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Abstract 

Occlusal assessment is a fundamental component of clinical dentistry, 

guiding restorative procedures, prosthodontic rehabilitation, and the 

overall functional evaluation of the masticatory system. Accurate 

identification of occlusal contacts and force distribution remains 

challenging due to the limitations of traditional diagnostic approaches. 

This literature-based review aims to compare the reliability, validity, 

and clinical usefulness of conventional occlusal assessment techniques 

with emerging digital systems. Conventional methods, including 

articulating paper and shimstock foil, remain widely used but are 

inherently subjective and operator-dependent, with limited ability to 

quantify occlusal force. In contrast, digital occlusal analysis systems 

offer improved visualization, reproducibility, and objective data 

acquisition; however, they still demonstrate limitations in accurately 

representing true occlusal force magnitude and clinical significance. 

Overall, current evidence suggests that while digital technologies 

enhance diagnostic precision, they should be considered adjunctive 

tools rather than replacements for conventional clinical assessment. 
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1. Introduction 

Occlusal assessment is a critical component of 
modern dental practice, underpinning diagnosis 
and treatment planning across restorative 
dentistry, prosthodontics, and functional analysis of 
the masticatory system. Accurate identification of 
occlusal contacts and distribution of occlusal forces 
is essential for achieving long-term treatment 
stability, preventing restoration failure, and 
minimizing functional complications such as 
occlusal trauma and muscle dysfunction [1]. Despite 
its clinical importance, occlusal evaluation remains 
challenging due to the complex and dynamic nature 
of tooth contacts during functional and 
parafunctional movements, which cannot always be 
reliably captured using traditional static recording 
methods. Evidence has shown that inaccuracies in 

occlusal assessment may lead to premature 
contacts being overlooked or overemphasized, 
potentially influencing clinical decision-making and 
treatment outcomes [1]. 
 
Historically, occlusal analysis has relied on 
conventional methods such as articulating paper, 
shimstock foil, and wax registration techniques. 
While these approaches remain widely used due to 
their simplicity and low cost, they are inherently 
subjective and dependent on operator 
interpretation [2]. Furthermore, they provide 
limited or no quantitative data on occlusal force 
magnitude or contact timing. In recent decades, 
there has been a shift toward digital occlusal 
analysis systems, which aim to provide more 
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objective and reproducible measurements of 
occlusal contacts and force distribution. However, 
despite technological advancements, a universally 
accepted gold standard for occlusal analysis has not 
yet been established, and discrepancies remain 
between conventional and digital findings in clinical 
settings [2,3]. This review aims to critically evaluate 
and compare the clinical reliability, validity, and 
practical usefulness of conventional and digital 
occlusal assessment techniques. By synthesizing 
current evidence, this paper seeks to clarify the 
strengths and limitations of each approach and 
provide insight into their appropriate application in 
routine dental practice. 
 

2. Conventional occlusal assessment 
methods 

Conventional occlusal assessment remains the most 
widely used approach in clinical dentistry due to its 
simplicity, low cost, and immediate chairside 
applicability. Despite the emergence of digital 
technologies, these methods remain the primary 
reference for evaluating static and dynamic occlusal 
contacts. However, their diagnostic value is largely 
dependent on subjective interpretation and 
operator experience, and multiple studies have 
highlighted inherent limitations in their ability to 
accurately represent true occlusal function and 
force distribution [4].   
 
2.1 Articulating paper 
Articulating paper is the most commonly employed 
tool for occlusal evaluation and functions on the 
principle of marking contact points between 
opposing teeth during intercuspation or excursive 
movements. When interposed between dental 
arches, pressure generated during biting transfers 
pigment or ink onto enamel surfaces, producing 
visible marks that are interpreted as occlusal 
contacts. Clinicians use these markings to identify 
high spots, premature contacts, and occlusal 
interferences [5]. 
 
