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ABSTRACT

Statement of problem. The growing adoption of digital workflows and artificial intelligence (Al)-assisted design has revolutionized
occlusal device fabrication, offering improved precision, efficiency, and reproducibility. However, the clinical reliability of digitally predicted
occlusal contacts, particularly across different intensity levels and anatomic regions, remains insufficiently validated.

Purpose. This study aimed to evaluate the accuracy and reliability of Al-predicted occlusal contacts in computer-aided design and computer-aided
manufacture (CAD-CAM) occlusal devices fabricated through a fully digital workflow, with comparisons stratified by contact intensity and anatomic region.

Material and methods. A cross-sectional observational study was conducted with 53 occlusal devices (45 maxillary, 8 mandibular) fabricated
using intraoral scanning, Al-based CAD software program (Medit Link v3.2.2; Medit), and 3-dimensional (3D) printing. Predicted occlusal contacts
were automatically generated by the software program and compared with clinical markings obtained using articulating paper during the initial
adjustment session. Agreement rates were calculated by contact intensity (low, medium, high) and anatomic region (anterior, posterior). Statistical
analyses included descriptive statistics, the Friedman test for repeated-measures comparisons across intensity levels, Bonferroni-adjusted post hoc
tests, and intraclass correlation coefficients [ICC(2,1)] to assess internal consistency among continuous measurements within each device (0=.05).

Results. Agreement between digitally predicted and clinically verified contacts increased systematically with intensity, with mean coincidence rates
of 59.4%, 69.7%, and 79% for low-, medium-, and high-intensity contacts, respectively. Low-intensity contacts showed the greatest dispersion, while
high-intensity contacts displayed the most stable agreement values. Internal consistency among the 3 continuous agreement measurements was
supported by ICC(2,1) values ranging from 0.797 to 0.867. Region-specific analyses demonstrated clearer separation among intensity levels in the
anterior region, whereas medium- and high-intensity contacts overlapped more extensively in the posterior region.

Conclusions. Al-assisted CAD-CAM workflows demonstrated progressively higher predictive accuracy as occlusal contact intensity
increased, with high-intensity contacts showing the most consistent correspondence with clinical markings. In contrast, the reduced
accuracy and greater variability observed for low-intensity contacts—particularly in posterior regions—underscore the continued necessity
of clinical verification during device adjustment. (J Prosthet Dent 2026;136:250-257)
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Clinical Implications

The findings indicate that Al-driven CAD-CAM
workflows can reliably identify high-intensity
occlusal contacts, which are the most critical for
achieving functional stability in device therapy.
However, because subtle low-force contacts remain
less predictable, clinicians should continue to
perform conventional verification to ensure
precision and avoid undetected interferences.

Temporomandibular disorders (IMDs) are hetero-
geneous musculoskeletal conditions of the masticatory
system, characterized by pain, joint noises, and limited
mandibular movement, often impairing quality of life."”
Bruxism has been defined as masticatory muscle activity
during wakefulness or sleep, involving repetitive or
sustained tooth contact or mandibular thrusting and is
not considered a disorder but a motor activity that may
act as a risk or protective factor depending on frequency
and consequences.” ’ The management of TMDs and
sleep bruxism prioritizes conservative approaches, with
the stabilization device as the criterion standard for joint
stabilization, the redistribution of occlusal forces, and
the protection of dentition.””

Conventional device fabrication involves multiple
manual steps and polymethyl methacrylate processing, with
limitations such as dimensional instability and patient dis-
comfort.””"” Digital workflows using computer-aided de-
sign and computer-aided manufacture (CAD-CAM) have
been reported to improve accuracy, reproducibility, and ef-
ficiency through intraoral scanning, virtual design, and 3-
dimensional (3D) printing or milling.”"’ However, the
clinical validation of digitally predicted occlusal contacts
remains challenging. Despite sensor-based methods, ar-
ticulating paper is still widely used but is subjective. Plat-
forms (Medit Link v3.2.2; Medit Corp) apply artificial
intelligence (Al) algorithms to generate occlusal schemes,
raising concerns about accuracy and reproducibility. Com-
paring digital predictions with clinical findings is thus es-
sential to validate their reliability and to guide integration
into clinical practice.'"

