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Accuracy, Reliability and
Clinical Implications of Static
Compared to Quantifiable
Occlusal Indicators

ABSTRACT

Objective: This literature review summarizes the properties, advantages, limitations,
and clinical implications of employing static occlusal indicators compared to quantifi-
able digital occlusal indicators during occlusal adjustments. Method: An electronic
database search of dental literature was carried out in PubMed/MEDLINE using the key
words Occlusal Indicators, Occlusal Assessment, Static, Reliability, Dynamic, Repeata-
bility, Validity and Clinical Accuracy. A total of 231 papers were isolated, with 129 papers
considered for review. Results: The included papers were grouped by Static and Dynamic
Occlusal indicators. The numbers of papers in the Static Group was extremely low (only
20 papers) compared to The Dynamic group (T-Scan: 89; Dental Prescale: 28; Intraoral
Scanners:17). Conclusion: Little evidence supports the use of static occlusal indicators
due to their high degree of subjectivity required during implementation. However, much
scientific evidence supports the use of T-Scan, as it measures relative occlusal forces
and timing objectively, accurately, and repeatedly. For the improvement of Occlusal
Practice, Subjective Interpretation using Static occlusal indicators should be replaced
with digital ones for objective measurements. Clinical Relevance: The computerized
occlusal analysis system is well studied and has the capacity to provide precise time
and force sequencing information to objectively evaluate occlusal contacts forimproved
treatment outcome.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

The term “Occlusion” has been of considerable interest to dental clini-
cians and researchers alike. It is describes the contact relationship be-
tween the upper and lower teeth. Evaluation of the occlusion has a long
history dating back to 1681, when Borelli studied the intraoral mastication
load using a mechanical ‘Gnathodynamometer’ (Brawley et al. in 1938).
Since then, researchers and dental professionals continue to study how
teeth intercuspate, using various occlusal indicators and devices that were
invented and designed to gain more insight into the dynamic interactions
between mandibular movements and the many morphological tooth-to-
tooth contact interactions. These morpho-functional interactions involve
all aspects of the masticatory system, namely the teeth, the periodontal
tissues, the neuromuscular system, the temporomandibular joint, and the
craniofacial bones."® The various occlusal indicators analyze these occlusal
interactions, and facilitate the making of beneficial occlusal adjustments
during dental procedures.
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Occlusal indicators can be broadly categorized into Static
Occlusal Indicators and Quantifiable Occlusal Indicators. The
commonly used static occlusal indicators are dental materials
(articulation paper, Shim Stock foils, impression materials and
occlusal wax sheets), who's contact selections during occlusal
adjustments are based on each material's differing physical
properties and intraoral appearance characteristics. Static
indicators are placed between opposing teeth to imprint, or
mark with color, the occlusal contact locations and their con-
tact area, which is defined by each material's thickness and
flexibility. To choose contacts for occlusal adjustment, the
mark size and mark color intensity, or the imprint depression
depth, is subjectively judged for force levels by the operator
interpreting the markings or imprints, which is combined
with patient verbal feel feedback about where perceived high
points exist in their occlusion.* Quantifiable Occlusal Indica-
tors on the other hand, have the capacity to record and display
the registration of the occlusal contact relative force levels
per tooth, and sequence the differing contacts’ timing vari-
ant when a patient makes a closure movement into Maximum
Intercuspation (MIP), or when excursing laterally or protrusively.

Occlusal Adjustment is defined by Bulter> as being a modifi-
cation on the tooth surfaces, in order to attain a harmonious,
stable relationship between opposing contacting surfaces.
Occlusal adjustments are performed on both maxillary and
mandibular teeth, by selectively grinding off tooth material
to establish (in theory) simultaneous occlusal contacts in clo-
sure, and ensure there are no interfering contacts present
during mandibular excursions.5” Although widely performed
throughout dental practice when delivering crowns and den-
tal implant prostheses, some authors have opined that occlus-
al adjustment procedures made to natural teeth are invasive
and irreversible.®

The registration of the occlusion for dentate patients is an
essential element of everyday clinical practice. Making a reli-
able occlusal diagnosis is crucial to remedying the patient’s in-
dividual occlusal issues with appropriate occlusal adjustment
procedures.’® Yet, it is surprising that occlusal evaluations are
normally carried out as an afterthought to many clinical pro-
cedures, where the materials and techniques used have not
been the subject of extensive research.