Articulating papers are commercially available in 
different colours such as red, blue, black, and green. 
The choice of colour primarily improves 
visualization under varying clinical conditions 
rather than influencing diagnostic accuracy. 
Clinicians often use different colours sequentially to 
distinguish centric contacts from excursive 
contacts; for example, blue paper may be used to 
identify centric occlusion while red paper is used 
during lateral and protrusive movements. Bicolour 
articulating papers are also available, allowing 
simultaneous differentiation of static and dynamic 

occlusal contacts [5]. The reliability of articulating 
paper is influenced by multiple material and clinical 
variables. Paper thickness is a key determinant, 
with reported ranges varying widely from 
approximately 8 μm to over 200 μm. Thicker papers 
tend to produce broader and more numerous 
marks, potentially exaggerating contact areas, 
whereas thinner papers provide more precise but 
sometimes less visible markings. Studies have 
demonstrated that thinner articulating papers (e.g., 
40 μm) may offer improved agreement in detecting 
contact distribution compared to thicker variants, 
yet still do not eliminate interpretative variability 
[6]. 
 
Clinical conditions also significantly affect 
performance. Moisture from saliva can distort 
marking accuracy, producing false-positive or false-
negative contacts. Similarly, variations in applied 
biting force, patient neuromuscular control, and 
repeated mandibular positioning during 
assessment can alter contact patterns between 
recordings. These factors introduce inconsistency 
in results even within the same patient session [6]. 
A major limitation of articulating paper is its 
inherently subjective interpretation. The clinician 
must visually assess mark size, intensity, and 
location without any objective scale linking these 
parameters to actual occlusal force magnitude. 
Consequently, markings may be over-interpreted as 
“high contacts” despite not necessarily representing 
functionally significant occlusal load [7]. 
 
2.2 Shimstock foil 
Shimstock foil is an ultra-thin metallic strip used 
primarily for determining whether a tooth contact 
is present or absent. Unlike articulating paper, it 
does not provide visual marking; instead, it relies on 
tactile feedback, where the clinician assesses 
whether the foil can be pulled out while the patient 
maintains occlusion [8]. Its primary advantage lies 
in its simplicity and high sensitivity for detecting 
minimal contact. Shimstock is particularly useful for 
confirming whether a contact exists between 
opposing teeth and is often considered more 
reliable than articulating paper for binary contact 
verification. However, it provides no information 
regarding contact location, distribution, or intensity 
[8]. 
 
The major limitation of shimstock is its inability to 
quantify occlusal forces. It cannot differentiate 
between light and heavy contacts, nor can it map 
occlusal contact patterns across the dentition. As a 
result, it serves only as a confirmatory tool rather 
than a comprehensive diagnostic method. 
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Additionally, its effectiveness is highly operator-
dependent, as variations in pulling force and 
technique can influence perceived results [9]. 
 
2.3 Wax and silicone registration materials 
Wax and silicone-based interocclusal registration 
materials are used to capture static occlusal 
relationships by recording the spatial relationship 
between maxillary and mandibular teeth in 
maximum intercuspation [10]. These materials 
harden after placement, allowing casts or clinical 
occlusion to be analyzed outside the oral 
environment. These records are particularly useful 
for laboratory procedures, including crown 
fabrication, prosthetic planning, and mounting of 
diagnostic casts. Silicone materials, in particular, 
offer improved dimensional stability compared to 
wax and provide better resistance to deformation 
during handling [10]. 
 
Polyvinyl siloxane bite registration putty is widely 
used for recording maxillomandibular relationships 
because of its excellent dimensional stability, 
minimal polymerization shrinkage, adequate 
rigidity, and ease of manipulation [10,11]. It is 
commonly used during fixed prosthodontic 
procedures, implant restorations, full-mouth 
rehabilitation, and digital workflows to accurately 
transfer the interocclusal relationship to the 
laboratory or CAD/CAM systems. However, despite 
its superior dimensional stability compared with 
wax, bite registration putty records only static 
occlusion and cannot evaluate occlusal timing, 
contact sequence, or force distribution [11]. 
 