Recent advances in digitally assisted dentistry have
progressively incorporated Al components into CAD-CAM
workflows, particularly for tasks involving surface detection,
occlusal analysis, and automated design steps.'” *' Digital
systems apply computational algorithms to identify occlusal
surfaces, generate virtual contact maps, and assist in the
initial design of prosthetic and occlusal devices.” " Al-
though the use of digital workflows in device fabrication has
been well established and associated with improved re-
producibility, accuracy, and efficiency compared with con-
ventional methods, scientific evidence specifically
addressing Al-assisted occlusal device design remains
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limited.” """’ Platforms use Al-driven features to align
arches, evaluate occlusal surfaces, and generate a pre-
liminary device proposal with color-coded occlusal con-
tacts.'"'> However, these automated predictions have not
yet been comprehensively validated against clinical findings,
especially regarding different contact intensity levels and
anatomic regions.

Recent investigations comparing digitally assisted
and conventional devices, assessing clinician variability
in interpreting articulating paper, and evaluating dif-
ferences between digital occlusal analysis systems fur-
ther underscore the need for objective and reproducible
methods of validating occlusal contact prediction.”” *’
Therefore, this study aimed to evaluate the accuracy and
reliability of Al-predicted occlusal contacts in CAD-
CAM occlusal devices fabricated through a fully digital
workflow, with comparisons stratified by contact in-
tensity and anatomic region. The null hypotheses were
that no difference in the level of agreement would be
found between digitally predicted and clinically verified
occlusal contacts across the 3 intensity categories (low,
medium, high) and across anatomic regions.

MATERIAL AND METHODS

This investigation was conducted as an observational,
cross-sectional, and comparative study. The research
protocol had been reviewed and approved by the
Research Ethics Committee of the School of Dentistry of
Ribeirao Preto - University of Sao Paulo under regis-
tration number 76595123.3.0000.541.

The study sample consisted of 53 occlusal devices
fabricated using a CAD-CAM system based on intraoral
digital scans and produced via 3D printing. Participants
had been recruited from the TMDs and Orofacial Pain
curricular unit. Inclusion criteria comprised patients re-
quiring maxillary or mandibular occlusal devices and
presenting at least 8 teeth in the arch where the device
would be installed. Exclusion criteria encompassed de-
vices for which the software program failed to auto-
matically generate the digital design through Al
algorithms, as well as devices that presented significant
difficulties during clinical adaptation and required ex-
tensive intaglio adjustments.

Before data collection, all operators underwent cali-
bration for the key steps of the workflow, including in-
traoral scanning, the interpretation of Al-generated
occlusal maps, and the clinical adjustment of devices
using articulating paper. Calibration was conducted
through supervised training sessions and repeated as-
sessments on pilot treatments until operators applied
the diagnostic and adjustment criteria consistently.

Digital scans of the dental arches were obtained
using an intraoral scanner (CEREC; Dentsply Sirona). A
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standardized protocol was followed to ensure accuracy
and reproducibility. Participants were positioned ap-
propriately, and the dental surfaces were dried with an
air jet to minimize the presence of saliva and avoid ar-
tifacts. The maxillary and mandibular arches were
scanned separately to achieve complete capture of the
dentition. The maxillomandibular relationship was re-
gistered by performing an occlusion scan in maximum
intercuspation. The intraoral scanner used had a true-
ness in the range of 17 to 23 pm and a precision of 16 to
22 pm according to the manufacturer’s specifications.

The standard tessellation language (STL) files were im-
ported into an Al-based CAD software program (Medit
Link v3.2.2; Medit), where the occlusal device was designed.
The initial design was automatically generated by an Al
algorithm integrated into the software program. Manual
refinements were subsequently made to optimize adapta-
tion and functionality. Specific parameters included main-
taining a uniform thickness of 2 to 3 mm, ensuring
complete arch coverage without interference and dis-
tributing occlusal contacts to promote balanced force dis-
tribution and stabilization. Once finalized, the design was
exported in STL format for 3D printing.

