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T-Scan Dental Force Analysis
for Routine Dental Examination

Figure 1. Preoperative retracted smile: This reveals
evidence of force related dental disease: anterior
wear, chipping, and misalignment of the teeth.
Additionally, there are abfractions lesions and
attachment loss on teeth Nos. 6, 11, and 24.

anatomy and physiology of the head

and neck has been only loosely associ-
ated with the dental treatment of patients.
For many reasons, dentists have isolated the
teeth and the pathology of dentition from
the functional, dysfunctional, and parafunc-
tional physiology that can cause wear, dam-
age, fracture, abfractions, failure of
restorations, and pain for their pa-

For far too long, the well understood
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Figure 2. Preoperative maxillary occlusal view: This
shows additional evidence of force related prob-
lems: multiple teeth with crowns, broken incisal
edges on the anterior teeth, and narrow misalign-
ment of the upper arch.

CATEGORIZING DENTAL DISEASE
The nexus of tooth related problems with
musculoskeletal and neurological physiolo-
gy is at the point where the effects of mus-
cle-related forces are applied to the teeth or
to a bolus of food in a way that develops and
determines the patterns of muscle activity
through the sensorimotor neurology via the
brainstem. When the neurology is

abnormal (as in chronic pain) or

tients. These traumas and degenera- F e%% when the muscle patterns are driven
tions are but the signs and symp- 2 & by central nervous system require-
toms of an underlying problem. In “’4,6 &3‘ ments (as in parafunction during
the attempt to offer patients the "lagern® sleep disturbances) or when the pro-

opportunity for the best possible out-
come, clinicians will be required to get to
the foundational cause of these manifesta-
tions of disease, dysfunction, and, too often,
despair.

It is the premise of this article that we
can simply redirect the focus of the exami-
nation processes and the initial care
sequences to address the underlying func-
tional physiology. Patients then can be
offered the opportunity to deal with their
symptoms and problems in a way that will
assure them of a pathway to long-term pre-
dictable health and dental stability. In addi-
tion, by addressing the problems at the level
of the causation, we will be able to expand
our care to include excellent results for
many of our patients with intractable, late
or end stage disorders that include severe
dental disease as well as head and neck pain,
range of motion disabilities, and accelerated
aging related to dysfunction and poorly
healed injuries.
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prioception of the teeth is altered (as in
sensitization or dental changes), then the
forces are altered between the teeth via the
musculature. How these forces are man-
aged, sensed, and adapted to is the essence of
force-related dental disease and periman-
dibular sensorimotor dysfunction.
The vast majority of dental related dis-
ease can be categorized into 3 primary issues:
1. Bacterial/host response disease (espe-
cially periodontitis)
2. Acid breakdown of tooth enamel
a. Caries
b. Acidic biofilm
c. Gastric acid (reflux)
d. Dietary acid
3. Force overload
a. Frictional
b. Compressive
c. Shear
d. Abfraction
Most restorative treatment currently done in
dentistry on adults is a direct result of force-

Figure 3. Preoperative mandibular occlusal view:
This shows force related problems in fractures
around the margins of restorations on tooth Nos. 18
and 19, misalignment and wear on the lower inci-
sors, missing tooth area No. 30, and poor anatomi-
cal contours of the restorations on the lower arch.

related problems. And, of course, aside from
external trauma, these abnormal forces are
applied to the teeth by the patient’s muscles.
The forces that cause the breakdown of the
teeth also cause the acceleration of periodon-
tal breakdown and the early breakdown of
previous restorative attempts.

Whether we observe open margins, frac-
tures, wedge defects (abfractions), wear, sen-
sitivity, mobility, or failed restorations,
there is reliably an underlying force prob-
lem at play. We call this “stress in the sys-
tem.”

Truly, we can redefine the term “maloc-
clusion” to mean: “abnormal forces between
some or all of the teeth that results in dam-
age to the integrity of the tooth anatomy or
the periodontal interface, or resulting in
pain to the patient.”

