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ABSTRACT Review Article 
Occlusal analysis is a fundamental component of diagnosis and treatment planning 

in dentistry, influencing the longevity, function, and comfort of both natural 

dentition and prosthetic rehabilitations. Conventional occlusal indicators such as 

articulating paper, waxes, and shimstock foils identify contact locations but do not 

quantify occlusal force or provide information regarding the sequence and timing 

of tooth contacts. Computerized occlusal analysis using the T-Scan system has 

emerged as an objective and dynamic method for evaluating occlusal relationships 

by recording relative occlusal force distribution, contact timing, occlusion time, 

disclusion time, and the center of force during mandibular function. The present 

review summarizes the principles, technological evolution, clinical applications, 

current evidence, limitations, and future prospects of T-Scan technology across 

various dental specialties. A comprehensive literature search was conducted using 

PubMed, Scopus, Web of Science, and Google Scholar for English-language 

publications from January 1990 to July 2026. Relevant clinical trials, 

observational studies, in vitro investigations, systematic reviews, narrative 

reviews, and consensus publications were identified using predefined search terms 

related to computerized occlusal analysis and T-Scan technology. Studies were 

screened for relevance, and data were synthesized narratively according to dental 

specialty and clinical application. Current evidence suggests that T-Scan enhances 

diagnostic accuracy, facilitates precise occlusal adjustment, improves implant 

occlusion management, supports temporomandibular disorder assessment, and 

contributes to predictable prosthodontic rehabilitation when used alongside 

conventional clinical examination. Although limitations including equipment cost, 

sensor wear, and the inability to directly visualize contact markings remain, 

ongoing advances in digital dentistry, artificial intelligence, and virtual articulators 

are expected to further expand the role of computerized occlusal analysis in 

contemporary dental practice. 

Keywords: T-Scan; Computerized Occlusal Analysis; Digital Occlusion; 
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INTRODUCTION 
Occlusion represents one of the most critical 

determinants of oral function, directly influencing 

mastication, speech, esthetics, periodontal health, 

temporomandibular joint (TMJ) function, and the long-

term success of restorative and prosthodontic treatment. 
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The establishment of harmonious occlusal contacts 

remains a primary objective in restorative dentistry, fixed 

and removable prosthodontics, implant dentistry, 

orthodontics, and full-mouth rehabilitation. Even minor 

discrepancies in occlusal contacts may result in 

premature contacts, occlusal interferences, excessive 

muscular activity, restoration failure, implant overload, 

patient discomfort, or temporomandibular disorders 

(TMDs) [1-3]. 

 

Traditionally, clinicians have relied on 

articulating paper, articulating silk, shimstock foils, 

pressure-indicating paste, waxes, and silicone-based 

indicators to evaluate occlusal contacts. Although these 

methods remain widely used because of their simplicity 

and affordability, they are inherently subjective and 

provide only qualitative information regarding the 

location of occlusal contacts. Importantly, the size or 

intensity of an articulating paper mark does not reliably 

correlate with the magnitude of occlusal force, 

potentially leading to inaccurate clinical interpretation 

[4-7]. 

 

The increasing demand for evidence-based 

dentistry has driven the development of computerized 

technologies capable of objectively evaluating 

occlusion. Among these, the T-Scan computerized 

occlusal analysis system, first introduced by Maness and 

colleagues in the late 1980s, represents one of the most 

significant advances in digital occlusal assessment. 

Unlike conventional indicators, T-Scan records the 

sequence of tooth contacts, relative occlusal force 

distribution, occlusion time, disclusion time, and center 

of force movement throughout mandibular closure and 

excursive movements. This dynamic information allows 

clinicians to identify premature contacts, occlusal 

asymmetries, and functional interferences with greater 

precision than static methods [8-11]. 

 

Over successive generations, including T-Scan 

I, II, III, and the latest T-Scan Novus system, 

improvements in sensor technology, software 

algorithms, data acquisition speed, and graphical 

visualization have significantly enhanced clinical 

reliability and user experience. Integration with 

electromyography (EMG), digital articulators, 

CAD/CAM workflows, and implant treatment planning 

has further broadened the clinical applications of 

computerized occlusal analysis [12-15]. 

 

The use of T-Scan has expanded across multiple 

disciplines of dentistry, including prosthodontics, 

implant dentistry, restorative dentistry, orthodontics, 

periodontics, oral surgery, temporomandibular disorder 

management, and oral rehabilitation. Contemporary 

evidence suggests that objective assessment of occlusal 

force distribution may improve treatment precision, 

reduce chairside adjustment time, enhance patient 

comfort, and contribute to the longevity of both natural 

dentition and prosthetic restorations [16-19]. 

This review aims to provide a comprehensive 

overview of the evolution, working principles, clinical 

applications, current scientific evidence, advantages, 

limitations, and future directions of T-Scan technology 

in dentistry. Additionally, it summarizes the available 

literature using a transparent search methodology to 

provide clinicians with an evidence-based understanding 

of computerized occlusal analysis and its role in 

contemporary digital dentistry. 

 

METHODS 
Literature Search Strategy 

A comprehensive literature search was 

conducted to identify studies evaluating the use of T-

Scan computerized occlusal analysis in dentistry. 

Electronic databases including PubMed, Scopus, Web of 

Science, and Google Scholar were searched for articles 

published from January 1990 to July 2026. Manual 

searches of reference lists from selected articles were 

also performed to identify additional relevant 

publications. 

 

The search strategy combined Medical Subject 

Headings (MeSH) and free-text keywords using Boolean 

operators. The primary search terms included: 

• "T-Scan"  

• "Computerized occlusal analysis"  

• "Digital occlusal analysis"  

• "Occlusal force"  

• "Occlusion"  

• "Implant occlusion"  

• "Prosthodontics"  

• "Implant dentistry"  

• "Restorative dentistry"  

• "Orthodontics"  

• "Temporomandibular disorders"  

 

These terms were combined using "AND" and "OR" 

operators to maximize retrieval of relevant studies. 

 

Eligibility Criteria 

Studies were considered eligible if they: 

• evaluated T-Scan technology in any field of 

dentistry;  

• were randomized controlled trials, prospective 

studies, retrospective studies, cross-sectional 

studies, case-control studies, observational 

studies, in vitro investigations, systematic 

reviews, meta-analyses, or narrative reviews;  

• were published in English;  

• reported clinical, laboratory, or diagnostic 

outcomes related to computerized occlusal 

analysis.  

 

The following were excluded: 

• conference abstracts without full-text 

availability;  

• editorials;  

• letters to the editor;  
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• duplicate publications;  

• animal studies;  

• articles lacking sufficient methodological 

detail.  

 

Study Selection and Data Extraction 

Titles and abstracts retrieved from the search 

were independently screened for relevance. Full-text 

articles meeting the inclusion criteria were subsequently 

reviewed. Information extracted included publication 

year, study design, dental specialty, T-Scan generation, 

study objectives, outcome measures, principal findings, 

and reported clinical significance. 

 

Data Synthesis 

Owing to the heterogeneity of study designs, 

outcome variables, and clinical applications, quantitative 

meta-analysis was not feasible. Therefore, findings were 

synthesized narratively and organized according to major 

dental specialties, technological evolution, diagnostic 

principles, clinical applications, advantages, limitations, 

and future developments in computerized occlusal 

analysis. 

