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Introduction

Every scientific field, including medicine and orthodontics, is in continuous development and therefore subject to change. Some orthodontic inventions (eg, the Funktionsregler, named after Professor Fränkel) become an integral part of the orthodontic practice, while others cannot fulfill expectations or prove to be too complex and slip back into oblivion.

The movement of teeth using aligners was founded in 1926 by Remensnyder; Kesling popularized this method in 1945 and described it as a “tooth positioning appliance.” Later, Sheridan invented the “Essix Tooth Moving System.” Using the Essix technology is quite similar to the conventional fixed appliances, as the therapy can be constantly modified because of the multiple variables that arise during treatment. With the Essix aligners, mild to moderate crowding can be solved.

Align Technology was founded in 1997, being the first company to use the former aligner techniques and combine them with CAD/CAM (computer-aided design/computer-aided manufacture) technology. Advances and innovations in this technology have further improved and enhanced the Invisalign system. The Invisalign system was unique in that the clinician was able to plan the final result and the path of the treatment virtually with the ClinCheck software, even before the real treatment starts in the patient’s mouth. In the past, Invisalign has been described as a successful tool for treating mild to moderate crowding, for the closure of naturally occurring spaces, as well as tipping movements. After several years of experience with the system, almost all tooth movements (see Chapter 5) can be performed with aligner therapy. Aligner orthodontics has become established worldwide and counts as being one of the most innovative orthodontic techniques. Meanwhile, other aligner systems have entered the market. Some work similar to the Invisalign system, while others allow the practitioner with adequate software to set up the virtual treatment goal all by himself. This edition will give insights into the In-Office Aligner Technique we have been using now for almost 5 years and believe will be a fixed component of the orthodontic office in the future. As with every orthodontic appliance, retention is crucial also in aligner orthodontics. In our office, patients are advised to come in for retention controls regularly after the orthodontic treatment. We have tried to document all patients for a longer period, offering also the possibility to show long-term result pictures. Unfortunately, this has not been possible for all of our patients.

As for every orthodontic appliance, no matter if removable or fixed, aligner orthodontics, too, need a high level of education, training, and experience. This book may give the beginner, as well as the experienced user, tips and techniques on how to integrate aligner orthodontics reasonably and successfully into the orthodontic office. The book gives an overview of Aligner Orthodontics since 2001, showing early and therefore now older treatment examples as well as formerly treated patients including developments of software systems and techniques over the years until today. Compared to our first book, different outsourced aligner systems are presented. We have put a main focus on the in-office aligner technique, as well as on the orthopedic part of our specialty.


Acknowledgment

This book would not have been possible without the cooperation and understanding of our patients, many friends, colleagues, practice staff, and of our families.

The initial idea for our first aligner book came from our friend and colleague Kenji Ojima. The book Aligner Orthodontics was first published in Japan.

This book does not claim to consider only the issues within aligner orthodontics as being purely scientific. It is rather supposed to give some assistance to the orthodontic practitioner with the diagnosis, treatment planning, and treatment with aligners. One main focus of this book is the function of the occlusion, the craniomandibular system, and the musculoskeletal system. For us, the treatment of the function, and the correction of the malocclusion come first. A perfect dentofacial esthetic is our second most important treatment goal. “Beautiful is what functions!” is a decisive idea of the Bauhaus art movement (1919–1933). So we focus our main attention on function, which according to the Bauhaus ethos leads to beauty and therefore takes priority. The treatment of complex functional disorders, as well as of esthetic deficits, is often only possible in the interdisciplinary concept. This is why we have described in some patients not only aligner orthodontics from functional and esthetical aspects, but also in singular cases the necessary supply with restoratives after orthodontic therapy. Compared with our first book, we have significantly expanded the orthopedic part and added the addition “orofacial orthopedics” to the title Aligner Orthodontics. For this reason, this book begins with a description of the complex craniomandibular system and its connection to the musculoskeletal system.

The significance of occlusion for the function of the craniomandibular system is described by Okeson quite insistently: “Occlusion has been an important consideration in orthodontics since the beginning of the discipline. Early emphasis was placed on the alignment of the teeth, the stability of the intercuspal position, and the esthetic value of proper tooth positioning. These factors remain important to orthodontists, but orthopedic principles associated with masticatory functions must also be considered. Orthopedic stability in the masticatory structures should be a routine treatment goal to help reduce risk factors associated with developing temporomandibular disorders.”1

We were particularly pleased to have found co-authors that we were able to convince to support us in this book.

We were able to persuade Wolfgang Boisserée, with whom we have written the book Kraniomandibuläres and Musculoskeletal System (2012), to participate in the chapter “Diagnosis,” which deliberately focuses on the theme of “function.” He has also contributed to many writings on interdisciplinary dentistry showing the continued restorative treatment after orthodontic treatment.

The biomechanical aspects of tooth movement with aligners are described by Bernd Lapatki and Fayez Elkholy. In a clear and inspiring manner, they represent the basic biomechanical bases necessary for everyone, without which virtual planning in aligner orthodontics would not be possible.

Fayez Elkholy and Julia Funke deserve our thanks for their section of the chapter “In-office aligner treatment” with a perfect overview of different in-office systems, print, and aligner material.

We thank Xianju Xie for the support with the creation of the topic for the treatment of Chinese patients and their specialties. We also thank Yuxing Bai for the perfect illustration of the particular treatment of Chinese patients.

We thank our co-authors, as well as our friends and colleagues Stephen Chang for his graphics and Georg Meyer for the chapter “Short screening test”, Margret Bäumer, and Carsten Appel for their tireless work and many professional discussions around the topic of aligner orthodontics and orofacial orthopedics, periodontology, and endodontology. We thank Kenji Ojima for the presentation of an extraction treatment for a Japanese patient. Petra Clauss and Gerd Christiansen we thank for the ideas in the chapter “Virtual articulator,” which will surely improve our virtual treatment simulation (VTS) in aligner orthodontics.

Our thanks go also to our teachers: Ulrike Ehmer, Harold Gelb, Rainer-Reginald Miethke, Robert M. Ricketts, and Douglas Toll.

We would like to thank Mitra Derakshan, John Morton, Srini Kaza, and Bob Boyd, who were significantly involved with the development of the Invisalign technique. It has always been an enrichment to be able to participate with them in the development of aligner orthodontics in research and development.

We would also like to thank Toni Graf-Baumann, Rainer Heller, Stefan Kopp, Gerhard Marx, Dirk Polonius, and Peter Zernial, with whom we have developed diagnostic and therapeutic procedures in an interdisciplinary approach, between orthodontics and manual and osteopathic medicine.

We thank Christopher Lux, Chris Köbel, and Matthias Kern for providing additional perfect picture material. We would like to cordially thank our friend Anna Drexelius for the cover design.

We also thank the dental laboratory Läkamp, in particular Manfred Läkamp and Max Mainzer, for many innovative ideas and images, most notably with the technique Zirkonzahn.

In addition, we are grateful to Rainer-Reginald Miethke, who has not only written a foreword in the first edition but also has contributed many suggestions for improvement. For the foreword in this second edition, we cordially thank Vincenzo d’Anto and James Mah.

Tommaso Castroflorio and Francesco Garino, we thank you for sharing new thoughts and ideas concerning aligner treatment with us.

Almost all MRI scans of the temporomandibular joint (TMJ) are from the Media Park Clinic, Cologne. For this, we thank Magnus Andersson, Thomas Steimel, and colleagues.

We thank all patients and patients’ parents for allowing us to treat them or their children. We would like to thank them deeply for the trust that they have placed in us.

Most treatments were only possible in a close interdisciplinary team. Our thanks here go to our colleagues Carsten Appel, Margret Bäumer, Wolfgang Boisserée, Frank Bröseler, Oliver Giers, Elisabeth Janson, Wolfgang Kater, Stefan Kopp, Sofia Krings Vogeler, Roland Mantsch, Pascal Marquardt, Ulrich Meyer, Ansgar Rademacher, Leslie Runkel, Ingolf Säckler, Jesko Schuppan, Christina Tietmann, and Marit Wendels.

Our sincere thanks go to the entire team of our orthodontic office and laboratory, particularly to Maria Harbrecht, for her meticulous assistance with the photo documentation, and our master technician Mario Klingberg, who have both contributed their cooperation and support to make this book possible.

1. Okeson JP. Evolution of occlusion and temporomandibular disorder in orthodontics: Past, present, and future. Am J Orthod Dentofacial Orthop 2015;147(5 Suppl):S216–S223.


Foreword

“No appliance exists which will allow an orthodontist to treat orthodontic problems without adding the necessary ingredient of Common Sense” (Thomas F. Mulligan).

In recent decades, there has been a significant increase in the use of clear aligners for the treatment of malocclusions in adults and children. However, despite the fact that orthodontic treatment with clear aligners is a quickly growing sector, there is still insufficient evidence with regard to the effectiveness and stability of the treatment compared with conventional therapies.

The authors Julia Haubrich and Werner Schupp have been early adopters of the technique and are among the most well-known clinicians who have contributed the most to the advancement of the fields. Their book is inspired by common sense and provides a thoughtful and pioneering vision for the future of the field.

The choice to open the textbook with a new chapter on physiology and functional neuroanatomy of the temporomandibular system and musculoskeletal system provides, at first glance, a clear idea of the authors’ perspective on the importance of function in contrast with cosmetic and esthetically driven therapies. This section is completed by the revised section on diagnostic aspects, with a comprehensive overview of the different steps needed for a multidisciplinary and interdisciplinary treatment approach.

