
EDITED BY: Robert B. Kerstein, DMD (Former Clinical Professor at Tufts University  
School of Dental Medicine, USA & Private Dental Practice Limited to Prosthodontics, USA)

IGIGlobal
www.igi-global.com

Handbook of Research on  

Clinical Applications of Computerized 
Occlusal Analysis in Dental Medicine

A Comprehensive Three-Volume Set

This publication contains: 

• 1,350+ pages of emerging research

• Six labeled sections comprised of  
19 chapters

• Contributions from 20 industry-leading 
experts from the United States, 
Germany, Canada, Poland, and more

• 800+ figures, as well as an extensive 
list of references

New Release

https://www.igi-global.com/
https://www.igi-global.com/book/handbook-research-clinical-applications-computerized/219781
https://www.igi-global.com/book/handbook-research-clinical-applications-computerized/219781


  

To View All IGI Global Medical, Healthcare, and Life Science Publication, Visit: www.igi-global.com

Recently Released

Handbook of Research on  
Clinical Applications of  
Computerized Occlusal Analysis  
in Dental Medicine (3 Vols.)
Robert B. Kerstein, DMD (Former Clinical Professor at  
Tufts University School of Dental Medicine, USA &  
Private Dental Practice Limited to Prosthodontics, USA)  
ISBN: 978-1-5225-9254-9; EISBN: 978-1-5225-9255-6 
© 2020; 1,356 pages. 

In the past, individuals in the dentistry field have struggled to diagnose and treat a variety of dental diseases 
due to the lack of measurement methods involved in the field. Modern occlusal technology offers solutions to 
the many commonly observed and frequently encountered occlusal problems that practicing dental clinicians 
regularly attempt to manage. 

The Handbook of Research on Clinical Applications of Computerized Occlusal Analysis in Dental 
Medicine aims to provide a research-based clinical resource for computerized occlusal analysis technology, 
while also serving as a complete clinical treatment guide to support clinicians in achieving significantly 
better treatment outcomes than what often presently result from non-digital occlusal indicators. This three-
volume compilation has been contributed to by over 20 industry-leading dentistry experts, containing 
over 800+ full-color figures/charts in addition to many modern-day digital occlusion research studies. This 
book chronicles Computerized Occlusal Analysis’ evolution and improvements, details its evidence-based 
rationale for employing this technology in place of traditional, non-digital occlusal indicators that rely solely 
on imprecise operator subjective interpretation, and describes the T-Scan’s many clinical applications within 
the differing practice disciplines of dental medicine. While highlighting topics that include T-Scan use in 
prosthodontics, orthodontics and dental implants, this book is ideally designed for clinicians, dentists, dental 
educators, researchers, dental students, and academics working in prosthodontics, occlusion, esthetics, 
temporomandibular disorders, dental implant prosthodontics, periodontics, orthodontics, and posture  
and balance. 

Covering:
1. Arch-Half Occlusal Force Balance 

2. Dental Implants and T-Scan 

3. Digitally Measured Occlusion 

4. Disclusion Time Reduction 

5. Orthodontic Monitoring 

6. Force and Timing Occlusal  
Analysis Technology 

7. Hypersensitive Dentition 

8. Prosthodontic Insertion Using T-Scan 

9. Temporomandibular Disorders 

10. Wear, Periodontal Recession,  
and Occlusal Forces

Pricing

Hardcover: US$ 765

E-Book: US$ 765

Hardcover + E-Book: US$ 925

https://www.igi-global.com/book/handbook-research-clinical-applications-computerized/219781
https://www.igi-global.com/book/handbook-research-clinical-applications-computerized/219781
https://www.igi-global.com/book/handbook-research-clinical-applications-computerized/219781
https://www.igi-global.com/book/handbook-research-clinical-applications-computerized/219781
https://www.igi-global.com/book/handbook-research-clinical-applications-computerized/219781


 
 

Editor Biography:
Edited by a pioneer and academic science advocate for digital occlusal technology, Robert B. Kerstein, DMD teaches a measured system 
which greatly improves the success of bite-related procedures commonplace in every clinical practice by providing predictable, rapid bite 
comfort for most patients.

Dr. Kerstein received his D.M.D. degree in 1983, and his Prosthodontic certificate in 1985, both from Tufts University School of Dental 
Medicine.  From 1985–1998, he maintained an active appointment at Tufts as a clinical professor teaching fixed and removable 
prosthodontics in the Department of Restorative Dentistry. In 1984, Dr. Kerstein began studying the original T-Scan I technology, and has 
since that time, also studied the T-Scan II, the T-Scan III with Turbo Recording, the T-Scan 8 technology, the T-Scan 9 technology, and the 
present day version, T-Scan 10.

He has conducted original research regarding the role that occlusion and lengthy Disclusion Time plays in the etiology of Chronic Occlusal-
Muscle Dysfunction and is recognized as a leading author and researcher in the field of Computerized Occlusal Analysis. He has published 
forty-five peer reviewed publications and authored four textbook chapters that highlighted the T-Scan computerized occlusal analysis 
technology. He currently maintains a successful private practice in Boston, Massachusetts, that is limited to prosthodontics, computerized 
occlusal analysis, and occlusal-muscle dysfunction.