 

Evolution of T-Scan Technology 

The introduction of computerized occlusal 

analysis represented a major advancement in the 

objective assessment of dental occlusion. Before the 

advent of digital systems, clinicians relied on qualitative 

methods such as articulating paper, shimstock foil, 

waxes, and pressure-indicating pastes to evaluate 

occlusal contacts. Although these methods remain useful 

for identifying the location of occlusal contacts, they 

cannot quantify occlusal force or determine the 

chronological sequence of tooth contacts, limiting their 

diagnostic accuracy and reproducibility [20,21].  

 

The T-Scan system was developed by William 

L. Maness and colleagues and was introduced in 1987 as 

the first computerized occlusal analysis system capable 

of recording the sequence and relative intensity of 

occlusal contacts during mandibular closure. The 

original T-Scan I utilized a pressure-sensitive Mylar 

sensor connected to a computer workstation that 

converted occlusal force information into graphical 

representations. Unlike conventional occlusal indicators, 

the system provided clinicians with dynamic information 

regarding the timing and relative force of occlusal 

contacts, thereby introducing a new dimension in 

occlusal diagnosis [22]. 

 

Despite its innovative concept, the first-

generation T-Scan system exhibited several technical 

limitations. Early sensors were relatively thick and rigid, 

potentially altering the patient's natural occlusion during 

recording. In addition, limited sensor resolution, lower 

sampling frequency, reduced durability, and simplified 

software algorithms affected the accuracy and 

reproducibility of force measurements. Initial validation 

studies also identified variability in force recording and 

the presence of insensitive sensor areas, highlighting the 

need for further technological refinement [23,24].  

 

The introduction of T-Scan II brought notable 

improvements in sensor sensitivity, hardware design, and 

graphical visualization, enhancing the clinical 

applicability of computerized occlusal analysis. 

Subsequent advances culminated in the development of 

T-Scan III, which incorporated thinner high-resolution 

sensors, increased recording speed, individualized sensor 

calibration, and advanced software capable of generating 

dynamic two-dimensional and three-dimensional 

representations of occlusal force distribution. These 

enhancements enabled clinicians to analyze occlusion 

time (OT), disclusion time (DT), center of force (COF), 

and force trajectories with greater precision and 

reproducibility. [25,26]. 

 

The latest generation, T-Scan Novus (T-Scan 

10), represents a substantial technological evolution. 

Improvements include thinner and more durable sensors, 

higher sampling frequencies, enhanced wireless 

connectivity, and software integration with 

electromyography (EMG) systems. These developments 

permit simultaneous assessment of occlusal force 

distribution and masticatory muscle activity, thereby 

facilitating comprehensive evaluation of occlusal 

function in prosthodontics, implant dentistry, 

orthodontics, temporomandibular disorders, and full-

mouth rehabilitation [27].  

 

Over nearly four decades of development, 

continuous improvements in sensor technology, 

hardware architecture, and analytical software have 

largely overcome the shortcomings associated with 

earlier generations. Recent systematic reviews conclude 

that modern T-Scan systems provide objective, 

repeatable, and clinically meaningful measurements of 

relative occlusal force and contact timing when 

interpreted alongside conventional clinical examination 

rather than as a standalone diagnostic tool [27,28]. 

 

Principle and Working Mechanism of T-Scan 

The T-Scan system is a computerized occlusal 

analysis technology designed to objectively evaluate the 

sequence, timing, and relative distribution of occlusal 

forces during static and dynamic mandibular 

movements. Unlike conventional occlusal indicators, 

which merely identify the presence or location of 

occlusal contacts, T-Scan records the chronological 

development of tooth contacts from initial contact to 

maximum intercuspation and during excursive 

mandibular movements, thereby providing quantitative 

information that cannot be obtained using articulating 

paper or shimstock foil alone [29,30]. 

 

The system consists of three principal 

components: an ultra-thin pressure-sensitive sensor, a 

recording interface, and dedicated analysis software. The 

disposable sensor is fabricated from polyester (Mylar) 
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sheets containing thousands of conductive sensing 

elements (sensels) arranged in a matrix configuration. 

When occlusal force is applied, deformation of these 

sensels alters their electrical resistance. These changes 

are converted into digital signals and transmitted to the 

software, which displays the relative distribution of 

occlusal forces in real time [29,31]. 

 

Unlike pressure-sensitive films that provide 

only static contact information, the T-Scan sensor 

continuously samples occlusal events throughout 

mandibular closure and functional excursions. Modern 

T-Scan Novus systems acquire data at high sampling 

frequencies, enabling the generation of dynamic "force 

movies" that display the evolution of occlusal contacts 

over time. The clinician can replay each recording frame 

by frame, allowing detailed assessment of premature 

contacts, force concentration, and occlusal instability 

[27,30]. 

 

One of the most clinically valuable parameters 

generated by the T-Scan system is Occlusion Time (OT), 

defined as the elapsed time between the first detectable 

tooth contact and complete intercuspation. In healthy 

dentitions, OT is relatively short, whereas prolonged OT 

often indicates premature contacts, unstable 

intercuspation, or occlusal discrepancies. Reduction of 

OT following selective occlusal adjustment has been 

associated with improved occlusal stability and treatment 

efficiency [32,33]. 

 

Another important parameter is Disclusion 

Time (DT), which represents the duration required for 

complete posterior tooth separation during lateral or 

protrusive mandibular excursions. Prolonged DT has 

been associated with sustained elevator muscle 

contraction, increased occlusal loading, muscular 

hyperactivity, and symptoms related to occluso-

muscular disorders. Measurement of DT therefore 

provides valuable information when evaluating patients 

with temporomandibular disorders (TMDs), 

parafunctional habits, and occlusal instability [27,34]. 

 

The software also calculates the Center of Force 

(COF), which graphically represents the overall balance 

of occlusal loading between the right and left sides of the 

dental arches. Under ideal conditions, the COF remains 

close to the midline, indicating balanced occlusal force 

distribution. Significant deviations toward one side may 

indicate unilateral overload, uneven prosthetic contacts, 

occlusal interference, or functional asymmetry. 

Monitoring changes in COF before and after occlusal 

adjustment provides clinicians with an objective method 

for evaluating treatment outcomes [31,35]. 

 

Modern T-Scan software presents occlusal 

information using color-coded two-dimensional and 

three-dimensional graphics. Lower relative occlusal 

forces are displayed in cooler colors (blue and green), 

whereas progressively greater forces are represented by 

yellow, orange, and red. This visualization facilitates 

rapid identification of high-force contacts that may 

contribute to restoration fracture, implant overload, 

periodontal trauma, or muscular imbalance. The software 

also permits quantitative comparison of multiple 

recordings obtained before and after treatment, thereby 

enhancing clinical documentation and treatment 

monitoring [31,36]. 

 

One important characteristic of the T-Scan 

system is that it measures relative rather than absolute 

occlusal forces. The displayed percentages represent the 

proportional distribution of occlusal load among 

contacting teeth at a given moment rather than the exact 

force expressed in Newtons. Consequently, T-Scan 

should be interpreted as a comparative diagnostic tool for 

assessing force balance and contact timing rather than a 

device for measuring absolute bite force [37]. Despite its 

advantages, T-Scan does not precisely identify the 

anatomical location of occlusal contacts on tooth 

surfaces. Therefore, most investigators recommend 

combining computerized occlusal analysis with 

conventional articulating paper or shimstock foil. This 

complementary approach allows clinicians to correlate 

quantitative force measurements with precise contact 

localization, thereby improving the accuracy of occlusal 

adjustment procedures [20,27]. 