Meanwhile, the new Chapter 2, written by Prof. Bernd G. Lapatki and Fayez Elkholy, summarizes the biomechanical aspects underlying aligner therapies and allows every orthodontist to understand the key factors playing a critical role in obtaining a proper tooth–aligner interaction.

Every reader can take advantage of the wide list of clinical topics developed through well-documented case reports, providing the rationale and the mechanics for treating patients with different clinical conditions. The treatment of different malocclusions was performed with different aligner systems, with a special focus on in-office designed appliances, which are the future of the orthodontic discipline.

Aligners are being refined and will continue to improve with the passage of time. Thanks to the progress in artificial intelligence and to the improvement in material properties, new possibilities have emerged for their clinical evolution. Nevertheless, a deep knowledge of the key factors in aligner treatment still allows the commonsense orthodontist to have complete control of every treatment plan in order to overcome all the biomechanical limits of the appliance.

This book will help any practitioner interested in aligner therapy to gain a deeper insight into its biomechanical background, the essential steps in planning aligner therapy, and knowledge of detailed procedures in numerous clinical examples from an orthodontic and orthopedic point of view.

Vincenzo D'Antò, DDS, PhD, Specialist in Orthodontics

Associate Professor

University of Naples Federico II

Department of Neuroscience, Reproductive Sciences and Oral Sciences

Section of Orthodontics


Foreword

To date, over 14 million patients have been treated using aligners, and their popularity continues to rise as patients become more aware of these treatments and clinicians continue to expand their utilization. Despite the rich history of aligners, which spans several decades, there are less than a handful of books on this topic, one of which was from the current authors. Accordingly, this book comes at the right time, when clinicians are actively seeking organized and comprehensive information regarding aligners. Overall, the book is clearly written and accompanied by exquisite illustrations and abundant photographs. Related to the latter, the book is well over 600 pages but remains easy to read as the figures and illustrations greatly assist explanations and discussion. The book is enhanced with international collaborators, which include Yuxing Bai, Wolfgang Boisserée, Fayez Elkholy, Bernd Latatki, and Julia Funke.

The book begins with a chapter on physiology and functional neuroanatomy of the temporomandibular and musculoskeletal systems, respectively. This provides relevant basic information regarding the function of the masticatory system, which distinguishes this book from others. The foundations of the system provide essential parameters for understanding the etiology of malocclusions, diagnosis, establishing treatment goals, and treatment planning. The second chapter is also foundational and provides key information regarding the biomechanical aspects of an aligner system. For a relatively simple appliance, the biomechanical aspects are actually quite complex with variables such as material properties, gingival margin trim line, and the many attachment designs. Chapter 3 describes a systematic and detailed diagnostic approach and provides clinical examination forms to assist the clinician in conducting examinations. It includes information on occlusal analysis as well as an evaluation of the musculoskeletal system and temporomandibular joints with a virtual articulator. This is another area where this book sets itself apart. Chapter 4 provides the principles of treatment planning with aligners. An easy-to-follow planning algorithm for diagnosis and treatment planning is provided. This chapter is loaded with clinical content and tips such as the esthetic finishing checklist. This chapter is worth reading again and again as there are numerous concepts and principles that the authors have established from years of experience. Chapter 5 is the largest chapter, and it is not surprising as the types of malocclusions that are treated with aligners are as diverse as those with conventional fixed appliances. A flow chart of aligner technique is provided, which is invaluable for those beginning to provide aligner therapy. A unique benefit of this chapter is the advice on treatment staging. This aspect of aligner education is lacking or completely missing from other books. Numerous details, such as planning of attachments, limitations of movements, choice of materials, and the specifics of individual tooth movement directions are provided. Additional topics of software for treatment planning and in-office aligner treatments add to the comprehensiveness of this chapter. Chapter 6 discusses the advantages of aligner orthodontics. Historically, some clinicians were critical of the ability to treat malocclusions with aligners compared to contemporary fixed appliances. However, with advancements in the science and understanding of aligners this has become somewhat of an antiquated notion. Both systems have been shown to work well, and it really is an “apples to oranges” comparison with an emphasis on the skill and experience of the clinician. Chapter 7 deals honestly with an aspect of aligner orthodontics that is seldom discussed. The environmental data provided are startling. Avoiding plastic waste with strategies to manufacture aligners only as needed, selection of packaging and auxiliaries and aspects to consider as responsible clinicians.

In summary, this book provides fundamental information for clinicians to better diagnose and treat orthodontic patients with aligners. Despite its comprehensive nature, easy-to-follow clinical forms and charts are provided to allow readers to more readily apply this wealth of information toward patient care. This book is a real asset for those embarking on the journey of learning about aligners.

James Mah, DDS, MSc, DMSc

Interim Dean

University of Nevada, Las Vegas


Foreword of the first edition

In 1993, Toni Morrison received the Nobel Prize for literature. Of what relevance is this fact to this textbook? Well, Mrs Morrison once said: “If there’s a book you really want to read but it hasn’t been written yet, then you must write it.” This was, in all likelihood, the motive behind Julia Haubrich and Werner Schupp’s work on this textbook given that, in my opinion, it is the only one of its kind.

The authors are experienced orthodontists who work in the same private practice and who began using the Invisalign System shortly after its introduction into Europe. Very soon after this, they became devotees of this novel treatment modality, in which they have gained extensive experience since then.

This textbook opens with a chapter on diagnostics. It is for the reader to decide whether to examine patients to the extent and depth that is described here. One should at least be aware of the complex, interrelated physiology of the human being who exists at the end of every tooth, and be prepared to make individualized and appropriate referrals to other disciplines, which are specialized in muscle or joint problems.

Guest author John Morton has contributed a short chapter on the biomechanics of aligners. This is followed by a broad presentation of all kind of malocclusions, the accompanying symptoms, the rationale behind the selected treatment approaches, and the various outcomes achieved. Each patient is documented with high quality intra- and extraoral photos and radiographs. Every reader stands to benefit from this chapter, irrespective of his or her level of experience with the Invisalign System. Impressive as the treatment results are, the authors, in their admirable self-criticism, still point out minor flaws.

The last chapter of the textbook deals with the advantages (and some disadvantages) of the Invisalign System. Its content may help patients and clinicians alike in deciding whether this system is the optimal choice for a particular situation.

This author does not wish to take any more time from the reader, who has ahead of them a challenging, but worthwhile read. Study the text, read sections of it selectively, skim through , or return to it over and over again in the best interests of your patients.

Prof R-R Miethke

2016


Abbreviations

ADDWR – anterior disc displacement with reduction

ARAS – ascending reticular activating system

BROM – back range of motion

CBCT – cone-beam computed tomography

CGRP – calcitonin gene-related peptide

CNS – central nervous system

CO – centric occlusion = maximum intercuspation

COPA – condylar occlusal positioning appliance

CPG – central pattern generator

CR – centric relation; physiological centric relation = physiological TMJ relation

CRT – cotton roll test

EPSP – excitatory postsynaptic potentials

FR – formatio reticularis

FR – Fränkel appliance (Funktionsregler in German)

GABA – gamma-aminobutyric acid

HIP – habitual intercuspation position

ICC – interclass correlations

IED – incisal edge distance

IPR – interproximal reduction

MRI – magnetic resonance imaging

MRT – magnetic resonance tomography

MSS – musculoskeletal system

NS neuron – nociceptive neuron

OISD – orthodontic implant site development

OPG – orthopantomogram

OSAS – obstructive sleep apnea syndrome

PAPA – preparatory anticipatory postural adjustment

PDL – periodontal ligament

RANKL – receptor activator of NF-kappaB ligand

RCP – retruded contact position

RCT – randomized controlled trial

RJM – rhythmic jaw movements

RPE – rapid palatal expansion

SHIP – Study of Health in Pomerania

TAD – temporary anchorage device

TCB – therapeutic construction bite

TMD – temporomandibular dysfunction

TMJ – temporomandibular joint

TMS – temporomandibular system

TNF – tumor necrosis factor

TPP – torque pressure points

VTS – virtual treatment simulation

WDR – wide dynamic range neuron


1


PHYSIOLOGY AND FUNCTIONAL NEUROANATOMY OF THE TEMPOROMANDIBULAR SYSTEM AND MUSCULOSKELETAL SYSTEM



The nervous system, with its peripheral and central portions, is a complex and coherent system which can be divided into individual blocks, communication though inseparable. The central nervous system (CNS) requires information from the periphery to plan the motor activities and functions and be able to control these. Considering the motor cortex in the precentral gyrus and somatotopic representation of the contralateral muscles (homunculus) as well as the sensory portion, a significant proportion of the temporomandibular system (TMS) drops directly into the eye area (Fig 1-1). Many actions are done unconsciously. Most of the information from the TMS is processed in the brain stem, the trunk encephali, consisting of the midbrain (mesencephalon), bridge (pons), and prolonged spinal cord (medulla oblongata). The basal ganglia are an integral part of the motor system, which become highly active already directly after birth.1, 2


[image: ]

Fig 1-1 Motorized primary field of the gyrus precentralis. Graphic: Lovric & Bohr from Boisserée, Schupp, Kraniomandibuläres and Musculoskeletal System, courtesy Quintessence Publishing.2



The function of the basal ganglia

The subcortical basal ganglia are involved in many processes such as perception, learning, memory, attention, motor function and select central inputs and outputs, both of a cognitive and emotional nature, to maintain stability with change, namely allostasis.3–6 For our human survival, its selection of movements and establishment of a corresponding sequence of movements to our current context of events is indispensable.7 The basal ganglia are directly involved in this process. The basal ganglia return on existing patterns of movement and save new movement patterns by repeating the new patterns. The basal ganglia select, sort, and integrate congenital learned movement patterns associated with cognitive and emotional mental information.7

Directed motility controls the flow of directed voluntary movements. The interaction of sensorimotor regions in the nervous system, in compliance with the basal ganglia in voluntary movements, is shown in Figure 1-2.8 The center for purposeful movement is the subcortical motivation area. Further processing takes place simultaneously and is rational in the frontal cortex and emotional in the limbic cortex. There is thus no muscular activity without the influence of the limbic system. Regarding the associative cortex, the advance takes place in the basal ganglia, the nucleus tegmental pedunculopontine informs among others the cerebellum, but also the cortex, basal ganglia, and thalamus according to an “integrated interface.” The nucleus tegmental pedunculopontine is connected to motor nuclei in the brain stem and spinal cord.9, 10 From the thalamus the information enter into the brain stem and from there via the dorsolateral pathways of the spinal cord to the muscle that performs the idea. An immediate feedback follows as somatosensory information into the cerebellum, the associative, and in the limbic cortex.