Additive manufacturing was carried out using a
printer (MARS 4 DLP 3D; Elegoo), with a biocompatible
resin specifically developed for occlusal devices (3D BIO
SPLINT; Prizma). Printing was performed under pre-
established parameters to provide high accuracy and
structural integrity. All devices were printed at a 45-
degree orientation, as recommended by the manu-
facturer. The printed devices were cleaned in isopropyl

alcohol, postpolymerized in an ultraviolet (UV)
chamber, and their support structures removed. Final
surface refinement was performed to smooth edges and
ensure patient comfort.

During the first clinical session, the occlusion was
verified and the device adjusted. Occlusal contacts were
marked with articulating paper (CHECK FILM I,
Caicedo Group Inc) to identify premature or high-
pressure areas, which were selectively adjusted by
grinding. A clinical photograph was made immediately
after the first marking to allow comparison with the
occlusal contact map predicted by the software pro-
gram’s Al algorithm.

The methodological workflow is shown in Figure 1.
Digital scans of both arches were obtained, and the
maxillomandibular relationship was recorded in max-
imum intercuspation. Occlusal contacts were auto-
matically predicted by the Al software program, and the
device was virtually designed and 3D printed. Predicted
contacts were then compared with clinical markings
obtained using articulating paper. Figure 2 presents the
predicted contact maps, clinical markings, and regional
coincidence analysis, allowing the assessment of pre-
dictive accuracy across intensities and anatomic regions.

For each device, agreement percentages between pre-
dicted and clinically verified contacts were calculated for the
3 intensity categories. Because these represent repeated
measures, comparisons were performed using the Friedman
test, followed by Bonferroni-corrected pairwise post hoc
analyses when a global effect was detected. A 2-way
random-effects ICC (ICC [2,1], absolute agreement)

F E

Figure 1. Digital workflow for design and fabrication of CAD-CAM occlusal devices. A, Intraoral scanner (CEREC; Dentsply Sirona) used for acquisition of digital
scans of maxillary and mandibular arches. B, Three-dimensional STL files generated after scanning. C, Registration of maxillomandibular relationship. D, Virtual
analysis of occlusal surfaces with automatic detection of contact areas. E, Identification of occlusal contact points and digital alignment. F, Final design of
stabilization device using Al-based CAD software (Medit Link v3.2.2; Medit). G, Occlusal device virtually positioned on the maxillary arch with maxillary and
mandibular STL files articulated in maximum intercuspation (MIH), demonstrating the digital alignment and occlusal relationship prior to manufacturing. H,
predicted occlusal contacts displayed by software program and corresponding clinical verification on 3D printed device. Al, artificial intelligence; CAD-CAM,
computer-aided design and computer-aided manufacturing; STL, standard tessellation language.
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Figure 2. Comparison between digitally predicted and clinically verified occlusal contacts. A, Virtual mapping of occlusal contacts by intensity
(green=low, yellow=medium, red=high). B, Clinical verification of occlusal contacts on 3D printed device using articulating paper (blue and red
markings). C, Overlay and regional distribution of contact coincidence showing percentage agreement across anterior (42%), posterior left (38%), and

posterior right (43%) regions.

assessed reliability across the 3 continuous measurements.
All analyses were made with a statistical software program
(IBM SPSS Statistics, v26.0; IBM Corp) using the device as
the unit of analysis (a=.05).

