International Journal of Research Publication and Reviews, Vol 5, no 12, pp 2326-2330 December 2024

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

A Review on Role of T Scan in Occlusion Analysis

Dr. Sakthivel. R 1, Dr. Mohammed Yasin 2, Dr. Ranjani. T 3, Dr. Ponsekar Abraham. A #

12 Junior Resident, * Professor,  HOD Prosthodontics,

Department of Prosthodontics, Thai Moogambigai Dental Collage and Hospital
Affiliation — Dr.M.G.R Educational and Research Institute

Mail- Peterparker74547 @gmail.com

ABSTRACT

The T-Scan system is an advanced tool for dynamic occlusal analysis, providing precise real-time data on the force, timing, and distribution of occlusal contacts. It
significantly improves the diagnosis and management of occlusal discrepancies by capturing detailed information on the intensity, sequence, and location of forces
across the dental arches. This system is particularly beneficial in prosthodontics, implant dentistry, and orthodontics, offering a method to prevent complications
such as premature restoration failure or implant overload. By allowing clinicians to evaluate occlusion objectively, T-Scan enhances treatment planning, improves
patient comfort, and reduces the need for multiple follow-up visits. The system also plays a key role in Temporomandibular Disorder (TMD) management, offering
insights into joint function and muscle activity. Despite some limitations, such as sensor sensitivity and flexibility, the T-Scan remains an indispensable tool for
modern occlusal management, improving both clinical outcomes and patient satisfaction.
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Introduction

Dental occlusion is defined as the static relationship between the biting or chewing surfaces of the upper (maxillary) and lower (mandibular) teeth or their
analogs, as well as the process of closure or being closed off. This relationship is a critical aspect of oral function and is essential for maintaining balanced,
functional, and healthy teeth and supporting structures. Occlusal-articulation relationships are recorded through various occlusal analysis methods, with
articulating paper being the most widely used technique in dentistry to identify contact points between the upper and lower teeth. However, articulating
paper provides only limited information by highlighting points of contact without indicating force levels or the precise timing of occlusal interactions.*
The T-Scan, a computerized occlusal analysis system, significantly advances occlusal diagnostics by enabling dentists to observe, in real-time, how
occlusal forces are distributed across the dental arches. Unlike traditional techniques, the T-Scan captures the intensity, duration, and distribution of forces
on individual teeth, offering a comprehensive view of the occlusal dynamics.? T-Scan™ provides dynamic occlusal measurement, revealing not only the
levels of force but also the sequence and stability of forces across the teeth, which is crucial for accurate diagnosis and treatment planning. By using the
T-Scan, clinicians can protect restorations like crowns, bridges, and veneers from high occlusal forces that could compromise their longevity; they can
also verify that dental implants are not prematurely subjected to excessive loading, which can jeopardize integration and stability.?

Additionally, the T-Scan assists in evaluating anterior contacts, which is particularly useful during active clear aligner therapy, ensuring that forces are
evenly distributed and aligners function as intended. The system also aids in initial occlusal screenings for new patients and enables ongoing monitoring
throughout treatment, supporting comprehensive occlusal management. Furthermore, it streamlines clinical efficiency by reducing the need for multiple
visits to make adjustments, as it provides accurate data that guides effective occlusal modifications.* By adopting the T-Scan, practitioners can differentiate
their practice through the integration of advanced digital technology, enhancing patient care by complementing other digital tools such as intraoral
scanners, which together allow for precise digital diagnostics and treatment planning. The T-Scan system thus plays a pivotal role in modern occlusion
analysis by providing detailed quantitative data on occlusal contacts, force distribution, and the dynamic interactions between the dental arches.® This
overview explains the importance and benefits of T-Scan in occlusion analysis.