The Specific Aims of this review paper are to answer the fo-
cus question, “what is the Accuracy, Reliability and Clinical Im-
plications of using Static Occlusal indicators when compared
to using Quantifiable Occlusal Indicators?” To that end, this ar-
ticle reviews the advantages and limitations of the commonly
employed differing static and quantifiable occlusal indicators
that are used when refining the occlusion.
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MATERIAL AND METHOD
SEARCH STRATEGY

An electronic database search of the English language den-
tal literature without restrictions was carried out in PubMed/
MEDLINE, using the Key Words Occlusal Indicators, Occlusal
Assessment, Static, Reliability, Dynamic, Repeatability, Validity
and Clinical Accuracy, with all fields in each search term being
considered. A total of 231 papers were located, out of which
129 papers were considered for this review.

The inclusion criteria were to select studies involving any
static or dynamic occlusal indicators that pertained to:

*  Making an occlusal diagnosis,

+ Testing occlusal treatment outcomes with any static
occlusal indicator, the T-Scan system, or the Dental
Prescale system

«  Evaluating the characteristics, properties, sensitivity, ac-
curacy, and reliability of the occlusal indicators when
used individually, or in combination.

The exclusion criteria were to eliminate studies that did not:

«  Pertain to the accuracy or reliability of the occlusal in-
dicators

* Relate to the focus question despite appearing within
the search (e.g. The accuracy of virtual interocclusal reg-
istration during intraoral scanning),

«  Describe the methodology or technique of how specifi-
cally, the occlusal registration materials or differing in-
dicators were used in the study (for example; Bite force
and occlusal load distribution in normal complete denti-
tions of young adults),

¢ Present their Abstract in English.

The selection process grouped the papers together by
whether they were about Static or Dynamic Occlusal Indica-
tors. Under the Dynamic Indicators category there were 6
subgroups of papers:

1. T-Scan (89 papers)

2. Dental Prescale (28 papers)

3. Gnathodynanometer (4 papers),

4. Fiber Bregg Grating Bite Force Recording (1 paper)
5. Electrognathography System (1 paper)

6. Intraoral Scanners (17 papers)

The numbers of papers in the literature describing the Static
Group was surprisingly low (only 20 papers total), indicating
that, although they are commonly employed, static materials
have been minimally studied for their use accuracy.

ceeesereteise e eseeeese. o Staticand Quantifiable Occlusal Indicators...
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Under the Static Indicators category there were also 6 sub-
groups of papers:

1. Articulating paper (8 papers)
Optical Silicone Registration material (2 papers)

Accufilm articulating Mylar film (3 papers)

2
3
4. High Viscosity Polysiloxane moulding material (1 paper)
5. Shim Stock and silk ribbon (3 papers)

6

occlusal waxes (3 papers).

STATIC OCCLUSAL INDICATORS

Static Occlusal indicators are used to determine the occlusal
contact locations, and/or for recording and transferring a pa-
tient's interocclusal relationship onto an articulator (Figure 1).
Some static indicators can be used in the fabrication of dental
prostheses, by placing them between opposing teeth to im-
print the maxillomandibular relationship, or mark occlusal
surfaces with colored inks to subjectively determine contact
forces, which is often combined with the patient’s verbal feel
feedback to help guide a dentist in making occlusal adjustments.

Use of these Occlusal Indicators to determine the occlusal
contact areas, or detect locations of supposedly heavy contact
points in the occlusion, is based on their displayed appear-
ance characteristics and of their physical properties (viscosity,
elasticity, volumetric shrinkage, distortion, and crumpling).*
The residual ink mark left on the tooth, or the imprint of the
occlusal surface morphology in silicone or wax, is subjectively
interpreted by the clinician to judge the amount of occlusal
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force associated with the color-depth of the ink mark, the size
of the ink mark, or the shape and depth of the imprint. What
is surprising is that dentists routinely use these materials as
if they measure occlusal forces in some way by their appear-
ance characteristics, despite that none of these materials have
any true force measurement descriptive capacity. Therefore,
in reality, the static method used for occlusal adjustment pro-
cedures, although widespread in Dental Medicine, lacks sci-
entific evidence that correlates wax or impression material
imprints, or the depth, color, or size of an articulating paper
mark to actual measured amounts of applied occlusal force.
This method has been proved to be highly error prone and
frequently results in poor occlusal contact choices."213

Commonly used Static occlusal indicators are:

*  Articulation paper strips - the strip leaves ink marks on
the teeth where occlusal contact exists.™

«  Shimstock foils - are tugged and pulled out from be-
tween occluding teeth to detect “withdrawal resistance”
that supposedly indicates differing levels of forceful or
non-forceful occlusal contacts.’®

*  Occlusal wax sheets - are softened and then imprinted
by opposing teeth. Wax perforations or apparent wax
thinness indicate occlusal contact or near contact.’®

