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Abstract

Occlusal adjustment is significant in restorative, prosthodontic, and implant dentistry, given
its effects on the comfort, success, and functional longevity of both prosthodontic therapy
and dental implants. The traditional methods used for occlusal adjustment analysis involved
the use of articulating paper. However, it has limitations, such as the absence of quantitative
information related to the distribution and timing of forces. Recent advances include the in-
troduction of digital occlusal analysis systems, such as T-Scan and OccluSense, as well as in-
traoral scanners, for creating occlusal distribution maps. This article aims to present the clin-
ical use of traditional methods, present an evaluation study for digital occlusal analysis, and
provide a clinical guideline for interpreting occlusal adjustment in natural, dental, implant-
supported, and TMD conditions. This article can direct clinicians on how to choose the ap-
propriate technique according to the specific requirements for each case.

Introduction

Effective occlusion analysis is the backbone
of any successful procedure in restorative
and prosthodontic dentistry. The accuracy
and reliability of occlusal analysis are crucial
in ensuring the longevity of any form of pros-
thodontic work, while also ensuring that the
prosthesis does not cause any harm to the
occlusion, temporomandibular joint, func-
tion, or feeling [1-5]. Even in past decades,
the use of articulating paper has dominated
prosthodontic analysis for its ease, economy,
and advantage of instant analysis for the in-
terpretation of occlusal discrepancies, in-
cluding the location of cusps [1-4,6].
However, the significance of the interpreta-
tion of the marks present on the articulating

paper remains subjective by nature. This is
because evidence suggests that the size and
intensity of the mark bear little relation to
the intensity of occlusal forces, and discrep-
ancies can depend on various factors, such as
thickness, moisture, and the experience level
of the individual [7-9]. Such discrepancies
remain particularly significant in implant
prosthodontics, in that a lack of periodontal
ligament can lead to unintended overload
when adjustment is made only by use of the
occlusal marks [10,11]. To overcome the lim-
itations, digital occlusal analysis systems
were introduced, making it possible for pro-
fessionals to provide quantitative and repro-
ducible data on occlusal force, timing, and se-
quence. Dindmica, TScan, and OccluSense
help evaluate dynamically, while the use of
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intraoral scanners helps for precise 3D eval-
uation of static occlusion for prosthodontic
analysis [12-15].

However, achieving clinical integration, de-
spite the benefits offered by digital technol-
ogy, also necessitates knowledge related to
the principles, limitations, and indications
for the use of digital occlusal evaluation
methods. The costs, learning curve, and com-
plexity of occlusal cases also need consider-
ation [16-20]. This perspective study aims to
provide an integration of existing knowledge
related to traditional and digital occlusal
evaluation methods.

Historical background of occlusal analy-
sis
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The evaluation of occlusion has undergone a
tremendous transformation during the past
century. According to the account given by
Dawson, “The use of articulating paper, in-
troduced in the early 1900s, offered a simple,
quick way to assess occlusal contact,” and it
“became the standard clinical instrument for
evaluating occlusion to identify contacts, im-
prove restorative surfaces, and balance oc-
clusion in both natural and prosthodontic
situations for several decades during the last
century [21,22].

However, despite its usefulness, several au-
thors pointed to its inherent limitations too.
Many studies confirm that only the location
of contact is expressed by marks on the artic-
ulating paper, whereas information on occlu-
sal load, the timing of contact, and any func-
tional interactions is not specified [23,24].
However, by the end of the twentieth cen-
tury, along with the growth in CAD/CAM
prosthodontics, new computerized occlusal
analysis software also came into existence.
With the T-Scan system and, more contem-
porary, OccluSense, it has become feasible to
evaluate occlusal forces and the sequence of
occlusal contact. The relevance of these re-
cent enhancements, according to Kerstein et
al, has become particularly important in
achieving greater success in implant dentis-
try [25-27].

Articulating paper in dentistry

The use of articulating paper has remained
the definitive tool for diagnosing occlusal
analysis because it is simple, cheaper, and
easier to use. Commonly made from thin
strips coated with ink, the articulating paper
will indicate occlusal contact points. This
helps the dentist judge through sight, for ex-
ample, where the occlusal contact has oc-
curred, and adjustments can then be made
through grinding [28]. Despite its limita-
tions, it has remained widely used in clinical
settings since it is simple, providing instant
results without requiring any specialized
equipment [29].

Types of Articulating Papers

The type of dental articulating paper that can
be used also has different formulations that
depend on its thickness, coating, and compo-
sition. This is aimed at providing for the dif-
ferent clinical situations that arise during
prosthodontic, restorative, and occlusal
treatment [30]. The type of dental paper de-
pends on the clinical situation, type of restor-
ative material, and level of required accu-
racy, making it crucial for the clinician to
know the types that exist [31]. Table 1 sum-
marizes the available types.