Publication Table of Contents: 
SECTION 1: THE HISTORY OF THE T-SCAN 
COMPUTERIZED OCCLUSAL ANALYSIS SYSTEM(S)

Chapter 1: The Evolution of the T-Scan I System From 
1984 to the Present Day T-Scan 10 System ...................... 1
Robert B. Kerstein, DMD, Former Clinical Professor at  
Tufts University School of Dental Medicine, USA &  
Private Dental Practice Limited to Prosthodontics, USA

Chapter 2: Comparing the Force and Timing Limitations 
of Traditional Non-Digital Occlusal Indicators to the T-Scan 
Computerized Occlusal Analysis Technology .................. 55
Sarah Qadeer, BDS, MSD, Thammasat University, 
Thailand; Lertrit Sarinnaphakorn, DDS, Chulalongkorn 
University, Thailand

Chapter 3: Precision and Reliability of the T-Scan III 
System: Analyzing Occlusion and the Resultant Timing 
and Distribution of Forces in the Dental Arch ................ 100
Bernd Koos, University Medical Center Schleswig-Holstein, 
Germany

SECTION 2: THE T-SCAN 10 SYSTEM

Chapter 4: T-Scan 10 Recording Dynamics, System 
Features, and Clinician User Skills Required for T-Scan 
Chairside Mastery ......................................................... 130

Robert Anselmi, McGill University, Canada; Robert B. 
Kerstein, DMD, Former Clinical Professor at  
Tufts University School of Dental Medicine, USA &  
Private Dental Practice Limited to Prosthodontics, USA

SECTION 3: DIGITAL TECHNOLOGIES THAT 
COMPLEMENT THE T-SCAN SYSTEM

Chapter 5: Adding Technology to Diagnostic Methods . 225
John Radke, BioRESEARCH Associates Inc., USA

Chapter 6: Joint Vibration Analysis (JVA) and the 
Diagnostic Process in TMD ........................................... 299
Ray M. Becker, DDS, Private Practice, USA

Chapter 7: Employing the T-Scan/BioEMG III 
Synchronized Technologies to Diagnose and Treat Chronic 
Occluso-Muscle Disorder .............................................. 362
Robert B. Kerstein, DMD, Former Clinical Professor at  
Tufts University School of Dental Medicine, USA &  
Private Dental Practice Limited to Prosthodontics, USA

Chapter 8: The Transcutaneous Electrical Nerve 
Stimulation (TENS)/T-Scan Combined Occlusal Therapy 
for Musculoskeletal and Posturo-Occlusal Disorders .... 515
Curtis Westersund, ICCMO, Canada

Chapter 9: Temporomandibular Joint Imaging .............. 582
Mark Piper, Piper Educational and Research Center, USA

SECTION 4: COMPUTERIZED OCCLUSAL ANALYSIS 
AND OCCLUSAL TRAUMA, HYPERSENSITIVE TEETH, 
AND OCCLUSAL WEAR

Chapter 10: The Occlusal, Neurological, and  
Orthopedic Origins and Implications of the  
Hypersensitive Dentition ................................................ 699
Nick Yiannios, Private Practice, USA

Chapter 11: Combining the Air Indexing Method With the 
T-Scan System to Detect and Quantify Cervical Dentin 
Hypersensitivity ............................................................. 829
Thomas A. Coleman, Brandon and Shaftsbury, USA

Chapter 12: Tooth Wear: Prevention, Treatment, and 
Monitoring Using the T-Scan/BioEMG Synchronization 
Module ........................................................................... 879
Teresa Sierpińska, Medical University of Bialystok, Poland

SECTION 5: T-SCAN TECHNOLOGY AND  
DENTAL IMPLANTS

Chapter 13: Digital Occlusion in the Workflow of Implant 
Rehabilitations ............................................................... 945
Henriette Lerner, Goethe University Frankfurt, Germany

Chapter 14: Controlling the Implant Supported Occlusion 
Utilizing the T-Scan System ........................................... 996

Jinhwan Kim, Seoul National University School of 
Dentistry, South Korea

SECTION 6: THE MANY CLINICAL APPLICATIONS OF 
COMPUTERIZED OCCLUSAL ANALYSIS

Chapter 15: Orthodontic Monitoring and Case Finishing 
With the T-Scan System .............................................. 1057
Julia Cohen-Levy, University of Montréal, Canada

Chapter 16: Periodontal and Implant Treatment With 
Computerized Occlusal Analysis ................................. 1125
Nicolas Cohen, DDS, Private Practice, Canada & 
University of Paris Diderot, France

Chapter 17: Understanding Posturo-Occlusal 
Interrelationships by Combining Digital Occlusal and 
Posture Diagnostic Technologies ................................. 1175
Patrick Girouard, Acadia University, Canada

Chapter 18: Complex Medical Diagnoses With an 
Underlying Dental .......................................................  1243
Ben A. Sutter, Private Practice, USA

Chapter 19: T-Scan as an Education Tool ..................  1316
John R. Droter, The Pankey Institute, USA & Spear 
Education, USA

1

Table of Contents

All of IGI Global’s Publications are Available in Print and Electronic Format, as well as Featured in InfoSci-Books Database (5,300+ e-books).