[image: ]

Fig 1-2 Planning process of directed motility in consideration of the basal ganglia, modified by Rettig.8 Immediate feedback from the muscle follows as somatosensory information into the cerebellum and into associative and limbic cortec (black arrows).



The basal ganglia receive their input from the sensory organs, from the muscles, tendons, and other deep somatic tissues, as well as from connective tissues. This information of the cortex is communicated to the basal ganglia via the thalamus. Cortical areas of the orbitofrontal cortex, the anterior cingulate cortex, the lateral prefrontal cortex, and areas of the motor cortex control striatal core areas, which lie in the dorsolateral and ventromedial caudate nucleus, in the putamen and nucleus accumbens, and which are connected to the globus pallidus as a starting region of the basal ganglia area (Fig 1-3). The globus pallidus communicates with the ventral and medial thalamic nuclei, which mediate a rear projection to cortical output structures.11 The basal ganglia decide after receiving this information whether a motor, an emotional, motivational, or cognitive instruction takes place or not. The selection is made according to the criteria of maintaining allostasis. Beyond the direct interconnection in the basal ganglia, the activity is increased in the thalamus, and inhibited via indirect and hyperdirect interconnection in the basal ganglia. The resulting net income determines accordingly whether the stimulation of a motor, emotional–motivational, or cognitive region in the cortex takes place or not.


[image: ]

Fig 1-3 Basal ganglia interconnection in detail, Indirect way: inhibiting; Direct way: exciting; Hyperdirect way: inhibiting. mod. Asan15 with courtesy of Damir del Monte (www.damirdelmonte.de) (cortex, limbic cortex, cortical areas, basal ganglia, and thalamus are connected underneath in three loops: 1. Direct, exciting way; 2. Indirect, inhibitory way, 3. Hyperdirect, inhibitory way, formatio reticularis = spinal cord).



Without the involvement of the basal ganglia, the motor cortex areas cannot trigger or control any voluntary movement. The basal ganglia prepare any directed motility and control it. This is where the implementation of the cortical motion planning into specific exercise programs happens. These exercise programs control the development of power, direction, and speed of a movement sequence. A further function of the basal ganglia is the emotional and motivational influence of action preparation and action selection on limbic shares. Under the influence of the limbic system, the process of selection of action, inhibiting unwanted and finally the activation of desired action sequences is carried out here.12–14

The basal ganglia are positioned exclusively subcortically. The cortex radiate fibers into the basal ganglia from widely distributed areas. From here, they go through the thalamus back to the cortex, resulting in a bowing movement – which is why they are called “loops.” Cortical areas, the basal ganglia, and the thalamus are thus connected in the form of loops together. Complex conscious planning, unconscious and involuntary motor experience, and emotional aspects draw circles on parallel tracks between cortex, basal ganglia, thalamus, and cortex. This parallel processed information produces an activation, which is the basis of voluntary movement. According to their different functions, the fibers are divided into five separate tracks, which are grouped into two systems12:


	The motoric dorsal lap

	The limbic ventral lap



The basal ganglia consist of (mod. according to Asan12,15):


	Striatum

	Striatum dorsale

	Nucleus caudatus (main part)

	Putamen (main part)





	Striatum ventrale

	Nucleus caudatus (ventral)

	Nucleus accumbens

	Putamen (ventral)

	Pallidum

	Pallidum laterale (dorsal, ventral)

	Pallidum mediale (dorsal, ventral)

	Associated nuclei

	Nucleus subthalamicus

	Substantia nigra







In the basal ganglia interconnection, three routes can be distinguished:


	direct, exciting way

	the indirect, inhibitory way

	the hyperdirect, inhibitory way



The direct, exciting path projects by GABAergic neurons (inhibiting) go from the striatum to the globus pallidus medial, as well as into the substantia nigra pars reticularis. From there, the forwarding occurs via GABAergic neurons into the thalamic nuclei. The concatenation of two inhibitory neurons leads to a disinhibition, which is an excitation of thalamic nuclei.

The indirect, inhibiting path of the striatum projects to the external, lateral pallidum segment, which inhibits the subthalamic nucleus with GABAergic neurons. The subthalamic nucleus acts via neurotransmitter glutamate excitation to the pallidum media, which thereby inhibits movement impulses in the thalamic nuclei.8, 12

The hyperdirect, inhibiting pathway acts via the striatum, pallidum laterale, and nucleus subthalamicus to the medial pallidum.

The nucleus accumbens (Fig 1-2) includes afferents to the limbic system, making an integrative interface between the basal ganglia and limbic system. It plays an important role in pleasurable and motivational states and therefore is considered an antagonist of the amygdala, which processes mainly negative key stimulus.12

The striatum and the subthalamic nucleus, as two separate structures, give input into the basal ganglia. Both play a role in motor control, but also in cognitive function.16 The cognitive loop runs from the prefrontal cortex to the nucleus caudatus and from there parallel to the motor loop over the substantia nigra, globus pallidus, and anteroventral thalamic nuclei back to the prefrontal cortex.17 The efferent connection of the basal ganglia occurs via globus pallidus and substantia nigra with structures, which initiate movements as well as physiological and cognitive processes. Typically, an inhibitory effect takes place. The basal ganglia thus inhibit spontaneous motoric, physiological, and cognitive activity of the organism. According to Schwarting,18 the function of the basal ganglia is to select between the diverse afferents that are of the utmost importance for the organism. As a result, after Schwarting,18 the corresponding processes are disinhibited, while irrelevant or incompatible processes are further inhibited. Due to the direct interconnection, the activity of the thalamus is excited; via the indirect and hyperdirect interconnection it is inhibited. The net result determines whether the activity of a cortex region is inhibited or uninhibited via the thalamus. This means that it is determined here whether a motor, a physiological, or even a cognitive process is initiated or not.18 The basal ganglia decide, in the spirit of allostasis, what process is important for the organism.

Since the communication of the motor, the occulomotoric, the cognitive loop, and the limbic loops among themselves is not fully understood yet, no definite statement can be made about how and where the inhibition of the functions is carried out among themselves. The motor loop receives the starting point of the motion planning from the ventral, emotional loop. Since the CNS is always energy-saving, probably at a high and constant proprioceptive and nociceptive input, allostatically will inhibit those functions that are not directly necessary for the survival of the organism, in which case more cognitive processes are inhibited. This means inferentially that with high and constant nociceptive and proprioceptive stimulation from the temporomandibular system, motivational activities are inhibited and motoric activity, important for allostasis functions, would be disinhibited.

The importance of the basal ganglia for the function of the temporomandibular system

The motor activity of the temporomandibular system is determined by the basal ganglia and the simultaneous movements coordinated. The occlusion has direct influence on the mandibular movement and muscle tone. Both the receptors of the periodontal ligament (which has free nerve endings with ramification to the layer of cementoblasts as mechanoreceptors) and nociceptors (such as Ruffini corpuscles as mechanoreceptors especially in the apex area with a resolution up to 10 μ,19 as well as from the temporomandibular joints), constantly carry information among the trigeminal nerve into the CNS. In a modified, unphysiological temporomandibular joint (TMJ) position and occlusal trauma, the resulting information provides a reflex response directly to the muscles of mastication for the adaptation, which is controlled by the basal ganglia.7 If the altered TMJ position or occlusal trauma last for a longer time, a slowed and decreased coordinated movement of the lower jaw and a higher muscle tone are the result. Even unconscious movements can occur. From a malocclusion develops a motor response that leads to an altered relation of the mandible to the maxilla. The thus performed stimulation of the proprioceptors of the temporomandibular joints leads compensatorily to a muscular adjustment. This explains the effect of occlusal splints, which solve faulty occlusal contacts and lead to a normalization of the condyle position.20

Errors in the occlusal relationship induce sensory stimulation of the CNS via the trigeminal nerve.2 This results in a change in the dopaminergic neurons. Experimentally created occlusal interferences in rats led to a neurochemical change in the dopamine and norepinephrine activity in the striatum, frontal cortex, and the hypothalamus. Interestingly, in cases of tooth overcapping, thus increasing the mandibular incisor height in rats with composite for a day, a significant increase of DOPA (3,4-dihydroxyphenylalanine) accumulation could be found; in parallel, there was a significant increase in dopamine – levels in the hypothalamus and an increase of dopamine and noradrenaline-levels in the frontal cortex. After 14 days, the elevated levels fell back to control values, except in the left striatum. If, on the other hand, incisors had been shortened in the upper jaw and the lower jaw, as well as if an incisor was reduced only in the lower jaw, no change of DOPA, dopamine, or norepinephrine levels was found.21 This is consistent with our clinical experience that a faulty anterior contact, along with the absence of posterior support and displacement of the temporomandibular joints are the most common causes of temporomandibular dysfunction (TMD),22 possibly also affecting the musculoskeletal system.2 Areso concluded from this that prolonged occlusal interferences lead to a central change of catecholaminergic neurotransmitter with anterior contacts, and thus leads to motor changes.21