 

Collectively, these features make the T-Scan 

system a valuable adjunct for objective occlusal 

assessment in restorative dentistry, prosthodontics, 

implant dentistry, orthodontics, periodontology, and 

temporomandibular disorder management. Continuous 

technological improvements have enhanced its accuracy, 

reproducibility, and clinical applicability, making it one 

of the most extensively investigated computerized 

occlusal analysis systems currently available [27,30]. 

 

Comparison of T-Scan with Conventional Occlusal 

Indicators 

Occlusal assessment has traditionally relied on 

qualitative methods such as articulating paper, 

articulating silk, shimstock foil, pressure-indicating 

paste, waxes, and silicone impression materials. These 

conventional indicators remain indispensable in routine 

clinical practice because of their simplicity, low cost, and 

ease of use. However, they provide only static 

information regarding the location of occlusal contacts 

and are unable to quantify occlusal force, determine the 

sequence of tooth contacts, or evaluate occlusal 

dynamics during functional mandibular movements [38–

40]. 

 

Articulating paper is the most widely used 

occlusal indicator in dentistry and is available in various 

thicknesses ranging from approximately 8 to 200 μm. 

During mandibular closure, pigment-coated paper 

transfers colored markings onto contacting tooth 

surfaces, allowing clinicians to identify areas of contact. 

Despite its widespread clinical use, numerous 
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investigations have demonstrated that the size, shape, or 

intensity of articulating paper markings does not 

accurately correlate with the magnitude of occlusal force. 

Large markings may represent relatively light contacts, 

whereas small markings may indicate heavy occlusal 

loading. Consequently, reliance solely on articulating 

paper may lead to inaccurate occlusal adjustment and 

unnecessary removal of tooth structure or restorative 

material [20,38,41]. 

 

Shimstock foil, typically measuring 8–12 μm in 

thickness, has long been regarded as an effective method 

for verifying the presence or absence of occlusal contact. 

Unlike articulating paper, shimstock provides a simple 

binary assessment by determining whether the foil can be 

retained or pulled through the occlusion. Although it 

offers excellent sensitivity for confirming contact, it 

provides no information regarding contact timing, 

relative force distribution, or functional occlusal 

dynamics [20,42]. 

 

Pressure-indicating paste and occlusal waxes 

are frequently employed during complete denture 

fabrication and removable prosthodontics. These 

materials assist clinicians in identifying premature 

contacts and pressure areas but are influenced by 

material thickness, operator interpretation, and 

environmental conditions. Furthermore, deformation of 

the recording medium may reduce accuracy and 

reproducibility [20,43]. 

 

The principal limitation shared by all 

conventional occlusal indicators is their inability to 

evaluate occlusion dynamically. Occlusion is a 

physiological event that changes continuously during 

mandibular closure, mastication, swallowing, and 

excursive movements. Static indicators record only the 

final contact pattern and cannot identify the 

chronological sequence of tooth contacts, duration of 

occlusal contact, or force distribution among individual 

teeth. These shortcomings become particularly 

significant during complex restorative procedures, 

implant rehabilitation, full-mouth reconstruction, and 

management of temporomandibular disorders 

[29,30,44]. A comparative overview of the 

characteristics, capabilities, advantages, and limitations 

of conventional occlusal indicators and the T-Scan 

system is presented in Table 1. 

 

Table 1. Comparison between Conventional Occlusal Indicators and T-Scan Digital Occlusal Analysis 

Parameter Articulating Paper Shimstock Foil Pressure-

indicating 

Paste/Wax 

T-Scan 

Detects contact location Yes Yes Yes Indirectly (requires 

articulating paper for 

localization) 

Quantifies occlusal force No No No Yes (relative force) 

Measures contact timing No No No Yes 

Measures occlusion time No No No Yes 

Measures disclusion time No No No Yes 

Dynamic analysis No No No Yes 

Center of force analysis No No No Yes 

Quantitative assessment No No No Yes 

Repeatability Moderate Moderate Low High 

Clinical documentation Limited Limited Limited Excellent 

 

Computerized occlusal analysis using the T-

Scan system was developed to overcome these 

limitations by providing objective, quantitative, and 

dynamic assessment of occlusal function. Rather than 

simply identifying where teeth contact, T-Scan records 

when each tooth contacts, the relative force associated 

with each contact, and how occlusal forces change 

throughout mandibular function. This capability allows 

clinicians to identify premature contacts, excessive 

loading, occlusal asymmetry, prolonged occlusion time, 

and delayed posterior disclusion with greater precision 

than conventional methods [27,31,44]. 

 

One of the major advantages of T-Scan is its 

ability to quantify relative occlusal force distribution. 

Conventional indicators cannot distinguish whether a 

contact bears 5% or 50% of the total occlusal load. In 

contrast, T-Scan software displays the proportional 

distribution of occlusal forces among all contacting teeth 

using color-coded graphical representations, thereby 

facilitating objective assessment of occlusal balance 

before and after treatment [31,45]. 

 

Another important advantage is the 

measurement of occlusion time (OT) and disclusion time 

(DT). These parameters cannot be evaluated using 

articulating paper, shimstock, or waxes. Numerous 

clinical investigations have demonstrated that prolonged 

OT and DT are associated with occlusal instability, 

increased elevator muscle activity, parafunctional 

loading, and temporomandibular disorders. Objective 

measurement of these parameters enables clinicians to 

perform evidence-based occlusal adjustments and 

evaluate treatment outcomes quantitatively [32–34,46]. 
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Despite these advantages, T-Scan should not be 

considered a replacement for conventional occlusal 

indicators. The computerized system identifies the 

magnitude and sequence of occlusal forces but does not 

precisely localize the anatomical position of individual 

contact points on tooth surfaces. Therefore, most 

investigators recommend combining T-Scan with 

articulating paper or shimstock foil. This integrated 

approach allows clinicians to identify both the exact 

location and the functional significance of occlusal 

contacts, thereby improving the precision of selective 

occlusal adjustment [27,29,31]. 

 

Several comparative studies have reported 

superior diagnostic capability when computerized 

occlusal analysis is combined with conventional clinical 

examination rather than used independently. This 

combination has been shown to improve occlusal 

adjustment during fixed prosthodontics, implant-

supported prostheses, orthodontic finishing, full-mouth 

rehabilitation, and management of temporomandibular 

disorders. Consequently, contemporary evidence 

supports the use of T-Scan as a valuable adjunctive 

diagnostic tool rather than a substitute for established 

clinical methods [27,28,44,47]. 

 

Clinical Applications of T-Scan in Dentistry 

The increasing adoption of digital technologies 

has transformed occlusal assessment from a 

predominantly subjective procedure into an objective, 

evidence-based diagnostic process. Among available 

computerized occlusal analysis systems, the T-Scan has 

emerged as the most extensively investigated technology 

and has demonstrated clinical utility across numerous 

dental specialties. By providing real-time information 

regarding occlusal force distribution, contact sequence, 

occlusion time, disclusion time, and center of force, T-

Scan enables clinicians to identify functional occlusal 

discrepancies that are frequently undetectable using 

conventional occlusal indicators. Consequently, 

computerized occlusal analysis has become an important 

adjunct in treatment planning, prosthesis delivery, 

occlusal adjustment, and long-term maintenance of 

restorative and prosthetic rehabilitation [27,31,44,48]. 

