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Artificial Intelligence (Al) is gaining popularity worldwide owing to its significant impact in science and innovation. The role of Al in
prosthodontics has increased significantly in recent years. Al is used for diagnosis, decision-making, prognosis, treatment planning
and prediction of outcomes. Integration of Al into prosthodontics can enhance the accuracy and precision of dental practice.
However, limited datasets are a major constraint in its practical applications.

Keywords: Artificial intelligence, Machine learning, Prosthodontics, Systematic review
: To—

.
Background:
Humans have created artificial intelligence (AI) as a tool
intended to emulate human behaviour, and ultimately, influence
human experiences. In 1955, the term “Al” was first used by the
arithmetician John McCarthy [1]. AI empowers machines to
imitate human knowledge and behaviour to offer advance
decision support and manage complex situations on a daily
basis. Al involves the creation of artificial hardware and
software constructs that mimic human intelligence but are non-
natural in origin [2]. Data and datasets form the backbone of Al
processing algorithms. Large data provides a conducive learning
input to machines; thereby enabling enhanced decision
outcomes [3]. Dental care setups handle a large amount of data,
improving the relevance and applicability of Al in dentistry. It is
used for diagnosis, decision making, treatment planning, and
treatment predictability. The precise and accurate diagnosis of
dental problems through Al is the most remarkable achievement
of Al in dentistry [4-5]. Prosthodontics is a specialized branch of
dentistry dealing with replacement of missing teeth and tissues
with artificial prosthesis [6]. Al has undoubtedly forayed into
this branch with its active engagement in fabrication of
removable and fixed prosthesis, preparation of finish margins,
color selection, implant prosthesis, maxillofacial prosthesis,
establishment of stable maxilla-mandibular relationship, and a
variety of other therapeutic plans [7-8]. Conventional
prosthodontics is limited to human intelligence and the use of
visual-tactile methods for diagnosis, planning, and fabrication of
prosthesis. The integration of Al has substantially increased
accuracy, precision, and dependability, thereby impacting
clinical outcomes. Increasing number of practices, dental setups,
and educational institutes are acquiring and getting accustomed
to three-dimensional digitalized dentistry. As digital dentistry
advances, the role of Al and its application will continue to grow
[9-10]. Therefore, it is of interest to discuss the application and
limitations of artificial intelligence in prosthodontics.

Al and diagnosis in field of prosthodontics:

A prompt and accurate diagnosis is the backbone of treatment
and planning. With the increasing use of three-dimensional
scanning and imaging, data generation has increased
significantly. Al has the distinctive ability to process this huge
amount of data and extract relevant clinical information for an
optimal diagnosis. This diagnostic information is useful to
accurately identify problems and offer ideal treatment plans. The
speed and accuracy of Al is useful for the early detection of
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disease, optimization of dental workflow, efficient time
management, and reduction in labour cost [12]. Al also offers
insights into the type of prosthetic rehabilitation required to
formalize an individualized treatment plan. AI can help in
designing the prosthesis, determining its type (removable or
fixed), and selecting components [13]. Al can identify patterns
and models that may be challenging for humans to discern or
would require significantly longer time. AI has been able to
identify periodontal compromised premolars and molars with
90% and 95% accuracy, respectively [14]. This information is
extremely valuable for establishing treatment protocols, leading
to a comprehensive improvement in diagnostic accuracy and
overall prosthetic treatment outcomes [15].

Al and CAD/CAM:

The fabrication and delivery of the finest removable and fixed
prostheses is the primary expectation of prosthodontics. CAD
and CAM systems combined with a three-dimensional digital
workflow have revolutionized the practice of dentistry. An
initial intra-oral scan is sent to the CAD/CAM software, which
designs, manufactures, prints, or mills the prosthesis.
CAD/CAM is useful to manufacture inlays, onlay, crowns, and
bridges [16, 17]. This saves time, resources, and energy for both
prosthodontics and patients. This also reduces the chances of
human error in the final prosthesis [18, 19].

The integration of AI with CAD/CAM has further refined the
outcomes of prosthetic rehabilitation. Al along with CAD/CAM
is useful to detect the margins of crown preparations. It can
automatically identify and label the margins on tooth
preparations [20]. Al can process a large amount of data in the
background. It can analyze factors such as facial proportions,
skin color, ethnicity, anthropological data, and patient’s
expectation to fabricate the best-looking aesthetic prosthesis [21].
Al is useful to generate the crown morphology corresponding to
the opposing teeth and its morphology [22]. Crown cementation
is a vital process that is often associated with positional error,
cementation error, or occlusal error. These errors can be
minimized using an Al model. These models help to detect the
subgingival margin of the abutment. This increases the
prosthodontics focus on tooth preparation and maintaining of
inter-proximal and occlusal contacts [23]. CAD/CAM utilizes
additive manufacturing or subtractive milling to fabricate the
prosthesis. The collaboration between Al and CAD/CAM has
improved the quality and accuracy of prostheses and reduced
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the use of unnecessary laboratory requirements and the time
required to deliver the final prosthesis [24].