Nakamura found in a study on rats that the basal ganglia control the muscles of mastication. By microinjection of picrotoxin (PTX), a gamma-aminobutyric acid (GABA) antagonist in the nucleus caudatus and putamen, a rhythmic jaw movements (RJM) was triggered.23 An injection of GABA in the substantia nigra lead to sustainably increase of the orofacial muscle activity.24 Other studies confirm the hypothesis that the basal ganglia control the chewing muscles.25–32 Masuda also confirmed that the movements are controlled by the basal ganglia, here in the globus pallidus and putamen.33

Brain neuroimaging

Brain neuroimaging has been used to investigate the brain signature of chronic orofacial pain, including trigeminal neuropathic pain and pain related to temporomandibular joint disorders (TMD).6 Ernst et al34 investigated the effects on pain (with a VAS scale from 0 to 100), movement kinematics, and cerebral representation by a 3-month mandibular splint therapy. In their study, the patient’s pain ratings decreased about 60%, while kinematic and electromyographic characteristics over therapy were not significantly altered. During therapy, they observed a decrease of functional magnetic resonance imaging (fMRI) activation magnitude in the primary somatosensory cortex (S1) and secondary somatosensory cortex (S2), and insular cortex during occlusion. Left hemispheric anterior insula and the cerebellar fMRI activation decrease were associated with decrease in pain over time.34 Youssef et al studied the differential brain activity in subjects with painful trigeminal neuropathy and painful TMD. With brain neuroimaging they found that acute pain is associated with coactivation of numerous brain regions, including the thalamus, insala, and the cingulate cortices. A similar set of brain structures is not activated in all chronic pain conditions, particularly chronic neuropathic pain, which is associated almost exclusively with decreased thalamic activity. Neuropathic pain was associated with cerebral blood flow decreases in a number of regions, including the thalamus and primary somatosensory and cerebellar cortices. In contrast, painful TMD was associated with significant cerebral blood flow in areas in regions commonly associated with higher-order cognitive and emotional functions, such as the anterior cingulate and dorsolateral prefrontal cortices and the precuneus, also in motor-related regions as well as within the spinal trigeminal nucleus.35

Patients with trigeminal neuropathic pain and TMD patients showed consistent functional and structural changes in the thalamus and the primary somatosensory cortex, indicating the thalamocortical pathway as the major site of plasticity. The trigeminal neuropathic patients showed more alterations at the thalamocortical pathway, and the two disorders showed distinct patterns of thalamic and insular connectivity. Functional and structural changes were frequently reported in the prefrontal cortex and the reward processing in chronic orofacial pain.6 Based on previous evidence, Lin et al hypothesized that both trigeminal neuropathic patients and TMD patients would show a common pattern of functional and structural changes within the pain-related network. Trigeminal neuropathic pain patients would show more changes in the thalamocortical pathway compared to TMD patients, which is predominantly associated with the abnormality within the peripheral musculoskeletal system. The prefrontal cortex, the limbic system, and the circuitry of reward processing changes in relation to chronic orofacial pain.6 In patients with neuropathic pain, the thalamus showed hypoactivity during resting but hyperactivity during allodynia.6

The dorsolateral and the ventrolateral prefrontal cortex play a key role in modulating pain, particularly with cognitive re-appraisal. The consistent engagement of the prefrontal cortex in trigeminal neuropathic patients and TMD pain patients highlights the role of psychological factors in chronic orofacial pain.6

Nebel et al showed that TMD modifies cortical response to tactile simulations.36 TMD patients suffer from persistent facial pain and exhibit abnormal sensitivity to facile stimulation with brain neuroimaging. They recorded cortical responses evoked by low-frequency vibration of the index finger in patients with TMD and healthy controls. The primary auditory cortex was activated in patients with TMD. TMD patients also showed greater activation bilaterally in the anterior cingulate cortex and contralaterally in the amygdala. The study presents evidence that central processing of unconscious tactile simulations is abnormal in TMD patients.36

Lickteig et al examined the changes in cortical activation during occlusal splint therapy with a functional MRI. They found that the cerebral activation during occlusion was decreased after therapy in bilateral sensorimotor regions and in the left posterior insula, right superior temporal cortex, and bilateral occipital lobe.37

The segmental dysfunction

The segmental dysfunction is a reversible, hypomobile musculo-articular dysfunction. The segmental dysfunction has a limited or missing joint play. The joint receives the passive reserve function.38 From an osteopathic medical point of view, also the tooth in the periodontal ligament (PDL) has to be seen as a joint. Treatment for the segmental dysfunction – and accordingly the temporomandibular joints – should be started as soon as possible to avoid structural pathologies. Motor control dysfunction already exists before the pain develops. Start the treatment of nociafferences as soon as possible and as efficiently as possible to avoid activation of the sympathetic nervous system and pain chronicity.38 According to Beyer, even very brief stimulations of motor neurons or interneurons can lead to a long-lasting change of the motor unit, which in itself may evoke changes in muscle tension, change in body posture, impaired movement, and pain. As he points out, the origin of the painful stimulus and the region where the pain occurs do not necessarily coincide. If one part of the segment (sclerotome, myotome, dermatome, viscerotome) is disturbed over a longer period, the dysfunction disperses first in the segment itself, then over the segments along to cranial and caudal, as well as over the muscular, fascial, and articulation chains, giving rise even to disturbances of stereotypes. This spread will often occur in a very short period of time; sometimes it may only take two days. In manual medicine we can almost always observe such functional associated symptoms. A “primary lesion” can no longer be identified as the disturbances sustain each other reciprocally. Treatment in the region of the cranial or upper cervical nerves can reduce muscle tension in the periphery and thus correct asymmetries.39

Muscle tension and muscle spasm can be triggered through nociception from a neighbored joint or the PDL. The origin of pain can be the joint, TMJ inclusive, but the source of pain is a neighboring muscle.40 Even if the joint is the cause of the referred pain, it can itself be painless. Due to the convergence, various overlays of different sources of pain are possible, the so-called principle of summarized stimuli.40

The convergence of nociafferences come from the:


	Intervertebral joint

	Limb joints, TMJ

	Muscle

	Tendon

	Fascia

	Skin

	Visceral organs.



These nociafferences converge in the wide dynamic range neurons (WDR neurons) in the lamina V of the dorsal horn in the spinal cord. They reach the CNS within the tractus spinothalamicus (Fig 1-4). This convergence in the WDR complex leads to a missing discriminability of pain (Fig 1-4) (see also "The trigeminus and its complex relationships"). The WDR complex does not only obtain information from the nociceptors, but also of proprioceptors and mechanoreceptors.
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Fig 1-4 Convergence of nociafferences from different structures in the wide dynamic range neurons and their signal transduction.



Wu and Hirsch showed obvious differences in the prevalence of TMD between adolescents of different ethnic origins (Asians and Europeans). These differences cannot be attributed to cultural differences alone, which implies the involvement of genetic factors in the etiology of TMD.41

We describe here the structural side of a temporomandibular and musculoskeletal dysfunction without denying the influence of the psyche. Hans Georg Gadamer, a German philosopher (1900–2002) has described the influence of the psyche, summing it up in one sentence: “The strongest analgesic agent and one of the most important life engines is the joy of succeeding.”42

The influence of occlusion and the muscles onto the load in the temporomandibular joint and the periodontal ligament

Unlike all other joints in the musculoskeletal system, the temporomandibular joints are not guided neuromuscularly alone in its final end position.43–45 The occlusion will determine the final end position. In Figure 1-5a, the temporomandibular joints are shown in a physiological and symmetrical position. Here is an occlusal contact in a centric position only on the left side and there is a non-occlusion on the right side.
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Fig 1-5 (a) In a physiological bilateral condyle position, occlusal contacts exist in a centric position only on the left side. In this unilateral missing support, there is no occlusal contact on the right side. (b) From the centric position shown in (a), the mandible slides during biting to the right, the teeth occlude now in habitual intercuspation bilaterally. In this case, the right TMJ displaces posteriorly and cranially with the result of compression in the bilaminar zone. From the displacement of the condyle results an internal rotation of the temporal bone. The face appears convex to the left with a shortened right side of the face.



If the patient bites firmly in this situation, the lower jaw swings to the right, the teeth occlude now bilaterally in habitual intercuspation. In this case, the right TMJ displaces posteriorly and cranially with the result of compression in the bilaminar zone.

From the displacement of the condyles results an internal rotation of the temporal bone.2, 46 The facial scoliosis is convex to the left, which results in a shortened right side of the face (Fig 1-5b).