Malocclusion related pain can manifest
as hypersensitivity, deep tooth pain, jaw
pain, or pain in the head and neck region
served via the trigeminal cervical nucleus.
This definition of malocclusion does not nec-
essarily exclude other definitions that refer
to the interdigitation of the teeth, or the loca-
tion of centric stops on the teeth. Rather, this
definition allows a perspective on occlusion
that addresses the direct relationship of func-
tional physiology to the disease and degener-
ation that we observe and treat.

Force-Balanced Occlusion
There must then be a force-related defini-
tion of a normal or healthy occlusion. I
would suggest the following definition: “A
continued on page xx
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T-Scan Dental Force Analysis...
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system of interdental forces that are
well distributed around the arch with
an unhindered path to closure and to
mastication via effective propriocep-
tive and somatosensory guidance. The
interdental forces should be distributed
down the long axis of the posterior
teeth with the total forces balanced
50/50 right to left during a full closure
to interdigitation.”

Additionally, the ability to masti-
cate without working or nonworking
interferences within a normal enve-
lope of function distributes muscle
activity with both symmetry and syn-
ergy. There should be musculoskeletal
stability and symmetry of the temporo-
mandibular joints (TM]) with the discs
normally interposed at full closure. The
patient is comfortable in rest and in full
closure, and the mandibular range of
motion is within normal limits.

Many other conditions may also
be present to demonstrate normal
health, including but not limited to:

e Patient comfort at rest, and in
function

e No acute or chronic pain

® Normal cervical range of motion

o Normal posture

e Normal work abilities

® Normal tooth anatomy and mo-
bility

o No exposed dentin

e No dietary restrictions due to
dental function.

As we explore further into the
realm of “force-balanced occlusion,”
we will encounter many other issues
that can disrupt the normal function
of the musculature. We will see that
as patients develop pathology or have
dentistry done, there will be changes
to the balance and function of the
mandible. Whether this is as simple
as a sore or sensitive tooth after res-
toration, or as complex as the creation
of an adapted interdigitation to avoid
extreme forces, the patient’s proprio-
ceptive system will constantly adapt
to changes. This can result in malposi-
tioned or dislocated condyles during
mastication or swallowing, clench-
ing, early disc movement that can pre-
cede disc displacement, or patterns of
self-equilibration to “grind in” the
original force balance through self-
mutilation.

Occasionally, these adaptive
changes will result in the conversion
of acute pain to chronic pain. This
then will cause the patient to undergo
many neurochemical adaptations as
well as compensatory muscle activity
that can limit range of motion (man-

There should be musculoskeletal stability and symmetry
of the temporomandibular joints with the discs normally

interposed at full closure.

Table. Diagnostic Information

® The distribution of forces by per-
centage around the arch

® The timing of the forces as to
which forces are early or late

e The presence of interferences to
closure

® The balance of forces left to
right and/or front to back at any
point in closure

® The effectiveness of guidance
patterns that provide
somatosensory muscle control

e Evidence of muscle balance or
imbalance during function

e Evidence of abnormal dental
forces secondary to injury, pain,
or inflammation

® Presence and timing of forces
that are above or below average
for this patient
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dibular or cervical) and/or result in
trigger point muscle spasms.

The signs and symptoms of a
“malocclusion” can be manifest in the
teeth, muscles, or joints. This triad of
anatomy we will refer to as the
“Dental Foundation.”

The dental foundation is consid-
ered to be out of balance when any of
the following conditions exist:

e Accelerated aging or degenera-
tion of the TM] condyles

o TM] vibrations indicative of disc
movement, disc derangement, or in-
flammation

e Tooth damage or degeneration
related to abnormal forces

e Limited range of motion of the
mandible or the cervical spine

® Presence of sore or painful mus-
cles of the head and neck, especially
the presence of “trigger points”

e Symptoms of pain that emanate
from the structures connected via and
controlled by the trigeminal cervical
nucleus, especially headache.
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Figure 4. Ts1 Scan: This shows the long cen-
ter of force tail demonstrating the severe
anterior to posterior dimension of closure
forces and a very limited envelope of function.
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Figure 5. Ts2 Scan: This demonstrates the
severe right-sided force imbalance during clo-
sure with 25% of the force being borne by
teeth Nos. 1 and 2 versus Nos. 31 and 32
during the closure cycle.
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Figure 6. Ts3 Scan: This reveals the “towers
of force” that are evident in the unbalanced
bite with excessive forces being recorded on
the anteriors Nos. 8 and 9, and teeth Nos. 1
and 2.