2.4 Clinical limitations of conventional methods 
Despite their widespread use, conventional occlusal 
assessment methods share several fundamental 
limitations that affect diagnostic reliability. A key 
limitation is the absence of force quantification. 
Neither articulating paper nor shimstock provides 
objective measurement of occlusal load 
distribution, meaning clinicians must infer force 
based on mark appearance or tactile resistance 
[12]. Another significant issue is the occurrence of 
false-positive and false-negative findings. Broad or 
dark articulating paper marks may not correspond 
to clinically significant occlusal contacts, while light 
contacts may fail to produce visible markings, 
particularly in the presence of saliva or uneven 
force application. This can lead to misinterpretation 
of occlusal interferences and unnecessary 
adjustment of tooth structure [13]. Operator 
dependency further reduces reproducibility. 
Differences in clinician technique, paper selection, 

patient positioning, and interpretation criteria can 
result in inconsistent findings across examinations. 
Even within the same patient, repeated recordings 
may produce variable results due to neuromuscular 
adaptation and bite repetition inconsistencies [14]. 
Collectively, these limitations highlight that 
conventional occlusal assessment methods are 
primarily qualitative rather than quantitative. 
While they remain essential in routine clinical 
practice, their inherent subjectivity and lack of 
standardization underscore the need for adjunctive 
or more objective diagnostic approaches in modern 
dentistry (Figure 1) [14]. 
 
3. Digital occlusal analysis systems  

Digital occlusal analysis systems represent a 
significant advancement in objectively assessing 
occlusal contacts and force dynamics, addressing 
many limitations of conventional methods. These 
technologies aim to provide quantitative, 
reproducible, and time-sensitive data regarding 
occlusal interactions, enabling a more precise 
understanding of functional occlusion in clinical 
dentistry.  
 
3.1 Sensor-based systems 
Sensor-based systems, most notably the T-Scan 
system, are among the earliest and most widely 
studied digital occlusal analysis technologies. These 
systems utilize ultra-thin pressure-sensitive 
sensors placed between the dental arches to record 
occlusal contact timing and force distribution 
during static and dynamic occlusion [15]. The data 
are then converted into computerized visual maps, 
allowing clinicians to assess relative force intensity 
across the dentition and analyze the sequence of 
occlusal contacts during mandibular closure and 
excursions [15]. 
 
The principal advantage of such systems lies in their 
ability to provide time-based occlusal analysis, 
which conventional methods cannot achieve. 
Studies have shown that sensor-based systems can 
detect occlusal timing discrepancies and force 
asymmetries that are not clinically evident using 
articulating paper alone. However, concerns remain 
regarding sensor calibration, inter-sensor 
variability, and the potential alteration of natural 
bite due to sensor thickness and patient adaptation 
during testing [15].  
 
3.2 Intraoral scanner-based occlusion mapping 
Intraoral scanners have expanded the scope of 
occlusal evaluation by enabling the digital capture 
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of static intercuspal contacts through three-
dimensional surface reconstruction. These systems 
generate virtual occlusal maps by recording 
maxillomandibular relationships and 
superimposing digital impressions to identify areas 
of contact. 
 
A key advantage of this approach is its seamless 
integration with CAD/CAM workflows, allowing 
clinicians to combine occlusal analysis with 
restorative design, prosthetic fabrication, and 
virtual articulation. This integration enhances 
efficiency and reduces laboratory error associated 
with traditional impression materials. However, 
intraoral scanner-based occlusion mapping 
primarily provides static contact information and 
does not accurately capture occlusal force 
magnitude or dynamic functional loading patterns, 
limiting its diagnostic depth in functional occlusion 
assessment [16]. 
 
Despite their advantages, intraoral scanners have 
several limitations in occlusal assessment. Accurate 
digital bite registration depends on proper scanning 
technique, operator experience, and patient 
cooperation. Errors may occur because of saliva 
contamination, limited access to posterior regions, 
patient movement, or incomplete image stitching. 
Furthermore, current scanners predominantly 
record static occlusion and cannot accurately 
reproduce functional mandibular movements or 
quantify true occlusal force during mastication. 
Reflective restorative materials and extensive 
edentulous areas may further reduce scanning 
accuracy. Consequently, intraoral scans should be 
interpreted together with clinical examination and 
other occlusal assessment methods [16]. 
 