Al and tooth-supported fixed and removable prosthesis:
Removable partial dentures (RPD) are less invasive and cost-
effective measures for providing prosthetic rehabilitation of
missing teeth and associated structures without further loss of
the remaining teeth [25,26]. Individualization of dentures
according to the requirements of the patient and its design are
the most important factors in the fabrication of RPD. Al is useful
to fabricate various RPD designs and components. It can
autonomously suggest different framework designs best suited
for the patient [27]. Recently, Al models and convolutional
neural networks (CNN) have been used to classify dental arches
and assist in the fabrication of RPDs. It can identify completely
edentulous arches, arches with posterior tooth loss, bounded
edentulous spaces, and intact arches. High diagnostic accuracy
of 99.5% and 97.5% was observed for maxilla and mandible,
respectively [28]. Al is useful to analyze the stress on adjacent
teeth, implant, or surrounding structures in collaboration with
numerical and experimental models [29]. Al algorithm shave
been used to develop a prototype decision model to assist
inexperienced dentists choose the appropriate prosthetic option
[30].

In fixed partial dentures (FPDs), Al is useful for a wide range of
decision-making patterns, designs, and outcomes. Al is useful to
design the occlusal morphology of the crown in accordance with
that of the opposing teeth. Al is useful to define the emergence
profile and enhance the aesthetics of FPD [31]. Establishing
proper margins and finish lines are some of the most crucial
factors in the success of FPD. Al is useful to extract the margin
line with precision. This is particularly useful as it provides
extensive manual preparations and probabilities of over- or
under-extension of margins and contours. It also assists in
maintaining healthy gums and periodontal tissues. The accuracy
of this AI model in identifying tooth preparation lines has been
found to be 97.43% [32]. Furthermore, Al utilizes its ability to
analyze extensive data and offers support in evidence-based
dental decision-making [10, 33].

Al and implantology:

The role of Al in implant dentistry is synchronous with the
advancement of three-dimensional cone beam computed
imaging and intra-oral digital scans [27]. The data generated by
these three-dimensional machines is wuseful by Al to
methodically design and fabricate the implant prosthesis. Al
models have been developed for image recognition of implant
type by using peri-apical and panoramic radiographs [34-35]. Al
is useful to predict implant prognosis through analysis of
osseointegration success, risk factors, and bone anatomy along
with finite element analysis calculations [36]. Different Al
models including regression analysis, decision tree learning,
logistic regression, and classifier neural network is useful to
predict implant success [37-39]. AI models can also be used to
identify the stress at implant-bone interface by using implant
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length, thread length, and thread pitch [40]. Additionally, it is
useful to compute modulus of elasticity at implant-bone
interface [41]. However, the success rate of Al in predicting
implant success or osseointegration has been found to vary
between 62% - 80% [42].

Al can also be used to assist in the alignment of the implant and
prosthesis, implant surgery, defining margins, tooth selection,
color selection, and the maxilla-mandibular jaw relationship [43].
Al in combination with digital workflow is useful for accurate
fabrication and positioning of surgical guides for implant
placements. AI models are useful to reduce cementation,
interproximal, and occlusal errors [44]. In a comprehensive
manner, Al-powered implants are useful to generate next-
generation implant prostheses. However, some studies have
concluded that the effectiveness and reliability of AI models
should be evaluated before they are recommended for clinical
practice [27, 42].

AT and maxillofacial prosthesis:

Maxillofacial deformities negatively affect the physical and
psychological health of patients [45]. Maxillofacial prostheses are
used to reconstruct intra-oral or extra-oral structures, such as the
eyes, ears, nose, maxilla, mandible, oesophagus, cranial bones,
and palate. These prostheses are retained with Osseointegrated
implants, skin, adhesives, or teeth [46]. Al plays a very peculiar
role in maxillofacial prostheses as it aids in the sensory
components associated with them. Al can mimic the
functionality of human neurons through its CNNs. Al-powered
prosthetic eyes have the potential tenable blind and visually
impaired individuals to see without the need for surgery. It is a
smart gadget capable of identifying text, reading, capturing
faces, and producing audio. Al is useful to fabricate life-like
prostheses by intelligently identifying patient preferences,
ethnicity, face dimensions, and anthropological calculations [22,
47]. Al can also be used to develop artificial skin grafts and
artificial olfactory systems that are useful in healing and
smelling, respectively [48]. Thus, the use of AI in maxillofacial
prostheses can drastically improve the quality of life of patients
by improving the aesthetics and function of the prosthesis.