Detailed Table of Contents

SECTION 1: THE HISTORY OF THE T-SCAN 
COMPUTERIZED OCCLUSAL ANALYSIS SYSTEM(S) 

Chapter 1 
The Evolution of the T-Scan I System From 1984 to the 
Present Day T-Scan 10 System .........................................1

Robert B. Kerstein, DMD, 
Former Clinical Professor at  
Tufts University School of Dental 
Medicine, USA &  Private 
Dental Practice Limited to 
Prosthodontics, USA

Since its inception in 1984, the 
development of Computerized 
Occlusal Analysis technology 
has revolutionized both dental 
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This chapter evaluates the force 
reporting limitations of static 
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non-digital occlusal indicators 
to the T-Scan computerized 
occlusal analysis technology. The 
diagnostic occlusal capabilities of the T-Scan’s digital force 
and timing data are presented by two separate studies 
that compared measured closure and excursive occlusal 
contact force and timing parameters in orthodontic and 
non-orthodontic young adults. A commentary is included 
regarding the clinical pitfalls of using maximally invasive, 
subjective interpretation to choose occlusal contacts for 
treatment instead of employing minimally invasive, computer-
guided occlusal contact selection. 
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Precise analysis of occlusal 
contacts and occlusal force 
is a problem in functional 
diagnostics that has not yet been 
satisfactorily resolved, despite 
the fact that the deleterious 
consequences of an unbalanced 
occlusion are widespread and 
can be severe. A detailed occlusal force and timing analysis 
can only be provided by performing a computer-assisted 
analysis, using the T-Scan III system (Tekscan, Inc. S. 
Boston, MA, USA). The following chapter demonstrates the 
accuracy and reliability of this computer-based occlusal 
measurement method that reliably describes the time-
dependent distribution of occlusal force evolution.  
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The T-Scan 10 has revised 
desktop graphics with additional 
toolbar buttons that enhance 
T-Scan functionality and improve 

chairside T-Scan clinical implementation. The system’s most 
recent important advancement, discussed in this chapter, is 
the melding of T-Scan digital occlusal force and timing data 
with digitally scanned dental arches to overlay T-Scan data 
on a patient’s virtual arch. The chapter details the five useful 
diagnostic occlusal recordings to treat commonly observed 
occlusal problems, and lastly outlines the three learning 
levels of T-Scan mastery that must be accomplished for a 
clinician to become an effective and competent T-Scan user.
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Chapter 5 
Adding Technology to Diagnostic Methods ....................225

John Radke, BioRESEARCH 
Associates Inc., USA

The most recent evidence 
suggests that the emotional 
aspects of temporomandibular 
disorders (TMD) are more the 
result of pain and dysfunction 
than the cause. This chapter 
discusses several dental 
technologies that are now 
available that provide objective 

bio-physiologic measurements of masticatory functions. 
Each diagnostic technology is illustrated with an example 
of its output data, recorded from both an asymptomatic 
subject, as well as a patient with masticatory dysfunction. 
Recommendations are provided regarding the 
acceptance of the use of modern digital technology as an 
indispensable part of modern clinical practice.

Chapter 6 
Joint Vibration Analysis (JVA) and the Diagnostic Process  
in TMD ...........................................................................299

Ray M. Becker, DDS, Private 
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This chapter describes joint 
vibration analysis technology 
(JVA), which assesses 
pathological changes 
that can occur within the 
temporomandibular joints. 
The diagnostic process and a 
simplified approach to better 
understand and efficiently treat 
temporomandibular dysfunction (TMD) will be overviewed. 
This chapter provides an overview of the various vibratory 
waveforms that indicate TM Joint pathology is present 
and illustrates the utility of joint vibration analysis as a 
temporomandibular joint diagnostic adjunct.

Chapter 7 
Employing the T-Scan/BioEMG III Synchronized 
Technologies to Diagnose and Treat Chronic Occluso-
Muscle Disorder .............................................................362
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Tufts University School of Dental Medicine, USA & Private 
Dental Practice Limited to Prosthodontics, USA

This chapter discusses chronic occluso-muscle disorder 
and how its symptoms are resultant from occlusally 
activated muscle hyperactivity as well as its computer-
guided treatment known as disclusion time reduction 
(DTR). T-Scan-based research since 1991 has determined 
that a significant etiologic component of occlusomuscle 
disorder is prolonged (in time) occlusal surface friction 
shared between opposing posterior teeth during 
mandibular excursions that occurs in both normal chewing 
function and during parafunction. Additionally, this chapter 
will highlight the newest disclusion time reduction therapy 
(DTR) studies that support the clinical implementation 
of this highly effective measured occlusal treatment for 
occluso-muscle disorder.  

24

The Evolution of the T-Scan I System From 1984 to the Present Day T-Scan 10 System
 

Figure 15. T-Scan III version 5 software desktop with 4 windows – the 2D Window, the 3D Window, the 
force vs. time graph, and the zoom graph

Figure 16. T-Scan III version 7 desktop with 4 windows - the 2D Window, the 3D Window, the force vs. 
time graph, and the zoom graph

Figure 17. The zoom graph x-axis extends from 1.2 – 2.7 seconds, with the Time line in the exact middle 
of the x-axis at 1.9 seconds

137

T-Scan 10 Recording Dynamics, System Features, and Clinician User Skills 
 

Figure 4a. The sensor support in place on the Novus handpiece, with an HD sensor being properly inserted

Figure 4b. The Novus recording handpiece, HD Novus sensor, and the sensor support inserted parallel 
to the occlusal plane, and resting between the patient’s central incisors, ready for intraoral use
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Adding Technology to Diagnostic Methods
 

cycles (usually 10 - 15) is required. The masseter and anterior temporalis muscles best indicate chewing 
cycle closing activity, and the anterior belly of the digastric best indicates opening activity.

Averaging a single cycle can clarify the pattern of activity between muscles, but averaging an entire 
sequence provides a more accurate indication. The normally expected pattern (mean pattern distribu-
tion + 2 standard deviations) would have the working masseter (R) as the most active, followed by the 
working temporalis (R), the non-working temporalis (L) and the non-working masseter (L). That is ap-
proximately what we see in the Figure 16, which shows one right-sided gum chewing cycle. However, 
each muscle has a unique pattern of activity, with significant overlap between the muscles during both 
elevation and depression. Considering that additional muscles are also contracting, even in this limited 

Figure 15. The Raw EMG activity of six muscles while chewing gum. The top two channels are the 
temporalis muscles, the next two below are masseter muscles, and the bottom two are from the anterior 
belly of the digastric/suprahyoid area of the musculature.