 

Fixed Prosthodontics 

The long-term success of fixed dental 

prostheses depends not only on accurate marginal 

adaptation and esthetics but also on the establishment of 

harmonious occlusal contacts. Occlusal discrepancies 

may result in porcelain fracture, cement failure, loss of 

retention, abutment overload, periodontal trauma, patient 

discomfort, and restoration failure. Although articulating 

paper remains the most frequently used method for 

occlusal adjustment, it cannot determine whether an 

observed contact represents a high-force contact or 

merely a light contact occurring early during mandibular 

closure [38,40,49]. 

 

Computerized occlusal analysis enables 

clinicians to evaluate the sequence of occlusal contacts 

immediately after placement of crowns, fixed partial 

dentures, laminate veneers, and full-mouth 

rehabilitations. Premature contacts can be identified 

objectively and selectively adjusted according to their 

relative force contribution rather than solely on the basis 

of marking size. This minimizes unnecessary removal of 

restorative material and improves occlusal balance 

[44,50]. 

 

Several clinical investigations have 

demonstrated that occlusal adjustment guided by T-Scan 

significantly reduces occlusion time and improves 

bilateral force distribution compared with conventional 

adjustment techniques. Objective verification of 

balanced occlusion has also been associated with 

improved patient comfort and reduced post-insertion 

occlusal complaints [46,51]. 

 

In patients undergoing comprehensive oral 

rehabilitation, particularly those with severe tooth wear, 

altered vertical dimension, or extensive prosthodontic 

reconstruction, computerized occlusal analysis facilitates 

sequential monitoring throughout treatment. Multiple 

recordings obtained before treatment, during 

provisionalization, and after definitive prosthesis 

delivery enable clinicians to evaluate changes in occlusal 

force distribution objectively and to verify the stability 

of the final occlusal scheme [31,44,52]. 

 

The integration of T-Scan with digital 

impression systems, virtual articulators, and CAD/CAM 

workflows further enhances restorative precision by 

allowing clinicians to correlate digital prosthesis design 

with functional occlusal performance. This combination 

supports the concept of digital prosthodontics, in which 

static morphology and dynamic function are evaluated 

simultaneously [53,54]. 

 

Implant Dentistry 

Occlusal management is one of the most critical 

determinants of long-term implant success. Unlike 

natural teeth, osseointegrated implants lack the 

periodontal ligament, resulting in reduced 

proprioception and minimal physiological mobility. 

Consequently, excessive occlusal loading may be 

transmitted directly to the peri-implant bone and 

prosthetic components, potentially contributing to screw 

loosening, abutment fracture, prosthesis fracture, 

ceramic chipping, marginal bone loss, and implant 

failure [55,56]. 

 

The concept of implant-protected occlusion 

emphasizes controlled force distribution and elimination 

of excessive occlusal overload. However, conventional 

occlusal indicators provide little information regarding 

the magnitude of forces applied to implant-supported 

restorations. T-Scan addresses this limitation by 

objectively quantifying relative occlusal loading, thereby 



 
 

IOASD Journal of Medical and Pharmaceutical Sciences | Published by IOASD Publisher | India | 146 

 
 

enabling clinicians to identify implants subjected to 

excessive functional forces [57,58]. 

 

Several investigators have reported that 

computerized occlusal analysis improves occlusal 

adjustment during delivery of single implant crowns, 

implant-supported fixed dental prostheses, overdentures, 

and full-arch implant rehabilitations. Selective reduction 

of excessive contacts identified by T-Scan has been 

shown to redistribute occlusal forces more evenly 

between implants and natural teeth, thereby reducing the 

risk of biomechanical complications [59,60]. The 

technology is particularly valuable in immediately 

loaded implant protocols, where excessive occlusal 

loading during the healing phase may compromise 

osseointegration. Objective assessment of occlusal force 

distribution allows clinicians to minimize premature 

contacts while maintaining functional stability during the 

critical early healing period [61,62]. 

 

Recent investigations have also explored the 

application of T-Scan in full-arch implant-supported 

prostheses, including the All-on-4 and All-on-6 

treatment concepts. Because occlusal overload on distal 

implants may contribute to prosthetic complications, 

computerized analysis enables clinicians to evaluate 

force balance across the prosthetic arch and optimize 

occlusal schemes following definitive prosthesis 

insertion [63,64]. 

 

Furthermore, sequential computerized 

recordings obtained during maintenance appointments 

facilitate early detection of occlusal changes resulting 

from prosthetic wear, screw settling, framework 

distortion, or opposing dentition alterations. Such 

monitoring may improve long-term maintenance of 

implant-supported prostheses and reduce mechanical 

complications requiring extensive prosthetic repair 

[55,65]. 

 

Overall, current evidence supports T-Scan as a 

valuable adjunctive diagnostic tool in implant dentistry. 

Although it should not replace conventional clinical 

examination, its ability to quantify relative occlusal force 

and monitor functional loading provides important 

information for achieving implant-protected occlusion 

and improving prosthetic longevity [27,57,66]. 

 

Complete Dentures 

The establishment of balanced and harmonious 

occlusion is one of the primary determinants of 

successful complete denture therapy. Appropriate 

occlusal balance contributes to denture stability, 

retention, masticatory efficiency, patient comfort, and 

preservation of the supporting residual ridges. 

Conversely, occlusal discrepancies may result in denture 

instability, soreness of the denture-bearing tissues, 

impaired chewing efficiency, accelerated ridge 

resorption, and patient dissatisfaction [67–69]. 

 

Conventional occlusal adjustment of complete 

dentures is commonly performed using articulating paper 

during clinical insertion or by laboratory remount 

procedures. Although these techniques remain the 

standard of care, they are largely dependent on operator 

experience and provide only qualitative information 

regarding occlusal contacts. Furthermore, tissue 

resiliency, denture base displacement during function, 

and neuromuscular adaptation may alter occlusal 

relationships after insertion, making accurate 

identification of functional occlusal discrepancies 

challenging [70,71]. 

 

Computerized occlusal analysis using the T-

Scan system provides an objective assessment of 

occlusal force distribution during functional mandibular 

movements in complete denture wearers. By recording 

the timing and relative intensity of occlusal contacts, T-

Scan allows clinicians to identify premature contacts, 

unilateral force concentration, and imbalance between 

the right and left posterior segments. Such objective 

information facilitates selective occlusal adjustment 

while preserving the planned occlusal scheme (31,72]. 

 

Several clinical investigations have 

demonstrated that T-Scan-guided occlusal adjustment 

improves bilateral force distribution and reduces 

occlusion time in complete denture patients. Improved 

force balance has been associated with enhanced denture 

stability during mastication and reduced incidence of 

denture displacement during functional movements 

[73,74]. 

 

An additional advantage of computerized 

occlusal analysis is the ability to evaluate dynamic 

occlusion during excursive movements. Balanced 

articulation aims to maintain simultaneous bilateral 

posterior contacts during eccentric mandibular 

movements, thereby improving denture stability. 