The occlusion exerts a direct influence on the TMJ position and the corresponding force vector in the joint47 (Fig 1-6).
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Fig 1-6 TMJ disorders in lateral aspect. (a) Lack of posterior support with contact limited to the incisor area in physiologic condyle position, giving a posterior open bite. (b) Habitual contact on the molars then moves the condyles into a backward position, displacing the disk to anterior and positioning the joint on the bilaminar zone. Graphic: Lovric & Bohr from Boisserée, Schupp, Kraniomandibuläres and Musculoskeletal System, courtesy Quintessence Publishing.2



A joint is the connection between two bones. A joint combines joint mobility with simultaneous restriction of unwanted mobility as the subluxation. Bones are not optimized for friction forces. Therefore, the bony structure is covered in the joint with cartilage. The articular cartilage is nourished by diffusion from the synovial fluid. Repetitive joint overloading results in osteochondritis dissecans and ultimately osteoarthritis.48 A mechanical overload in the temporomandibular joint results in an expression of green fluorescent proteins (GFPs), which shows the effect of the mechanical stress and the related cell response in the articular cartilage. A first mechanical stress in the jaw joint leads according to this animal study first of all to a thickening of the cartilage, an adaptive remodeling.49

The damage of a joint occurs in addition to metabolic, traumatic, or tumor causes by the mismatch between capacity and load. Incorrect load occurs due to disturbed statics. A uniform compressive load on the other hand protects against arthritis. The cartilage has to keep its proper structure, including the synovial membrane. With progressive axial malposition, the constantly increased load will increasingly cause loss of hyaline cartilage and bony substance. The hyaline cartilage does not regenerate, and early treatment intervention is necessary. The static-dynamic regulation is increasingly decompensated; the formerly painless procedure becomes increasingly painful. Arthritis arises once inflammatory mediators are released from the detritus.50

Due to the constant mechanical agitation in the joint, but also from the PDL and from all other deep somatic tissues, the nociceptors release inflammatory mediators (Fig 1-7). These include, among others:
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Fig 1-7 In an arthrogenic inflammation which is autoimmune (inflammatory rheumatism) or degenerative by improper loading, the nociceptors release inflammatory mediators. This leads to vasodilation and extravasation of vessels; a neurogenic and arthrogenic inflammation occurs. This leads to a further release of inflammatory mediators, leading to a sensitization of nociceptors, thus an increase in the sensitivity of nociceptors. A vicious circle is thus created (mod. according to Zieglgänsberger in Böhni et al51).




	Bradykinins

	inflammatory mediator, cause of pain, vasodilatation, increase of permeability





	Calcitonin gene-related peptide (CGRP)

	Is a strong vasodilator, which is released among others during migraine attacks from neurons of the trigeminal nerve. It is the crucial mediator in a migraine attack by its vasodilation action. It also triggers the release of IL-1ß and IL-6, resulting in the local sterile inflammation. Here nociceptive neurons are stimulated and thus the typical headache in migraine is triggered.51, 52





	Prostaglandins

	Prostaglandins bind to a variety of cell surface receptors. The different signal induction paths are responsible for multiple effects. PGE2 binds to four different receptors that activate, inhibit, or even cause antagonistic reactions depending on subtype, which leads to both muscle contraction and muscle relaxation. PGE2, PGE1, and PGI2 are vasodilatory and indirectly promote nociception through sensitization of peripheral nociceptors. They stimulate the transmission and processing of pain stimuli in the spinal cord and brain and are thus involved in the formation of hyperalgesia and allodynia. Acetylsalicyl acid (eg, aspirin) has an analgesic, anti-inflammatory, and antipyretic effect by inhibiting cyclooxidase and thus the formation of prostaglandins.





	Interleukins and tumor necrosis factor

	IL-1ß, IL-6, and tumor necrosis factor (TNF) are inflammatory mediators that are responsible for the systemic effects of inflammation. They are primarily responsible for rubor, calor, and tumor. IL regulates mainly communication between macrophages B and T cells. TNF-α activates monocytes and neutrophils. Tumor necrosis factor is a cytokine of the immune system and is involved in inflammation, always in rheumatoid arthritis.





	Substance P (SP)

	Substance P (SP) is mediator of inflammation and thus involved in arthrogenic and neurogenic inflammation, as well as pain trigger, vasodilator, and increasing permeability.







Free nerve endings can be found in the temporomandibular joint in the bilaminar zone and in the lateral and anterior part of the joint capsule. Studies show the involvement of inflammatory mediators on the occurrence of pain in the TMS, as well as the PDL. These free nerve endings show CGRP and SP. CGRP and SP are involved in blood flow and pain in the TMJ.53 With a TMJ dysfunction, there is a higher concentration of SP in the synovial fluid.54 The clinical symptoms of internal derangement of the TMJ are thought to be associated with the degree of synovitis. It was concluded that the expression of SP seems to be closely related to histopathological changes of the human TMJ with internal derangement.55 The score of cells that stained for SP in joints with internal derangement was significantly higher than that in controls.56 Synovial fluid TNF-α levels and pain levels (VAS scores) were found to be increased in patients with internal derangement as the stage of the disease progresses.57 CGRP was significantly increased in the arthritic trigeminal ganglia in the temporomandibular joint of rats. SP, CGRP, and neuropeptide Y in the arthritic temporomandibular joint were significantly increased as compared to the controls.58

In all groups, the levels of SP, CGRP, and neuropeptide Y-like immunoreactivity were higher in the trigeminal ganglia than in the TMJs. The results clearly demonstrate a close interaction between increased neuropeptide release from sensory and sympathetic neurons after induction of arthritis in the rat.59 The immunoreactivity of two inflammatory mediators, CGRP and SP, was measured in the trigeminal ganglia and brainstem to characterize an adjuvant-induced inflammation within the rat temporomandibular joint at various acute (6, 24, and 48 h) and intermediate (10 day) time intervals. Concentrations of adjuvant-related neuropeptides were compared to those in both contralateral vehicle-related tissues and non-injected controls. SP in the ganglion on the injected side was significantly increased for all four time periods. In brainstem subnucleus caudalis, CGRP was significantly increased for all four time periods. SP immunoreactivity in the subnucleus caudalis was significantly increased for the initial three time periods, but by day 10 had been reduced to that of the control. These data show that the pattern of changes in neuropeptides following the induction of inflammation is different between SP and CGRP. Moreover, the pattern of change varies between the brainstem and the trigeminal ganglion. This suggests that the two neuropeptides may have different roles in the inflammatory process, and that this process may be modulated by different mechanisms at the brainstem and ganglion.60 The aim of the following study was to test the hypothesis that TMJ inflammation alters the excitability of trigeminal root ganglion neurons innervating the facial skin by using behavioral, electrophysiological, molecular, and immunohistochemical approaches. The number of SP-immunoreactive neurons in the inflamed rats was significantly increased compared with that in the naive rats. These results suggest that TMJ inflammation can alter the excitability of medium- and large-diameter trigeminal root ganglion neurons innervating the facial skin and that an increase in SP/NK1 receptors in their soma may contribute to the mechanism underlying the trigeminal inflammatory allodynia in the TMJ disorder.61 Fifteen male Sprague-Dawley rats were randomly assigned into occlusal interference group (n = 12) and control group (n = 3). In the occlusal interference group, 0.4 mm thick crowns were bonded to the rats’ first maxillary molar. SP expression was the most obviously increased at 5 days in both sides and gradually decreased to the level of control. Experimental occlusal interference-induced masticatory muscle pain was associated with peripheral sensitization of nociceptive neurons rather than muscle damage and inflammation.62 Bradykinin in synovial fluid might be useful as an index of the degree of synovitis in the TMJ.63

The neuropeptides SP, CGRP, and neuropeptide Y have all been found at high levels in the synovial fluid of arthritic TMJs in association with spontaneous pain, while serotonin (5-HT) has been found in association with hyperalgesia/allodynia of the TMJ. Interleukin-1 beta (IL-1 beta) and tumor necrosis factor alpha have been found in arthritic TMJs, in association with hyperalgesia/allodynia of the TMJ as well as spontaneous pain, but not in healthy TMJs. Interleukin-1 beta has also been related to radiographic signs of joint destruction. Prostaglandin E2 (PGE2) and leukotriene B4 are both present in the arthritic TMJ and PGE2 has been shown to be associated with hyperalgesia/allodynia of the TMJ. Very little is known about pain and inflammatory mediators in muscles. However, we know that serotonin (5-HT) and PGE2 are involved in the development of pain and hyperalgesia/allodynia of the masseter muscle in patients with fibromyalgia, whereas local myalgia (myofascial pain) seems to be modulated by other, as yet unknown mediators.64

The inflammatory mediators lead to neurogenic or arthrogenic inflammation. The neurogenic inflammation results in a sensitization to the persisting mechanical stimulus. The nociceptive stimulation by bradykinin increases the mechanical sensitivity of the free nerve endings of nociceptors in such a way that they react painfully to non-painful stimuli. Hyperalgesia through to allodynia can be the consequence. From the increased sensitization, misinformation results in terms of allegedly high mechanical load. This means that even if the load of “the bite” remains consistently high, it is experienced by the neurological system as a higher load. This results in increased nociceptive stimulation. Motor stereotypes change. The change of motor stereotypes leads to muscular activity increase.65 Nociceptive afferents from deep somatic tissues, which will not exceed the threshold of action potential, and therefore not perceived as painful, can sensitize spinal cells. It follows the activation of dormant synapses and the reduction of the threshold. In the spinal cord, pronounced changes occur in the interconnection in the spinal dorsal horn; a functional reorganization of the spinal cord takes place.40 Through an ongoing nociceptive influx of impulse, inhibitory interneurons decay, which are normally always active and inhibit nociceptive neurons. Cell death is caused due to the fact that nociceptive afferents release glutamate and SP in excess as a result of permanent strong excitement. This leads to a strong excitation of interneurons with opening of Ca2+ channels, leading to cell damage; hence, the excitement toxicity develops. Due to the sinking of the pain-inhibiting interneurons, the nociceptive neurons of the spinal cord are permanently uninhibited and overactive. The anti-nociceptive system is in malfunction. In this way, pain can also occur without the action of external stimuli.65