Figure 16. The averaged EMG of one right sided gum chewing cycle. The activity is non-uniformly dis-
tributed between the muscles, with considerable overlap and unique timing for each muscle.
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Comparing the Force and Timing Limitations of Traditional Non-Digital Occlusal Indicators
 

pink-colored column heights described the contact with the most occlusal force present. Each participant’s 
score was calculated by comparing the participant-selected highest force contacts against the highest 
T-Scan reported highest force contact in each photograph.

The results tabulated from the152 participants determined they chose 13.13% correct most forceful 
contacts by observing paper marks, visually (Sutter, 2017). The mathematical calculation of pure chance 
in this 5-question poll with 6 possible choices per photograph equaled 16.67% correct (1/6 = 16.67%). 
The fact that the group as a whole only accomplished 13.13% correct, when absolute chance equaled 
16.67%, indicated that the performance of this large group of participants, was very poor (Sutter 2017).

Therefore, the findings of this polling study directly support the earlier Subjective Interpretation 
study (Kerstein & Radke, 2013; Sutter, 2017), as the reported low score of 13.13% correct answers for 
the 152 participants is within 0.33% of the earlier study’s 12.8% correct answers for a group of 295 
other participants. Both studies strongly indicate that dentists cannot “look at” paper markings and ac-
curately determine which are the high force occlusal contacts. It would seem likely then that dentists 
will make numerous occlusal force level Diagnostic Errors when observing articulating paper marks 
when using the principles of Subjective Interpretation to isolate high force contacts, such that articu-
lating paper marks will be incorrectly selected as forceful with a high degree of frequency, when they 
might actually be low force. This in turn, will lead to the untoward and unexpected occlusal adjustment 
sequelae commonly seen in clinical practice when T-Scan occlusal measurements are not employed (the 
removal of excessive tooth structure from areas of teeth that do not need adjusting, the thinning out and 
weakening of dental materials, the loss of patient occlusal comfort, and non-treatment of the true high 
force contacts). Together, these 2 studies confirm that Subjective Interpretation is a highly inaccurate 
method for clinicians to employ when trying to discern the occlusal force content of occlusal contacts.

Figure 6. The T-Scan force profile of all the contacts present in Figure 1, showing the distobuccal aspect 
of tooth #15 was the highest force contact in the picture
Sutter, B.A. (2017). A digital poll of dentists testing the accuracy of paper mark subjective interpretation, CRANIO, 9,18. DOI:
10.1080/08869634.2017.1362786. Reprinted by permission of the publisher Taylor & Francis Ltd, http://www.tandfonline.com.
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Precision and Reliability of the T-Scan III System
 

Figure 1. The T-Scan III system recording handle with the recording sensor inserted. The handpiece is 
connected to a computer via a USB cable. The recording sensor can be readily interchanged.

Figure 2. The temporal resolution of the occlusal contact buildup sequence is readily displayed by the 
T-Scan system, for analysis

338

Joint Vibration Analysis (JVA) and the Diagnostic Process in TMD
 

Figure 25. Frontal View of patient’s teeth in maximum intercuspation. Note the anterior open occlusion. 
This could have possibly resulted from tongue thrusting, or from parafunctional habits. The existence of 
a tongue thrust can be determined by an EMG Swallow test (see Figure 36).

Figure 26. Maxillary occlusal view of patient’s teeth. Note the uneven alignment of the cusps of the 
posterior molars, increasing the probability there are occlusal interferences present. These contacts 
can be detected with T-Scan/EMG synchronization testing (see Figures 38 - 40), during clenching on 
posterior cotton rolls (see Figures 37a, b).

“Some dentists are 
afraid of using 
computer technology 
or other modern 
technologies that 

they are not familiar 
with, or may feel that the old clinical 
methods of hands-on diagnosis 
are good enough. Clinical methods 
are sufficient for routine cases, but 
not for those patients with complex 
dysfunctional conditions. Every 
dentist that accepts the challenge 
of treating complex cases can 
benefit from the extra diagnostic and 
treatment planning information that 
modern technology can bring to the 
case¸[which is found in this book].” 

- John Radke, MS.  
BioRESEARCH Associates, USA

2 To View All IGI Global Medical, Healthcare, and Life Science Publication, Visit: www.igi-global.com

Figure 22a - The 2D ForceView 
shows the right excursion 
building significant force on 
the palatodistal aspect of tooth 
#2 (pink and yellow sensels), 
while there is light force on 

the mesiolingual and mersiobuccal aspects. In the companion EMG 
data, the right temporalis and the right masseter muscles are firing 
excessively resultant from the lingual-to-lingual contacts between 
teeth #s 2 and 31.
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discussed, as is the influence that this nerve may have 
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This chapter introduces the air 
indexing method for detecting 
and quantifying cervical dentin 
hypersensitivity (CDH) as 
a companion to the T-Scan 
Occlusal Analysis System. This 
chapter presents the clinical 
benefits of melding the T-Scan 
Occlusal Analysis System with 

the Air Indexing Method when clinically assessing and 
treating cervical hard tissue pathologies. This chapter 
will also highlight CDH symptoms and NCCLs while 
presenting two case reports of how T-Scan guided occlusal 
adjustments can be effective at reducing CDH and 
prohibiting the progression of gingival recession. 