Conventional occlusal indicators often fail to accurately 

demonstrate the sequence and timing of these contacts, 

whereas T-Scan allows visualization of the entire 

occlusal event as a dynamic recording. This capability 

enables clinicians to identify working-side and 

balancing-side discrepancies more accurately [75,76]. 

 

Patient-reported outcomes have also shown 

favorable results following T-Scan-guided occlusal 

adjustment. Improvements have been reported in 

chewing efficiency, comfort during mastication, speech, 

and overall satisfaction with complete dentures. 

Although evidence remains limited by relatively small 

sample sizes, current studies suggest that computerized 

occlusal analysis may enhance clinical outcomes when 

used as an adjunct to conventional remount procedures 

rather than replacing established prosthodontic protocols 

[66,73,77]. 

 

The application of T-Scan may be particularly 

beneficial in implant-supported overdentures and 
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mandibular implant-retained prostheses, where uneven 

occlusal loading can increase stress on implants and 

attachment systems. Objective evaluation of force 

distribution facilitates more precise occlusal refinement 

and may contribute to improved prosthesis longevity and 

reduced maintenance requirements [57,78]. 

 

Despite these advantages, clinicians should 

recognize that T-Scan does not replace fundamental 

prosthodontic principles, including accurate jaw relation 

records, proper tooth arrangement, and laboratory 

remount procedures. Instead, computerized occlusal 

analysis should be considered a complementary 

diagnostic modality that enhances the accuracy of 

conventional occlusal adjustment techniques [44,79]. 

 

Removable Partial Dentures 

Occlusal harmony is equally important in 

removable partial denture (RPD) therapy, where 

inappropriate force distribution may compromise both 

the prosthesis and the remaining natural dentition. 

Occlusal discrepancies can produce excessive loading of 

abutment teeth, accelerated periodontal breakdown, 

clasp deformation, prosthesis instability, and fracture of 

the denture base or framework [80]. 

 

Traditional occlusal adjustment of RPDs relies 

on articulating paper and clinical evaluation of occlusal 

contacts following insertion. However, because 

removable prostheses undergo slight displacement under 

functional loading, static occlusal indicators may not 

accurately represent force distribution during 

mastication. T-Scan overcomes this limitation by 

recording occlusal contacts during functional closure and 

excursive movements, thereby allowing clinicians to 

identify areas of excessive loading on both abutment 

teeth and artificial teeth [31,44,81]. 

 

Computerized occlusal analysis has been shown 

to facilitate more uniform distribution of occlusal forces 

between natural teeth and prosthetic components. Such 

optimization may reduce harmful leverage on abutment 

teeth while improving patient comfort and masticatory 

efficiency. In distal extension removable partial 

dentures, where rotational movements frequently 

complicate occlusal adjustment, T-Scan provides 

valuable quantitative information that assists clinicians 

in minimizing occlusal overload [82,83]. 

 

Furthermore, integration of T-Scan with digital 

denture workflows and CAD/CAM fabrication 

techniques has the potential to improve occlusal 

refinement of digitally manufactured removable 

prostheses. Although current evidence remains limited, 

preliminary investigations indicate that computerized 

occlusal analysis may become increasingly important in 

digital removable prosthodontics as fully digital 

workflows continue to evolve [54,84]. 

 

 

Restorative Dentistry 

Successful restorative treatment depends upon 

restoration of both anatomical form and functional 

occlusion. Improper occlusal adjustment following 

placement of direct composite restorations, ceramic 

inlays, onlays, or full-coverage crowns may result in 

postoperative sensitivity, restoration fracture, marginal 

breakdown, tooth pain, excessive wear, or pulpal 

irritation [49,85]. 

 

Articulating paper has traditionally served as 

the primary method for adjusting occlusion after 

restorative procedures. However, numerous 

investigations have demonstrated that articulating paper 

markings alone cannot reliably distinguish high-force 

contacts from low-force contacts. Consequently, 

clinicians may inadvertently remove correctly positioned 

contacts while leaving premature heavy contacts 

uncorrected [38,40,41]. 

 

T-Scan provides objective quantitative 

information regarding relative occlusal loading 

immediately after restoration placement. The software 

identifies contacts associated with excessive force, 

allowing selective adjustment while preserving stable 

supporting contacts elsewhere in the dentition. This 

approach reduces unnecessary removal of restorative 

material and improves the functional integration of 

restorations within the existing occlusal scheme 

[44,50,86]. 

 

Computerized occlusal analysis is particularly 

valuable during extensive adhesive rehabilitation 

involving multiple indirect ceramic restorations. 

Because such rehabilitations often involve changes in 

vertical dimension, occlusal plane, and anterior 

guidance, objective evaluation of occlusal force 

distribution throughout treatment contributes to 

improved long-term stability and restoration longevity 

[52,53,87]. 

 

Recent advances in chairside CAD/CAM 

systems have further expanded the role of T-Scan in 

restorative dentistry. Following digital impression 

acquisition and restoration milling, computerized 

occlusal analysis provides objective verification of 

functional occlusion before definitive cementation. 

Integration of these digital technologies supports a 

comprehensive digital workflow that combines 

morphological precision with functional assessment 

[54,88]. 

 

Although high-quality randomized clinical 

trials remain relatively limited, available evidence 

suggests that T-Scan-guided occlusal adjustment 

improves occlusal balance, reduces chairside adjustment 

time, and enhances patient comfort compared with 

conventional methods alone. Accordingly, computerized 

occlusal analysis should be considered a valuable adjunct 

in contemporary restorative dentistry, particularly for 
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complex rehabilitative procedures requiring highly 

precise occlusal refinement [27,66,89]. 

 

Orthodontics 

The primary objective of orthodontic treatment 

extends beyond achieving ideal dental alignment to 

establishing a stable, functional occlusion that promotes 

long-term oral health. Conventionally, orthodontic 

finishing relies on articulating paper, clinical 

examination, mounted study casts, and the clinician's 

subjective interpretation of occlusal contacts. Although 

these methods are widely accepted, they provide limited 

information regarding the chronology of occlusal 

contacts and the relative distribution of occlusal forces 

after treatment [90,91]. 

 

Computerized occlusal analysis with the T-

Scan system has emerged as a valuable adjunct during 

the finishing phase of orthodontic therapy. The 

technology enables clinicians to evaluate occlusal 

contact sequence, force distribution, occlusion time, and 

center of force immediately after appliance removal. 

This objective assessment facilitates identification of 

premature contacts that may not be evident clinically but 

could contribute to post-treatment instability or patient 

discomfort [31,92]. 

 

Several studies have demonstrated that patients 

with ideal static occlusion according to conventional 

orthodontic indices may still exhibit significant 

functional occlusal imbalance when evaluated using T-

Scan. Computerized analysis frequently reveals 

asymmetric force distribution, prolonged occlusion time, 

or delayed posterior disclusion despite apparently 

satisfactory intercuspation. Such findings emphasize that 

functional occlusion cannot always be accurately 

predicted from static occlusal examination alone [26,93]. 

 

T-Scan has also been used to compare occlusal 

changes before and after orthodontic treatment. 