3.3 Emerging digital platforms 
Recent advancements in digital dentistry have 
introduced emerging platforms that aim to further 
refine occlusal assessment through enhanced 
pressure mapping technologies and real-time 
visualization systems. These platforms combine 
sensor arrays, cloud-based analytics, and artificial 
intelligence algorithms to interpret occlusal contact 
patterns with greater precision and clinical 
usability [17]. 
 
Some systems provide real-time occlusal 
adjustment feedback during restorative 
procedures, enabling clinicians to immediately 
identify and modify high-force contacts. 
Additionally, pressure mapping technologies 
attempt to simulate functional loading conditions 
more accurately than earlier systems. Despite these 

innovations, standardization remains limited, and 
clinical validation studies are still evolving, 
particularly with respect to long-term outcomes 
and correlation with biological responses of the 
masticatory system [18]. 
 
3.4 Advantages of digital systems 
Digital occlusal analysis systems offer several 
significant advantages over conventional 
approaches. The most notable benefit is the ability 
to quantify occlusal force distribution and timing, 
providing objective data rather than subjective 
visual interpretation. This allows for more precise 
identification of occlusal imbalances and functional 
asymmetries [19]. 
 
Another key advantage is high repeatability and 
data storage capability. Digital records can be 
archived, compared over time, and used for 
longitudinal assessment of occlusal changes 
following restorative or rehabilitative procedures. 
This enhances diagnostic consistency and supports 
evidence-based treatment planning. Furthermore, 
digital systems enable visualization of occlusal 
dynamics, allowing clinicians to observe contact 
sequence, force concentration areas, and functional 
loading patterns in real time. This dynamic 
representation of occlusion represents a significant 
improvement over static conventional methods, 
which cannot capture temporal changes in occlusal 
function. Collectively, these advantages position 
digital occlusal analysis as a powerful adjunct in 
modern dental diagnostics, although its limitations 
in force calibration accuracy and biological 
interpretation still necessitate cautious clinical 
application (Figure 2) [20,21]. 
 

4. Evidence on reliability and validity 

4.1 Reliability of conventional techniques 
Conventional occlusal assessment methods, 
particularly articulating paper, shimstock foil, and 
occlusal registration materials, have significant 
reliability limitations. Clinical studies consistently 
report high inter-examiner variability, largely due 
to subjective interpretation of ink markings, 
differences in applied force, and variability in 
clinical technique. Even when thinner articulating 
papers are used, which improve contact 
delineation, reproducibility remains inconsistent 
due to patient-dependent and operator-dependent 
factors such as mandibular positioning, saliva 
contamination, and repeated biting cycles during 
recording [22]. Comparative studies have also 
shown that conventional indicators may record 
differing numbers and distributions of occlusal 
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contacts depending on material thickness and 
examiner interpretation, further reducing inter-
rater agreement in complex posterior regions. 
Although articulating paper remains widely used in 
clinical practice, its reliability is considered 
moderate at best, with limited reproducibility 
across repeated assessments and clinicians [23]. 
 
4.2. Reliability of digital systems 

Digital occlusal analysis systems, particularly 
sensor-based platforms such as T-Scan, 
demonstrate improved reproducibility compared to 
conventional methods. Studies report good inter- 
and intra-examiner agreement in detecting occlusal 
contact location and sequencing, with relatively 
consistent identification of contact timing and 
distribution patterns across repeated 
measurements [24]. 
 

 

 
 

Figure 1. Conventional occlusal assessment methods: principles, application and limitations 

 
 

 

Figure 2. Digital Occlusal Analysis Systems 
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However, despite this improved consistency, 
variability still exists depending on calibration, 
sensor placement, and patient compliance. Intraoral 
scanner-based systems also show acceptable 
reproducibility for static occlusal contact mapping, 
but their performance varies in posterior regions 
where anatomical complexity reduces scan 
precision. Importantly, while digital systems are 
reliable for contact detection and temporal 
sequencing, they demonstrate limitations in 
accurately reproducing absolute occlusal force 
values. This remains a key constraint in translating 
digital outputs into direct biomechanical 
interpretations [25]. 
 