Chapter 12 
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Teresa Sierpińska, Medical 
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The focus of this chapter is 
to present the consequences 
of tooth wear resultant from 
mechanical reasons, such 
as parafunction, excessive 
masticatory forces, imbalanced 
occlusal contacts, and 
hyperactive masticatory 
muscles. This chapter will also 
outline preventative strategies that can predictably reduce 
the progression of pathologic wear, which employ the 
T-Scan 8/BioEMG synchronization module. These two 
objective companion technologies assess the occlusion 
before, during, and after dental treatment, as well as 
predictably control the long-term stability of newly-installed 
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The aim of this chapter is to 
show the integration of digital 
occlusion in the different 
phases of full arch implant 
rehabilitation with immediate 
implant placement and 

immediate loading procedures. Digital occlusal analysis 
raises the precision of functional occlusal adjustments, 
while improving the long-term predictability and stability of 
both case function and esthetics. This chapter will present 
a systematic digital workflow detailing every stage of full 
arch rehabilitation treatment, while showcasing digital 
occlusal diagnosis with the T-Scan 9 system, to install a 
precise implant prosthesis occlusal scheme. A full arch 
rehabilitation case involving immediate implant placement 
and immediate implant loading will be presented, with it 
occlusally finished with the T-Scan. 
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Temporomandibular Joint Imaging
 

Figure 138. FSCP viewed laterally and frontally. When the FSCP is a manipulated CR, as the condyle 
seats into the disc, the resultant malocclusion at the level of the dentition may be unmasked

Figure 139. The Maximal Intercuspation Position (MIP) is recorded with a bite registration, or the 
patient can occlude habitually into complete interdigitation

Figure 140. The Incisal Edge Position (IEP) is recorded by aligning the maxillary and mandibular central 
incisors midlines, while the patient holds their opposing incisors in contact

847

Combining the Air Indexing Method With the T-Scan System
 

and consistently by the clinician when performing Air Indexing. Patient or clinician-judged positive air 
indexes could then be quantified as mild, moderate, or severe. This FCB air exposure standardization 
allows for the sharing of CDH information between office personnel, or remote clinicians pre- and 
post-treatment.

Figure 13. The air/water syringe tip is directed at a 45-degree angle to the long axis of a tooth with an 
attenuated air stream at room temperature for 0.5 - 1.0 second at an estimated 5 mm distance to the CEJ

Figure 14. The Fluid Control Block (FCB) allows 5 standardized air emissions: 2-3 psi., 4-6 psi., 11-17 
psi., 25-30 psi., or 35-40 psi., which can be the selected respectively or individually as an air stimulus. 
A rotating dial allows the clinician to select the volume of expressed air used during CDH detection 
and quantification.

961

Digital Occlusion in the Workflow of Implant Rehabilitations
 

The maxillary provisional restoration is prepared for insertion by opaquing out the metallic color of 
the provisional screw-retained abutments (Figures 25a and b).

At the completion of the immediate placement and immediate loading surgery, the patient was restored 
with a stable occlusion on the two provisional restorations. After a few days of healing, she had a very 
positive response (Figures 26 - 28).

The Immediate Restoration Is Utilized for 4 - 6 Months

Although the occlusion will be protected somewhat by the patient’s soft food diet, a balanced distribu-
tion of forces should be achieved through adjustment during the provisional phase. After a few days, the 
occlusion on the provisionals was adjusted digitally with the T-Scan 9 system. The occlusal forces were 
too high on the provisional, necessitating force reduction to establish a functional, balanced baseline.

Figure 23. Precise positioning and flapless placement of the implants within extraction sockets

Figure 24. The implants are positioned well within the extraction sites. The thick tissue biotype is favor-
able for an esthetic outcome, without needing buccal soft tissue grafting
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Figure 26a. The pulsed T-Scan data after 9 adjustment sequences indicates the #16 area still exhibits 
a very high force contact while tooth #14 exhibits a high volume of concentrated force (24%). Together 
these two teeth are keeping the COF on the right arch half. The other occlusal contacts all demonstrate 
similar low-to-moderate force levels.

Figure 26b. The orthotics pulsed articulating paper markings after 9 adjustment sequences. The #46 
distal and the #44 distobuccal require the only targeted corrections
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Figure 6. Clinical extraoral palpation of the right and left anterior temporalis muscles

Figure 7. Palpation of the superficial right masseter muscle
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Bruxism as a Potential Wear Etiology

The international consensus regarding a Bruxism definition is as follows:

Bruxism is a repetitive jaw muscle activity characterized by clenching or grinding of the teeth and/or by 
bracing or thrusting of the mandible (Lobbezoo, Ahlberg, Raphael, Wetselaar, & Glaros, et al.., 2018). 

Because of the involuntary rhythmic or spasmodic, nonfunctional gnashing involved in Bruxism, it 
has been postulated that the grinding or clenching of the teeth may lead to occlusal trauma (Glossary 
of Prosthodontic Terms, 2017).