Since no specific nociafference of a muscle, a joint, or the PDL of a tooth exists, this results in a lack of central discriminability of localization. This leads to a central cognitive disorder. There is no specific pattern of pain for a particular source of pain. Nociceptive activity from a neighboring area (joint, muscle, PDL, etc.) can produce an activation of muscle motor neurons in the sense of a spasm. Due to the convergence, overlays of different sources of pain are possible, which is referred to as principle of summarized stimuli.40

Muscle tension and muscle spasms can be triggered by nociafference from an adjacent joint. The effects of inflammatory irritant application to the rat temporomandibular joint on jaw and neck muscle activity is shown in a study. The study results showed that an injection of mustard oil in the TMJ results in a sustained and reversible activation of jaw muscles, which may be related to the reported clinical occurrence of increased muscle activity associated with trauma to the TMJ.66

Non-sensitized receptors in muscle tissue and in other deep somatic tissues respond only to strong stimuli. The muscle or joint capsule are less sensitive to pain in a non-sensitized state. Nociceptive afferents from all deep somatic tissues such as joints, intestines, or neuropathic altered nerves can produce motor system activation in the affected segment. This results in a motor reflex response with sometimes extreme muscular tension. These muscular responses to nociceptive stimuli make the clinical diagnosis of malfunctions and the locating of the primary nocigenerator so difficult.52, 65, 67

Especially in the temporomandibular joint with anterior disc displacement, antagonistic joint surfaces are incongruent. This results in minimal joint contact surfaces at high repetitive stress especially with compressed joint space. But even with a centered disk position the load results in compression of the joint surfaces in the lower and the upper jaw joint space to repetitive high stress vectors. With simultaneous retral displacement of the condyle, compression in the bilaminar zone and repetitive stimulation of the mechanoreceptors and nociceptors also occur The temporomandibular joints are “stress-loaded,” meaning that force of the bite in occlusion is transmitted through the temporomandibular joints into the cranium.68, 69 In animal experiments (pig) it has been proven that when chewing, a considerable load (stress loading/strain) occurs during joint compression. This study assumes that a protrusive occlusal splint reduces the stress generated by the muscle strength in the TMJ. The study also showed that the stress in the TMJ leads to a distortion in the temporal bone (“bone squamosal”). In mastication it occurs in both joint partners, TMJ and os temporale, a distortion with different aspects.47 The condyle–fossa distance varies during the chewing cycle. The condyle–fossa distance is smaller at the final closing movement than in mouth opening. The condyle–fossa distance is less on the mediotrusion (balancing side) than on the laterotrusion side (working side). Likewise, the condyle–fossa distance is less during crushing hard food as when chewing soft food. Results of this dynamic stereometric study show that both temporomandibular joints are stress-loaded during the chewing cycles. On the mediotrusion side, the force vector is higher than on the laterotrusion side.70 In another animal test (monkeys), a force transmission from the TMJ into the cranium, particularly here in the zygomatic bone (zygomatic arch) and the temporal bone could be shown.71 In a Class I and a Class II relationship, the maximum force vector is on the mediotrusion side; in a Class III relationship rather more on the laterotrusion side. The maximum distortion of the mandible occurs in menton.70

Composition of the mastication muscles and their pain process in muscles

The anatomy of the jaw muscles is complex. The motor units within the M. masseter, M. temporalis, and the M. pterygoideus medialis, the elevators, are arranged in a highly complex manner within each muscle. The muscle fibers on the whole of the M. masseter do not run from the zygomatic arch to the ramus but rather there are small compartments of short fibers divided by aponeurotic sheaths and arranged in a so-called pennate manner. Therefore, when motor units on one side of a compartment contract, force can be generated at an angle, the pennation angle to the long axis of the muscle, with a force vector at an angle to the force vector that would be generated if muscle fibers passed directly from the zygomatic arch to the ramus without pennation. Patterns of pennation vary between muscles, which are thus classified as unipennate, bipennate, and multipennate. Examples of all three can be found in the jaw muscle. The M. masseter is an example for a multipennate pattern. These complexities of muscle-fiber architecture, together with selective activation of certain motor units within one muscle, provide a wide range of directions with which forces can be applied to the jaw and thereby contribute to the enormous range and sophistication of jaw movement that are possible. When generating a particular movement of the jaw, the sensorimotor central nerval system that drives voluntary movements is not organized in terms of specific muscle to activate. Rather, it sends a command signal to activate those motor units, in whatever muscles are available, that are biomechanically best suited to generate the force vector required for that particular jaw movement.72, 73

The origin of muscle tension and pain in the muscle can be in the muscle itself, as in an adjacent joint. In a TMD, participation of the chewing muscles is common and requires targeted treatment1 and exploration for the cause.

“Pain of the muscles of mastication is the sole complaint in about three out of four CMD patients, while the rest have pain either restricted to the TMJs alone or involving both the TMJs and the masticatory muscles.”74

Generally, protons and free ATP cause irritation of nociceptors in the muscle. This occurs at local muscle injuries and overload-related ischemic conditions in muscle fibers. Prolonged muscle tension causes pain, probably caused by ischemia. Ischemia occurs when a muscle contracts tonically with more than 5–30% – depending on the muscle – of its maximum power since he then contracts its own blood vessels. The muscle pain shows phenomena that are not present in skin pain.40

Cortical imaging data have shown that muscle pain activates areas in the human cortex that differ in the location from those activated by cutaneous pain. It has a special relay in the mesencephalon and is inhibited more strongly by the descending pain-modulating pathways than in cutaneous pain.75

Most nociceptors have a high stimulation threshold and do not respond to every normal stimuli. Nociceptors in muscles are not excited by physiologic movements or muscle stretch. Nociceptors in muscles or other tissues are equipped with a multitude of receptor molecules for endogenous pain producing and sensitizing agents. Two molecules are important for muscle pain:


	Purinergic receptor (P2X3 receptor), which can be activated by adenosine triphosphate (ATP)

	Vanilloid receptor (VR-1), which responds to an increase in H+ concentration



Ischemic pain occurs when a muscle gets too little oxygen for its metabolic need. One trigger of ischemic pain is H+, which leads to a decrease of the pH level; this change is small. The more important factor is ATP, which works together with acid by increasing the pH sensitivity of ASIC3 (acid-sensing ion channel 3). ASIC3 is a protein that in humans is encoded by the ASIC3 gene.76

ATP is released by tissue damage and cell necrosis. High concentration of H+ results in a low pH and is present in ischemia as we find in trigger points and in inflammation. Pain due to bruxism and tension-type headache could be mediated by the VR-1 receptor molecule because these conditions are likely associated with muscle ischemia and low tissue pH.75

Work-related false posture such as long sitting, asymmetric muscle activity in asymmetries or asymmetric malposition, certain “unhealthy” sports, bruxism with greatly increased tension of the chewing, neck, and back muscles leads to muscle tension and ultimately to trigger points, ischemic zones in the muscle, resulting in a referral of muscle pain. Aligner therapy in orthodontic patients does not influence sleep (ie, by the bruxism index), but can affect some specific signals of the background electromyography (EMG) activity, with a reduction of masseter contractions.77

Hyperactivity of a muscle leads to local pain at the site of the lesion. If the nociceptive input from the muscle is strong or long-lasting, central sensitization in the dorsal horn neurons is induced, which opens silent synapses and leads to an expansion of the target area of that muscle in the spinal cord (or brain stem).75 As soon as the expansion reaches sensory neurons that supply peripheral areas other than the damaged muscle, the patient will feel pain in that area outside the initial pain site. In the area of pain referral, no nociceptor is active, and the tissue is normal. The referral is simply caused by the excitation induced by the original pain source, which spreads in the CNS and excites neurons that supply the body region in which the referred pain is felt.75 This way, a trigger point in the temporalis muscle can induce pain in the teeth of the maxilla when the trigger point-induced central excitation spreads to sensory neurons that supply the teeth.75

Initial functional changes become permanent, and the function of the spinal cord is altered persistently. The functional change becomes a structural change. The first signs of structural changes in the spinal dorsal horn where morphologic changes of the synaptic contacts between SP-containing afferent fibers and nitric oxide-synthesizing neurons. After such structural changed in the CNS have developed, treatment of pain cannot be expected to have immediate success because the alterations in spinal circuitry take time to normalize, if they ever normalize at all.75

In muscle pain, it results in the transmission of pain (referred pain) into deep somatic tissues as other muscles, joints, tendons, or fascia. This easily leads to incorrect localization of the pain source. The real causes of the stress are probably outside of the muscle. Treatment of muscle tension should not be limited to the strained muscle. The therapist should specifically look for sources of pain in other muscles, joints, or other deep somatic afferents, for example, in subjectively perceived headache, whose cause can be painful changes in the neck and jaw muscles. “Non-observance of this fact, of course, involves the risk of mistreatment in itself.” 65 A rapid and effective inhibition of impulses from the muscle nociceptors to the CNS is the best way to prevent such chronification.