History and Review of Literature

The development of T-Scan technology has spanned over 36 years, originating with the T-Scan | model in 1984. The system, pioneered by Maness and
colleagues, introduced a Mylar-encased, pressure-sensitive ink sensor technology (G1), creating a novel computerized solution that could conveniently
and accurately record occlusal forces, thus marking a significant advancement in occlusal diagnostics.® In 1987, Tekscan introduced the first grid-based
sensor specifically designed for occlusal analysis, revolutionizing dental diagnostics in response to the clinical need for precise dynamic occlusion
measurement. This initial G1 sensor underwent multiple design enhancements and improvements in registration capabilities, fueled by ongoing clinical
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studies to refine its sensitivity and accuracy. By 1995, Tekscan launched the T-Scan Il for Windows, followed by T-Scan Il in 2004, which offered
software versions 5, 6, and 7, further optimizing the system’s diagnostic potential. The most notable advancement arrived with the high-definition (HD)
sensor, a slimmer and more sensitive iteration of its predecessors, enabling more detailed force detection and increased clinical applicability. In 2008,
Turbo recording was introduced, enhancing the data capture speed, and by 2014, Tekscan released the T-Scan 8, continuing to improve accuracy and user
experience. The T-Scan handpiece saw a redesign in 2015 with the Novus model, paired with software version 9.1, while the latest version, T-Scan 10,
debuted in 2018, reflecting ongoing innovation in both hardware and software to meet the needs of modern dental practices.®

Clinically, the T-Scan system is recognized for its capability to deliver quantitative measurements of occlusal contact area (OCA) and occlusal contact
number (OCN), demonstrating a high degree of reliability and validity in practice (Wang et al., 2024). The system’s ability to assess force distribution
across the dental arches enables clinicians to detect and manage occlusal discrepancies accurately (Abutayyem et al., 2023).” Additionally, T-Scan
supports dynamic occlusal analysis, which is particularly valuable for evaluating occlusal changes over time, such as before and after restorative
procedures. This adaptability allows for insights into how occlusal forces stabilize and adapt post-treatment, supporting precise adjustments that enhance
patient comfort and optimize treatment results (Chan et al., 2024).% The system also captures real-time interactions between occlusal surfaces, facilitating
informed adjustments that improve patient outcomes (Boukhris et al., 2024). In comparison with other occlusal analysis systems, T-Scan is widely
regarded as the gold standard due to its superior capability in providing detailed and reliable data on force distribution. Comparative studies have
consistently highlighted its advantages over other systems, underscoring T-Scan's value in delivering comprehensive and clinically meaningful insights
into occlusion dynamics (Popa et al., 2024). This continuous evolution of the T-Scan, driven by clinical research and technological advancements, has
established it as an indispensable tool in the analysis and management of occlusal forces in dental practice.®

The System

The T-Scan system is a computerized device designed for occlusal force analysis, playing a critical role in prosthetic and restorative dentistry by aiding
in clinical functional assessment. When a patient bites onto the U-shaped pressure-sensitive occlusal sensor, data is captured and displayed on a computer
screen as dynamic 2D and 3D color-coded images. These images use a color range from blue (indicating optimal force) to red (indicating high force
areas), allowing clinicians to easily identify force distribution across occlusal surfaces. The T-Scan system also enables real-time adjustments, providing
precisely targeted occlusal equilibration after procedures such as prosthetic, restorative, orthodontic, or implant treatments.'® The latest generation of T-
Scan technology records multiple parameters in real time, including force intensity, contact timing, balance, and location, allowing for detailed analysis
of occlusal contact sequences and force changes from initial contact to full intercuspation. It can rapidly pinpoint high-force areas, premature contacts,
non-uniform force concentrations, and accurately assess disclusion time. The T-Scan requires a Windows-based system (Windows 7, 8, or 10), a minimum
of an Intel Core™?2 Duo processor (Intel Celeron processors are not recommended), 2GB RAM, 5GB disk space, and a dedicated video card. Alternatively,
it can operate on a MacBook Pro (13" or larger) running a virtual Windows system using software like VMware Fusion or Parallels Desktop, requiring
at least 8GB of RAM and 75GB of disk space. The T-Scan assembly includes a flat U-shaped disposable sensor, a sensor holder, a handle assembly with
a cable, a USB interface for connecting to a computer, and compatible software. The hand-held device containing the sensor fits between the patient's
occlusal surfaces and connects via USB to a computer, where occlusal contact factors—such as bite timing, length, and force—are recorded. This data is
then stored on a hard drive and can be incrementally reviewed as a time-based video, providing a comprehensive and quantifiable view of occlusal
contacts for accurate data analysis.'*