It has also been suggested that premature contacts on the occlusal and/or incisal surfaces of teeth may 
lead to traumatic occlusion, and consequently to Bruxism (Bishop, Kelleher, Briggs, & Joshi, 1997). 
Additionally, it has also been advocated that a primary etiology of chronic Bruxism is emotional stress 
that emanates from daily life and work-related activities (Bishop, Kelleher, Briggs, & Joshi, 1997)

Figure 8. Tooth structure loss on the maxillary anterior teeth from alcohol abuse and excessive muscular 
activity (masseter muscle activity levels in centric occlusion that exceeds 200 µV)

Figure 9. Complete loss of enamel on the buccal surface of the maxillary anterior teeth due to the pa-
tient’s 2- year-long work-related exposure to battery acid
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Chapter 18 
Complex Medical Diagnoses With an Underlying Dental 
Etiology: Case Reviews ...............................................1243

Ben A. Sutter, Private  
Practice, USA

This chapter presents four 
chronic pain clinical cases that 
were originally diagnosed as 
being something other than 
temporomandibular disorders 
(TMD). Specifically, the 
individual patient diagnoses 
were Phantom Bite Syndrome 
(PB), Meniere’s Disease (MD), 
Cervical Dystonia (CD), and Trigeminal Neuralgia (TN), 
where the prior treatments rendered to each patient that 
were based upon these diagnoses, were all unsuccessful. 
Each patient was re-evaluated with a series of biometric 
occlusal measurement technologies, including the T-Scan 
9/BioEMG III synchronization module, and treated with 
disclusion time reduction (DTR), which greatly improved or 
resolved completely their symptoms. This suggests TMD 
can present as one of these alternative diagnoses, or that 
TMD was misdiagnosed, absent the objective occlusal 
force and timing data offered by the T-Scan 9 system.

Chapter 19 
T-Scan as an Education Tool .......................................1316

John R. Droter, The Pankey Institute, USA & Spear 
Education, USA

When used as part of an 
educational strategy, the T-Scan 
can lead the patient to accept 
procedures that would benefit 
their long-term dental health. 
Chapter 19 outlines the four 
stages of creating optimum 
dental health, the steps required 
to perform effective teaching and 
learning, the differing styles of 
teaching and learning utilized in 

educational forums, and how to best employ the technique 
of Feature, Function, and Benefit. A few case examples 
illustrate how T-Scan data can educate a patient about 
their own occlusal problems, while describing both normal 
and abnormal occlusal function to a dentist.

“The chapter, 
Understanding 
Posturo-Occlusal 
Interrelationships 
by Combining 

Digital Occlusal and 
Posture Diagnostic 

Technologies, in the 
Handbook of Research on Clinical 
Applications of Computerized Occlusal 
Analysis in Dental Medicine, introduces 
the concept of posture from the 
perspective of dental occlusion through 
clinical cases examples documented 
objectively with Biometrics. It brings to 
light the existing relationship of dental 
occlusion and posture with undeniable 
evidences and measures. The digital 
technologies bring attestations that 
cannot be ignored or refuted by 
opinions…  the facts speak loud and 
clear about the existence of a posture-
occlusal interrelationship!” 

-Patrick Girouard, DMD MS,  
Acadia University, Canada
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Chapter 14 
Controlling the Implant Supported Occlusion Utilizing the 
T-Scan System ..............................................................996

Jinhwan Kim, Seoul National University School of 
Dentistry, South Korea

This chapter discusses how in 
daily dental practice, clinicians 
spend a great deal of time 
making corrective occlusal 
adjustments using solely 
articulating paper as their 
intended guide, leaving dentists 
to poorly Subjectively Interpret 
the appearance characteristics 
of the markings, such that 
implant occlusal force control is 

highly compromised, leading to peri-implant tissue loss, 
de-osseointegration, and elevated frequency rates of 
breakage of implant restorative components. By using the 
T-Scan technology, the clinician eliminates the subjectivity 
involved in using articulating paper, ensuring prosthesis 
longevity. Case examples are presented of how occlusal 
adjustments that employ T-Scan force and timing data 
with simultaneously recorded EMG data aid in implant 
restoration occlusal force control.

Chapter 15 
Orthodontic Monitoring and Case Finishing With the  
T-Scan System ............................................................1057

Julia Cohen-Levy, University of 
Montréal, Canada

This chapter reviews T-Scan use 
in orthodontics from diagnosis 
to case finishing, and then in 
retention, while defining normal 
T-Scan recording parameters for 
orthodontically-treated subjects 
versus untreated subjects. 
T-Scan use in the case-finishing 
process is also described, which 
compensates for changes in the occlusion that occur 
during “post-orthodontic settling,” as teeth move freely 
within the periodontium to find an equilibrium position 
when the orthodontic appliances have been removed.  
The clinical use of T-Scan in “fragile” cases of patient 
muscle in-coordination, mandibular deviation, atypical 
pain, and/or TMJ idiopathic arthritis are illustrated by 
several case reports.

Chapter 16 
Periodontal and Implant Treatment With Computerized 
Occlusal Analysis ........................................................1125

Nicolas Cohen, DDS, Private 
Practice, Canada & University of 
Paris Diderot, France

This chapter outlines the 
controversial subject of the role 
of occlusion in the progression 
of periodontal disease in great 
detail, from the perspective 
that the absence of a validated 
occlusal force and timing 
measuring device that can 
quantify the occlusion has contributed to the confusion and 
questions that exist in the scientific community about the 
relationship between periodontal disease, peri-implantitis, 
and the occlusion. The T-Scan 10 system is particularly 
adapted for treating patients who demonstrate tissue 
loss combined with occlusal issues. Indeed, after having 
controlled the major etiologic and risk factors of periodontal 
disease and peri-implantitis, adjusting the occlusion after 
active tissue and implant therapy favors healing.

