
titioners are constantly and mostly unknowingly confronted
with different levels of implementations of artificial intelligence.
The present article, the third in a three-part series, will seek to
shed light on some of these algorithms using common ex-
amples from a standard orthodontic digital workflow.

Introduction

Artificial intelligence (Al) appears to be becoming the next
industrial revolution and is set to influence every part of our
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everyday life'.2. After a long process of development, this
technology may now be ready for clinical use, particularly
in highly specialised fields like orthodontics34. Al has been
adopted in various domains in medicine and with a respect-
able degree of success in some of these, both in more man-
ageable fields like nephropathology5, thyroid cancer diag-
nosiséand histopathology?, and more complex ones like
health care8. One example is the online application Ada
(Ada Health, Berlin, Germany) for medical diagnosis®.

Following a long period of development!9, successful
applications of Al have been demonstrated in dentistry for
caries detection, risk assessment of oral cancer, differenti-
ation of periodontitis forms and orthognathic surgery1-13.
Some authors have even predicted that Al will prove to be
a disruptive innovation in dentistry14,

In orthodontics, the use of Al of any kind has been de-
scribed in scientific reports for aspects of diagnosis, auto-
mated cephalometric tracing, growth estimation, recogni-
tion of facial proportions, extraction decision, appliance
selection and estimation of treatment results5.16, A broad
spectrum of Al algorithms have been used (including pat-
tern matching, deep learning networks, fuzzy clustering and
convolutional and artificial neural networks); thus, there
does not seem to have been a ‘one size fits all’ Al algorithm
until now17.

Orthodontic treatment is not only about the correct use
of appliances; it also involves a sophisticated interactive
process to identify the treatment goal and how to success-
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Fig 1 Simplified example of a neural network with a hidden layer
(https://commons.wikimedia.org/wiki/File:Artificial_neural_net-
work_image_recognition.png) by Cyberbotics, 29 January 2009.
ANN, artificial neural network.

fully reach and maintain this goal with the patient. The

question is, what are the possible aims for Al in orthodon-

tics? The steps involved in orthodontic treatment are valid

for all such treatment approaches independent of the ap-

pliance used, whether aligners or fixed appliances, and are

as follows:

e patient history;

e clinical examination and conversation;

e paraclinical findings, such as cast analysis, cephalomet-
rics and radiographic analysis;

e problem list (medical, dentistry-related, psychosocial,
functional, skeletal, dentoalveolar, dental);

e definition of treatment goals through shared decision
making in agreement with the patient;

e treatment plan, selection of biomechanics and applian-
ces;

e delivery of treatment and continuous diagnostics (com-
plications, quality assurance);

e retention of the treatment result and observation;

e patient-related outcome: was the treatment successful?

Individual aspects like tooth segmentation in virtual models
and CBCT reconstruction may be supported by Al, as can
the entire process or combinations of single tasks like diag-
nostics8-20, In the future, fully Al-guided orthodontic treat-
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ment may be a possibility. The previous parts in this series
examined the basic principles and current applications of
Al in aligner orthodontics21.

Aim

In an extensive literature search using PubMed, Web of
Science and Google Scholar, state of the art information on
the topics addressed below was identified to examine the
potential pitfalls and limitations in the application of Al in
orthodontics.

Data for Al training as a source of bias

All available Al systems need quantitative data for training.
These data may come from image files like radiographs or
3D stereolithography (STL)files from scans, or other sources
of information like results from the cephalometric analysis.
According to these input data, neural networks learn, for
example, to distinguish extraction from non-extraction
cases (outcome variable); in this example, however, the net-
work learns the philosophy held by the orthodontist who
treated the training cases towards extraction or non-extrac-
tion. The information relating to which factors are import-
ant for the network’s decision making is invisible, in the
hidden layers (Fig 1). Extraction in orthodontics has been a
topic of discussion for over 100 years, and we see surpris-
ingly high differences in the extraction rates in different
countries and orthodontic ‘schools'22-25, All decisions are
based on comparable diagnostic sources of information
and result in completely different decisions and outcomes.