+  Elastomeric impression materials - these materials are
injected between opposing teeth to locate occlusal con-
tacts. It is believed where the impression material is dis-
placed completely, tooth contact is present.™

AANLL Hii
Shimsiock-Folle
Shimstock Foll

Figure 1: The Static Occlusal Indicators; articulation paper strips, shim stock foil, elastomeric impression materials (syringe mixed,

and hand mixed), and occlusal wax sheets
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THE LIMITATIONS OF COMMONLY USED STATIC
OCCLUSAL INDICATORS

Articulation paper

Articulating papers are used to detect high force contacts,
whereby the width, thickness, and dye type of the articulating
paper leave a mark where contact exits.?® Articulating paper is
a widely accepted occlusal indicator that supposedly locates
forceful tooth contacts, despite that no scientific evidence
shows ink spots measure differing occlusal force levels by
their size or color depth. The clinical use of articulating paper
relies on the unproven and non-scientific concepts that larg-
er and darker marks are considered to be forceful contacts,
while lighter marks and smaller marks supposedly indicate
less forceful contacts. Despite no correlation exists between
mark size and occlusal load,?’2 some textbooks on occlusion
still incorrectly advocate that mark size is representative of
the load contained within the mark.2+2

The disadvantages of articulating papers are that the strips
and ink can be affected by saliva, the differing strips vary in
thickness and often have an inflexible base material, whereby
all of these factors contribute to a greater number of pseudo
(false positive) contact markings.?® Articulation paper when
used intraorally is subject to fragmentation, perforation, and
ongoing ink loss during intercuspation, as the patient repeated-
ly taps thru the same strip multiple times. This means the sub-
strate loses marking material each time a patient intercuspates
into the strip, limiting the strip’s repetitive marking capability.

An in vitro study tested various occlusal indicators (articulat-
ing papers, foils, silk strips, and the T-Scan I system) to ex-
amine the loss of sensitivity of the recording materials when
interposed between articulated maxillary and mandibular
dentate casts, that were loaded with 3 consecutive intercus-
pations by a universal testing machine. The differences in the
contact points made on the test models by each of the re-
cording materials were evaluated visually for consistency. The
authors concluded that multiple uses of the same recording
material led to decreased sensitivity of all the recording ma-
terials, and that material degradation could lead a clinician to
make an inaccurate occlusal analysis. Because of the material
degradation and to minimize any affects from saliva, the au-
thors recommended using the tested indicators only once.”

Several studies looked at the relationship between articulat-
ing mark size and the occlusal force levels contained within
the same contacts denoted by the ink marks, by measuring the
contacts with the T-Scan 9/10 technology."''3 The differing stud-
ies all showed that choosing high force or low force occlusal
contacts by contact size and color depth was highly error prone
(87% - 95% inaccurate), and that using the quantifiable T-Scan
occlusal analysis removed the inaccurate operator subjectivity
from the contact selection decision-making process.

ARTICLE IN PRESS
Shim Stock Foils

Shim Stock is an 8um wide metallic polyester-film that is an-
tistatic and tear resistant. It is used by the clinician to evaluat-
ed the interproximal contact points during the fitting of fixed
dental prostheses, or for (supposedly) determining occlusal
force levels when withdrawing it from between two occlud-
ed teeth. Forceful occlusal contact selection is based on an
operator’s “resistance feel” when pulling the Shim Stock out
from opposing occluded teeth.* A high degree of subjectivity
is involved in its use because a clinician must interpret contact
“hold” resistance levels, as the film is tugged on from the buc-
cal aspect of intercuspated teeth. Further, Shim Stock itself
does not mark teeth, and so after the contact hold strength is
subjectively determined, articulating paper is still required to
(supposedly) locate the most forceful contact that “held” the
Shim Stock. Both Shim Stock “hold” and visually observing ar-
ticulating paper markings for occlusal contact force levels are
highly subjective,?® and both occlusal indicator methods are
absent of any true force measurement capability. Shim Stock
has not scientifically demonstrated any ability to sequence
occlusal contact timing order, or quantify differing occlusal
contact force levels.