Progressive improvement in bilateral force distribution 

and reduction in occlusion time have been reported 

following comprehensive orthodontic therapy, 

suggesting that computerized occlusal analysis may 

serve as an objective outcome measure in addition to 

conventional orthodontic indices such as the Peer 

Assessment Rating (PAR) Index and the American 

Board of Orthodontics Objective Grading System (ABO-

OGS) [94,95]. 

 

The technology is particularly useful in 

multidisciplinary rehabilitation involving orthodontics 

combined with restorative dentistry, prosthodontics, or 

orthognathic surgery. In these complex cases, precise 

occlusal adjustment following completion of treatment 

may improve functional stability and facilitate long-term 

maintenance of the corrected occlusion [96]. 

 

Although evidence supporting routine use of T-

Scan during orthodontic treatment continues to grow, 

current literature indicates that computerized occlusal 

analysis should complement rather than replace 

conventional orthodontic assessment. Integration of 

objective force analysis with established orthodontic 

diagnostic methods provides a more comprehensive 

evaluation of treatment outcomes [27,97]. 

 

Temporomandibular Disorders 

Temporomandibular disorders (TMDs) 

comprise a heterogeneous group of musculoskeletal 

conditions affecting the temporomandibular joints, 

masticatory muscles, and associated structures. Patients 

commonly present with pain, restricted mandibular 

movement, joint sounds, muscle tenderness, and 

impaired oral function. Although the etiology of TMD is 

multifactorial, occlusal instability has been proposed as 

one of several contributing factors in selected patients 

[98,99]. 

 

Conventional occlusal examination provides 

limited information regarding functional occlusal 

dynamics that may influence masticatory muscle 

activity. The T-Scan system addresses this limitation by 

objectively measuring occlusion time, disclusion time, 

force distribution, and center of force during mandibular 

function. These parameters have been investigated 

extensively in relation to muscular TMD and occluso-

muscular dysfunction [32,34,100]. 

 

Among all T-Scan parameters, disclusion time 

(DT) has received particular attention. Prolonged 

posterior tooth contact during excursive mandibular 

movements has been associated with increased elevator 

muscle activity measured by electromyography (EMG). 

Kerstein and colleagues demonstrated that reduction of 

prolonged DT through Immediate Complete Anterior 

Guidance Development (ICAGD) significantly 

decreased masticatory muscle hyperactivity and reduced 

symptoms in selected patients with muscular TMD 

[101,102]. 

 

The integration of T-Scan with surface 

electromyography (BioEMG) represents one of the most 

significant advances in computerized occlusal analysis. 

Simultaneous recording of occlusal contacts and muscle 

activity enables clinicians to correlate occlusal events 

directly with neuromuscular responses. This combined 

approach provides valuable information regarding 

functional occlusal disturbances that cannot be obtained 

using conventional diagnostic methods alone [103,104]. 

 

Several clinical studies have reported 

improvements in pain intensity, mandibular function, 

chewing efficiency, and patient-reported quality of life 

following T-Scan-guided occlusal adjustment in 

carefully selected patients with occluso-muscular 

disorders. Nevertheless, contemporary evidence 

indicates that occlusal adjustment should not be regarded 

as a universal treatment for all TMD patients. Rather, 

computerized occlusal analysis should be incorporated 
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within a comprehensive diagnostic protocol that 

considers muscular, joint-related, psychological, and 

behavioral factors (105–107). 

Systematic reviews have concluded that although T-Scan 

provides objective and reproducible measurements of 

occlusal timing and force distribution, additional well-

designed randomized controlled trials are required to 

establish definitive clinical guidelines for its routine 

application in TMD management [27,66,108]. 

 

Periodontology 

Occlusal trauma has long been recognized as a 

modifying factor that may influence periodontal health 

when combined with inflammatory periodontal disease. 

Excessive occlusal loading may contribute to widening 

of the periodontal ligament space, increased tooth 

mobility, fremitus, and discomfort during function. 

However, accurate identification of excessive functional 

loading remains clinically challenging using 

conventional occlusal indicators [109,110]. 

 

Computerized occlusal analysis provides an 

objective method for identifying teeth subjected to 

disproportionate occlusal forces. Quantitative 

assessment of force distribution enables clinicians to 

determine whether mobile teeth or periodontally 

compromised teeth are receiving excessive functional 

loading. Such information may assist in selective 

occlusal adjustment, splinting procedures, and 

periodontal maintenance therapy [44,111]. 

 

Several authors have suggested that T-Scan 

may improve monitoring of occlusal changes following 

periodontal therapy, particularly in patients receiving 

regenerative procedures or implant-supported 

restorations adjacent to periodontally compromised 

teeth. Nevertheless, current evidence remains limited, 

and further prospective clinical studies are necessary to 

clarify the role of computerized occlusal analysis in 

periodontal treatment planning [112,113]. 

 

Endodontics 

Occlusal trauma is an important consideration 

during the diagnosis and management of symptomatic 

apical periodontitis, cracked tooth syndrome, and 

postoperative discomfort following endodontic 

treatment. High occlusal contacts may exacerbate pain 

during mastication and delay functional recovery after 

root canal therapy [114,115]. 

 

Conventionally, occlusal reduction following 

endodontic treatment is guided by articulating paper and 

clinical judgment. T-Scan enables clinicians to 

objectively identify excessive functional contacts 

responsible for localized overload. Quantitative occlusal 

adjustment may therefore reduce postoperative 

discomfort while preserving physiologic supporting 

contacts on adjacent teeth [31,116]. 

 

Although published evidence remains relatively 

limited, preliminary investigations suggest that 

computerized occlusal analysis may become a useful 

adjunct in the diagnosis of occlusal trauma associated 

with cracked teeth, vertical root fractures, and persistent 

postoperative pain of occlusal origin [117]. 

 

Oral and Maxillofacial Rehabilitation 

Comprehensive oral rehabilitation often 

involves multidisciplinary management of patients 

presenting with severe tooth wear, developmental 

anomalies, maxillofacial defects, trauma, or extensive 

prosthodontic reconstruction. Such cases require 

meticulous establishment of stable occlusion to ensure 

long-term functional success [49,118]. 

 

T-Scan facilitates objective evaluation of 

occlusal force distribution throughout various stages of 

rehabilitation, including provisional restorations, 

definitive prostheses, and maintenance appointments. 

Sequential recordings enable clinicians to monitor 

adaptation of the stomatognathic system and identify 

progressive occlusal changes that may require 

intervention [52,119]. 

Recent developments in digital dentistry have 

further expanded the role of computerized occlusal 

analysis through integration with intraoral scanners, 

CAD/CAM systems, virtual articulators, digital smile 

design, and artificial intelligence-based treatment 

planning. These technologies collectively support the 

transition toward fully digital prosthodontic workflows 

in which static morphology and dynamic function are 

assessed simultaneously [53,54,120]. 

 

As digital rehabilitation continues to evolve, T-Scan is 

expected to play an increasingly important role in 

validating functional occlusal outcomes following 

complex restorative and prosthodontic treatment. Future 

integration with digital twins, machine learning 

algorithms, and robotic occlusal adjustment systems may 

further enhance the precision and predictability of 

occlusal management [121,122]. 

 

DISCUSSION 
The application of computerized occlusal 

analysis has expanded considerably over the past three 

decades, resulting in a growing body of evidence 

evaluating its diagnostic accuracy, clinical reliability, 

and therapeutic value across multiple dental specialties. 