e Any lifestyle disability related to
the teeth, muscles, or joints of the
head and neck

e Abnormal forces are detected in
the dentition by examination

e Injuries have occurred that
affect any of the above structures or
activities.

Generally speaking, any time we
need to address a patient’s symptoms
that are connected to the dental foun-
dation, it would always be in the
patient’s best interest to have the
foundation stabilized and balanced
prior to or as a part of any treatment
for the problem. In other words, if any
treatment is needed for the patient,

the best possible outcome will reside
in the approach that builds a balanced
foundation as the first step to care.
The objective examination of the
patient for the location, timing, and
extent of force imbalance must be
accomplished whenever the patient
exhibits positive findings for force-
related problems on the history or
physical examination. In the past, this
required multiple visits and expense
to develop a set of deprogrammed
mounted study casts. This mounted
study-cast procedure was cumber-
some in that it required additional
appointments with the patient to pin-
point the force-related problems.

USING T-SCAN TECHNOLOGY IN
THE EXAMINATION PROCESS
The T-Scan system (Tekscan) can pro-
vide the dentist a timely (nearly
instant) examination of the interden-
tal forces in the patient that manifest
force-related problems. The T-Scan
also reflects the abnormal dysfunc-
tion of the musculature directly with
electromyography synchronization
or indirectly via the center of force
patterns and the disclusion timing.
The T-Scan then becomes the defini-
tive diagnostic imaging of the force
balance and function of the mastica-
tory muscles. The information provid-
ed on a 2-minute T-Scan movie in-
cludes much useful diagnostic infor-

mation (Table).

Certainly many dentists use the T-
Scan for efficient and effective oc-
clusal adjustment procedures. How-
ever, the optimal and best use of the T-
Scan system is in the diagnostic docu-
mentation of force-related problems
at the time of examination. Patients
can best understand their force-relat-
ed dental disease and any sensorimo-
tor-related pain and headaches when
they can view the computerized force
analysis of their own mouth. Every T-
Scan movie tells a story about the den-
tal foundation and each story reveals
the underlying cause for whatever
may be the pathology that is present.

CLINICAL CASE EXAMPLE

The patient, whose photos are repre-
sented in Figures 1 through 3, present-
ed for examination as a new patient.
Her chief complaints were as follows:
the bridge on the right side had never
felt right to her, her front teeth were
chipping and looked unattractive,
and she had a history of chronic daily
headaches.

Examination revealed worn and
fractured enamel on the incisal edges
of the incisors, a bridge that needed

continued on page xx



5

OCCLUSION

T-Scan Dental Force Analysis...
continued from page 00

replacement (a pontic for tooth No.
30), and multiple areas of attachment
loss and abfractions lesions.

Since all of these problems were
likely to be “force” related, we wanted
explore the possibilities and to maxi-
mize our ability to communicate with
her by utilizing the T-Scan dental
force analysis.

In Figure 4, we can demonstrate to
the patient easily that there is a front-
to-back force pattern. That was indica-
tive of a tight envelope of function. It
was explained to the patient that her
muscles were working extremely
hard to squeeze her lower teeth to-
gether with her upper teeth. Addi-
tionally, she was carrying 58% of the
force on the right side of her mouth.
This tight pattern and imbalance in
the bite were perpetuating her
headaches and causing her to feel like
her teeth did not fit together correctly.

orthopedist must balance the rehabil-
itation of a patient’s muscles, liga-
ments and joints with the develop-
ment of a planned prosthesis, we
must approach the most adaptable tis-
sues first which are the muscles, then
the joint rehabilitation, and finally we
can complete any needed treatment of
the teeth.