Within the literature, Shim Stock has been tested in very
few studies that attempted to determine its’ use accuracy,
yet it is commonly used in daily dental practice. In one study
where Shim Stock was “pulled out” from between a tooth and
a restorative material specimen, the authors concluded that
interpreting contact “hold” resistance levels were subjective
and unreliable.® Another study that recorded the marking
patterns of four foils, six articulating paper materials, and four
silk ribbons that were all imprinted at different pressures onto
differing surface morphologies, reported that foils as a group
were the thinnest indicator materials, and reported more ac-
curate contact marking patterns than did articulating paper
and silk.> However, under smaller loads the ink-impregnated
foil marking capacity was questionable. The authors also re-
ported the more intensive marking papers with less base ma-
terial flexibility, and the thicker types of silk ribbons, led to a
greater numbers of false positive contact markings.*

Occlusal Waxes

Occlusal Wax is used in clinical dentistry to:

*  Determine static occlusal relationships during intercus-
pation

«  Determine initial occlusal contacts and track excursive
guidance contacts

*  Evaluate tooth mobility

«  For transferring interocclusal records

When using Occlusal Wax, a torn, perforated, indented, or
translucent area has been advocated to signify a definitive oc-
clusal contact. However, it has been reported that frequently
the wax may not perforate to signify areas of true occlusal

ceeesereteise e eseeeese. o Staticand Quantifiable Occlusal Indicators...
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contact due to variations in patient applied closing pres-
sure.®'32 Like Shim Stock and articulating paper, determining
force levels from wax imprint shapes and degrees of perfora-
tion is highly subjective, lacks any true force measurement,
and is largely based on a clinician’s judgement.

Within the literature, Occlusal Wax has been tested in very
few studies that attempted to determine its’ use accuracy. Yet
it is also commonly used in daily dental practice. In 2004, a
study evaluated the physical properties of several interocclus-
al recording materials. It was concluded that wax flow largely
depended on

1.  wax temperature,

2. the applied occlusal force used when occluding into the
wax wafer,

3. the duration of the force application, and
4. the wax setting time.3'%2

The authors from another study stated that, “thermoplastic
waxes have many advantages; they are quick, easy and inex-
pensive to use. In addition, they can be checked and modi-
fied in the mouth”. However, distortion of the wax at different
temperatures and during transport, incomplete and uneven
softening, and the inconvenience of prewarming wafers were
described as some of the drawbacks of occlusal wax.3*34

Because of its physical properties, occlusal wax is far better
suited for capturing interocclusal records than it is for assess-
ing differing occlusal contact force levels. No study to date has
shown that Occlusal Wax can quantify occlusal contact force
levels in any way, despite the (incorrectly) advocated belief
that the size and depth of a wax imprints does indicate the ap-
plied load. Actually, the size of a wax hole or near perforation
only indicates the possible contact area, but describes nothing
about the applied load or the contact timing order. More im-
portantly, no significant scientific literature published in the
last decade could be found that validated the use of Occlusal
Wax as being a reliable occlusal indicator.

Silicone Impression Materials

Polyvinyl Siloxane (PVS) impression material was introduced
in the 1970s for the purpose of recording and transferring
intraoral records to the laboratory. While these materials do
demonstrate accurate intraoral structure replication, successful
clinical results as an interocclusal registration material depends
upon the clinician managing their dimensional instability, their
volumetric shrinkage, their tear strength, their elastic recovery,
flowability, wetability, and their hydrophilicity.* However, no
studies exist that illustrate the size characteristics of silicone
imprints, and perforations through the material describe ap-
plied occlusal forces or describe the contact timing order. Like
Occlusal Wax, holes and near perforations in Polyvinyl Siloxane
(PVS) only indicate the possible occlusal contact area.

EJPRD
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When making impressions, PVS is not susceptible to syner-
esis or imbibition, and its stiffness helps to force the light-bod-
ied putty into close contact with the teeth.® Silicone impres-
sion materials create more accurate impressions than does
alginate when used to make diagnostic models, and when
fabricating custom impression trays. The combination of a
rigid, fast-setting polyvinyl siloxane bite registration paste and
a disposable closed-mouth impression tray, enhances patient
comfort during impression making while simultaneously ena-
bling the dentist to reliably record habitual centric occlusion,
the prepared tooth or teeth, and the opposing arch.?®

Chai et. al.,*” tested nine commercially available impression
pastes for their surface hardness and rheological properties
(1 zinc oxide eugenol paste; 7 polyvinyl siloxane pastes; 1
polyether paste), and concluded that the materials tested had
adequate immediate surface hardness, with some materials
becoming harder at 24 hours. The 9 differing elastomeric ma-
terials showed wide variations in hardness, and demonstrated
variable times to achieve that hardness, which were depend-
ent on each material's individual properties.