4.3 Validity concerns 
Validity of occlusal assessment refers to how 
accurately a method reflects true occlusal contact 
dynamics and force distribution. Evidence indicates 
that digital systems, including sensor-based devices 
and intraoral scanning technologies, are valid for 
identifying the presence and location of occlusal 
contacts, but are less reliable in quantifying true 
force magnitude and clinical significance of those 
contacts. Systematic reviews have demonstrated 
that both intraoral scanners and sensor-based 
systems provide relatively accurate representation 
of contact location; however, their ability to 
measure contact intensity remains limited, with 
reduced correlation to actual occlusal loading 
conditions in vivo. Similarly, force-measuring 
systems such as T-Scan show reasonable validity for 
relative force distribution but are less effective in 
providing absolute force calibration under clinical 
conditions [26]. These limitations highlight a key 
conceptual issue: while digital systems improve 
objectivity, they may not fully capture the 
biomechanical complexity of functional occlusion, 
particularly during dynamic mandibular 
movements. 

 
4.4. Comparative findings 
When comparing conventional and digital occlusal 
assessment methods, a consistent pattern emerges. 
Conventional techniques remain clinically practical 
and widely accessible, offering rapid chairside 
assessment despite their inherent subjectivity and 
limited reproducibility. Their primary advantage 
lies in simplicity and immediate clinical 
applicability, especially in routine restorative 
adjustments. In contrast, digital systems provide 
objective, quantifiable, and reproducible data, 
particularly for occlusal contact timing and 
distribution. However, their interpretation is often 
dependent on operator calibration, system settings, 
and clinical context. Additionally, limitations in 

force accuracy and cost-effectiveness restrict their 
universal adoption in everyday practice [27]. 
Overall, evidence suggests that conventional 
methods are useful for preliminary assessment, 
while digital systems enhance diagnostic precision 
in complex cases. Neither approach is 
independently sufficient to serve as a complete gold 
standard, reinforcing the need for an integrated 
diagnostic strategy combining both conventional 
and digital modalities [27,28]. 

 
5. Clinical applications  

5.1. Restorative dentistry 
Accurate occlusal assessment plays a pivotal role in 
restorative dentistry, particularly during the 
placement and adjustment of direct and indirect 
restorations such as fillings, crowns, and implant-
supported prostheses. Improper occlusal 
adjustment can result in premature contacts, 
leading to postoperative sensitivity, restoration 
fracture, periodontal stress, and even 
temporomandibular complications. Conventional 
methods, especially articulating paper, remain the 
primary tools for chairside occlusal adjustment due 
to their simplicity and immediate feedback. 
Clinicians typically rely on the size, intensity, and 
distribution of markings to guide selective grinding 
[29]. However, as previously discussed, these 
markings do not reliably correlate with actual 
occlusal force magnitude, which may lead to over-
adjustment or under-adjustment of restorations. 

  
Digital occlusal analysis systems have introduced a 
more refined approach to restorative occlusion. 
Sensor-based technologies allow clinicians to 
visualize the sequence and timing of occlusal 
contacts during closure, enabling identification of 
premature contacts that occur milliseconds before 
full intercuspation. This is particularly relevant in 
high-precision restorations such as implant crowns, 
where lack of periodontal ligament proprioception 
reduces the patient’s ability to detect occlusal 
discrepancies. Clinical studies indicate that digital 
systems can assist in achieving more balanced 
occlusion by identifying force asymmetries and 
guiding selective adjustments more conservatively. 
Additionally, integration with CAD/CAM workflows 
allows occlusal refinement during the design phase, 
reducing chairside adjustment time. Nevertheless, 
due to limitations in absolute force calibration, 
digital findings must still be interpreted alongside 
clinical judgment and conventional indicators [30]. 