Muscle tone is the stress state of the muscle and is divided into a viscoelastic tone (resting tone) and in a contractile tone (active tone). Muscle spasms and tensions are involuntary contractions of a muscle or muscle groups. If they last longer, they lead – due to ischemia – to muscle pain. Muscle spasms can occur with nociafferences from other muscles or joints. In distress or emotional stress, the reticulospinal hyperactivity in the Ib-interneurons pool can be responsible for an increased sensitivity of α-/γ-motoneurons activity in the anterior horn and therefore be jointly responsible for the occurrence of muscle tension.40

Chronic, posture-induced muscle pain is caused by chronic, monotonous, or tonic muscle strain even at low load levels, including bruxism and pressing as parafunction in the TMS. In distressing and emotionally stressful situations an increased responsiveness of the α-/γ-motoneurons activity at the anterior horn is caused by reticulospinal hyperactivity, resulting in muscle tension. Chronic monotonous or tonic muscle strains cause small ischemic muscle lesions. These trigger subliminal excitatory postsynaptic potentials (EPSP), which are not primarily perceived as painful, but can trigger sensitization at the dorsal horn neuron, the so-called activation of dormant synapses. This allows the small, ischemic muscle lesions-triggering loads to become secondary sources of pain.40

With monotonous work, the support muscles strain at a low stress level. Maybe in psychological stress the muscles are additionally relaxed incompletely between contractions. The smaller muscle fibers with a lower threshold are continuously active during prolonged motor activity at low overall burden (eg, such as prolonged sitting, constant subliminal presses with the teeth). The muscle is not totally overloaded, only the overstressed fibers. These fibers are sensitized, increasingly nociceptive, and therefore painful.40

The trigeminus and its complex relationships

Meningeal afferents

Meningeal afferents innervate extracranial tissues like the periosteum (temporal, parietal, and occipital) and pericranial muscles (temporal muscle and neck muscle) via collaterals projecting through the skull. The afferents are nociceptive and proprioceptive.78 Headache can be evoked by activation of meningeal nociceptors. Manual therapies of pericranial muscles may be useful in headaches.79, 80

Hara et al81 found in a linear regression analysis that there is a significant relation between facial pain intensity and headache intensity and between tooth contact ratio and pressure pain threshold. Among patients who fulfilled the diagnostic criteria for TMD and the international classification of headache disorders, headache improved during TMD treatment and the improvement was temporally related to amelioration of TMD symptoms. The findings suggest that sensitization in the central and peripheral nervous system is responsible for headaches attributed to TMD.81

The complex neurological relations between the temporomandibular system and the musculoskeletal system

The movement of the mandible from centric position into habitual intercuspation is always associated with a muscle contraction, usually an asymmetrical muscle contraction. In an occlusal faulty contact situation, the first answer is neuromuscular based. From this follows usually an adaptation, a new stability through change, allostasis.5 If the adaptive capacity is exhausted, while maintaining the malocclusion, an allostatic overload occurs.5 From faulty load in the PDL and the bilaminar zone a pain in neighboring areas may develop, even if the PDL and TMJ themselves are painless. From the temporomandibular dysfunction a musculoskeletal dysfunction develops neurologically, which can be defined in the pars caudal nucleus spinal nervi trigemini as trigeminocervical convergence and interconnection in the WDR complex.52, 82–89 By coordinating the cranial nerves in the formatio reticularis, a cervicovestibular convergence occurs with the interconnection of the nucleus trigeminus and the nucleii vestibulares and other cranial nerve nuclei such as the nucleus N. Oculomotorii.2, 90

The trigeminocervical complex

Functionally the N. trigeminus may be seen as the main gateway of the TMS into the CNS. It consists of exterosensible, proprioceptive, and motor fibers together. The exterosensible fibers transmit pain, temperature, touch, and pressure sensation.

Proprioceptors convey the strain state and the length of the muscles, the joint position, and thus the movement to the cerebellum, the formatio reticularis, and the vestibular nuclei, and – via the thalamus – to the cortex. Thus they control the posture and the entire muscular choreography. Some of the signals transported in the N. trigeminus also reach the cortex and from there to “consciousness.” Conscious perception proves to be a complex process, which has the function of cortical neural connections as its basis. A lot of information from the TMS are not consciously perceived, but unconsciously processed at subcortical level, for example, in the cranial nerve nuclei or in the formatio reticularis and in the cerebellum.

All exteroceptive information flow into the central core (nucl. principalis) and the lower core (nucl. spinalis) of the trigeminal nerve. The central core is located in the pons, the lower core begins in the pons, passes through the medulla oblongata, reaches up to the amount of C2–C3, and eventually mixes with the substantia gelatinous in a smooth transition. A sharp separation of the nucleus spinal trigeminal pars caudalis and cervical dorsal horn with respect to the trigeminal and spinal influx is not possible. This overlap can be considered a morphological basis for the convergence of nociceptive afferents from the head and neck region, but also the TMS.52

The nucleus spinalis nervi trigemini pars caudalis (Fig 1-8 [number 17 on the image]) receives on a large area information from other cranial nerves, the N. facialis, glossopharyngeus, accessorius, and vagus, as well as from the spinal nerves of the segments C1–C3. Therefore, we refer to this as the trigeminocervical complex where the trigeminovercical convergence takes place.2, 91–95
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Fig 1-8 Connections of the trigeminal nerve. Graphic: Lovric & Bohr from Boisserée, Schupp, Kraniomandibuläres and Musculoskeletal System, courtesy Quintessence Publishing.2



The temporomandibular joint is supplied by the mandibular nerve (V3), but also receives fibers from the ganglion C2–C5.96 In rats, Nöbel found meningeal efferents in the TMJ.80 Particular mention deserves to be made of the fact that both the temporomandibular joints, as well as the dura mater are innervated by the trigeminal nerve (V3). The supply of the TMJ and the dura mater through the trigeminal nerve provides us the anatomical explanation for the fact that TMJ disorders are often declared as headaches.94, 97 The pain information from the temporomandibular joints flow into the same core, the nucleus spinal trigeminal pars caudalis, in which flow as well the information from the meninges. The cortex, however, tends to associate this pain information with the head instead of the temporomandibular joints. This is similar to the situation that is encountered in an angina pectoris: although the main fault lies in the heart, the impulse is decoded by the CNS in such a way that it manifests as pain perception from the arm. The explanation can be found in the evolution of the human pain system: both impulses (the damaged organ and another structure, such as a skin area) switch in the spinal cord to the same sensitive neuron. The cortex has specialized over time to dedicate the somatic information more attention than the visceral (compare WDR neurons). So the pain in the arm is felt, although the neuron was excited in the spinal cord of sensory fibers of the heart. Due to the trigeminocervical convergence in the nucleus spinalis nervi trigemini pars caudalis, also a trigger point in the upper M. trapezius (N. accessorius) may cause pain in the temporomandibular joint (N. trigeminus). Origin of the pain is the muscle (origin of pain), but it is the TMJ that hurts (source of pain).98 Each joint can be the origin of pain while the pain is actually present in the muscle. In this case the joint, although being the cause of the pain, can itself even be painless.40

The afferents of the masticatory muscles lead into the mesencephalic nucleus nervi trigemini (Fig 1-8 [number 6]). This core also receives afferents from the PDL, the TMJ, and the extraocular muscles. This information is projected directly onto the nucleus motorius nervi trigemini (Fig 1-8 [number 12]). The thus possible masseter reflex therefore remains within the CNS. This allows the possibility of the quick fine-tuning of the masticatory muscles.

The formatio reticularis, cranial nerve nuclei and the cervicovestibular convergence

In the brain stem, the trunk encephali, composed of medulla oblongata, pons, and midbrain, are situated 9 of the 12 cranial nerves with their cranial nerve nuclei, such as the trigeminal nerve, but also the vestibulocochlear nerve and the N. occulomotorius (Fig 1-9). In addition to ascending and descending fibers and cranial nerve nuclei, the brain stem also contains the formatio retucularis (FR), one of many small scattered groups of nerve cells and small projections, a “power matrix,” which extends from the medulla oblongata to the midbrain. From this distend portions down to the diencephalon and from there up to the cortex, but also down in the spinal cord. The nuclei of the reticular formation are involved in a variety of functions, such as the coordination of the cranial nerves, the control of vital autonomic bodily functions (eg, such as the wake–sleep center in the midbrain, respiratory, circulatory, and vomiting center in the medulla oblongata), the co-control of sensorimotor (pain threshold, posture, and supporting motor), and the ascending reticular activating system (ARAS) on the influence of consciousness. The ARAS projects over the “non-specific” nuclei of the thalamus to the cortex and regulates by these pathways their general state of activity. Alertness, attention, and thus consciousness can only arise in the interplay between the cortex and ARAS. Lesions of this system, and thus an absence of activating impulse, can lead to complete inability to act, to lack of responses to the environment, and even coma. The nuclei of the reticular formation can be found in three juxtaposed rows or zones (Fig 1-10). Along the central axis is the median zone in which the serotonin-forming raphe nuclei are distributed among each other. Between the median and the outer lateral zone lies the medial zone. It is of paramount importance, since it represents the actual reticular core zone. Here, most of the ascending and descending above-described paths of the formatio reticularis have their origin. The cells of the medial zone receive the following inflows (afferents):
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Fig 1-9 The cerebral nuclei. For the sake of clarity, only the motor cores, on the left side, and only the sensitive cores are shown. Graphic: Lovric & Bohr from Boisserée, Schupp, Kraniomandibuläres and Musculoskeletal System, courtesy Quintessence Publishing.2
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Fig 1-10 The three cell lines of the reticular formation (FR) in the truncus encephali. If one superimposes the FR cell lines in this figure from the cerebral nerve nuclei from Figure 1-7, one can see how the “network structure of the FR” not only superimposes the nuclei but connects them, building the coordination between the cerebral nerve nuclei, as well as the trigeminal vestibular convergence. Graphic: Lovric & Bohr from Boisserée, Schupp, Kraniomandibuläres and Musculoskeletal System, courtesy Quintessence Publishing.2




	collaterals (branches) of the spinothalamic tract (pain pathway)

	collaterals of all incoming sensory paths (except the olfactory pathway)

	collaterals from the hypothalamus

	collaterals from the limbic system and not least

	collaterals of descending motor pathways.