The minimal dental literature surrounding the use of the
aforementioned group of static occlusal indicating materials
to assess occlusal function, gives rise to major questions in
regards to their force detection capacity, their accuracy re-
sultant from their physical properties and individual handling
characteristics, and most importantly, the high degree of op-
erator subjectivity employed with their clinical implementa-
tion. Research performed in vitro or in vivo to support the use
of this group of particular materials as indicators of occlusal
function, is non-existent.®

Quantifiable Occlusal Indicators

Quantifiable Occlusal indicators have been developed that
overcome the limitations and subjectivity of the static occlusal
indicators. The Dental Prescale system (Dental Prescale, Fuji
Film Co., Tokyo, Japan), the Photoocclusion Technique, and
the T-Scan system (current version T-Scan 10; Tekscan, Inc. S.
Boston, MA, USA), are the most used and the most researched
quantifiable systems for determining occlusal relation-
ships.®283%4041 These quantifiable occlusal analysis systems in-
corporate advanced technology to detect and display occlusal
force data to a clinician. In addition to measuring 256 levels
of relative occlusal force, the T-Scan system also comprehen-
sively can record and display time variants in fractions of
seconds, that describe the closure occlusal contact sequence
and any excursive movement time durations, while differing
occlusal forces change on individual teeth around the entire
dental arch.

Dental Prescale System

The Dental Prescale System is a pressure-sheet based occlusal
analysis system developed in 1981 for the measurement and
analysis of bite force (N), occlusal contact area (mm?), and bite
pressure (MPa). It consists of 98 mm (0.1 mm) thick, pressure-
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sensitive, horse-shoe shaped film sheets, and a companion
color image scanner analyzer (Occluzer FPD703; GC Corp., To-
kyo, Japan). The patient occludes onto a single film sheet for
10 - 20 seconds, that has embedded in its matrix colored mi-
crocapsules that are coated with a polyethylene-teraphthalate
resin (PTE), and are filled with color-producing ingredients
(Figure 2). When the film sheet is subjected to occlusal load-
ing as teeth compress its matrix, different colors form on the
sheet depending on the differing microcapsule densities. The
colored areas of the film are then inspected under polariscope
light within the Occluzer FPD703, to determine differing relative
tooth contact occlusal force intensities.*'#2

PRESCALE

}—polyester base
| Color-developing layer
Micro-encapsulated color-
forming layer

Figure 2: Dental Prescale wax sheets are layered with
embedded polyethylene-teraphthalate (PTE) resin coated
microcapsules that are filled with color-producing ingredients
that are released under applied occlusal pressure.

The literature search yielded 31 relevant publications that
tested the Dental Prescale system’s reliability, validity, and
reproducibility, alone or in conjunction with other occlusal in-
dicators.**#” Hattori et. al., evaluated the occlusal force meas-
urement reliability of Dental Prescale on both a patient and
on casts. The author found a linear relationship existed be-
tween the applied load and the Prescale reported loads, and
stated that Prescale was not influenced by the subjectivity and
experience of practitioners.*® Another study by Noguchi et al.,
suggested that the film sheet is unaffected by intraoral hu-
midity and temperature.® Suzuki et al., found no statistical
difference in color forming between the sheets compressed
for 1 second or 5 seconds. But when compressed for 10 sec-
onds, the film sheets showed higher color formation than did
the sheets that were compressed for 1 second. The authors
reported that the velocity and duration of the force applied
had a negligible effect on the color formation.*® Suzuki in a
different evaluation of the efficacy of Prescale, concluded that
Prescale was capable of measuring occlusal pressure at every
contact point, and should be considered a useful method for
occlusal analysis and patient screening.® The existing litera-
ture shows that Prescale is a suitable tool for the assessment
of occlusal contact area and bite force, which can also be used
to evaluate the results of performed occlusal treatment.”’

ARTICLE IN PRESS

The reported limitations of the Dental Prescale system are at-
tributed to the thickness and rigidity of the inflexible pressure
sensitive sheet, where an over-detection of the occlusal con-
tact areas and the bite forces in the posterior teeth can occur,
which diminishes towards the anterior region.>*%* Investiga-
tors have also concluded that the photo-occlusion method is
a complicated technique,®*® which is time consuming because
of the need to photo-evaluate the film sheet within the Oc-
cluzer following patient compression. A few studies reported
that the Prescale method is not highly reproducible.>>*’ Clini-
cally, the measurements made with a pressure-sensitive sheet
can be affected by masticatory muscle strength or weakness,
and by the pre-existing dental and occlusal conditions.%*
And, when compared to the T-Scan System, the Prescale sys-
tem lacks time quantification and contact time-sequencing
capacity, which are also drawbacks.