This rehabilitative approach gives
the appropriate time process to each
patient depending on the extent of
the injury and degree to which the
condition has become chronic. Cer-
tainly, the patient who has an acute
problem can go through a quick rehab
assessment and move quickly to the
dental restorative process. However,
the patient who has a limited range of
motion in the mandible or cervical
spine will need more time to rehabili-
tate the musculature, thus minimiz-
ing pain and disability prior to dental
restoration. In either case, rehabilita-
tion is the mindset of dealing with
dental foundation problems through

....we must approach the most adaptable tissues first which
are the muscles, then the joint rehabilitation, and finally we
can complete any needed treatment of the teeth.

In looking at Figure 5, we showed
the patient that 25% of all the force in
her mouth was being borne by teeth
Nos. one and 2 against Nos. 31 and 32.
In Figure 6, we easily showed the
patient that there were towers of
excessive force on her right side in the
anterior and back on her bridge.

Armed with this diagnostic infor-
mation, the patient then easily accept-
ed that a plan could be designed to
balance her foundation, starting with
the excess muscle activity. Her treat-
ment program included several weeks
of muscle rehabilitation, followed by
a balancing of the dental forces. After
her symptoms were resolved, then her
restorative dentistry was accom-
plished in a predictable and comfort-
able program.

DISCUSSION
Creating a balanced foundation in-
volves more than just balancing
forces. It means that we need to pro-
ceed down a path that will allow for
the most symmetry of the muscles
and joints as the initial focal point for
care. This is what we call the “path-
way to care.” This pathway to care
refers to the development of an appro-
priate sequence to rehabilitate the
musculature and the joints as we treat
the patient’s symptoms. Much like an
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the development of an appropriate
pathway to care.

As a patient approaches the reha-
bilitation, we will often discuss the bal-
ancing of the foundation and the bal-
ancing of the bite. The balancing of the
bite is the one piece of the rehabilita-
tion process that can only be done by a
dentist. This means that any patient
that has a problem that resides in the
teeth, muscles, joints, or in the trigem-
inal cervical nucleus must be cared for
by a knowledgeable dentist to have the
best opportunity for success.

Other medical professionals who
treat some of these “foundation” prob-
lems can only achieve short-term suc-
cess; this is because they cannot con-
trol the afferent signals from the teeth
to the trigeminal cervical nucleus.
This brainstem pathway (or column)
carries all the information regarding
headache, head and face pain, and
neck pain to the patient’s thalamus
and on to the cortex. Approximately
40% of the afferent control into this
column comes from the area around
the teeth and jaws. In other words,
thisis the domain of the dentist, and it
is the dentist who has the systems to
ultimately stabilize the rehabilita-
tions that are necessary for this part of
the body.

continued on page xx

T-Scan Technology
Explained

Lou Shuman, DMD

ver the years, occlusal analysis has involved a lot of guesswork for
Odentists. Historically, most methods employed (such as the use of

articulation paper, waxes, pressure indicator paste, etc), were all that
doctors have had to diagnosis, evaluate, and balance occlusal forces.
These traditional methods have made it very difficult to accurately detect
and assess simultaneous contact, and none of them measure both the bit-
ing time and force. Tekscan developed the T-Scan System to help dentists
meet the challenges of using less accurate methods of occlusal analysis.
Since the introduction of the original product in 1987, the use of computer-
ized occlusal analysis has gained importance in implant dentistry, patient
education, and complex restorative and TMJ diagnosis and treatment.

The system is comprised of Microsoft Windows-based software, the
associated hardware, and patented paper-thin disposable sensors. Patients
are asked to bite down on an ultra-thin sensor. The occlusal contact data is
transferred to the computer and presented in a dynamic movie format. The
movie format allows for playback in vivid, full-color 3-dimensional or 2-
dimensional graphics. The T-Scan software playback identifies percentage
of force per tooth, dental arch half, and quadrant. The software enables the
doctor to dynamically visualize the patient’s bite from beginning to end and
everything in between. This allows the clinician to adjust the occlusion and
to provide better restorative service, functionally balance teeth and positive-
ly influence muscular activity, and provide periodontal support, all with a
higher degree of precision.