Another example is racial bias exhibited by commercial
software for predicting complex health needs26. The exam-
ined algorithm used in the US health care system exhibited
significant racial bias when predicting health care costs,
caused by the fact that access to care is unequal2e.

Most higher-level Al processes require a significant
database containing massive amounts of high-quality data
to develop more robust, varied and reliable approaches.
This is akin to clinical experience in the real world. Unfortu-
nately, few clinics or universities have such rich databases.
Although millions of patients undergo orthodontic treat-
ment each year, itis unlikely that a large amount of this data
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Figs 2a-b ClinCheck (Align Technology, San Jose, CA, USA) of the treatment plan for a 58-year-old patient, leaving a reverse articulation
uncorrected.

will be shared and made available for the development of
Al approaches in the near future due to laws governing
privacy and data use. This issue could be resolved by re-
questing patients’ permission to use their data in this man-
ner from this point on. Similarly, patients may consent to
use of collective data in which their dataset is just one com-
ponent. Even with adequate data, Al approaches will be
challenged by the diversity of biology. Atypical and unfore-
seen dysmorphologies and variations in growth and de-
velopment will continue to limit algorithms based on
prior data.

Treatment goal: optimal occlusion
according to the six keys is not always
worthwhile

To the present authors’ understanding, an ideal occlusion,
often defined according to the six keys to normal occlusion
outlined by Andrews?7 that were originally created for
straight-wire appliances, correlates with a balanced dy-
namic occlusion, harmonic muscular function and optimal
aesthetics; however, this may be only partially true. For in-
stance, closure of a hereditary medial diastema may be
desirable to the practitioner, but from the patient's per-
spective, it may be an individual characteristic that has to
be preserved. Thus, even if Al is capable of arranging the
teeth like beads on a necklace, this tooth position may not
necessarily be functional or ideal, and it may not reflect the
patient’s primary concern?2s.
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It is important to consider that virtual treatment plan-
ning using Al often includes micromovement in the poster-
jor region, which from an occlusal point of view does not
improve but rather worsens the occlusal bite situation. In
this case too, it is important to avoid unnecessary move-
ments and, if required, to fix the teeth virtually. In some
cases involving adult patients, the optimal treatment goal
may be to leave a bilateral reverse articulation untouched
(Fig 2).

Furthermore, the treatment goal is different in disabled
patients or those affected by cleft lip and palate or syn-
dromes. For example, as Bergland et al2° wrote, “... despite
great efforts, ideal results cannot always be achieved in the
orthodontic treatment of cleft patients”.

Definition of the visual treatment objective (VTO) is a
crucial step towards achieving success in aligner orthodon-
tics. The biological-anatomical borders must be respected
(for instance, the anterior limit according to Segner and
Hasund30) and the patients’ functional and aesthetic de-
mands must be met. It is questionable whether Al can an-
ticipate this.

Growth, growth pattern and reaction to
bite jumping in growing patients

In contrast to the situation observed in the earlier years of
aligner orthodontics, an increasing number of children and
teenagers are now treated with aligners31.32, This coincides
with a period of growth and development that is both phys-
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ical and mental. For several years, attempts were made to

generate predictive values for growth and reaction to treat-
ment like functional appliance therapy. A recent study by
Kok et al33 successfully demonstrated Al-supported clas-
sification of cervical vertebra ratios on cephalometric
radiographs.

The present authors believe that the individual reaction
to fixed or removable bite jumping appliances (Figs 3 and 4),
and also to aligner orthodontics, will always be a source of
uncertainty. Generalised effectiveness can be expected, but
high individual variability must be taken into account34.
Based on this information, growth may be predictable, but
the individual reaction to the bite jumping appliance may
be uncertain.
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Figs 4a-b Corresponding cephalometric
images showing the reduction of horizon-
tal overlap and successful functional
influence of precision wings from the case
presented in Fig 3.