 
5.2. Full mouth rehabilitation 
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Full mouth rehabilitation represents one of the 
most complex clinical scenarios in dentistry, 
requiring comprehensive control of occlusal 
relationships, vertical dimension, and functional 
harmony [31]. In such cases, occlusal analysis is 
essential not only for diagnosis but also for 
treatment planning and post-treatment verification. 
Conventional methods are often used during 
provisionalization and final adjustment phases; 
however, their limitations become more 
pronounced in full-arch cases where multiple 
simultaneous contacts must be balanced. The 
inability to quantify force distribution makes it 
difficult to ensure even load sharing across 
restorations, increasing the risk of biomechanical 
complications [31,32]. 
 
Digital occlusal analysis systems provide significant 
advantages in this context. They enable clinicians to 
evaluate bilateral force distribution, detect occlusal 
imbalances, and monitor changes over time 
following rehabilitation. Importantly, these systems 
can quantify right-left force symmetry and identify 
overload on specific segments, which is critical in 
preventing restoration failure and maintaining 
long-term stability [33]. Furthermore, digital 
workflows incorporating intraoral scanning and 
virtual articulation allow simulation of occlusal 
relationships before definitive treatment. This 
facilitates more predictable outcomes, particularly 
in cases involving altered vertical dimension or 
extensive prosthetic reconstruction. However, 
despite these benefits, occlusal schemes in full 
mouth rehabilitation still rely heavily on clinical 
principles and practitioner experience, as digital 
systems cannot fully replicate the biological 
adaptability of the stomatognathic system [33,34]. 
 
5.3. Diagnosis of occlusal interferences 
The identification of occlusal interferences, contacts 
that disrupt harmonious mandibular movement, is 
a critical diagnostic objective in both restorative 
and functional dentistry. These interferences may 
contribute to occlusal trauma, muscle hyperactivity, 
and temporomandibular disorders [35]. 
Conventional methods primarily assess occlusion in 
a static manner, identifying contacts in maximum 
intercuspation and during guided excursive 
movements. While articulating paper can indicate 
the presence and approximate location of contacts, 
it lacks the ability to determine the temporal 
sequence of contact formation. As a result, early or 
deflective contacts, often the most clinically 
significant, may be overlooked [35,36]. Digital 
occlusal analysis systems address this limitation by 

providing dynamic, time-resolved data. These 
systems record occlusal contact events as a 
sequence, allowing clinicians to distinguish 
between initial contact points and subsequent 
contacts during closure [37]. This capability is 
particularly important in detecting premature 
contacts that cause mandibular deflection or 
prolonged disclusion time.  
 
Clinical evidence suggests that prolonged disclusion 
time and uneven force distribution are associated 
with increased muscular activity and symptoms 
related to temporomandibular disorders [37,38]. 
Digital systems enable quantification of these 
parameters, offering a more objective basis for 
diagnosing functional occlusal disturbances.  
However, despite their advantages, digital systems 
should not be used in isolation. Clinical 
examination, patient symptoms, and functional 
analysis remain essential components of diagnosis, 
as occlusal interferences must be interpreted within 
the broader context of neuromuscular adaptation 
and patient-specific tolerance [37,38]. 
 
5.4. Decision-making in clinical practice 
The integration of conventional and digital occlusal 
assessment methods is essential for informed 
clinical decision-making. Each approach offers 
distinct advantages and limitations, and their 
appropriate use depends on the clinical scenario. 
Conventional methods remain indispensable for 
routine procedures due to their accessibility, low 
cost, and ease of use [39]. They are particularly 
suitable for quick chairside assessments, minor 
restorative adjustments, and situations where 
qualitative evaluation is sufficient. In contrast, 
digital systems are most valuable in complex cases 
requiring detailed analysis, such as full mouth 
rehabilitation, implant-supported restorations, and 
patients with suspected functional disorders. Their 
ability to provide objective, reproducible, and time-
based data enhances diagnostic precision and 
supports evidence-based treatment planning [39]. 
Current evidence emphasizes that digital occlusal 
analysis should be considered an adjunct rather 
than a replacement for conventional techniques. 
While digital tools improve objectivity and 
reproducibility, their limitations in accurately 
representing absolute occlusal force and biological 
response restrict their standalone clinical 
applicability [40]. 
 