With T-Scan’s software capabilities, the clinician can:

® Record the patient’s occlusal contact data

e View the patient’s tooth contacts and associate them with specific
teeth

® Analyze the data; force and time relationships of the contacts are dis-
played as color contour movies

e Manage patient records and movie files through the use of an intu-
itive database.

The analytical software displays, such as “center of force (COF)” and
“COF trajectory,” provide in-depth understanding of the overall balance of
the occlusion, which cuts to the heart of occlusal analysis. COF analysis
allows the dentist to examine the total effect of restorative dentistry on
the patient’s maximum closure and excursions, and is as easy as the
click of a mouse. A full-featured patient file management system is also
a part of the software package, making the storage of patient records
and tracking occlusal recordings simple.

CLINICAL APPLICATIONS
The T-Scan system becomes a valuable tool in the diagnostic process by
helping the doctor analyze a patient’s bite and showing what is and is not
functioning correctly. Clear, real-time visualization of a patient’s bite not only
improves the outcomes the clinician can provide, but it also helps the clini-
cian identify opportunities for advanced dental care. However, there are also
many different dental applications for the T-Scan system, which go beyond a
general occlusal equilibration. The T-Scan system is a great tool to ensure
you are loading implants after natural dentition, balancing splits, orthodon-
tics, and locating painful teeth. T-Scan can be used by the hygienists to take
screenings on patients. This allows the clinician to gain a deeper under-
standing of a patient’s existing situation and facilitate treatment. It also pro-
vides a very easy, graphic way to interact with patients on the presence of
issues affecting their condition by providing excellent documentation and
communication. For many practitioners, patient education is the most impor-
tant application of the technology. The software displays make occlusal prob-
lems easily understandable, increasing patient involvement and treatment
acceptance. T-Scan provides a valuable source of previously unavailable
information, which can become a permanent part of the patient’s record.




6

OCCLUSION

Practice Management Ramifications of T-Scan Technology

Amy Morgan

n these challenging times, adding new technolo-
I gies or potential clinical upgrades to your prac-

tice can be daunting at best. Doctors and teams
need reassurance that the “new addition” will be
easy to integrate; won’t result in draining their
resources—time, money or team; will be something
that patients (new and of record) will get excited
about and say “yes” to; and will help the practice
achieve its goals for productivity, efficiency, and
quality of care and service.

In this brief sidebar, we will look at the practice
management implications of integrating T-Scan
(TekScan) into your practice armamentarium. If part
of your vision is to implement the very latest in
technology for both function and aesthetics, T-scan
can be a very significant addition. As a tool, it can
support the team in:

e Educating your patients on occlusion and how
it supports predictable, long-term longevity for
restorations

® Diagnosing treatment plans

® Having an evaluation tool both at the begin-
ning and at the end procedures, to ensure optimal
occlusal success

® Creating a more comfortable experience for
the patient—before, during, and after.

Per Dr. Greg Pyle, a Pride Institute alumnus
who has been using T-Scan in his practice for more
than (AUTHOR: Please provide number) years,“Our
vision is to continually collaborate with our patients,
finding ideal plans that show our commitment to

outstanding treatment, our commitment to cutting-
edge dentistry, and our commitment to meeting our
patients’ unrecognized needs, thus providing them
with a true ‘peak’ experience. T-Scan definitely gives
our patients a peak experience—they’ve never seen
anything quite like it! To actually be able to graphi-
cally visualize how and when their teeth occlude is
a real ‘wow’ experience!”