Individual rate of tooth movement

For decades, orthodontists have known that patients ex-
hibit individual differences in the speed of their tooth move-
ment. From in vivo observations, a higher rate of tooth
movement can be seen in the maxilla and a decrease with
age has been noted, although the statistical power is lim-
ited. Patients can be considered as “fast movers” or “slow
movers”35. Until now, there has been no accurate indication
of how to predict the rate of tooth movement on an indi-
vidual level. In addition, diet and consumption of medica-
tion may influence tooth movement due to their side ef-
fects on tissue systemss36. In aligner orthodontics, the time
between aligner changes may be highly dependent on the
individual. In fixed appliance treatment, these effects on
the metabolism on a cellular level can be observed in differ-
ent reactions to levelling arches or when closing spaces.

Journal of Aligner Orthodontics 2022;6(3):153-162
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Figs 5a-c An example of unsuccessful aligner treatment. There were problems with attachment loss and poor oral hygiene, and serious
compliance issues. The photographs were taken after 1 year of treatment with 11 aligners and following discontinuation of treatment.

Patient-related factors (pharmaceutical,
previous trauma, etc.)

It is well known that medication exerts a significant influ-
ence on the rate of tooth movement3’. Several substances
are suspected to decrease the rate of orthodontic tooth
movement, such as thromboxane, leukotrienes and non-
steroidal anti-inflammatory drugs (NSAIDs) (acetylsalicylic
acid, indomethacin, ibuprofen).

There is evidence, though not always statistically signifi-
cant, that prostacyclin, prostaglandins and corticosteroids
may increase the rate of tooth movement. The results are
derived mainly from experimental studies in animals, how-
ever, and transmissibility to humans is uncertain; for this
reason, the effects are not reliably predictable.

In addition, vitamin D is suspected to enhance tooth
movement and stability of tooth position38. Consequently,
it may be assumed that medication can influence the bio-
logical reaction and affect the amount of tooth movement
that occurs at each aligner stage.

A history of dental trauma can interfere with orthodon-
tic treatment. Pulp vitality, replacement resorption and sur-
face resorption may be affected, but the scientific evidence
is inconclusive39. Successful prediction of such events with
the help of Al appears unlikely.

Compliance

The most detailed diagnosis and sophisticated treatment
concepts can only be realised with optimal patient compli-
ance. Adult aligner patients tend to wear their aligners ex-
emplarily, with few exceptions; in children or teenagers,
however, this is not always the case (Fig 5). Compliance in-

Journal of Aligner Orthodontics 2022;6(3):153-162

dicators may help, but there may be hidden factors that
influence cooperation. Compliance is a general phenom-
enon in orthodontics that also applies to maintaining oral
hygiene or wearing elastics when using multibracket
appliances.

Social indices are weak predictors of patient cooper-
ation. Different psychological scales in combination may be
able to predict future compliance, but only for around 17%
of cases40. Nevertheless, it is likely that the motivation of
the patient and, where appropriate, their parents through
the orthodontist and careful support during the treatment
process with close personal contact would be difficult to
replace with Al.

Periodontal status and biomechanical
considerations

For any orthodontic treatment, an inflammation-free peri-
odontium is conditio sine qua non. As the number of older
patients increases, so too does the number of cases of at-
tachment loss that are observed (Fig 6). It is well known that
attachment loss changes the force-moment ratios for tooth
movement dramatically, and the centre of resistance also
changes41. In conventional fixed orthodontics, carefully ad-
justed segmented arch mechanics are necessary in the ma-
jority of such cases. The biomechanical principles of forces
and anchorage remain the same when using aligners. Com-
panies like 3D Predict (New York, NY, USA) make great prom-
ises, but high-quality studies are required to prove their
claims of outstanding results. As the underlying biological
process for periodontitis is complex and not only about
measuring attachment loss, it remains questionable whether
these problems can be solved by Al in the short term.
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Fig6 3D
reconstruction
from CBCT in a
patient with
advanced
attachment loss.
The situation of
each tooth can
be individual;
thus, anchorage
quality and the
force level
required vary.