Chapter 17 
Understanding Posturo-Occlusal Interrelationships  
by Combining Digital Occlusal and Posture  
Diagnostic Technologies ..............................................1175

Patrick Girouard, Acadia 
University, Canada

The specific aims of this chapter 
are to outline how posture and 
dental occlusion interrelate 
through the stomatognathic 
system’s afferent neural 
inputs into the central nervous 
system (CNS). Three differing 
clinical posturo-occlusal cases, 
diagnosed and treated with 

the combined use of the T-Scan 9 computerized occlusal 
analysis technology, the MatScan/MobileMat foot pressure 
mapping technology, and the Footmat Research software 
version 7.10 are explored. The presented cases emphasize 
there exists a whole-body concept that depends upon 
a variety of differing systems, whereby changes in the 
dental occlusion produce a phenomenon of bio-functional 
neuro-reprogramming for the stomatognathic system and 
the whole body.
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these issues at the time of case insertion. The T-Scan can also be used to monitor the long-term prosthesis 
occlusal stability with repeated periodic occlusal maintenance reevaluations. As result, many potential oc-
clusal problems, which are caused by excessive and abnormal occlusal force will be successfully managed, 
thereby improving the overall survivability of the complex full mouth implant restoration case.

Figure 20c. Post-operative T-Scan/BioEMG synchronization data of left lateral excursion (Disclusion 
time = 0.232 seconds). There is definitively less left excursive temporal muscle activity present than 
compared to the preoperative condition seen in Figure 17c.

Figure 21. The many prosthetic procedures required in full mouth implant restoration after implant instal-
lation surgery. (A) is the Pre-operative condition; (B) is the 1st set of provisionals placed after implant 
exposure; (C) shows the recording of the condylar guidance with Arcus digma; (D) is the intraoral gothic 
arch tracing to determine the treatment vertical dimension; (E) shows the maxillary mounted cast; (F) 
is the 2nd set of provisionals made from the articulated casts; (G) is facial view after the delivery of the 
2nd restoration; (H) is delivered final prosthesis.
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The observations of this particular clinical case continued 1-month after the insertion of the immedi-
ate prostheses, when further refinements of the occlusal contacts were made using the T-Scan system. 
Initially, at this recall appointment at maximum bite force, the relative forces were 44.7% Right - 55.3% 
Left. But after using the force data to make targeted occlusal adjustments to teeth #s 23, 28, 17, and 14, 
the right-to-left force balance improved to 50.8% right - 49.2% Left (Figures 36 and 37, respectively).

Figure 35d. The Anterior-Posterior COF displacement comparison of the Habitual Bite (MIP) without 
anesthesia (before extractions in red), the Habitual Bite (MIP) with anesthesia (before extractions in 
green), and with the newly inserted immediate complete upper and partial lower dentures (immediately 
after extractions in blue).

Figure 36a. The T-Scan recording of the initial maximum occlusal force registration at the 1-month 
recall control visit. Large force concentrations existed on teeth #s 23, 28 and 17 after prosthesis settling.
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Figure 16. The result of High-Resolution Pulse Oximetry. An RDI of 14 led to the ordering of a medical 
sleep evaluation.

Figure 17. Diagnostic Palatal Anterior Stop (D-PAS) appliance at increased vertical dimension that did 
not allow posterior teeth to contact in any mandibular position

Figure 18. D-PAS appliance frontal view

1107

Orthodontic Monitoring and Case Finishing With the T-Scan System
 

Figure 25b. The post-operative surgical result with vertical elastics bilaterally, guiding the healing of 
the mandible (lingual customized appliances were used in this case)

Figure 25c. Class I established at orthodontic appliance removal

Figure 25d. After ten months of retention, note the widespread articulating paper marks that suggest 
there exists ideal occlusal balance
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Figure 12a. #21 fractured after an accident just above the crestal gingival tissue level

Figure 12b. The dental arch continuity should be preserved with the extraction of #21, followed by 
implant placement treatment
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massage therapy, and physical therapy, all of which helped some, but provided no lasting relief. Finally, 
the patient’s medical doctors did order CT and MRI scans, both of which reported normal findings.

Data Collection

The patient was evaluated in a general dentistry practice with the same protocol detailed in this chapter’s 
Introduction. Intraoral photos were taken as the patient presented (Figure 26-29). She also filled out the 
Symptom Questionnaire, which revealed that she was experiencing numerous, common TMD symptoms, 
in addition to her known CD symptoms, including headaches, neck and shoulder tension, clenching at 
night, and limited opening of the mouth (Figure 30).

Figure 30. Initial Symptoms Questionnaire. The CD patient identified 36 symptoms she suffered from
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their practices. Dr. Mitsch has lectured on the 
implementation of state-of-the-art technology 
in dentistry throughout the nation. He holds 
fellowships with the Academy of General Dentistry, 
the Academy of Dentistry International and the 
International Congress of Oral Implantologists 
with a distinguished fellowship from the American 
Academy of Craniofacial Pain. Dr. Mitsch has also 
completed his Mastership from BioRESEARCH, Inc.

Julia Cohen-Levy, DDS,  
University of Montréal,  
Quebec, Canada  

Julia Cohen-Levy has been in private 
practice in Paris since 2003 and has been a T-Scan 
III user beginning in 2006. She has authored in 
several international journals and scientific articles 
focused on computerized occlusal analysis use in 
orthodontics, lingual orthodontics, and radiological 
anomalies. Additionally, she is a member of the 
editorial Board of the Journal of Dento-facial 
Anomalies and Orthodontics and serves as 
President of the Sleep Apnea Commission for the 
French Federation of Orthodontics (FFO). She is 
both a national and international lXXXVI lecturer, 
and teaches courses about sleep apnea, lingual 
orthodontics, and computerized occlusal case 
finishing in orthodontics.