6. Future perspectives  

6.1 Artificial intelligence in occlusal mapping 
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The integration of artificial intelligence into occlusal 
analysis represents one of the most significant 
future directions in digital dentistry. Modern 
machine learning algorithms are increasingly being 
developed to interpret complex occlusal datasets 
generated from sensor-based and imaging systems 
[41]. These technologies have the potential to 
automatically identify occlusal contact patterns by 
recognizing spatial and temporal relationships 
within large datasets that would otherwise require 
manual interpretation. In addition, AI-driven 
systems may be capable of predicting high-risk 
occlusal interferences by analyzing subtle 
variations in force distribution and contact timing 
that are not easily detectable through conventional 
clinical observation [41,42]. 
 

Convolutional Neural Networks (CNNs), a class of 
deep learning algorithms widely used in image 
analysis, have recently been explored for automated 
occlusal assessment. CNNs can analyse digital 
intraoral scans, occlusal photographs, and three-
dimensional dental models to identify occlusal 
contact points, classify occlusal relationships, and 
detect premature contacts with minimal operator 
intervention [41,42]. By learning complex spatial 
features from large image datasets, CNN-based 
systems may improve diagnostic consistency, 
reduce observer variability, and facilitate 
automated treatment planning in prosthodontics 
and orthodontics. Nevertheless, their clinical 
application remains dependent on the availability of 
large, high-quality annotated datasets and requires 
further validation before routine clinical 
implementation [43].  
 

Beyond pattern recognition, artificial intelligence 
can process complex force distribution data 
obtained from sensor-based occlusal systems, 
transforming raw numerical outputs into clinically 
meaningful interpretations. This capability may 
allow for a more precise understanding of 
functional occlusion and its biomechanical 
implications. Importantly, AI also holds the 
potential to improve interpretation consistency 
between clinicians by reducing subjective 
variability in occlusal analysis. By standardizing 
diagnostic interpretation, these systems may 
enhance reproducibility and reduce inter-operator 
differences that are commonly observed in both 
conventional and digital occlusal assessment 
methods [42].  
 

6.2. Integration of digital occlusion with 3D 
facial analysis 
Another important advancement in occlusal 
diagnostics is the integration of digital occlusal data 

with three-dimensional facial and craniofacial 
analysis. This approach involves the combination of 
intraoral scanning, facial scanning, and 
radiographic imaging to create a comprehensive 
digital representation of the patient. Within this 
integrated framework, occlusal relationships can be 
analyzed not only in isolation but also in relation to 
skeletal morphology and facial symmetry [43]. 
 

Such integration allows clinicians to evaluate 
occlusion within a broader functional and aesthetic 
context. For example, occlusal discrepancies can be 
correlated with mandibular positioning, facial 
midline deviations, and asymmetries in facial soft 
tissues. This comprehensive approach is 
particularly valuable in complex restorative and 
orthodontic cases where functional occlusion must 
be balanced with aesthetic and skeletal 
considerations. As digital workflows continue to 
evolve, the convergence of occlusal and facial data is 
expected to play an increasingly important role in 
personalized treatment planning and precision 
dentistry [44]. 
 

6.3. Development of standardized calibration 
protocols 
A major limitation currently restricting the full 
clinical adoption of digital occlusal systems is the 
lack of standardized calibration protocols. Different 
systems utilize varying sensor technologies, force 
thresholds, and software algorithms, resulting in 
inconsistencies in data interpretation across 
platforms. Without standardized calibration, it 
becomes difficult to compare results between 
devices or establish universal clinical guidelines for 
occlusal force interpretation. 
 
Future research must therefore focus on developing 
universally accepted calibration standards that can 
be applied across different digital occlusal systems. 
Such protocols would ideally define clinically 
relevant force thresholds, ensure consistent sensor 
sensitivity, and establish validated reference 
conditions for occlusal measurements [45]. In 
addition, standardized interpretation criteria 
would significantly enhance the reproducibility of 
digital occlusal data and improve its clinical 
applicability. The establishment of such 
frameworks would represent a critical step toward 
the formal integration of digital occlusal analysis 
into evidence-based dental practice [45]. 