The T-Scan sensor is a key component in occlusal force analysis, evolving significantly since its initial development. The first-generation (G1) sensor,
developed in 1984, was made from a Mylar laminated pressure-sensitive ink grid shaped like a dental arch. It captured occlusal contact sequences with
real-time force information at 0.01-second intervals across 16 levels of intraoral force. Over time, the sensor design improved, with the G2 version being
thinner and more flexible. The third generation (G3) introduced proprietary resistive ink by Tekscan, improving sensor hysteresis, accuracy, and
repeatability. This design included two layers of Mylar with a grid of resistive ink that created individual sensing elements (sensels) at each row-column
intersection, where force application altered resistance, resulting in a voltage drop that enabled precise force data acquisition. In 2002, the high-definition
(HD) sensor was introduced, with an increased sensel area for finer measurement, placing sensels closer together. The latest T-Scan 111 v10 sensor, just
0.1 mm thick, is ultra-thin and reusable, designed specifically to fit the dental arch. Available in two sizes (large and small) to accommodate different
arch dimensions, each sensor contains 1122 to 1370 sensels. Each sensel records up to 256 force values, and sensitivity is adjustable to capture force as
a percentage of the maximum recorded force. Accurate occlusal registration requires calibration to reduce variance from positioning and saturation.
Reliable calibration transforms T-Scan output during biting into absolute force units, ensuring precision across clinical applications.*?

Mechanism and Recording Technique of T-Scan System

The T-Scan system utilizes a sensor attached to a handheld device to record occlusal data in real time, providing both time and force analysis modes.
During the recording process, the patient is seated upright with their mandible parallel to the floor, and the sensor is positioned between the occlusal
surfaces. The recording begins when the patient bites down until full intercuspation is reached. In time analysis mode, the system displays occlusal contact
timing and sequence, marking each contact in distinct colors to highlight the order and duration of interactions relative to the initial contact. Force analysis
mode shows the location and relative force of each contact, displayed in a gradient color map, from blue (optimum force) to red (high force).® Within
force analysis, two sub-modes are available: "instantaneous," capturing a single force snapshot, and "sequential,” generating a 3-second force movie with
approximately 180 frames to analyze mandibular motion. The T-Scan records various mandibular movements like centric relation, multi-bite, lateral and
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protrusive excursions, and clenching or grinding. Rather than absolute force values, it measures relative force levels to accommodate variations in muscle
force across different intercuspations, pinpointing areas of excessive or inadequate force for precise adjustments. This analysis is shown as a 3D color-
coded bar graph, where bar height and color denote force intensity at each contact point. The system tracks the force center trajectory, illustrating the
occlusal contact sequence and intensity over time. With this data, clinicians can identify and adjust premature or excessive contacts, achieving optimal,
balanced occlusal contact that provides patients with a more uniform and comfortable occlusal feel.**

The Role of T-Scan in Prosthodontics and Implant Dentistry

In prosthodontics, the replacement of single or multiple teeth with crowns, bridges, complete or partial dentures is a standard procedure aimed at restoring
function and aesthetics. A significant challenge in these restorations is achieving proper occlusion; even minor misalignments can disrupt stability and
cause discomfort. The T-Scan system offers an effective solution by serving as a diagnostic tool for assessing occlusal stability in intercuspal positioning
and ensuring balanced occlusion, which is essential for long-lasting dental restorations. In implantology, T-Scan is critical for preventing complications
associated with excessive bite forces and occlusal overload, which can lead to bone loss or implant failure. This system measures force application on
adjacent teeth and implants in milliseconds, identifying occlusal discrepancies that can harm implant stability. By generating precise, measurable data on
occlusal load and timing, T-Scan protects vulnerable materials such as ceramic restorations, while also enhancing the functional comfort of a patient's
bite. The technology not only converts qualitative observations into quantifiable data, but also visually maps force and timing across occlusal surfaces,
providing an objective analysis of occlusal relationships. For instance, studies conducted by researchers like Halili et al. have demonstrated T-Scan’s
efficacy in quantifying occlusal forces, while Bozhkova et al. highlighted the system's ability to transform qualitative data into actionable clinical insights.
In addition, research using T-Scan |11 by Vladutu et al. found correlations between occlusal interactions and muscle activity in patients who grind their
teeth, revealing important information for treatment planning. Implant dentistry has greatly benefited from T-Scan, as the technology supports precise
force adjustments on restorations, enhancing stability, durability, and patient satisfaction. Studies by Wu et al. and Ding et al. underscore the value of T-
Scan in managing occlusal forces for implant-supported crowns and bridges, facilitating adjustments that optimize force distribution, minimize tissue
damage, and ultimately extend the lifespan of dental implants. This innovative technology continues to shape implant dentistry by enabling clinicians to
achieve mechanically stable and physiologically compatible occlusions, improving both short- and long-term treatment outcomes. 62