One of the central tasks of the medial zone of the FR is to forward the data collected from all sides, and impulses in the form of the ascending activating system (ARAS). The activation system appears as a node of sensitive, limbic, autonomic, and motor-executive interests. With this a complex interface is created, obtaining information of the whole organism. Impulses from the inside as well as from the outside meet here.

To illustrate the influence of the FR on posture in detail, the anatomy of the FR should be considered in more detail:

The nuclei which are important in this context are the Ncl. Reticularis caudalis pontis and the Ncl. Reticularis gigantocelularis. These special nuclei are responsible for the anticipatory postural adjustments (APAs) or, in other words, the responsibility for the adjustment of the posture and the resulting tonus before any movement to be carried out. This means that no movement process can be controlled optimally without the adaptation and preparation of the body via the APAs. The cores of the APAs have a special feature: they are firing 100–300 ms before the movement initiation (“fire” here corresponds to the depolarization and thus to the electrical relay, which is called action potential). In fact, APAs do not just prepare the movement. They also exercise a controlling function during the movement process. In concrete terms, this means that in each course of the movement a preparatory anticipatory postural adjustment (PAPA) has to be prepared and that the movement sequences must be accompanied and adjusted during the movement itself (accompanying anticipatory postural adjustments, aAPAs). Further, the cortex has numerous descending fibers terminating in the FR. It is estimated that the number of corticoreticular fibers is 18 million. The discovery of the remarkable cortical-reticular linkages represents a milestone in the deciphering of the neuronal mechanisms of cortical activities. Finally, a reduced stimulus of FR can influence body, sleep, and concentration, as well as all other processes controlled by the FR.

Through the coordination of the cerebral nerves in the form of the reticular formation, cervicovestibular convergence takes place with the interconnection of the trigeminal nucleus and the vestibular nucleus.2, 90 The vestibular nuclei (Nucl. Vestibulares, Fig 1-9) receive proprioceptive information from the nucleus mesencephalic nervi trigemini and thus from the entire chewing apparatus as well as propriosensors of the eye muscles (Fig 1-9) and from the temporocervical junction, especially the segments C2 and C3. The cervicovestibular convergence presented here is a prerequisite for the coordination and control of the head and body posture, but also for the coordination of chewing and eye movement. An interconnection of the trigeminal nerve by the coordination of the cerebral nerves in the FR also takes place with the nucleus N. oculomotorii. Afferences from the muscles of the upper cervical spine, and from the region provided by the trigeminal nerve, also reach the nucleus cochleares (Fig 1-9). In addition to the existence of the discomalleolar ligament (Pinto’s ligament),99 this fact makes the relationship between the TMD, tinnitus, and deafness clear.52

Buergos et al showed in a study and the prospective clinical trial a significant correlation between tinnitus and TMD. The observed treatment (oral splint and physiotherapy) outcome suggests that dental functional therapy may have a positive effect on TMD-related tinnitus.100

The wide dynamic range neurons

In the lamina V of the dorsal horn in the spinal cord, we distinguish between the wide dynamic range neuron (WDR neuron) (see Fig 1-4) and the specifically nociceptive neuron (NS neuron). The NS neuron has a small defined response field and responds only to nociceptive stimuli. The pain information can be localized very precisely via the NS neuron. The multireceptive WDR neuron receives not only information from pain receptors, but also from tactile receptors (pressure and tactile sense). The WDR neuron has a much larger receptor field than the NS neuron. Due to its larger receptor field and the above-described convergence, the switching of both the painful information and the tactile information is increased in the WDR neuron. The pain transmission does not run alone via the NS neuron. This results in an increased transmission of the actually pain-free touch information via the WDR neuron to the cortex, where it is perceived as a pain. The pain localization and specificity are greatly reduced in the case of the WDR neuron compared to the NS neuron. This in turn leads to the fact that pain in the transmission of information by the WDR neurons cannot be localized exactly. By receiving pain and tactile information equally, the excitatory threshold of the sensoneurone is lowered or otherwise formulated, the irritability of the sensoneurone is increased. As a result, even the smallest touch and pressure information can lead to the same stimulus transmissions, which are normally triggered by the formation of pain. The consequence is that the body reacts after a longer period to the smallest tactile stimuli with pain relief. This plastic phenomenon of the central neuron in chronic pain is called “central sensitization.”

From the osteopathic point of view, the PDL is an articulated joint between the tooth and the alveolar bone. As with the articular space, the PDL can also be used to increase the load due to an incorrect loading factor. This stimulates receptors. Nerve endings in the PDL are mainly free nerve endings with ramification up to the cementoblast layer (mechanoreceptors and nocireceptors) as well as Ruffini cores as mechanoreceptors, especially in the apex region with a resolution up to 10 μ.19

The consequence of the inappropriate loading of the joint and the PDL is a non-physiological load which leads to a higher nociceptive stimulation. Over time, the area of pain is constantly being expanded with the same cause of stress. In the lamina V, a “wake up of sleeping synapses” (syn. “Central sensitization”) takes place.65, 101

The central sensitization, which is almost an “excessive” reaction of the CNS to external stimuli, is limited not only to the information forwarding of the sensory receptors of the skin and mucous membrane, but also to pulps, PDLs, blood vessels of the cerebral nerve, the temporomandibular joint or muscles. The phenomenon is referred to as a “central perception disorder.” In relation to the periodontium, this means that the tactile receptors, which are to be found in the PDL, can react with pain even at the smallest pressure.

WDR neurons, so-called multireceptive neurons, can – after constantly recurring identical pain stimuli – increase their information and their forwarding to finally pass on spontaneously (thus without concrete cause) “alleged” stimuli. Even if the actual cause of pain is turned off, WDR neurons can remain active, and as a result of the convergence of nociceptive and sensitive information, pain-activating regions develop without any diagnostic cause. Thus, not only the central neurons show a plastic change, but also the receptor fields of the receptors in the periphery. The bounded areas of information reception are widening and so-called peripheral sensitization takes place.

As already explained in the case of central sensitization, also in peripheral sensitization an increased pain transmission in the periphery occurs, a so-called hyperalgesia even leading to allodynia. The central and peripheral sensitization thus lead to confusion of the central neurons, which are thereby placed in an alarm situation and also react to non-nociceptive stimuli with pain. This condition can last for days or even weeks. The knowledge of these relationships is particularly important for the therapy and differential diagnosis of long-lasting pain of unclear cause, which can often persist even after successful start of therapy. The phenomenon is described as pain memory and can be explained by the fact that the NS and WDR neurons are located not only in the brain stem, but also in the thalamus, which in turn transmits its information to the cortex. The cortex also has NS and WDR neurons, which can also undergo plastic changes. Through this transmission of stimuli across the nerve tracts occurs in many different levels of the CNS, the aforementioned phenomena occur not only in the periphery, but also in superordinate brain centers. The pain memory develops. In general, the memory consists of four phases:


	Acquire (learn)

	Consolidate

	Archive (save)

	Recall



An important component of the memory process is the repetition. With regard to the development of the pain memory, this can be formulated as follows: (1) The first symptoms of pain are acquired (transmission from the periphery into the CNS analogous to pain transmission, see above); (2) This pain information is consolidated, that is, processed at different levels in the CNS; (3) Thereafter, this information is stored in the secondary and tertiary cortical associations; (4) In order to complete the memory process, the information that has been archived must be retrieved from these association areas. The more frequently this path is activated with the aforementioned four phases,, the more solid is the memory. In other words: the consolidation of the pain memory also leads to a faster retrieval of the pain syndromes, very similar to the processes that the memory goes through when learning a foreign language. If, at the beginning of the learning process, it is still difficult to recall single words, one can quickly retrieve the words after a frequent repetition and insert them into a fluent text. This persistent memory is also the reason that patients with pronounced pain memory can still show symptoms for chronic pain even after successful therapy. Despite removal of the pain cause, the pain memory is still active, and the pain remains, though often reduced. The time frame required to achieve a complete decay of the symptoms is very different. Factors that play a role here are duration and frequency of pain, dimension of pain, cause of pain, location of pain, general emotional condition and cultural background, gender, and biography, that is, the past experience. Genetic factors are also responsible for the extent of pain sensation, such as serotonin release, serotonin transport, and serotonin receptor changes in the postsynaptic membrane or anatomical variations. In this case, even vascular variations can lead to a different blood supply to the said cerebral arteries, and thus indirectly influence the pain relief. Chronic pain can also be associated with another phenomenon, the so-called referred pain. In the case of long-lasting pain in the temporomandibular joint, the pain syndrome is transmitted from the receptors of the joint capsule or the bilaminar zone via the trigeminal nerve to the lower nucleus of the trigeminal nerve. As already described, information from the other brain nerves also enters here. In the case of long-term nociceptive input from the temporomandibular joint, this is the neighboring converging neurons, ie, neurons which do not receive their information from the nerve trigeminal nerve, but also from other cerebral nerve afferents. This central sensitization creates the “referred pain,” a pain in regions that are actually innervated by other nerves. In the case of the temporomandibular joint, pain projections are possible in other areas of the head, usually frontally and parietally. Frequently, an eye pressure sensation or pain and pressure in the ear are also reported, as are all the others described here. Due to these complex phenomena in chronic pain of the temporomandibular joint, the neighboring structures of the temporomandibular joint must always be included in the diagnosis. In every organ of our body the interaction and cooperation of the cells are of great importance. Nowhere, however, are they as complex, meaningful, and/or critical as effective in the nervous system. Primary disorders can dramatically affect this interaction and its functions – the human being is receptor-controlled.

The authors wish to thank Dr. Damir del Monte, as well as Dr. Nelson Annunciato for their work on our book Kraniomandibuläres und Muskuloskelettales System,102 from which parts have been taken for this topic.
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