Limitations of Al

Similar to any other technology, Al has its own set of limitations
and boundaries. Al technology has not been completely
understood owing to its complexity, and it has the ability to
autonomously change its behaviour [49]. Data are the backbone
of AI algorithms and their models. Any fault in the
accumulation, assessment, or assortment of data can lead to
substantial errors in Al programs. Hence, the information and
data provided to AI must be correct, authentic, and accurate at
any given time. Therefore, Al models and software require
regular updates and upgrades. Al processes large amounts of
data quickly, requiring high computational power. This can be a
potential barrier to Al productivity because quantum computing
is expensive and unavailable for common use. Interpreting Al
results can pose challenges because of the generalization of
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similar  techniques across various conditions [50-51].
Prosthodontics involves artificial rehabilitation of the patient;
therefore, any miscalculation can lead to unfavourable and
disapproving outcomes. Ethical and legal considerations
challenge the growth of Al Factors such as privacy, data
protection, informed consent, autonomy, social gaps, justice,
empathy, and safety must be considered before using full-scale
Al in medical healthcare systems [52-53].

Conclusion:

Al is used for diagnosis, treatment planning, and identification
of periodontal compromised teeth before prosthetic
rehabilitation. Al is also useful for margin detection, tooth
preparation, occlusal morphology, shade selection, aesthetic
makeover, and error identification. Al is further useful for
prediction of implant success and fabrication of digitally smart
maxillofacial prosthesis. However, Al is also associated with
limitations, ethical and legal considerations that require
attention before practical application.

References:
[1] McCarthy J. Dordrecht: Springer Netherlands. 1989:161.
[http:/ /www-formal.stanford.edu/jmc/1990]

[21 Park WJ et al. Eur | Dent. 2018 4:594. [PMID: 30369809]

[3] ShajahanPA et al. Int | Sci Healthc Res. 2021 1:57.
[https:/ /ijshr.com/IJSHR_Vol.6_Issue.1_Jan2021/IJSH
RO8.pdf]

[4] Schleyer TK et al. ] Am Med Inform Assoc.2006 3:344.
[PMID: 16501177]

[5]1 Meyer P et al. Comput Biol Med. 2018 98:126.
[PMID: 29787940]

[6] Ciccit M. Prosthesis. 2019 1:1.
[https:/ /doi.org/10.3390/ prosthesis1010001]

[71 ChaturvediS et al. Technol Health Care. 2020 6:635.
[PMID: 32280071]

[8] Minervini G et al. Prosthesis. 2022 2:253.
[https:/ /doi.org/10.3390/ prosthesis4020025]

[9] Schwendicke F. J Clin Med. 2020 12:4005.
[https://doi.org/10.3390/jcm9124005]

[10] Bernauer SA et al. Sensors (Basel). 2021 19:6628.
[PMID: 34640948]

[11] Moher D et al. PLoS Med. 2009 7:e1000097.
[PMID: 19621072]

[12] Paschou T et al. Ind Mark Manag. 2020 89:278.
[https:/ /www.researchgate.net/publication/319628925
]

[13] Shah KC et al. | Calif Dent Assoc. 2008 11:827.
[PMID: 19090070]

[14] Revilla-Ledn M et al. | Prosthet Dent. 2023 6:816.
[PMID: 35300850]

[15] Kumar Y et al. ] Ambient Intell Humaniz Comput. 2023
7:8459. [PMID: 35039756]

[16] Abouzeid HL et al. Oral Health Prev Dent. 2021 1:353.
[PMID: 34259428]

[17] Alexander B et al. Int ] Adv Res. 2018 12:1105.

[10.21474/TJAR01/8242]

241

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]
[42]

[43]
[44]

[45]

©Biomedical Informatics (2024)

Van der Meer W] et al. PLoS One. 2012 8:e43312.
[PMID: 22937030]

Hammond P et al. Artif Intell Med. 1993 5:431.
[PMID: 8004143]

Cabanes-Gumbau G et al. | Prosthet Dent. 2023 4:439.
[PMID: 34998579]

Vera Vet al. Neurocomputing. 2013 109:94.
[DOI:10.1016/j.neucom.2012.04.033]

Alshadidi AAF et al. Appl Sci. 2023 8:5004.