RESULTS

A total of 53 devices (45 maxillary and 8 mandibular)
were included in the analysis, distributed according to
the clinical indication and anatomic characteristics of
each patient. As shown in Table 1, agreement values
varied according to contact intensity. Low-intensity
contacts showed a mean coincidence of 59.42%,
medium-intensity contacts reached 69.72%, and high-
intensity contacts demonstrated 79.01% agreement.
When occlusal contacts were stratified by anatomic re-
gion, distinct patterns of agreement emerged. As shown in
Figure 3, the repeated-measures comparison using the
Friedman test revealed differences among intensity levels in
the anterior region, with post hoc pairwise analyses with

Bonferroni correction indicating higher agreement for high-
intensity contacts compared with both low-intensity
(P=.004) and medium-intensity contacts (P=.03). In the
posterior region, medium- and high-intensity contacts
showed similar agreement patterns, with no statistically
significant difference between these 2 categories (P=.50),
whereas low-intensity contacts remained the least con-
sistent. When anterior and posterior regions were analyzed
together, post hoc comparisons continued to show greater
agreement for high-intensity contacts relative to low-in-
tensity contacts (P=.001) and for medium-intensity contacts
relative to low-intensity contacts (P=.005).

Reliability among the 3 continuous percentage
measurements (low-, medium-, and high-intensity
agreement) within each device was examined using a 2-
way random-effects intraclass correlation coefficient,
ICC (2,1), and absolute agreement. The ICC values
ranged from.797 t0.867 (Table 2).

Figure 4 provides a descriptive schematic of the device,
displaying mean agreement percentages across anatomic
regions for each contact intensity. Overall, low-intensity

Table 1. Agreement between predicted occlusal contacts (Al-based CAD software [Medit Link v3.2.2; Medit]) and clinically verified contacts in CAD-

CAM occlusal devices, stratified by intensity levels

Contact Intensity (Color Code) N Mean Agreement (%) Standard Deviation Minimum Maximum Median
Low (Green) 53 59.42 29.07 15.38 100.00 60
Medium (Yellow) 53 69.72 22.96 15.38 100.00 80
High (Red) 53 79.01 23.06 1333 100.00 80

Al, artificial intelligence; CAD-CAM, computer-aided design and computer-aided manufacturing.

Low (green), medium (yellow), and high (red) categories correspond to contact intensity levels defined by Al-based CAD software (Medit Link
v3.2.2; Medit). Agreement calculated as percentage coincidence between digitally predicted contacts and those verified with articulating paper
during initial device adjustment. Data presented as descriptive statistics (mean, standard deviation, minimum, maximum, and median).

Values represent mean percentage coincidence between virtual and clinical records, with standard deviation, minimum, maximum, and median
for each color-coded intensity category. N, number of devices analyzed (total = 53).
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Figure 3. A, Boxplots representing percentage agreement between digitally predicted occlusal contacts (Al-based CAD software program [Medit
Link v3.2.2; Medit]) and clinical verification with articulating paper, stratified by contact intensity (green=low, yellow=medium, red=high). Data
shown for anterior region (top left), posterior region (bottom left), and combined anterior-posterior regions (right). Each boxplot displays median,
interquartile range, minimum and maximum values (whiskers), and mean (diamond marker). Comparisons among intensity levels were performed
with the Friedman test, with Bonferroni-adjusted post hoc analyses. B, Comparative boxplots showing percentage agreement between digitally
predicted occlusal contacts and clinical verification across anatomic regions (anterior, posterior, and combined), stratified by intensity (green=low,

yellow=medium, red=high). Median, interquartile ranges, whiskers, and mean values represented.

contacts showed the lowest agreement, whereas medium
and high intensities demonstrated progressively higher va-
lues. Agreement in the posterior region was modestly
higher than in the anterior region for medium and high
intensities, while low-intensity contacts consistently de-
monstrated uniformly low agreement.

DISCUSSION

The findings of this study support rejecting the null
hypotheses, as agreement between digitally predicted

and clinically verified occlusal contacts differed sig-
nificantly across intensity categories and anatomic re-
gions. The main results revealed a trend: higher
agreement rates were observed for contacts of greater
intensity, with variations influenced by anatomic loca-
tion and predicted contact level. These results indicated
that, although the digital workflow demonstrated good
predictability for functionally relevant contacts, it re-
mained limited in detecting low-intensity contacts,
particularly in posterior regions where contact distribu-
tion was complex.