T-Scan Computerized Occlusal Analysis System(s)

The original T-Scan I computerized occlusal analysis system
was manufactured in 1984 by Tekscan, Inc. (South Boston, MA,
USA), in collaboration with Professor William L. Maness and
engineers from the Massachusetts Institute of Technology.®

The T-Scan system consists of a recording handle that con-
nects to a laptop or a Windows-based PC with a USB connec-
tion, in which sits an arch-shaped Mylar-encased pressure
measuring sensor (Novus High Definition (HD) Sensor; Teks-
can Inc. S. Boston, MA, USA), that fits between a patient’s oc-
cluding teeth (Figure 3). The High Definition (HD) recording
sensor comes in 2 sizes (large with 2,200 sensel force measur-
ers; small with 1,500 sensel force measurers). The sensels are
compressible, electronically resistive receptor points, aligned
in an x-y grid that is surrounded by conductive ink.

When the patient occludes upon an HD sensor, the opposing
teeth make approximating contact and compress together the
upper and lower sensor surfaces, which results in a change in
the resistance in each of the contacted sensels. These resistance
changes are then measured by the T-Scan’s hardware electron-
ics as a change in Digital Output Voltage (DO).>38576062 Higher
applied contact force produce larger resistance changes, and
lower occlusal contact force produces lesser resistance chang-
es. 256 relative occlusal force levels that result from these dif-
fering resistance changes caused by the compression of the
differing occlusal contacts, are recorded by the T-Scan system
in real-time increments of 0.003 seconds. The T-Scan 10 soft-
ware then presents for diagnosis and treatment, this time and
force data in a multi-colored 2 and 3-Dimensional graphical
desktop display. The recorded variable digital output voltage
force data can be played forwards and backwards continu-
ously, or frame-by-frame, to make an occlusal diagnosis.®

The proper T-Scan clinical method involves using T-Scan
initially to record the occlusal force levels, determine the
occlusal balance, determine the contact timing order of
intercuspation, and determine the time duration posterior
teeth are involved in lateral excursions, and then to combine

ceeesereteise e eseeeese. o Staticand Quantifiable Occlusal Indicators...

ejprd.org - Published by Dennis Barber Journals.

Copyright ©2021 by Dennis Barber Ltd. All rights reserved.



ARTICLE IN PRESS

European Journal of Prosthodontics and Restorative Dentistry (2020) 28, 1-12

Figure 3: The T-Scan 10 Novus recording handle loaded with a Novus HD sensor, that is connected via USB to the T-scan 10’s
companion, color-coded force and timing software

thatocclusaldatawiththe markingofteethwiththinarticulating
paper (Accufilm 23 micron, Parkell, Inc., Farmingdale, NY, USA),
to isolate the data-determined problem contacts. Because
the T-Scan sensor does not mark the teeth, thin articulating
paper is required to make targeted occlusal adjustments
of the problem contacts, where only the data-determined
problem contacts are adjusted, regardless of the appearance
characteristics of the neighboring articulating paper marks. In
this combined method, all healthy low force occlusal contacts
are left untreated, which dramatically improves the outcomes
of any T-Scan guided occlusal adjustment procedure.

The T-Scan system has been the most researched of all the
occlusal indicators since its inception, when the earliest publi-
cation about T-Scan I system appeared in the dental literature
in 1987.38 The search criteria revealed that the differing T-Scan
versions have been referenced in many papers, yielding a
total of 89 relevant papers about the T-Scan’s reliability, re-
producibility, and its clinical applications involving repetitive
occlusal function measurements.?39576063-9% These 89 T-Scan
studies are comprised of both relative force measurement
papers and time sequence and time quantification papers,
because the T-Scan is the only occlusal indicator that records
and measures both of these occlusal contact parameters.

EJPRD
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Occlusal Force Measurement Papers

Patyk tested the diagnostic validity of the T-Scan I system
on 16 patients, and reported the T-Scan I system was a valu-
able tool for the education of both students and patients, not-
ing that the on-screen color display of occlusal mechanisms
was impressive. However, the authors also found the T-Scan
I Epoxy-based sensor was thick and somewhat inflexible, that
could create an uncontrollable shift of the mandible during
the recording of intercuspation, resulting in a misleading re-
production of some occlusal contacts.®’, Harvey, Hatch, and
Osborne also found the original T-Scan I sensor was inflex-
ible, requiring increasing patient effort to compress and reg-
ister increased force level jumps within the columnar force
display.* Differently, another study that evaluated the repro-
ducibility of the T-Scan II system when measuring occlusal
contacts, reported that the T-Scan II showed acceptable re-
producibility.> However, both the T-Scan I and T-Scan II are
no longer commercially available, and the original T-Scan I
and II epoxy-based recording sensors were vastly different in
composition, thickness, flexibility, and accuracy, compared to
today’s T-Scan 10 High Definition (HD) Novus Mylar-encased,
electronic printed circuit sensors.