 
6.4. Hybrid approaches in occlusal analysis 
The future of occlusal diagnostics is likely to be 
defined by hybrid approaches that combine 
conventional and digital methodologies rather than 
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relying exclusively on either system. Conventional 
techniques continue to provide essential qualitative 
information regarding occlusal contacts and remain 
valuable for rapid chairside assessment. At the 
same time, digital systems offer quantitative and 
time-resolved data that enhance the precision of 
occlusal evaluation. 
 
In a hybrid model, conventional methods are used 
as an initial screening tool to identify obvious 
occlusal discrepancies, while digital systems are 
employed to refine and validate these findings 
through objective analysis of force distribution and 
contact timing. This complementary approach 
allows clinicians to integrate tactile, visual, and 
digital information into a unified diagnostic 
framework. As a result, hybrid occlusal assessment 
strategies are expected to provide the highest level 
of diagnostic reliability, particularly in complex 
restorative and rehabilitative cases where precision 
is critical [46]. 
 

7. Clinical recommendations 

Based on current evidence, the following clinical 
recommendations can be made regarding the use of 
occlusal assessment methods: 
 
7.1 Use articulating paper as a primary screening 
tool 
Articulating paper remains the most practical and 
widely applicable method for initial occlusal 
assessment. It is recommended as a first-line tool for 
identifying gross occlusal contacts, premature 
contacts, and general distribution patterns during 
routine restorative procedures [47]. 
 
7.2. Use digital systems for complex or high-
precision cases 
Digital occlusal analysis systems should be primarily 
reserved for clinical situations in which a higher level 
of diagnostic precision is required beyond the 
capabilities of conventional methods. These include 
full mouth rehabilitation cases, implant-supported 
prostheses, patients presenting with suspected 
temporomandibular disorders, and complex 
prosthodontic reconstructions involving extensive 
occlusal reorganization [48]. 
 
In such scenarios, the ability of digital systems to 
provide detailed information regarding occlusal 
contact timing, force distribution, and the sequential 
pattern of occlusal contacts offers considerable 
clinical value. Unlike conventional methods, which 
primarily provide static and qualitative information, 
digital technologies allow clinicians to evaluate 

dynamic occlusal function in a more objective and 
reproducible manner. This enhanced diagnostic 
capability is particularly important in cases where 
even minor occlusal discrepancies may have 
significant functional or biomechanical 
consequences [48]. 
 
7.3. Combine both methods for best clinical 
reliability 
The highest level of diagnostic reliability is achieved 
when conventional and digital methods are used 
together. Conventional tools provide immediate 
tactile and visual feedback, while digital systems 
offer objective validation and deeper functional 
analysis. This combined approach reduces diagnostic 
error, improves treatment predictability, and 
enhances long-term clinical outcomes [49].  
 

8. Conclusion 

Occlusal assessment remains a complex and evolving 
area of clinical dentistry, characterized by ongoing 
technological advancement and persistent 
methodological limitations. Conventional methods, 
such as articulating paper and shimstock foil, remain 
essential due to their simplicity, accessibility, and 
immediate clinical utility. However, they are 
fundamentally subjective and lack quantitative force 
analysis. Digital occlusal systems represent a 
significant advancement by introducing objective, 
reproducible, and time-sensitive data. Despite this, 
they are still limited in their ability to accurately 
represent absolute occlusal force and biological 
response within the masticatory system. Currently, 
no single method can be considered a definitive gold 
standard for occlusal analysis. The most reliable 
clinical approach is a combined diagnostic strategy, 
integrating both conventional and digital techniques 
to achieve optimal accuracy and clinical decision-
making. Future advancements in artificial 
intelligence, standardized calibration, and 
multimodal digital integration are expected to 
further enhance the precision and clinical relevance 
of occlusal assessment in dentistry. 
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