Table 2.Intraclass correlation coefficients (ICC) assessing internal consistency among the 3 continuous percentage measurements (low-, medium-,

and high-intensity agreement) within each device

Comparison [d 95% Cl Mandibular 95% Cl Maxillary P

Green and Yellow 0.861 0.758 0.925 <.001
Green and Red 0.797 0.669 0.884 <.001
Yellow and Red 0.867 0.758 0.925 <.001

Cl, confidence interval; ICC, intraclass correlation coefficient.

ICC values reflect internal consistency among 3 intensity-related percentage measurements within devices and do not represent reliability

between ordinal categories. All ICC values statistically significant at P<.05.

ICC values with 95% confidence intervals (Cl) calculated using a 2-way random-effects model, absolute agreement [ICC(2,1)]. Values between 0.75

and 0.90 indicate good internal consistency.
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Figure 4. Schematic representation of occlusal device indicating
anatomic segmentation used in study. Dashed lines separate anterior,
posterior, and combined anteroposterior regions. Colored circles display
mean percentage agreement between digitally predicted occlusal
contacts and clinical markings for each region, stratified by contact
intensity (green=Ilow, yellow=medium, red=high). Figure provides
descriptive visualization only, without inferential statistical comparison
among regions.

The better accuracy of the software program in
identifying higher contacts can be explained by a com-
bination of physical and optical factors. High-pressure
contacts tend to generate broader and deeper imprints
on the surface, producing pronounced reliefs that are
more easily captured by intraoral scanners.’ Ad-
ditionally, intense contacts, often located on functional
cusp tips, present surfaces oriented more perpendicu-
larly to the scanner’s light path, thereby improving light
reflection and enhancing the quality of the 3D surface
mapping.'" " In contrast, lighter contacts typically occur
on flatter or inclined areas, where unfavorable geometry
increases susceptibility to artifacts and misalignment.'”

The interpretation of these results must consider the
hybrid nature of current Al-assisted digital workflows.
Although Medit Link integrated Al-based algorithms for
surface recognition, occlusal analysis, and automatic
generation of a baseline device design, these automated
steps did not replace the need for clinical judgment.'""”
Consistent with previous findings, digital systems im-
proved standardization while still requiring refinement
to ensure optimal fit and occlusal balance, and manual
adjustments were necessary in all devices to optimize
thickness, extension, and contact distribution.'®**2°

The reduced sensitivity of Al-generated predictions
for low-intensity contacts observed in this study aligned
with previous evidence demonstrating that intraoral
scanners and digital occlusal tools showed lower preci-
sion in detecting lighter or more subtle contacts com-
pared with high-pressure ones.'” *” These limitations
were related to the geometric thresholds and surface-
mapping algorithms currently used, which rely primarily
on static morphological data rather than dynamic

Palma-Fernandes et al

occlusal force simulation. As Al technologies continue to
evolve, more sophisticated integration of biomechanical
modeling may improve the accuracy of predicted contact
intensities. Until then, clinician-guided verification re-
mains essential to ensure precise occlusal ad-
justment.'”"

An important gap in the current literature concerns
the clinical correspondence of intensity levels re-
presented by the green, yellow, and red codes of digital
occlusal maps. Most studies have focused on the overall
accuracy of the device, comparisons among registration
methods, or clinicians’ perceptions of digital tools, with
limited attention to the reliability of specific color gra-
dients.” '*'® Evidence has shown that while scanners
correlate with articulating paper, their precision de-
creased for low-intensity contacts."” ** Other studies
indicated that intraoral scanning may even outperform
conventional scans under optimal clinical conditions,
while additional data confirmed that both methods can
be reliable; accuracy and reproducibility, however, varied
by system and materials, requiring careful clinical
judgment.”’ >

Current evidence indicates that 3D printed devices
exhibit greater surface variability, reduced fitting accu-
racy, and fewer functional contacts than milled or in-
jection-molded devices, potentially compromising
predicted occlusal reliability.”” *> Conversely, digital
workflows provide higher reproducibility and require
fewer adjustments than conventional methods, sup-
porting their clinical and educational use.”” ** In the
present study, digitally fabricated devices adjusted by
predoctoral students consistently reproduced high-in-
tensity occlusal contacts, supporting their pedagogical
usefulness and their clinical relevance for functional
adjustment. Additional evidence also highlights benefits
such as reduced volumetric wear and improved patient
comfort, reinforcing the long-term advantages of digital
workflows.””’