The High Definition (HD) sensor design (developed with T-
Scan version III) increased the sensor’s active recording area
by 33%, and decreased the inactive (non-recording area) area
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by 50% compared to earlier sensor designs, by packing the
recording sensels much closer together.”? The HD configura-
tion reduces the likelihood that the T-Scan sensor would miss
an occlusal contact because a contact might land between
sensels. Subsequent to the development of the HD sensor, an
in vitro sensor analysis showed the HD sensor design could
repeatedly measure multiple differing occlusal force levels, in
multiple locations on the same sensor all at the same time,
for up to 20 uses after 4 test intercuspations conditioned the
sensor to report linear force reproduction.”

Koos in 2010 evaluated the precision of the T-Scan III meth-
od of occlusal analysis, and found that neither changing the
HD sensor with the same subject, nor repeatedly measuring
each subject with the same sensor, had any statistically sig-
nificant influence on the consistency of the measured output
values. The authors reported the T-Scan III demonstrated 95%
force reproduction capability using up to 5 different sensors
per subject, indicating that the system demonstrated a high
degree of repeatable occlusal force measurement. Koos also
suggested that the T-Scan system could reliably identify the
occlusal contacts, and clearly depict the critical nature of the
distribution of occlusal force.®

Some of the reported limitations of T-Scan system are at-
tributed to distortion of the sensor that could lead to meas-
urement error.®’” However, this criticism was made about the
T-Scan I epoxy-based sensor before the Mylar-encased HD
sensor design was developed. Clinically, linear force repro-
duction is achieved by making the 4 test intercuspations to
adapt the sensor to the occlusal anatomy.®®727> Another au-
thor who cut the T-Scan sensor in half to use it like articulating
paper (thereby rendering the sensor inoperable), incorrectly
opined that the thickness of the T-Scan sensor may affect the
SEMG activity of masticatory muscle during occlusion.” This
supposed criticism has been countered many times over, as
in the literature there are numerous research papers where
the T-Scan HD sensor recorded occlusal force and timing data
simultaneously with surface EMG data, such that T-Scan sen-
sor does not affect the gathering of very high-quality electro-
myography data.””88

The most common critical statements made by authors stud-
ying the T-Scan systems was to question the T-Scan’s abilities
to provide accurate occlusal contact force and timing data, be-
cause the HD recording sensor thickness is 100pm. This thick-
ness is well within the range of many commonly used static
interarch occlusal indicators (Occlusal Wax, Prescale wax
sheets, and some articulating papers) that are not questioned
for their accuracy, even when research shows articulating pa-
per, wax, and silicone are inaccurate, are highly subjective to
use, and have no force level measurement or time-measure-
ment descriptive capabilities.?’>2 The 100pm T-Scan sensor
thickness is a positive sensor attribute, as it houses and pro-
tects sophisticated printed electronic components within a
flexible and compressible Mylar substrate. The HD sensor has
been shown in both research and clinical papers to continuously
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report force and timing data when used repeatedly, without
sustaining significant sensor damage breakdown from in-
tercuspating teeth.’>77-88 The 2006 force reproduction study
clearly showed the 100um sensor thickness was not a factor
that influenced the HD sensor’s ability to repeatedly and con-
sistently report multiple relative occlusal force levels on 30
differing HD sensors.” To date, no “frequent sensor perfora-
tion” has been reported as a consistent problem when record-
ing with the T-Scan HD sensor.

Validity studies of the T-Scan HD sensor were performed in
2006,22010,% 2012,7* and by De Silva Martins in 2014.7> These
studies indicate that the HD sensor can repeatedly measure dif-
fering relative occlusal contact force levels in multiple locations
simultaneously within the dental arch. To date, no published
paper has disproved the validity of the T-Scan HD sensor.

Timing Measurement Papers

A significant volume of clinical T-Scan research involves T-
Scan time measurements made of closure contact sequence
timing, and of excursive movement Disclusion Time dura-
tions.”%2 Recordings acquired in turbo mode (in 0.003 sec-
onds/frame), allow a clinician to visualize individual contact
force changes on transitory occlusal contacts, as they occur in
fractions of seconds. At least 3 studies evaluated the timing ac-
curacy of the T-Scan system, in which the T-Scan demonstrated
a high degree of time-measurement consistentency.’#°>% In
one sensor evaluation it was reported that the T-Scan system
showed high degree of validity when measuring time.*® This is
important because many T-Scan-based clinical procedures are
accomplished by reducing closure sequence timing durations,
and prolonged excursive movement Disclusion Time dura-
tions.”%2 In these many time-based treatment studies, many
differing T-Scan HD sensors were used, different treating clini-
cians performed the research, which took place in different
research settings, with many differing groups of patients and
controls. The collective studies results repeatedly showed
that multiple researchers were individually able to success-
fully treat Occlusal-muscle Dysfunction to very high and simi-
lar numerical tolerances, using the T-Scan-guided, time-based
coronoplasty known as Immediate Complete Anterior Guid-
ance Development (ICAGD).”7?