Although the majority of published studies consist of 

observational investigations, case series, and prospective 

clinical studies, an increasing number of randomized 

controlled trials and systematic reviews have examined 

the role of T-Scan in prosthodontics, implant dentistry, 

orthodontics, restorative dentistry, and 

temporomandibular disorders [123–125]. 

 

One of the most consistent findings across 

clinical studies is the superior ability of T-Scan to 

objectively evaluate occlusal force distribution 
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compared with conventional occlusal indicators. 

Multiple investigations have demonstrated that the size 

or intensity of articulating paper markings does not 

reliably correlate with actual occlusal loading, whereas 

computerized occlusal analysis provides reproducible 

measurements of relative force distribution and contact 

sequence [38,40,123]. 

 

Several studies have investigated the 

reproducibility of T-Scan recordings. Modern 

generations of the system, particularly T-Scan III and T-

Scan Novus, have demonstrated improved intra-

examiner and inter-examiner reliability compared with 

earlier versions. Advances in sensor technology, 

software algorithms, and calibration procedures have 

substantially enhanced recording consistency, making 

the system suitable for longitudinal clinical monitoring 

[124,126]. 

 

In prosthodontics, computerized occlusal 

analysis has been associated with improved occlusal 

adjustment following delivery of fixed restorations and 

complete dentures. Objective redistribution of occlusal 

forces has resulted in shorter occlusion times, improved 

bilateral force balance, reduced chairside adjustment, 

and greater patient satisfaction. Similar findings have 

been reported following full-mouth rehabilitation and 

extensive adhesive restorative procedures 

[50,73,89,127]. 

 

Evidence from implant dentistry likewise 

supports the use of T-Scan as an adjunctive tool for 

achieving implant-protected occlusion. Several 

prospective clinical studies have reported more uniform 

force distribution following T-Scan-guided occlusal 

adjustment of implant-supported restorations. Such 

optimization may reduce biomechanical complications 

including porcelain fracture, screw loosening, prosthetic 

instability, and excessive peri-implant loading, although 

long-term randomized studies evaluating implant 

survival remain limited [59,60,128]. 

 

The strongest body of clinical evidence has 

emerged in the management of occluso-muscular 

disorders. Multiple investigations have demonstrated 

significant reductions in occlusion time and disclusion 

time following T-Scan-guided selective occlusal 

adjustment. These changes have frequently been 

accompanied by reductions in electromyographic 

activity of the elevator muscles and improvements in 

pain intensity, mandibular function, and quality of life 

among carefully selected patients with muscular 

temporomandibular disorders [101–103,129]. 

 

Orthodontic studies have shown that ideal static 

intercuspation does not necessarily correspond to 

balanced functional occlusion. Computerized occlusal 

analysis has identified persistent asymmetry of force 

distribution following orthodontic treatment despite 

clinically acceptable occlusal relationships. 

Consequently, T-Scan has been proposed as an objective 

method for evaluating functional treatment outcomes 

during the finishing phase of orthodontic therapy [92–

95,130]. 
 

Despite encouraging findings, several 

limitations should be considered when interpreting the 

available literature. Many published studies involve 

relatively small sample sizes, heterogeneous patient 

populations, varying study designs, and short follow-up 

periods. Furthermore, differences in sensor generation, 

calibration techniques, operator experience, and outcome 

measures complicate direct comparison between studies. 

Standardized clinical protocols and multicenter 

randomized controlled trials remain necessary to 

establish stronger evidence regarding the long-term 

clinical benefits of computerized occlusal analysis 

[27,66,125,131]. 
 

Overall, current evidence supports the use of T-

Scan as a valuable adjunctive diagnostic technology 

capable of providing objective functional information 

beyond that obtained with conventional occlusal 

indicators. However, computerized occlusal analysis 

should complement comprehensive clinical examination 

rather than replace established prosthodontic and 

restorative principles [44,66,123]. 
 

Advantages of T-Scan 

Compared with conventional occlusal 

indicators, the T-Scan system offers several clinically 

significant advantages that have contributed to its 

increasing adoption in contemporary dental practice. 
 

Objective Quantification 

Unlike articulating paper, which provides only 

qualitative information, T-Scan objectively quantifies 

relative occlusal force distribution and contact timing, 

reducing operator subjectivity and improving diagnostic 

precision [38,44]. 
 

Dynamic Occlusal Analysis 

The ability to record occlusal events 

continuously from initial tooth contact through 

maximum intercuspation and excursive movements 

represents one of the greatest advantages of 

computerized occlusal analysis. Dynamic assessment 

enables identification of premature contacts and occlusal 

interferences that remain undetected during static 

examination [29,30]. 
 

Improved Treatment Precision 

Objective force analysis allows selective 

adjustment of high-force contacts while preserving 

physiologic supporting contacts, minimizing 

unnecessary removal of tooth structure and restorative 

material [44,50,132]. 
 

Better Documentation 

Digital recordings can be stored, compared 

longitudinally, and incorporated into patient records, 
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facilitating treatment monitoring, medico-legal 

documentation, and patient education [31,133]. 
 

Enhanced Patient Communication 

Three-dimensional color-coded force maps 

provide a visual representation that improves patient 

understanding of occlusal problems and increases 

acceptance of recommended treatment [134]. 
 

Integration with Digital Dentistry 

Modern T-Scan systems integrate with 

electromyography, CAD/CAM restorations, intraoral 

scanners, and virtual articulators, supporting 

comprehensive digital workflows in restorative dentistry 

and prosthodontics [53,54,120]. 
 

Limitations and Challenges 

Despite its numerous advantages, T-Scan 

possesses several limitations that should be recognized 

during clinical application. 
 

The system records relative rather than absolute 

occlusal force. Consequently, measured force 

percentages represent proportional distribution rather 

than actual bite force expressed in Newtons [37]. 
 

Sensor durability remains another important 

consideration. Repeated use may reduce sensor 

sensitivity and accuracy, necessitating periodic 

replacement according to manufacturer 

recommendations [23,31]. 
 

Although the sensor is extremely thin, its 

presence between the dental arches may slightly 

influence natural occlusal relationships in certain 

patients, particularly those with limited interocclusal 

space or unstable occlusion [24,124]. 
 

Interpretation of computerized recordings 

requires appropriate training and clinical experience. 

Inaccurate sensor positioning, improper calibration, or 

incorrect patient instruction may influence recording 

quality and lead to erroneous clinical conclusions 

[31,125]. 
 

Cost also represents a barrier to widespread 

adoption. Acquisition of the T-Scan system, disposable 

sensors, software maintenance, and staff training 

increase clinical expenditure compared with 

conventional occlusal indicators [66]. 
 

Importantly, T-Scan cannot precisely identify 

the anatomical location of individual occlusal contacts. 

Therefore, articulating paper or shimstock remains 

necessary for accurate localization during selective 

occlusal adjustment [20,29,44]. 
 

Future Perspectives 

Rapid advances in digital dentistry are expected 

to further expand the clinical applications of 

computerized occlusal analysis. 

Integration of artificial intelligence and 

machine learning algorithms may facilitate automated 

interpretation of occlusal recordings, identification of 

abnormal force patterns, prediction of prosthetic 

complications, and individualized occlusal treatment 

planning [135,136]. 