Despite notable advances, this study presented some
limitations that hinder the routine use of digital work-
flows. Patients excluded because of failure of the soft-
ware program in automatic design generation or the
need for extensive internal adjustments highlighted the
dependence on Al algorithms and the variability in-
herent to additive manufacturing, underscoring the
continued need for professional evaluation and manual
refinements, particularly in anatomically complex si-
tuations requiring precise occlusion.”” *” Another lim-
itation was the use of articulating paper as the clinical
reference standard. Although it has been widely adopted
in clinical practice and has thereby enhanced external
validity, it remains inherently subjective and cannot
quantify force magnitude or contact timing. More ob-
jective systems such as the T-Scan device (Tekscan, Inc)
offer detailed occlusal force distribution and temporal
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sequencing, enabling a more comprehensive evaluation
of occlusal dynamics.'” '

Future research should compare different CAD-CAM
platforms to determine whether predictive reliability is
universal or platform-specific and should directly assess
milled versus 3D printed devices regarding adaptation,
accuracy, and patient comfort.”” * Additionally, the
absence of a control group fabricated using non-Al-as-
sisted CAD-CAM methods represents a further limita-
tion. Previous studies have shown that different
fabrication techniques—including injection molding,
milling, and 3D printing—exhibit distinct variations in
fit, surface accuracy, and functional contact distribution
that may influence occlusal reliability.”” ™ Finally, the
unequal sample sizes for maxillary (n=45) and man-
dibular (n=8) devices reflect routine clinical practice, in
which maxillary devices are more commonly pre-
scribed;® however, this imbalance reduces the general-
izability of the findings to mandibular devices.

Refining Al algorithms to improve the detection of low-
intensity contacts and developing automated adjustment
protocols may further enhance applicability.""'”  Ad-
ditionally, systematic evaluation of factors such as articu-
lating paper thickness and operator experience could
standardize validation methods, reduce variability, and
strengthen the integration of digital and conventional ap-
proaches in prosthodontics.”** Clinically, these findings
indicated that strong, well-defined contacts can be reliably
identified by Al-based predictions, supporting their use in
guiding adjustments. Low-intensity contacts, however,
showed greater variability and still require confirmatory
clinical assessment. This distinction helps clinicians integrate
digital predictions while maintaining precision through
manual verification.

CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. High-intensity occlusal contacts predicted by the
Al-based CAD software program (Medit Link
v3.2.2; Medit) showed the highest level of agree-
ment with clinical findings obtained during device
adjustment.

2. Medium-intensity contacts showed moderate
agreement, while low-intensity contacts presented
the lowest concordance and the greatest variability.

3. Reliability analysis confirmed good internal con-
sistency among the 3 continuous agreement mea-
surements within devices.

4. Although the digital workflow proved dependable
for identifying stronger, functionally relevant con-
tacts, it was less accurate in detecting subtle
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occlusal interferences, indicating that clinical ver-
ification remains essential.

DECLARATION OF GENERATIVE Al AND AI-ASSISTED
TECHNOLOGIES IN THE MANUSCRIPT PREPARATION
PROCESS

During the preparation of this work, the authors used
ChatGPT (OpenAl) to support language refinement and
improve the readability of the manuscript. After using
this tool, the authors carefully reviewed, edited, and
adapted all content to ensure accuracy, scientific in-
tegrity, and originality and take full responsibility for the
content of the published article.
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