The initial investment is approximately
$10,000. Many practitioners who utilize T-Scan
have bumped up the fees for their comprehensive
examinations to accommodate for some of the
cost. They do not charge directly, but do itemize the
procedure on the walkout statement as a way to
remind the patient that this was an important tool
that was utilized. This one step can show your
patients that you are using modern technology that
takes the dental experience to a whole new level!
Real return on investment comes from an increase
in the number of occlusal adjustments/equilibra-
tion procedures which can range from $150 to
$300, more predictable long-term results with a
reduction in remakes, and, of course, optimized
communication with the patient which can influ-
ence them to reach for more ideal dental care.

The most impacted team members are the
doctor and chairside assistants. Team members
are trained by utilizing different resources at
Bioresearch (hands-on workshops, short courses,
teleconferences, etc). The learning curve for the
doctor and team can be quite quick, if they trust
that the integration of this new tool aligns with the

vision and goals of the practice and creates an
enhanced experience for patients and the team.

The impact on the practice is minimal regarding
scheduling. It can be simply incorporated into your
new patient evaluation as an additional screening
tool. (This is a common approach.) The T-scan
does add another dimension to treatment presen-
tation, so it may require an additional 10-minute
time unit for your treatment conferences.

Patients have responded very well to the T-scan
because it demonstrates a progressive, high-tech,
and comprehensive approach to their care. In addi-
tion, they will feel an immediate benefit when an
occlusal adjustment is made. When introducing a
new technology into your practice, use the opportuni-
ty to educate new and existing patients. This can
create a positive buzz, starting a natural and growing
word-of-mouth marketing campaign for your practice.
Internally, start by highlighting the T-scan in any and
all patient communication systems (articles, newslet-
ters, e-blasts, and letters). Also make sure you have
information about the new tool on your Web site with
patientfriendly explanations, focusing on the bene-
fits of the technology being used. In addition, blogs
and group discussions, online reviews, and video
can be initiated on your social media sites.

In these challenging times, generating loyalty
and commitment is essential. Finding relatively low-
cost tools to enhance patient care, thereby provid-
ing a “wow” experience is what gets talked about.
T-Scan, when implemented effectively, can provide
that opportunity.

T-Scan Dental Force Analysis...
continued from page 00

The essence of all force-related
and pain-related pathology in the den-
tal foundation is a perimandibular
sensorimotor dysfunction. All condi-
tions that are mediated by, or depend-
ent on, this major neurological sys-
tem of the brainstem are intercon-
nected via dendritic synapses that
have developed within this trigemi-
nal system of nuclei. As a result, all
dysfunction of the mandible, upper
three cervical vertebrae, and associat-
ed musculature, are associated with
the somatosensory and sensorimotor
neurology of the oral and peri-
mandibular regions. This, then, is the
domain of the dentist.

Although many perimandibular
conditions have a “chicken or the egg”
etiology, all therapy for dental founda-
tion imbalance or bite imbalance
must be approached comprehensive-
ly, dealing with all foundational ele-
ments to achieve success. The precise
etiology of headache, migraine,
head/face pain, or tooth wear is not as
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important to determine as is the
understanding that the “stress in the
system” must be managed through
comprehensive rehabilitation of the
muscles, joints, and teeth.

As dentists begin to “balance the
bite,” they will proceed with balanc-
ing the forces around the arch
through both additive and subtractive
procedures. The process of balancing
the bite is not a therapeutic end unto
itself, but must be developed along
with the symmetry and normaliza-
tion of the condyles and the muscles.
This will create and develop a bal-
anced foundation through the reha-
bilitation process.

CONCLUSION
When all the elements of teeth, mus-
cles, joints, neurology, pain, and force
balance are addressed, the patient will
have the best chance for an excellent
outcome. This rehabilitative ap-
proach is the crux of a medical/dental
synergy that is grounded in the neu-
rology and neuroplasticity of the
human brain, brainstem, and cranial
nerves. The elements of the applied

neurology of the afferent and efferent
pathways that are involved with sen-
sation, proprioception, pain, reflex
motor control, and compensatory
adaptations can be addressed with a
pathway to care that includes a “force
balanced occlusion.”

Perimandibular sensorimotor dys-
function can be effectively managed
with this straightforward, systematic
approach.4
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