 

The development of digital twins and patient-

specific virtual occlusal simulations may enable 

clinicians to predict functional outcomes before 

restorative treatment is initiated. Such technologies 

could substantially improve precision in prosthodontic 

rehabilitation and implant dentistry [137]. 

 

Future integration of T-Scan with intraoral 

scanners, jaw-tracking systems, cone-beam computed 

tomography, and virtual articulators may permit 

comprehensive digital analysis of both static morphology 

and dynamic function within a unified treatment 

platform [138,139]. 

 

Improvements in sensor technology are 

expected to enhance durability, spatial resolution, 

flexibility, and recording accuracy while reducing sensor 

thickness and cost. Wireless data acquisition and cloud-

based storage may facilitate teleconsultation and 

multicenter research collaboration [140]. 

 

Standardization of recording protocols, 

calibration procedures, and interpretation criteria will be 

essential for improving inter-study comparability and 

strengthening the evidence base supporting 

computerized occlusal analysis [125,141]. 

 

Clinical Recommendations 

Based on the available evidence, the following 

recommendations may assist clinicians in the appropriate 

use of T-Scan technology: 

1. T-Scan should be used as an adjunct to 

comprehensive clinical examination rather than 

as a replacement for conventional occlusal 

assessment.  

2. Computerized occlusal analysis should always 

be combined with articulating paper or 

shimstock foil to accurately localize occlusal 

contacts before adjustment.  

3. T-Scan is particularly beneficial during:  

o Full-mouth rehabilitation  

o Implant-supported prostheses  

o Occlusal adjustment following fixed 

prosthodontic treatment  

o Orthodontic finishing  

o Complete denture insertion  

o Management of selected occluso-muscular 

disorders.  

4. Sequential recordings should be performed 

before and after occlusal adjustment to 

objectively evaluate treatment outcomes.  

5. Appropriate operator training is essential to 

ensure accurate recording, interpretation, and 
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clinical application of computerized occlusal 

analysis.  

 

Future Research Directions 

Despite substantial advances in computerized 

occlusal analysis, several important areas warrant further 

investigation: 

• Large multicenter randomized controlled trials 

comparing T-Scan-guided occlusal adjustment 

with conventional occlusal adjustment across 

different dental specialties.  

• Long-term prospective studies evaluating the 

influence of computerized occlusal analysis on 

implant survival, prosthetic complications, and 

restorative longevity.  

• Development of standardized protocols for 

sensor calibration, recording procedures, and 

interpretation of occlusal parameters.  

• Integration of T-Scan data with artificial 

intelligence and machine learning algorithms 

for automated diagnosis and treatment 

planning.  

• Validation of digital twin technology for 

predicting functional occlusal outcomes before 

restorative and prosthodontic treatment.  

• Cost-effectiveness analyses evaluating the 

routine incorporation of computerized occlusal 

analysis into general dental practice.  

• Investigation of wearable and real-time occlusal 

monitoring systems capable of assessing 

functional occlusion during mastication and 

parafunctional activities.  

 

CONCLUSION 
Computerized occlusal analysis has 

fundamentally transformed the evaluation of dental 

occlusion by providing objective, quantitative, and 

dynamic information that complements conventional 

clinical assessment. Since its introduction in the late 

1980s, the T-Scan system has undergone continuous 

technological refinement, evolving from a relatively 

simple force-recording device into a sophisticated digital 

diagnostic platform capable of analyzing occlusal force 

distribution, contact sequence, occlusion time, disclusion 

time, and center of force in real time. These 

advancements have significantly expanded its clinical 

applications across multiple dental specialties, including 

prosthodontics, implant dentistry, restorative dentistry, 

orthodontics, periodontology, complete denture 

rehabilitation, and temporomandibular disorder 

management. 

 

One of the principal advantages of T-Scan is its 

ability to objectively quantify relative occlusal force 

distribution, thereby overcoming many of the limitations 

associated with conventional occlusal indicators such as 

articulating paper and shimstock foil. Dynamic 

visualization of occlusal events allows clinicians to 

identify premature contacts, occlusal interferences, 

asymmetrical force distribution, prolonged occlusion 

time, and delayed posterior disclusion with greater 

accuracy than subjective clinical methods alone. When 

combined with conventional contact-marking 

techniques, computerized occlusal analysis enables more 

precise occlusal adjustment while minimizing 

unnecessary modification of restorations or natural tooth 

structure. 

 

Current evidence suggests that T-Scan 

improves diagnostic precision and facilitates objective 

evaluation of treatment outcomes in a wide range of 

clinical situations. In prosthodontics and restorative 

dentistry, computerized occlusal analysis enhances 

occlusal refinement of fixed and removable prostheses, 

promotes balanced force distribution, and improves 

patient comfort. In implant dentistry, objective 

assessment of occlusal loading supports the principles of 

implant-protected occlusion and may reduce 

biomechanical complications associated with excessive 

functional loading., growing evidence supports its role in 

orthodontic finishing and in the functional assessment of 

occlusion following multidisciplinary rehabilitation. 

 

The strongest evidence supporting T-Scan has 

emerged in the evaluation of functional occlusal 

parameters associated with muscular 

temporomandibular disorders. Objective measurement 

of occlusion time and disclusion time, particularly when 

combined with surface electromyography, has provided 

important insights into the relationship between occlusal 

dynamics and masticatory muscle activity. Nevertheless, 

contemporary evidence indicates that computerized 

occlusal analysis should be incorporated within a 

comprehensive diagnostic protocol and should not be 

regarded as a standalone diagnostic or therapeutic 

modality for temporomandibular disorders. 

 

Despite its considerable advantages, T-Scan 

possesses certain limitations. The system measures 

relative rather than absolute occlusal force, requires 

periodic sensor replacement, involves additional 

financial investment, and demands appropriate operator 

training for accurate interpretation. Furthermore, it does 

not precisely localize occlusal contacts on tooth surfaces 

and therefore should be used in conjunction with 

conventional contact indicators. These limitations 

emphasize that computerized occlusal analysis serves as 

an adjunctive technology rather than a replacement for 

sound clinical judgment and established prosthodontic 

principles. 

 

Future developments in digital dentistry are 

expected to further enhance the capabilities of 

computerized occlusal analysis. Integration with 

artificial intelligence, machine learning, digital twins, 

jaw-tracking systems, cone-beam computed 

tomography, virtual articulators, and fully digital 

prosthodontic workflows may permit comprehensive 

functional analysis of the stomatognathic system and 
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facilitate highly individualized treatment planning. 

Improvements in sensor technology and software 

analytics are also anticipated to increase recording 

accuracy, reduce cost, and expand accessibility in routine 

clinical practice. 

 

In conclusion, T-Scan represents one of the 

most significant advances in digital occlusal analysis and 

provides clinicians with objective functional information 

that cannot be obtained using conventional occlusal 

indicators alone. Although further high-quality 

multicenter randomized clinical trials are required to 

strengthen the evidence base, current literature supports 

its use as a valuable adjunct in contemporary dental 

practice. Appropriate integration of computerized 

occlusal analysis with comprehensive clinical 

examination has the potential to improve diagnostic 

accuracy, optimize occlusal adjustment, enhance 

treatment outcomes, and contribute to the long-term 

success of restorative, prosthodontic, and implant 

rehabilitation. 
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