[https:/ /doi.org/10.3390/app13085004]

Pareek M et al. Int | Adv Med. 2022 3:367. [DOL:
https:/ /dx.doi.org/10.18203 /2349-3933.ijjam20220444]
Pasricha N et al. Univ | Dent Sciences. 2021 2:150.
[DOI: https:/ /doi.org/10.21276/ /ujds.2021.7.2.29]
Mousa MA et al. | Prosthet Dent. 2017; 117:55.
[PMID: 27511877]

Mijiritsky E et al. Clin Implant Dent Relat Res. 2015 5:917.
[PMID: 24373248]

Chen YW et al. Quintessence Int. 2020 3:248.

[PMID: 32020135]

Takahashi T et al. | Prosthodont Res. 2021 1:115.
[PMID: 32938860]

Assuncdo WG et al. ] Craniofac Surg. 2009 4:1173.
[PMID: 19568186]

Chen Q et al. Sci Rep. 2016 6:27855.
[https://doi.org/10.1038/srep27855]

Joda T et al. Comput Biol Med. 2019 108:93.

[PMID: 31003184]

Zhang B et al. Int | Numer Method Biomed Eng. 2019
10:€3241. [PMID: 31329358]

Kurt Bayrakdar S et al. BMC Med Imaging. 2021 1:86.
[https://doi.org/10.1186/s12880-021-00618-z]
Michelinakis G et al. Int Dent ]. 2006 4:203.

[PMID: 16972394]

Morais P et al. Medical Imaging. 2015: Computer-Aided
Diagnosis. 2015:94142E. [10.1117/12.2082796]
Hung K et al. Int | Environ Res Public Health. 2020
12:4424. [PMID: 32575560]

Liu C et al. Appl Sci. 2018 5:698.
[https://doi.org/10.3390/ app8050698]

Moayeri RS et al. IJACSA. 2016 7:2016.
[http://dx.doi.org/10.14569 /IJACSA.2016.070501]
Oliveira ALI et al. MICAL Springer-Verlag. 2005:939.
[https://doi.org/10.1007 /11579427 _96]

Li H et al. Proc Inst Mech Eng H. 2019 2:232.

[PMID: 30565501]

Zaw Ket al. | Biomech. 2009 5:634. [PMID: 19171345]
Revilla-Leén M et al. | Prosthet Dent. 2023 2:293.
[PMID: 34144789]

Ariani N et al. Int | Prosthodont. 2013 1:57.

[PMID: 23342336]

Lerner H et al. BMC Oral Health. 2020 1:80.

[https:/ /doi.org/10.1186/s12903-020-1062-4]
Goiato MC et al. Int | Oral Maxillofac Surg. 2013 1:113.
[PMID: 22776781]


https://pubmed.ncbi.nlm.nih.gov/16501177
https://doi.org/10.3390/prosthesis1010001
https://doi.org/10.3390/prosthesis4020025
https://doi.org/10.3390/jcm9124005
http://dx.doi.org/10.1016/j.neucom.2012.04.033
https://doi.org/10.3390/app13085004
https://dx.doi.org/10.18203/2349-3933.ijam20220444
https://doi.org/10.21276/ujds.2021.7.2.29
https://ui.adsabs.harvard.edu/link_gateway/2015SPIE.9414E..2EM/doi:10.1117/12.2082796
https://pubmed.ncbi.nlm.nih.gov/32575560
https://doi.org/10.3390/app8050698
https://dx.doi.org/10.14569/IJACSA.2016.070501

ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 20(3): 238-242 (2024)

[46] De Caxias FP et al. Int | Dent. 2019: 8657619.

[PMID: 31396279]

[47] Muresanu S et al. Oral Radiol. 2023 1:18.
[PMID: 36269515]

[48] Agrawal P et al. Cureus. 2022 7:27405.
[PMID: 36046326]

[49] Khan B et al. Biomed Mater Devices. 2023 8:1.

[PMID: 36785697]
R B

©Biomedical Informatics (2024)

[50] Kulikowski CA. Yearb Med Inform. 2019 1:249.
[PMID: 31022744]
[51] Gama F et al. ] Med Internet Res. 2022 1:e32215.
[PMID: 35084349]
[52] Farhud DD et al. Iran | Public Health. 2021 11:i.
[PMID: 35223619]
[53] Gerke S et al. Artif Intell Health. 2020:295.
[PMCID: PMC7332220]
B I B

242


https://pubmed.ncbi.nlm.nih.gov/31396279
https://pubmed.ncbi.nlm.nih.gov/36785697
https://pubmed.ncbi.nlm.nih.gov/35223619