Advantages of the T-Scan System in Prosthodontic Practice

The T-Scan system provides numerous advantages in dental practice by offering a three-dimensional assessment of tooth contact location and timing,
enhancing the ability to identify premature contacts and occlusal interferences in dynamic rather than static occlusion. This precision facilitates accurate
diagnoses and improved occlusal balance, which directly contributes to higher quality care and more efficient treatment outcomes. The T-Scan's ability
to analyze force distribution symmetrically across the dental arch aids in refining treatment plans and ensures optimal occlusal harmony, reducing the
risk of complications such as implant failure, tooth trauma, unstable dentures, ineffective splints, and porcelain fractures. This technology also enhances
patient education by visually displaying occlusal dynamics, thereby increasing patient understanding, involvement, and adherence to treatment
recommendations. In terms of efficiency, the T-Scan shortens treatment time and improves comfort for patients with dental prostheses. Additionally, it
allows for data storage and legal documentation of treatment outcomes, which bolsters patient trust and offers valuable records for practice management.
By presenting objective, reproducible data, the T-Scan not only supports clinical decisions but also serves as a research tool to evaluate materials and
assess the long-term results of occlusal therapies. Furthermore, the system can help build a dental practice by increasing patient satisfaction and generating
referrals from other professionals.'’:1%2

T-Scan in the Assessment and Management of Temporomandibular Disorders (TMD)

The T-Scan system plays a vital role in assessing and managing Temporomandibular Disorders (TMD) by detecting occlusal discrepancies that contribute
to joint discomfort and dysfunction. TMD is often associated with prolonged disclusion times, premature contacts, and asymmetrical occlusal forces,
which can lead to joint-related issues. T-Scan, combined with kinesiographic and electromyographic techniques, helps clinicians pinpoint the timing,
strength of contact points, and muscle activity, aiding in the diagnosis and treatment of occlusal issues related to TMD. By providing detailed data on
functional occlusion and occlusal contacts during mandibular movement, T-Scan enables objective assessment and monitoring of treatment effects.
Initially released in 1984, the T-Scan | technology allowed for precise measurement of occlusal contact time in 0.01-second increments, marking a
significant advancement in occlusal analysis and its role in TMD research. Studies by Thumati et al. and Dzingute et al. have shown the impact of occlusal
equilibration on myofascial pain symptoms, indicating a relationship between static occlusion factors and TMD. This technology has improved TMD
management by allowing clinicians to reduce disclusion times, enhancing patient outcomes and comfort.?2223

Limitations of the T-Scan System in Occlusal Analysis

The T-Scan system, while valuable in occlusal analysis, has certain limitations that can affect its accuracy and functionality. One major issue is the
insufficient flexibility of the foil sensor, which can lead to uncontrolled mandibular shifts and result in incorrect data. The sensor film may also lack
uniform sensitivity and requires preconditioning for accurate recording. Additionally, the sensors themselves could alter the occlusion, and their thickness
(0.1mm) is still relatively greater than occlusal indicators like articulating silk, which could interfere with dental proprioception and functional occlusion.
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Another concern is that concentrated bite forces on small areas, such as sharp tooth cusps, may damage the sensors, causing inaccurate recordings or
artifacts. The system can only detect occlusal interferences greater than 0.6mm in size, and its two analysis modes (force and time) may present varying
data, with the time mode registering more contacts and the force mode offering less variability. Despite these limitations, the T-Scan system provides
valuable information, but clinicians must be mindful of these constraints during occlusal adjustments. Furthermore, the system lacks the ability to measure
absolute bite force values, and data reproducibility remains a challenge.?*%

Conclusion

The T-Scan system has become an invaluable tool in modern dentistry, offering enhanced precision and effectiveness in occlusal analysis. As a Class |
FDA-approved device, it is classified as a low-risk tool, designed to support clinical dentistry without posing significant health risks. Its ability to provide
quantitative data and real-time visualization of occlusal conditions allows for accurate diagnosis, precise planning, and effective monitoring of occlusal
adjustments throughout various treatment phases. Additionally, the T-Scan facilitates patient education by enabling clear and tangible explanations of
occlusal dynamics. While the system does have some limitations, its contributions to improving treatment outcomes and supporting efficient clinical
decision-making make it an essential asset in contemporary dental practice.
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