Muscular function, temporomandibular
joint, tongue function, speech and
habits

Muscular function and all its related concepts are com-
posed of various aspects that are barely amenable to ob-
jectification. For instance, the composition of muscles with
regard to fast- and slow-twitch fibres is difficult to measure
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a
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in vivo. Even after decades of research, the interrelations of
the human body’s muscular chains, fascia, joints and neuro-
muscular control loops are not well understood. If the inter-
action of breathing, speaking and chewing as basic func-
tions of the orofacial systemis added, the situation becomes
even more complicated.

The musculoskeletal system, including the temporo-
mandibular joint, connects the orofacial, suprahyoid and
infrahyoid muscles to the whole body via the cervical spine
(Fig 7). The scientific evidence for this is still low, but should
not be denied42-44.

Since the advent of orthodontics, practitioners have
known that tongue function is not only a relevant factor in
children regarding long-term stability and reaction to treat-
ment efforts, for example in open bite cases4546, The rela-
tion between the perioral muscles and the tongue creates
a functional space for the development of occlusion. Dys-
functions or habits can lead to types of malocclusion like
open bite and reverse articulation. Balanced function is also

a prerequisite for a stable treatment result. As functional
aspects are difficult to quantify, it is challenging to integrate
them into an Al system.

Figs 7a-b Schematic display of the connection between cranial
and cervical anatomical structures and example of tongue
dysfunction and the effect on the alveolar process and tooth
position (adapted from Koeck47).

Journal of Aligner Orthodontics 2022;6(3):153-162
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Figs 8a-d Examples of cephalometric
radiographs with deviations from the
‘norm’. (a) A patient with Crouzon
syndrome and altered midfacial morph-
ology. (b) Post-traumatic image captured
prior to orthodontic therapy to recon-
struct the occlusion and improve facial
balance. (c) A cleft lip and palate patient
with a severe midface growth deficiency
and a horizontal growth pattern.

(d) Random finding of a nasopalatal cyst.

Cephalometric analysis with Al:
a gift to orthodontics?

The idea of automated Al-supported tracing of cephalomet-
ricradiographs is appealing as it offers the promise of saving
time. Several systems have been shown to detect landmarks
in a stable, precise and reproducible manner48, As such, the
Al-generated results can be trusted according to current
knowledge; however, the present authors have some con-
cerns. Radiographic diagnostics does not only setlandmarks
for orthodontics but also involves careful observation of
anatomical structures. Even if cases are rare, it is necessary
to identify pathological conditions in the full field of view. In
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addition, structural and morphological analysis of growth

patterns are independent of landmarks3049. On the other
hand, with the advanced software that is now available, it
only takes a few minutes to click the points on the monitor,
partially under magnification, but in this period of time, the
practitioner is thinking about the case in question. The pres-
ent authors believe that every additional minute the ortho-
dontist spends carefully collecting information and develop-
ing an individual treatment plan benefits the patient.

In addition, there is a whole group of patients that are
not reflected in any of the applications available today,
namely those who need special care due to cleft lip and
palate, syndromes, trauma or cancer (Fig 8).
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Psychological aspects affecting the
patient

It is well known that the orthodontist-patient relationship
may have a significant impact on treatment outcomes>0.
The patient’s reaction to the new situation that alters the
oral equilibrium through orthodontic treatment is highly
individual. The experience of pain is not correlated with the
force applied. The amount of attention the patient receives
from the practitioner is also a factor that determines the
patient-related success of treatment. Disturbances to this
relationship lead to failure to attend appointments and fol-
low instructions, and ultimately to poor results.

Oral habits are also related to patients’ psychology. Nu-
merous publications have studied oral habits and their
treatment. For instance, thumb-sucking is seen as a re-
sponse to an emotional or interpersonal disturbance4s. It is
highly unlikely that the broad spectrum of psychological
relations and social interactions could be replaced by Al.

Ethical implications: who is responsible?