Curtis Westersund, DDS,  
Calgary, Canada

Curtis Westersund is a dentist in 
Calgary, Alberta, Canada, for the past 

40 years. His practice is focused on the treatment 
of Temporomandibular Disorders (TMD), with a 
physiologic approach to diagnosis and treatment. 
He holds a Mastership with the International College 
of Cranio-Mandibular Orthopedics (ICCMO). In 
addition, Dr. Westersund has been published in 
The Journal of Craniomandibular & Sleep Practice, 
presenting a clinical trial on the effects that postural 
alignment has on the dental occlusion. He has also 
published in two books about using physiologic 
protocols in the treatment of TMD. Dr. Westersund 
is a trainer and lecturer for the T-Scan 10 digital 
occlusal analysis system. And finally, Dr. Westersund 
lectures on the treatment of TMD/chronic pain 
using physiologic and neuromuscular principles 
that include the use of the T-Scan, throughout the 
United States, Russia, Europe, Japan, India, Brazil 
and Canada. He also lectures on the diagnosis and 
treatment of obstructive sleep apnea, using the 
Zephyr MATRx system.

Patrick Girouard, DDS,  
Moncton, Canada

Patrick Girouard received his D.M.D in 
1993 from the Université de Montréal 

and has been a dentist at the Dental Health Centre 
since 1997. He has lectured internationally, sharing 
his experience and knowledge. He is involved 
in research projects with universities, including 
Acadia, NYU, and Tufts University.

Dr. Girouard is one of the few who has received 
intensive university training in craniofacial pain 
for the diagnosis, management and treatment of 
temporomandibular disorders, jaw pain, headaches, 
sleep disorders, orofacial pain, and other 
abnormalities associated with craniomandibular 
structures. This advanced university education lead 
to a unique master’s degree of sciences awarded to 
him by Tufts University School of Dental Medicine 
Craniofacial Pain Centre.
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Related Titles

ISBN: 9781522577966 
EISBN: 9781522577973
© 2019; 424 pp.

Pricing

Hardcover: US $285
E-Book: US $285
Hardcover + E-Book: US $345

Advanced Classification Techniques  
for Healthcare Analysis
Chinmay Chakraborty  
(Birla Institute of Technology Mesra, India)

Provides emerging insight into classification 
techniques in delivering quality, accurate, and 
affordable healthcare, while also discussing the 
impact health data has on medical treatments. This 
book is ideal for medical professionals, healthcare 
administrators, engineers, researchers, academicians, 
and technology developers seeking current research 
on furthering information and communication 
technology that improves patient care.

ISBN: 9781522558767 
EISBN: 9781522558774
© 2019; 313 pp.

Pricing

Hardcover: US $245
E-Book: US $245
Hardcover + E-Book: US $295

Medical Image Processing for  
Improved Clinical Diagnosis
A. Swarnambiga  
(Indian Institute of Technology Madras, India)

Provides emerging research exploring the theoretical 
and practical aspects of computer-based imaging 
and applications within healthcare and medicine.  
This book is ideally designed for medical 
practitioners, students, researchers, and others i 
n the medical and engineering fields seeking  
current research on the use of images to  
enhance the accuracy of medical prognosis.

ISBN: 9781522562436 
EISBN: 9781522562443
© 2019; 334 pp.

Pricing

Hardcover: US $225
E-Book: US $225
Hardcover + E-Book: US $270

Computational Techniques for  
Dental Image Analysis
K. Kamalanand (Anna University, India), B. 
Thayumanavan (Sathyabama University Dental 
College and Hospital, India) and P. Mannar Jawahar 
(Anna University, India)

Provides innovative insights into computerized 
methods for automated analysis. The research 
presented within this publication explores  
pattern recognition, oral pathologies, and  
diagnostic processing.

ISBN: 9781522519034 
EISBN: 9781522519041
© 2017; 530 pp.

Pricing

Hardcover: US $320
E-Book: US $320
Hardcover + E-Book: US $385

Oral Healthcare and Technologies: 
Breakthroughs in Research and Practice
Information Resources  
Management Association (USA)

A comprehensive resource with the latest scholarly 
perspectives on the technological advancements 
and real-world applications for oral hygiene and 
medical care. This multi-volume book is ideally 
designed for professionals, researchers, students, 
and practitioners seeking academic material on 
developments and innovations in oral medicine.

ISBN: 9781466665873 
EISBN: 9781466665880
© 2015; 973 pp.

Pricing

Hardcover: US $475
E-Book: US $475
Hardcover + E-Book: US $575

Handbook of Research on Computerized Occlusal Analysis 
Technology Applications in Dental Medicine (2 Vols.) 
Modern medicine is changing drastically as new technologies emerge to transform the way 
in which patients are diagnosed, treated, and monitored. In particular, dental medicine is 
experiencing a tremendous shift as new digital innovations are integrated into dental practice.

The Handbook of Research on Computerized Occlusal Analysis Technology Applications 
in Dental Medicine explores the use of digital tools in dentistry, including their evolution as 
well as evidence-based research on the benefits of technological tools versus non-digital 
occlusal indicators. Comprised of current research on clinical applications and technologies, this 
publication is ideal for use by clinicians, educators, and upper-level students in dentistry.

Topics Covered

• Abfraction Formation and 
Root Recession Defects

• Adhesive and  
Esthetic Prostheses

• Implant Prosthodontics
• Natural Tooth  
Occlusal Function

• Orthodontics
• Prosthodontics
• Temporomandibular 
Disorders
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