Digital occlusal technologies
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Digital occlusal technologies provide objec-
tive, quantifiable, and reproducible data that
complement traditional articulating paper
methods. They allow clinicians to evaluate
occlusal force, timing, and contact sequence,
which are difficult to assess visually. Major
systems include T-Scan, OccluSense, and
10Ss (Table 2).

Interpretation of Articulating Paper
Marks

The darker or larger marks do not neces-
sarily indicate higher occlusal loads. Clini-
cians must consider contact distribution, pa-
tient symptoms, and adjunctive tools to
avoid inappropriate adjustments. Figure 1
summarizes the understanding of articulat-
ing paper marks.

Making clinical decisions for special situ-
ations

Conventional articulating paper effectively
identifies contact points, while digital occlu-
sal analysis provides objective force and tim-
ing data, especially valuable in complex, im-
plant-supported, or TMD cases. An optimal
approach integrates both methods, marking
contacts with paper, validating them digi-
tally, and making selective adjustments for
balanced occlusion. Figure 2 illustrates the
suitable occlusal diagnostic technology.

This perspective draws on heterogeneous
trials with varying devices, protocols, and
outcome measures, preventing reliable com-
parison or pooling. Many included studies
are small, short-term, or in vitro rather than
well-powered, blinded clinical trials. Opera-
tor-dependent techniques, inconsistent sen-
sor calibration, and inadequate blinding in-
troduce measurement and observer bias.
Crucially, few trials report long-term, pa-
tient-centered outcomes or address cost and
implementation, so clinical impact remains
uncertain.
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Table 1. Types of articulating papers and their clinical applications.
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Type of Articulat- | Thickness | o ;) yge Advantages Limitations Refer-
ing Paper Range ence
Micron-thin pa- Precision detection in FPDs and im- | Highly accurate, fine marks, | Fragile, may not mark well
8-12 pm hal . : . . [32]
pers/films plants minimal false positives in moist environments
Medium-thick- Routine occlusal adjustments in nat- | Balanced visibility and preci- | Moderate false positives in
20-40 pm e : : . [33]
ness papers ural dentition, and FPDs sion, widely available uneven surfaces
Gross adjustments in complete den- - . .
. . . Durable, leaves visible marks | Less precise, can overesti-
Thick papers 80-200 um | tures or major occlusal discrepan- : . [34]
cies even in saliva mate contact areas
Single-sided Variable Localized contact marking .Controlled and precise mark- L.1m1ted to one arch at a [35]
coated ing time
Double-sided . Bilateral simultaneous marking of | Efficient, quick assessment of | May smudge in moist con-
Variable : : e [36]
coated arches intercuspation ditions
Foils and silk rib- 8-20 um High-precision adjustments, espe- | Strong, resistant to tearing, | Expensive, less available in [37]
bons a cially in implants accurate some regions
Digitally compat- 10-20 um Used with computerized occlusal | Compatible with digital sys- | Higher cost, limited clini-
ible foils K analysis (e.g., T-Scan) tems, consistent markings cal accessibility [38]
Table 2. Comparative features of digital occlusal diagnostic tools.
Device Principle F.orce Quantifica- | Timing Clinical Use | Advantages Limitations Reference
tion Data
Flex1.b.1e pressure- Imp!ant oc- Tymemie e | EE cost,
sensitive Sensor; clusion, full- : .. >,
T-Scan Yes Yes ping, objective, | training re- | [39,40]
software maps force mouth rehab, reproducible uired
and timing TMD P q
Thin foil with embed- Chairside oc-
OccluSense ded micro-pressure | v Yes clusal ad]l.lst- Portabl(.e, v1'sual Less detailed [41,42]
sensors; 2D visual + ments, im- | + quantitative than T-Scan
quantitative output plants
Optical/laser scan-
Intraoral ning; generates 3D Digital pros- | High-resolu- Cannot meas-
digital models for | No No thetic work- | tion, CAD/CAM | ure force di- | [43-45]
Scanner . : . .
static occlusion map- flow integration rectly
ping
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Figure 1. A flowchart illustrates the interpretation of articulating paper marks.
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Need occlusal
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DIAGNOSTIC TECHNOLOGY
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Articulating paper full-mouth rehab? |
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Yes
_ TMD or
Jggggg r?sre functional disorders ? Nl °
Yes
T-Scan + paper Digital prosthetic
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Yes —
f

Intraoral scanner
Occlusion mapping

Figure 2. A flowchart depicting the process of selecting occlusal diagnostic technologies.
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