According to a recent review of 178 publications regarding
Al in dentistry, 12% of all the investigated studies men-
tioned potential ethical issues>!. The Montreal Declar-
ation52 may provide a useful guideline, with ten items con-
cerning ethical aspects when using Al (prudence, equity,
privacy and intimacy, responsibility, democratic participa-
tion, solidarity, diversity inclusion, well-being, respect for
autonomy and sustainable development). The current lit-
erature suggests that Al systems perform well, but most
studies were only validated internally. Future studies should
focus on the question of how trustworthy and reproducible
Al is.

In clinical situations, the orthodontist should take a crit-
ical look at Al-based setups or treatment suggestions. The
final responsibility lies with the dental practitioner. Re-
searchers and developers of Al systems should identify and
communicate about ethical issues. Furthermore, the en-
vironmental impact has been more or less unknown
until now.
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Discussion

Alis currently in a transition stage from use in experimental
research to clinical routine53. The first complex systems for
diagnostics are emerging54.55, In the previous sections, the
present authors highlighted some areas that might cause
uncertainty or error when using any system based on Al.
A potential danger is automated estimation of treatment
need using Al; Shan et al5¢ state that patients’ perception
and expectations cannot be replaced.

Some authors believe that Al may need to be regulated
through authorities in the future57. Data also need to be
controlled strictly to prevent bias as, according to Zou and
Schiebinger>8, “biases in the data often reflect deep and
hidden imbalances in institutional infrastructures and so-
cial power relations”. Amidst the euphoria surrounding Al,
itis vital to remember the concerns related to data security
and the handover of complex decisions to Al software>°,

At present, Al can facilitate cephalometrics and analysis
of certical vertebral maturation and save time. Most ideas
for use of Al still do not relate to daily practice. Whether the
promise of Al-supported orthodontics will ever be realised
is uncertain and depends on future prospective studies®0.
The overall goal of Al in orthodontics can be a synergy or
convergence of the orthodontist's professional compe-
tence and Al's ability to achieve better patient care®1.62, Al-
though Al can automate certain steps and assist dental
practitioners in performing diagnoses and treatment plan-
ning, in no case will it replace practitioners’ knowledge and
competence®3, For example, the present authors believe it
would be dangerous to delegate decisions like extractions
to Al, and this would also have ethical and legal conse-
quencesé4 65,

In aligner orthodontics, simulation of the treatment ob-
jective, forces and biomechanics for efficient staging is com-
plex and involves far more than defining an optimal occlu-
sion®®, Against the background of the factors discussed, the
value of automated setups seems questionable®?. This also
applies to setup-based planning in lingual orthodontics and
labial customised multibracket appliances.

Orthodontists should be aware that for a significant
group of patients who require special care and attention,
such as disabled patients or those with cleft lip and palate
or syndromes, potential Al systems may offer misleading
recommendations.

Journal of Aligner Orthodontics 2022;6(3):153-162
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For those wishing to examine the subject in more detail,
the publications by Mohammad-Rahimi et alé8, Monill-
Gonzalez et al®9 and Schwendicke et al>% are recommended.

Amidst all the enthusiasm and our desire for perfection,
we should bear in mind that the treatment goal is a func-
tional optimum as described by Hotz70 that is and will re-
mainvalid in the future: “the result of treatment to be aimed
for in the individual case, which can be achieved without
risk of recurrence, without damage to the dentition, in a
time and by means that are tolerable for the patient”.

We end this article series on the status, trends in and
limitations of Al in (aligner) orthodontics with a quote from
Oscar Wilde: “Progress is the realisation of utopias"’1.

Conclusion

We can expect exciting future developments in orthodon-
tics with a combination of digital technology and Al, but ul-
timately we also need to develop our natural intelligence
andimagination. Al can help to avoid planning errors, moni-
tor treatment and support the orthodontist, and we recom-
mend that all orthodontists follow the future development
of its applications closely. Taking into account all the risks
and weak points of Al can assist us in the same way a help-
ful colleague might in identifying potential problems or sug-
gesting treatment alternatives. The aim of Al-supported
orthodontics is to continuously improve therapy for pa-
tients’ benefit.
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