Several other studies compared articulation paper marks to
T-Scan data, which found the T-Scan to be a reliable guide for
selecting tooth contacts for occlusal adjustment. The authors
reported T-Scan provided more comprehensive and evidence-
based results that lack the subjectivity inherent in using non-
digital, static occlusal indicators.’-36% However, many clini-
cians consider the increased chair-time required to obtain
a high quality T-Scan recording for performing a computer-
guided occlusal adjustment procedure, as a challenge.® The T-
Scan learning curve involves choosing appropriate sensitivity
settings, orally guiding the patient through the needed man-
dibular movements with the sensor interposed between their
teeth, and observing the screen to follow the Center of Force
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Trajectory as it moves around the T-Scan dental arch during
patient data acquisition. While some clinicians may feel that
operating the T-Scan with patients may be time-consuming,
the increased chair-time allows for completion of occlusal
adjustments objectively, to measured physiologic force and
timing numerical endpoints.” This computer-guided method
is far more accurate than when the non-digital indicators are
used subjectively.®* The T-Scan guided contact selection meth-
od greatly lessens multiple follow-up visits that are common
with static occlusal indicators, because the latter method is
often poorly impacted by the clinician’s subjective judgement
to differentiate forceful from non-forceful contacts.>'-'3

DISCUSSION

Occlusal adjustments are an essential element of everyday
clinical practice. However, despite the volume of literature
available relating occlusion and its importance to oral health,
non-digital techniques are commonly used to record the oc-
clusion, and the materials used for selecting contacts during
occlusal adjustment procedures have not been proven reli-
able. The ongoing widespread (incorrect) belief in their (non-
existent) force descriptive capacity has not stood the test of
time.'"* Based on this detailed literature search, little scientific
evidence is available to support that dental educators con-
tinue to (falsely) advocate the accuracy and reliability of the
commonly used static occlusal indicators.

Studies consistently show that static occlusal indicators only
indicate the contact size or location, based on the specific in-
dicator’s physical properties, its appearance characteristics,
which is influenced by a clinician’s subjective interpretation
that lacks objective force measurement. Importantly, clini-
cian contact selection studies clearly show that the subjec-
tive interpretation of paper mark depth and size leads to a
high percentage of incorrect contact selections (87.5% - 95.5%
incorrect). Use of these subjective, inaccurate, and more in-
vasive static occlusal indicators can directly lead to occlusal
adjustment complications, the removal of unwarranted tooth
material, thinned enamel tooth sensitivity, weakened tooth
structure and weakened dental materials, the destabilizing of
a patient’s occlusal contact comfort level, and triggering the
onset of TMD symptoms.*®'

The quantifiable occlusal analysis systems are a superior
alternative to the conventional static occlusal indicators that
require a high degree of inaccurate subjectivity to employ.
Dental Prescale provides the clinician occlusal pressure data
that is not possible to gather with any static occlusal indicator,
but Prescale lacks time quantification, and to date, no clinical
applications or treatment protocols have been developed for
Dental Prescale, where a dentist could apply its’ data in spe-
cific, known ways to teeth or dental implants, and predictably
improve a dental occlusion. Alternatively, the T-Scan Comput-
erized occlusal analysis technology is superior in that T-Scan
provides both occlusal force and timing data, objectively.

European Journal of Prosthodontics and Restorative Dentistry (2020) 28, 1-12

There is significant scientific evidence in dental literature il-
lustrating that the T-Scan Occlusal Analysis technology is ac-
curate, repeatable, and has many clinical applications in many
disciplines of Dental Medicine. The T-Scan has the capacity to
readily detect occlusal force imbalances, pinpoint forceful
contacts during closure into Maximum Intercuspation and
during excursive movements, assist in performing precise and
targeted occlusal diagnoses and corrective adjustments, en-
hance doctor-patient communication, and minimize occlusal
complications by yielding predictable, numerically measured
treatment outcomes.

CONCLUSION

The improvement of the future occlusal practice warrants
that the subjective interpretation of static occlusal indicators
be replaced with technology based, objective occlusal meas-
urements. In this new era of digital dentistry and the Digital
Workflow, patients are being treated with precision metrics.
Dental Medicine should accept that subjective interpretation of
static occlusal indicators is not accurate and does not measure
anything occlusal, and instead should adopt the occlusal objec-
tivity provided to clinicians by computerized occlusal analysis.
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